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Lé’i noi diu

Enzym la chat xiic tac sinh hoc, tidc 12 chit xic tic duge san xudt ra do
t€ bao va vi t€ bao. La tdc phdm cia tu nhién, enzym c6 ban chat protein cé
ciu tric phan tir phic tap va tinh vi, do dé enzym cé luc xiic tdc cuc ky
manh mé va c6 tinh chon loc rat cao. Song khi chi€t xuat ra ngoai, hoat tinh
xtic tic cla né c thé gidm hoac mét di khi diéu kién méi trudng phan ng
khong duoc duy tri nhu & trong t€ bao.

Béng cach ndo c6 thé trich ly dugc enzym va thu duge ché phdm enzym
c6 do tinh khiét cao? Bang phuong phdp nao c6 thé ché tdc dugc ch€ phim
enzym & dang khong hda tan dé sit dung dugc lau bén. Enzym hda tan va
enzym c6 dinh khic nhau vé déng hoc nhu thé nao? Dac diém cia thiét bi
phan {mg enzym va nguyén tic 1am viéc clia dién cuc enzym nhu th€ nao?
Pham vi va hiéu qua slr dung clia enzym trong nén kinh t€ quéc dan nhu
thé€ nao?

Céc van dé néu trén dugc trinh by trong cdc chuong sau clia cudn sach
“Cong nghé enzym”:

Chitong 1. Cong nghé thu ché phdm enzym - GS. Dang Thi Thu, PGS.

Lé& Ngoc Ta.

Chitong 2. Enzym c6 dinh (enzym khong hoa tan) - GS. Dang Thi Thu.

Chirong 3. Pong hoc phan ing enzym - PGS. Le Ngoc Ta.

Chitong 4. Dién cuc sinh hoc (cam bién sinh hoc) - GS. Pang Thi Thu.

Chitong 5. Thiét bi phan ting enzym - PGS. Té Kim Anh.

Chuong 6. Ung dung ch& phdm enzym va trién vong clia cong nghé
enzym:



- Ung dung ché phdm trong cong nghé thuc phdm - PGS. Pham
Thu Thuy
~ Ung dung ché phim enzym trong mot sé nganh cong nghiép
khdc - PGS. Nguyén Xuéan Sam
— Trién vong cta cong nghé enzym - PGS. To Kim Anh
Cudn sdch nay 1a gido trinh hoc tap cho sinh vién va hoc vién cao hoc
nganh Céng nghé sinh hoc, Cong nghé thuc phdm dai hoc Bach Khoa Ha
Noi va moét so6 trudng dai hoc khac... Ciing nhu lam tai liéu tham khao cho
sinh vién nganh Cong nghé héa hoc, Cong nghé mdi trudng, Dugc, Thiy
san, Nong nghiép, va cho cin bd nghién citu, quan ly & cac vién nghién ciru
c6 lién quan. |
Cic tac giad xin cam on va mong nhin duge nhimg y kién déng gép
cha cic ban doc dé cudn sich dugc bd sung va hoin thién hon trong
nhimg 14n in sau.

Ha Noi ngay 01 thdang 2 ndm 2012
TM. CAC TAC GIA
Chu bién

Ddng Thi Thu
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CHUONG 1

CONG NGHE THU CHE PHAM ENZYM

1.1, KHAI QUAT VE ENZYM
— Enzym la chat xiic tac sinh hoc, c¢é ban chat protein, hoa tan trong
nudc va trong dung dich mudi lodng. Enzym ¢4 phan tir lugng 16n tr 20-
1.000 KDa nén khong qua duge mang ban tham.
— Tat ca cdc yéu 16 lam bi€n tinh protein nhu axit dic, kiém dac, mudi
kim loai nang,... déu cé thé lam enzym bi bi€n tinh v mat hoat tinh xiic téc.
— Enzym c6 nhiéu tinh chat vu viét hon han cdc chat xtic tic hod hoc
Enzym cé cudng lyc xiic téc rat I6n: & diéu kién thich hop, hdu hét cdc
phan g c6 xiic tac enzym xay ra vdi tdc do nhanh gap 10" -10" ldn so véi
phan img khong cé chat xic tac.
— 1g pepsin phan giai dugc 5kg protein tritng trong 2 gid.
— g renin lam dong tu dugc 72 tin sifa trong san xuat pho mat.

— 1mol catalase phan huy dugc 5.10°mol H,O,/phiit trong khi d6
1mol Fe* chi phan huy 10°mol H,0,/phit.

Enzym c6 tinh dac hiéu cao: Méi enzym chi xic tac lam chuyén hod
duge mot hoac mot s6 co chat nhét dinh theo mot kiéu lien két hod hoc nhat
dinh, v mét ki€u phan tng nhat dinh. Sir tic dung c6 tinh chét Iva chon nay
goi la tinh dac hiéu ciia enzym,hay con goi la tinh chuyén moén héa cao.
Enzym c6 tinh dac hiéu cao nén khong tao ra nhimg san phim phu.

Enzym tac dung trdng diéu kién “ém diu “. Enzym thuing tic dung
thich hop & nhiét d6 30-50°C, pH trung tinh va & 4p suat thuong, khong cin
néng do axit hay néng do kiém manh, 4p suit cao, do d6 khong doi hoi cdc
thiét bi chju axit, kiém va chiu ap suat cao dat tién.



Tit ¢ci céc enzym ¢6 nguon goc tu nhién khong doc. Diéu nay ¢o y
nghia quan trong trong cong nghiép thue pham va y hoc.
Cic ché phdm enzym duogc sén xudt tir nguon nguyeén ligu dé kicm, ré tien:
—~ Enzym protease dong vat thudmg thu nhan W cic phy pham 10
mé nhu : tuy tang, da day...
— Enzym protease thyc vat dugc thu tir va, 14 dira, 14, thin, nhua
sung. va, nhua du di xanh,

~  Enzym vi sinh vat duge thu nhian bang phuong phap nuoi cdy bé
mat hoac bé sau.
1.2. CAC PON VI HOAT PO CUA ENZYM

Don vi hoat d¢ cia mot enzym duge coi 1a lugng enzym cé kha nang
xtic tac 1am chuyén hod dugc mot lwong co chét nhat dinh, trong mot don vi
thoi gian nhat dinh, & diéu kién tiéu chuin.

Theo quy udc quéc t&€ ¢6 mot s& don vi hoat do sau:

1. Pon vi 1U (don vi quéc té)

La luong enzym c¢6 kha nang xiic tic chuyén hod dugc mot micromol
co chat sau thdi gian mot phiit & diéu kién tiéu chudn:

11 U= 1 pt M co chat (10*M/phiit)

2. Don vi katal (kat)
La luong enzym c6 kha nang xic tic chuyén hod mét mol co chat sau
thoi gian mot giay & di€u kién tiéu chuin:
lkat =1Mol co chét / giay.
11U = 1/60 x10°kat =16,67 nkat.
Hoat lyc enzym hodc hoat lyc xiic tdc duge biéu dién bing mot s don
vi hoat d6 enzym.
3. Hoat do riéng

Hoat do riéng cia mot ch¢’ phdm enzym duge bidu dién béng s6 don vi
hoat do enzym trén don vi khdi lugng protein:

I'U hoac kat / 1 mg (ml) protein.



4. Hoat do phdn tit (hodc hoat dé rieng phdn tir)
Bugc biéu dién bing s6 phan tit co chat dugc chuyén ho béi mot phan
tr enzym sau mot don vi thoi gian (thuong 1a phat).

5. Hoat do tam xac tac
La s6 phan tir co chat bi chuyén hod bdi mot trung tdm hoat déng sau
mot phiit.

6. Hoat do kcat (hoat dé xuc tdc)
La luong phan tl co chat 16n nhat duge chuyén hod bdi | phan tir enzym
trong 1 don vi théi gian (giay) 6 diéu kién enzym duge bao hoa co chat.

7. Ty Ié kcatlk,,
La hiéu nang xuc tdc cia enzym (catalytic efficency) biéu hién tinh dac
hiéu caa enzym véi cdc co chat khac nhau,

1.3. NGUON NGUYEN LIEU THU ENZYM

Enzym 14 nhiing chat khong thé diéu ché& duge bing phuong phdp tdng
hop hoé hoc, ma ngudi ta thudng thu nhan ching tir ngudn t€ bao dong vit,
thac vat hoac vi sinh vat.

Trong hang tram enzym dugc sit dung trong cong nghiép hon mét nia
duoc san Xudl tir pAm mdc va ndm men, trén mot phan ba tir vi khuan, con
lai tir 8% ngudn dong vat va 4% ngudn thuc vat.

1.3.1. Enzym dong vat

Mot s& mo dong vat chifa nhicu enzym: Da day, tuy tang, tim, gan, 14
lach...

Tuy tang: la co quan chida nhiéu enzym nhat nhr amylase, mantase,
lipase, cholesterol esterase, excitinase, nuclease, trypsin, kimotrypsin,
cacbocylpeptidase A, B, elastase. |

Tit ca cac enzym nay duoc tiét ra ngoai t€ bao cling véi dich tuy.

Da day: Mang nhdy cia da day lon, chd, ga, thd, chita pepsin
A.B.C,D (da day lon nhiéu nhat) riéng da day lon con ¢6 gastrinsin (enzym
thuy phan protein).
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Ngan thit tu ctia da diy bd chita loai vi Khuan t6ng hop cellulase.

Da day cba loai dong vat ¢6 simg non (bé, ngh€) chia renin (enzym
lam dong tu sifa trong san xuat pho mat).

Ruét: enzym ¢ rudt duoc ti€t ra ngoat (€ bao cung vdi dich rudt:
Enterokinase, lactase, mantase, saccarase, nuclease, phosphatase,
aminopeptidase, v v...

Gan: L2 co quan chita nhi¢u enzym ¢ chung ¢ moi co quan, cdn thay
nhimg hé enzym chi riéng gan méi c6:

Enzym tham gia téng hgp uré, chinh nhd su phong phi vé enzym nay
ma gan tham gia nhiéu qud trinh trao déi chat. Ngudi ta vi gan nhu mot
phong thi nghiém trung tam ctia co thé.

Tuyén nudce bot: Trong nuGec bot ngoai cdc enzym tiéu hod: Amylase,
mantase, cdn chifa enzym c6 tén Kalicrein, enzym nay tac dung lén globin
-2 Kali-dinogen dé gidi phéng ra kalidin 1a mot decapeptit ¢é tac dung lam
tang su ti€l nudc bot.

Huyét thanh: Trong huyét thanh chita nhiéu enzym, binh thudng hoat
do cac enzym nay khong 16n. Mot s8 enzym dugc cot nhu 1a chi thj dé theo
doi bénh tat d61a :

— Amylase (tang khi viém tuy cip).
— Phosphatase kiém (tang khi bi cdi xuong, tic mat).
— Transaminase (tang khi viém gan, nhdi méu co tim).

Mic du moi co quan dong vat déu chifa enzym, song théng thudmg
ngudi ta chi thu ch&€ phdm pepsin tir da day lIgn, renin tir da day be,
pancreatin tir tuy tang lon.

1.3.2. Enzym thuc vat
Tir thuc vt thuong dang 6 thé thu duge mot s6 enzym thuy phan:
— Papain tir nhya du di.
— Bromelain tir than, 14 dita chéi vi v difa.

Papain va bromelain c6 tdc dung giéng nhau: LAm mém thit, ddy nhanh
qud trinh thuy phan protein va ding dé pha duc protein trong bia, rucu.

10
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~ Céc enzym plazmin, papain, ficin thuong cé trong ho Ficus nhu
sung, si, va (nhya qua, 14, than).

~ Céc a, B- amylase c6 trong malt dai mach va malt théc.

~ Urease c6 trong gid dau tuong, lipase ¢é trong mam hat thau
dau.

— Polyphenoloxydase ¢ trong la che, chuyén hod hop chit
polyphenol thianh quinol tuong dng, c6 mau sic dac trung clia
che.

~ Peroxydase tdc dung véi tanin tao thanh san phim ngung tu
khong mau.

— Ngoai ra trong ]d ché con chta mdt s§ enzym protease,
pectinase, amylase, invertase. Dudi tdc dung clia nhiing enzym
nay, Xy ra sy bién ddi cic co chat tuong ting trong 14 che & qud
trinh ché bién va gép phdn tao nén nhimg chat mdi tham gia vao
su hinh thanh ch4t lugng ciia che (mau sac va huong thom).

1.3.3. Enzym vi sinh vat |

Day 1a nguén thu enzym rét phong phi. Tir v6 s6 loai vi sinh vit, ngudi
ta c¢6 thé thu duge rat nhiéu loai enzym khéc nhau, trong d6 cé nhitng enzym
ma co thé dong vat va thuc vat khong thé tdng hop dugc.

- He enzym vi sinh vat c6 kha nang thay déi bang céch thay déi diéu
kién nuéi cdy va diing cdc téc nhan diéu chinh. Tir mot loai vi sinh vat ¢6
kha nang téng hop manh m¢t hodc mot sd loai enzym nao dé theo y mudn.

- Vi sinh vat ¢6 kha nang sinh san, phdt trién va sinh téng hgp enzym
vé6i t8¢ do cuc ky 1dn, do d6 cho phép thu duge mét lugng 16n enzym trong
thdi gian ngdn mot cich dé dang.

- Enzym vi sinh vat ¢ hoat tinh rdt manh, vuot xa enzym tir cic
nguon khic. Ngudi ta di tinh ring, trong vong 24 git vi sinh vat c6 thé
chuyén ho4 luong 16n thifc an gdp 30-40 lan so véi trong lugng co thé ching.
Trong khi d6 hé enzym ctia con lgn trén 50kg chi c6 th€ chuyén hod vai kg

thiic an trong mot ngay.
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Bdng 1.1. Mot s6 enzym quan trong va nguon thu chiing

Noi .
M s bao ?nl:: Sirdung
Tén enzym Ngudnh enzym Ingoai , trong coéng
enzym g san i
bao 5t nghiép
(VE) xul
1. Enzym dong
vat
Calase 1.11.16 Gan i _ Thuc pham
Chymotrypsin 34211 Tuy tang E _ Thudc da
Lipase® 3.1.1.3 Tuy tang E _ Thuc phadm
Renet' 34234 Da day bé E + Pho mat
Trypsin 34214 Tuy tang E _ Thudc da
2. Enzym thyc vat
Actinidin 342214 Qué kiwi + Thye pham
a.Amylase 3.2.1.1 Mailt dai mach E ++4 046 udng 1én
., men
(brewing)
B. Amylase 3.21.2 Malt dai mach E +++ Rugu, bia
Bromelain 3.4.224 L4, v dira E _ Rugu, bia
B.Glucanase® 3.2186 Malt dai mach E ++ Rugu, bia
Ficin 3.4.22.3 | Nhuasung, v& E _ Thuc phdm
Lipoxygenase 1.13.11.12 Bau tuong | _ Thue pham
Papain 3.4.22.2 Nhiya du d0 E ++ Thit
3. Enzym vi khuéin
a.Amylase 3.2.11 Bacillus E +++ Tinh bét
B.Amylase 2212 Bacillus E + Tinh bot
Asparaginase” 3.5.1.1 Escherichia Coli . [ _ Sic khoé
Glucose 53.1.5 Bacillus I ++ | Siro fructose
isomerase” Steptomyces
Penicillinamidase 35111 Bacillus { _ Dudc
Protease' 3.4.21.14 Bacilius E +++ Tay rira
Puilulanase’ 3.2.1.41 Klebsiella, E _ Tinh bét
bacillus
4. Enzym nam sgi
o. amylase 32,11 Aspergiflus E ++ Banh my

12
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“Nai .
M3 S5 bao Qui S{rdung
. a s6 - . mo <
Tén enzym Nguon enzym Ingoai , trong coéng
enzym N san in
bao s nghigp
(/E) xuat
Aminoacylase 3.5.1.14 Aspergilius ] - C N dugc
Glucoamylase® 3213 Aspergillus; E e Tinh bot
Rhizopus
Catalase 11116 Aspergillus I B Thuytc pham
Celivlase 32.1.4 Trichoderma E _ Chat thai
Dextranase 3.2.1.11 Penicillium E . Thye phdm
Glucooxidase 1.1.3.4 Aspergillus I _ Thuc phim
Lactase' 3.2.1.23 Aspergillus E - Sira
Lipase® 3.1.1.3 Rhizopus E _ Thuc phdm
Rennet™ 34236 Mucor miehei E ++ Fomat
Pectinase” 3.2.1.15 Aspergilfus E ++ dd udng
Pectinlyase 4,2.2.10 Aspergillus E _ dd udng
Protease™ 3.4.236 Aspergifius E + Banh mi
Raffinase® 3.2.1.22 Mortierella | _ Thuc ph3m
5. Enzym nim men
Invertase® 3.2.1.25 Saccharauyces IfE _ Mt keo
Lactase' 3.21.23 Kluyveromyces VE _ Sua
Lipase® 3113 Candida E - Thuc phdm
Raffinase® 3.21.11 | Saccharomyces I _ Thuc pham

Chii thich:

‘ 1
v

"I  Enzym néi bao

E: Enzym ngoai bao

+++>100 tan/nam;

+>1 tan/nam ;

++>10 tan/nim

- <1 tAn/nam
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e: triacylycerol lipase, k: glucan 1,4 alpha glucosidase

f: chymosin I: beta-galactosidase

g: endo-1,3(4)-beta-glucanase m: protease aspartic ti vi sinh vit
h: xylose isomerase, n: polygalacturonase

i: subtilisin o: alpha- galactosidase

j: alpha dextrin endo-1,6 alpha p: betafructofuranosidase
glucosidase

1.4. PHUONG PHAP THU CHE PHAM ENZYM VI SINH VAT
Qui trinh san xuat ché pham enzym vi sinh vat bao gom cic giai doan
chir yéu sau:
— Phan lap, tuyén chon va cai tao gidng vi sinh vit;
~ Nuéi cdy vi sinh vat sinh téng hgp enzym;

~ Téch va tinh ch€ enzym.
1.4.1. Phan lap tuyén chon va cii tao giong vi sinh vat

1.4.1.1. Phén lip va tuyén chon

Kha néng sinh téng hop enzym clia cdc vi sinh vt rat khdc nhau, do dé
muén cé duge chling vi sinh vat ¢6 kha ning téng hop mot vai loai enzym
nao d6 thi can phai ti€n hanh phan lap tir d4t, nudc, khdng khi, tir mot s
thyc vat, tir mot s§ san phdm..vv. Hodc tir b suru tap giéng vi sinh vt ¢é san
chia don vi, nham tuyén chon dugc chiing vi sinh vat c6 kha nang sinh trudng
phat trién nhanh, sinh téng hop enzym can ¢6 cao, én dinh...

14.1.2. Cditao giéng vi sinh vit

Vi cau triic cha moi protein enzym duge tao thanh trong t& bao déu
dugc x4c dinh bdi tinh chat di truyén ciia t€ bao, do dé ¢6 thé‘d‘i‘lhg céc tic
nhan dot bi€n tic dong lén bd mdy di truyén ciia t& bao vi sinh vat dé tao ra
céc dang bi¢n ching c6 kha nang sinh tdng hg‘p dac biét cao mot loai enzym
nao dé. Thuong c6 hai phuong phdp dét bién tao bien 'chfmg.

14



a. Dot bién bang cdc tdc nhén vat Iy hodc hod hoc

- Céc tdc nhan vat ly: gém c6 tia cyc tim (tia tr ngoai), tia X (ronghen),
tia ¥, hoac ban phé bang hat notron, electron. Trong dé ngudi ta thuong sir
dung nhit 1a tia cuc tim (uv)

- Tac nhén hod hoc: Cic hgp chat chita nito nhi: nitrozometylguanidin,
metyldicloroetylamin, nitrithydroxylamin, etylametylsunfonat.

b. Dot bién bdang phitong phdp sinh hoc phan nir
* Phuong phap bién nap

La sit truyén ADN tir t€ bao cho dén t€ bao nhan, ¢6 thé xdy ra trong
'ong nghiém khi cho t€ bao nhan ti€p xic véi dich chiét tr t€ bao cho ma
khong cén ¢6 sur ti€p xic giifa cic t€ bao. _

Cic t€ bao nhan cé thé nhan bat ky loai ADN nao chi khong doi hoi
phai 12 ADN tir cac ndi ¢6 quan hé ho hang. Tuy nhién t& bio ¢ thé nhan
mot s6 doan ADN nhit dinh (thuong khong qué 10 doan).

Cic doan ADN dugc truyén di trong bi€n nap ¢6 phan tir lugng vao
khoang 10°-107 va phai c6 c#u triic xoan kép.

Dung phuong phip bién nap c6 thé truyén cdc tinh trang khac nhau tir vi
sinh vat nay dén vi sinh vat Khac trong dé ¢6 tinh chét sinh tdng hop enzym.

e Phuong phap tiép hop gen
Khic véi phitong phdp bién nap, & day vat liéu di truyén (ADN) chi
dugc truyén di tir t€ bao cho dén € bao nhan khi hai t&€ bao ti€p xic véi
nhau. Do vay, cdc vi sinh vat ¢ kha nang bién nap thi khong cé kha nang
tham gia ti€p hgp gen. :
Hién tuong tiép hop mdi chi duge nghién ciu & mot s6 loai vi khudn
nhw: E-coli, salmonelia...
¢ Phuong phap tai nap ‘
Vat liéu di truyén ADN dugc chuyén tir t€ bao cho dén t€ bao nhan nha
vai trd trung gian ctia thue khudn thé (Phage).
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Trong qué trinh tdi nap cdc doan ADN dugc chuyen tir t&€ bao cho dén
1€ bao nhan tiép hop véi ADN cla 1€ bao nhan, do d6 lam bién doi tinh chat
di truyén cua té bao nhan.

Tém lai. ¢6 thé dung nhiéu phuong phdp di truyén vi sinh vat khac
nhau dé tao cic bién chling vi sinh vat ¢6 kha nang sinh téng hgp enzym cao
hon han ching géc ban ddu: papain, lipase (bot giat), cellulase (thuy phin
cellulose), aspactinase (dung trong cong nghe sia)...

1.4.2. Cac phuong phap nuoéi vi sinh vat
V& nguyén tic c6 hai phuong phdp nuoi vi sinh vt dé thu ché phim
enzym. .

1.4.2.1. Phuong phdp nudi cdy bé mdt (phuong phdp rdin, phuong phdp
néi: solid state fermentation)

Vi sinh vat phét trién trén bé mat moi trudng dinh dudng & thé rén da
dugc lam am vi vé tring. Méi trudng dinh dudng nay thudng gém cédc
nguyén liéu tu nhién nhu cam gao, kho cidm, cdm my, tdm gao, ngd (chi€ém
90-95%) c6 bé sung trau nhéd hodc min cua (khoang 5-10%) dé lam xop
canh trudong khién oxy khong khi dé tham nhép, tao diéu kién cho vi sinh vat
phat trién t6t. V& co ban cdc nguyén liéu trén cung cip di chat dinh dudng
nhy : nitg, cacbon, vitamin, mudi khoéng cho vi sinh vat phat trién. Tuy
nhién mudn cé moéi trudng dinh dudng 16t hon ¢6 thé bd sung thém nito vo
co: amonsulfat, natri nitrat, ure, hoac nito hitu co nhu cao nam men, cao ngod,
dich chi€t malt,... va cic chat caAm Gng tuy theo timng loai enzym.

Trudc khi gieo vi sinh vat, méi trudng cin dugc 1am 4m dén 50-65% va
thanh triing lat & 120°C dé diét vi sinh vat la, sau d6 ha nhiét d6 xudng 30-
40°C va ti€n hanh gieo cay vi sinh vat, réi nuéi & nhiét d¢ 28-32°C trong 36-
48 gid. Trong diéu kién nay hau hét enzym duge sinh téng hop.

Phuong phdp nay cho néng d6 enzym cao hon phuong phip chim, canh
trudng sau khi sdy kho van chuyén dé dang, tranh dugc nhiém triing toan bo
khéi canh trudng va it tdn dién nang. Phuong phdp c6 tinh gidn doan, chiém
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nhicu dién tich nuéi cdy, kho co gidi hod va ty dong hod. Do dé niing suat
théap, t6n nhiéu lao dong thu cong.

1.4.2.2. Phuong phip nudi chim (Phuong phdp long; Phuong phip bé
sdu: Liguid state fermentation)

0 phuong phap niy ngudi ta cho vi sinh vat phat trién trong moéi trudng
dinh dudng 1ong, c6 suc khi lién tuc. Thanh phan dinh dudng cia moi trudng
16ng thich hop cho méi vi sinh vat dé sinh téng hgp ra mot enzym nay hay
enzym khac la khong giong nhau. N6i chung moi trudmg dinh dudng phai ¢6
thanh phén dinh dudng chinh sau:

Nguén cacbon (hay nguén ning luong): chi yéu 1ay tir céc loai dudng
dé déng hod nhu: glucose, mantose, 1i duong, hoac tinh bot di thuy phan so
bo, ngoai ra c¢é thé tir ngudn phi gluxit nhur: glycerol, cdc axit béo v v...

Nguoén nito: c6 thé & dang vo co hoac hitu co.

- Nito v6 co : (N H,),S O,, NaNQ,, ( NH,) NO,, ure v v..

Ngoai ¥ nghia cung cap nito ra, thanh phan va tinh chit cia muéi vo co
con quyét dinh gia tri pH clia moi trudng nuéi. Néu nito dudi dang mudi
amon, thi khi ion amoni (NH,") duoc co thé vi sinh vat sit dung, con lai goc
anion, s& gay axit hod moi trudng, nguoc lai n€u ngudn mudi vo co la nitrat
thi khi vi sinh v4t sir dung anion (NO;), con lai ion kim loai tu do s& gay
kiém hod méi trudng. Do vay viéc chon ngudn nito vo co thich hgp cho vi
sinh vat sinh téng hop dugc mét enzym ndo 46 12 rit déng quan tam.

Nito hitu co: Thudng la nude chiét malt, nude chi€t ngd, hodc cao ngo,
cao ndm men, pepton, bot c4, kho dau.

¢ Muodi khoang va vitamin:

Mbi trudmg dinh dudng nudi chim ngay ca khi sir dung nguyén li¢u tu
nhién (bot, tinh bot, cellulose) vin phai bd sung mudi vo6 co va mot s6
vitamin cdn thiét cho vi sinh vat sinh trudng va phét trién nhu: MgSO,,
K,HPO,, KH,PO,, K,SO,, FeSO,,... VitaminB,, B,,, Biotin(B,).

Dich dinh dudng dugc cho vao thuing 1én men. Sau dé dua truc ti€p hoi
nuéc néng vao thanh triing & nhiét do 118-125°C trong 45-60 phit. Ha nhiét
dd va bd sung vi sinh vat, nuoi 2-4 ngay. Qud trinh nu6i dugc thuc hién

17



trong diéu kién suc khi lién tuc va vo tring tuyét doi. Nuoi cdy chim thudng
tao nhiéu bot, nén c6 thé sit dung mot so chat hoat dong be mit dé phd bot
nhu tween 20, axit oleic...

O phuong phdp nuoi chim, su tiét cic enzym vio méi truong xdy ra
trong sudt qué trinh phat trién.

Da s8 enzym thuy phan ctia nAim mdc, xa khuan, vi khudn I3 nhiing
enzym ngoai bao, tuy dugc tong hop nén ¢ bén trong 1€ bao, sau dé mdi tiét
ra ngodi moi trudng. Do d6 Kkhi két thic qud trinh nuéi cé thé loc, loai bo
sinh khdi, thu 18y dich enzym, dem ¢é diac dugc ché pham thé, hodc tinh
sach ti€p theo. Tuy nhién ¢é mot s enzym noi bao (enzym lién két véi cac
bio quan bén trong t€ bao). Mudn thu duge enzym cin phéi phd v t€ bao dé
tach enzym ra khoi phén sinh khéi t€ bao.

Do co, 0,

Ny Y3 cong e

[Nl
/7

c]... ging cip M\Eﬂ __' ”‘,L .

. KIEMSOAT
T\ Theéoxi od khie

Ap sudt ribng phda

PHAN TICH

- Goag

- 40 nhot

- may M

© bost @6 mzyem

Hinh 1.1. So db thiét b nudi vi sinh vat d& thu enzym biing phuong phap
chim theo AUNSTRUP, 1979.

Phuong phép chim ¢6 wu diém:
~ (6 tinh lién tuc ti€t kiem duge dign tich san xu4t.
— Dé co gidi hod va tr dong hod, do d6 nang sust cao.
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—~ Su dung hop Iy cdc chit dinh dudng clia moi trudng.
— Enzym thu dugc it 1an tap chat.
Song phuong phip chim c¢é mét sé nhuge diém:

— Nbong do enzym trong canh trudng thap, do d6 phii c6 dic, nén
gia thanh cao.

—~ Tén nhiéu dién nang do suc khi lién tuc. Khi khong dam bio
dugc vo tring tuyét doi thi dé xay ra su nhiém toan bo khéi méi
truong. ’

— Phuong phap nuéi chim la mét phuong phap ti€n bo va hién dai
dugc 4p dung rong rai & nhiéu nudc phat trién.

S0 d6 nuéi cay chim duge biéu hién & hinh 1.1:
Cic thong s6 phai theo dbi trong thi€t bi 1én men nudi vi sinh vat dé
thu enzym.

e Cic thong so vat 1y:

- Nhiét dé: Luong nhiét gidi phdng ra bdi mot thiing lén men c6 thé dat
dén 2-10%kcal /gio. Do vay phai lam ngudi nhd nudc chay thanh dong trong
ong rudt ga bén trong thung lén men. '

- pH: pH phai dugc diéu chinh lién tuc bang cdc dién cuc nhay va vo
tring. pH thudng dugc duy tri bang kiém (NaOH, KOH, amoniac) hoac
béng céc axit vo co (phosphoric, sulfuric).. :

- Bot: Trong moéi trudong thudng giau protein nén khi khuay va suc khi
s& tao ra nhiéu bot, c6 thé thém cdc hop chit dan xuit cla dau thuc vat va
dan xuat silicon dé phd. bot. Tuy nhién cic sin phdm nay thudng cé anh
hudng xau dén su van chuyén oxy, c6 thé gay doc doi vdi cdc vi sinh vat. Do
d6 phai chon chat ddp ing duge céc tiéu chudn thuc pham hién hanh.

- Oxy: day 1 mot thong s6 khé 1am chil & quy mé cong nghiép. Khé
khan 1a do céc qud trinh clia h¢ “Ién men - thiing 1én men™ tudn theo nhimg
quy luat c6 ban chat khic nhau, qu4 trinh vat 1y (su chuyén khéi), qué trinh
sinh 1y (céc vi sinh vét), qud trinh hon hop khi c¢6 sy tuong tdc giita hai qué
trinh trén.
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e Cac thong so vé sinh ly:

- Cdn bdng ndng luong: Mot phan 16n nang lugng phat tan ra dudi
dang nhiét cdn phai thai bo. Vi thung 1én men cé dung tinh lon thi cé thé
han ché bang cdch lam lanh & bén ngoai. Tot nhit la sir dung nang lugng nay
vao viéc sinh téng hop enzym.

- Ap sudt CO,: Khi CO, c6 mat trong sudt qua trinh 1én men. CO,c6
vai tr0 quan trong trong cic phan {mg cacboxyl hod. CO, ¢é vai trd duong
tinh d6i véi mot 56 qué trinh sinh téng hop enzym (trudng hop amylase cla
B. Sultilis) trong nhimg diéu ki¢n nay n€u suc khi (hi€u khi) qua manh s&
khong ¢6 loi.

- Ap sudt oxy: Tic dung clia oxy s& khic nhau tuy theo & giai doan
sinh trudng hay giai doan téng hop enzym. Chang han trong trudng hgp sinh
trudng cha E.coli va téng hop enzym penicillinacylase thi ty 1é oxy hoa tan
cao s thuan 1gi cho su sinh trudng, nhung lai bt 1gi cho sy téng hop enzym.
Trong trudmng hop gluccoxydase tit A.niger thi vai tro cia oxy con phic tap
hon vi ¢ day oxy véi danh nghia 1a co chat. Trong trudong hop nay su tang ap
sudt oxy s€ lam tang sy sinh trudng va tang sy bai xuat enzym dén cuc dai,
16i sau d6 giam, mac du ap sudt oxy Lién tuc ting.

- Cam img - \c ché:

Trong-mot s6 qiia trinh tdng hop enzym ngudi ta cdn mot chat cam (ng
(vi du cellulase d6i v6i T.vinide) con trong trudng hop khdc nguoi ta phai
tranh su c6 mit ciia cdc chat vc ch€ (glucose, hoac axit amin) lic ddu hoac
trénh sy xuét hién coa chiing trong qué trinh 1én men.

- Kha nang trich ly:

Trong trudng hop cdc enzym ndi bao, thi su du thifa cdc nucleotit s&
lam tang do nhét giam khé nang trich ly. C6 thé 1am giam ham lugng clia né
trong t€ bao bang céch lam giam ty 1& sinh trudng.
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1.4.3. Tach, tinh ché enzim

1.4.3.1. Cdc dang ché pham enzym

Trong thuc 1€ san xudt cdc ché pham enzym c6 thé dugc st dung dudi
céc dang khdc nhau: ché phdm tho, ché phdm k§ thuat hoac ché phdm tinh
khiét tuy theo muc dich va yéu cdu sir dung.

o Ché phim tho

- Ché phdm thé nx canh triomg long

Moi trudng nuodi vi sinh vat sau khi loc, nong do enzym rdt thap, nén
budc dau ngudi ta phai cé dac. Dich loc tlr canh trudng c6 nong do chat kho
tir 4-6g/1 duoc ¢o dac lén dén 15-20g/1 & nhiét do 35°C trong thiét bi ¢ do
chan khéng cao. Sau d6 c6 tiép & nhiét do 40-45°C dé dat ndng dé chat kho
30-50g/1 16i bS8 sung chdt bio quan nhu NaCl, glycerol, sorbitol,
natribenzoat... ch€ phdm thé thu dugc & dang 1dng c6 thé bao quan & nhiét
d6 thudng tir 1-2 nam. Hodc cé thé b6 sung thém chit én dinh vao dich ¢6
ndng do chat kho 30-40g/1. Sau d6 sdy phun & thi€t bj c6 nhiét do dau 120°C
va dau ra 40°C sé thu dugc ché phdm tho dang bot.

- Ché phdm thoé tix canh triong bé mdt

Canh trudng rin sau khi nuéi vi sinh vat duge dem sdy & nhiét d6 40°C
dén do 4m con khoang 12% sé thu dugc ché€ phdm tho dang kho.

Ch€ phim thé c6 thé st dung trong mot s6 linh virc ma khéng 1am anh
huéng dén chét luong mau sdc, va mili vi ciia sén phdm nhu: cong nghiép
san xuft ruou cdn, cong nghiép thudc da, cong nghiép gidy, xit ly moi
truong,...

o Ché phdm ky thuat:

LA ché phdm di dugc tinh ché so bd, trong d6 mét s& protein va enzym
tap di dugc téch ra. Trong ché phdm k¥ thuat thudng chiia hén hop mot vai
enzym chu y&u. ‘

Ché phdm k¥ thuat thudng dugc sit dung trong cong nghiép thuc phim
dé giit mau sic, huong vj va chit lugng san phdm.
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e Ché pham enzym tinh khiét:

Trong ché pham nay da loai hoan 10an céc protein va enzym tap, chi
con fai duy nhat mot enzym mong muodn.

Cic ché pham ndy chi ding trong y hoc, nghién citu khoa hoc va phan
tich.

1.4.3.2. Khu trit cua enzym

Dua vao vi tri khu trfi cia enzym trong t€ bao, ngudi ta chia lam ba
nhém chinh: '

- Enzym ngoai bao: 13 enzym duoc sinh tdng hop ra & trong t& bao rdi
sau d6 mdéi duge ti€t ra ngodi moi trudng trong qua trinh nudi cdy chim. D6
1a tnrong hop cdc enzym hydrolase.

- Enzym néi bao: 12 enzym duoc téng hop va sir dung & bén trong t&
bao. Néi chung céc enzym loai nay thudmg c6 mat hoic dudi dang lién hop,
duéi dang lién két hoac dudi dang bi "n_h6i" trong cdc bao quan cla t€ bao.

- Cac enzym periplasmic (Ia nhimg enzym nim & xoang ngoai
mang sinh chit nhung trong mang té bao)

Maiing ngoai

Phiin ko dii viing
::::“ﬁﬂglé :;iém / U!p
I . r\ L Mang &
k& o chat
T Lt m

Miing

phep
1 Periplasmi i phin wr
: 1thé di qua

B4 mat protcin Nhiém séc thé

. Vikhudn Gram Vi khufn Gram
duong im

Hinh 1.2. Cu tao mjt cit ciia vi khudn Gram (+).va (-) c6 chia periplasmic.

Thyc t€ viée trich ly cdc enzym chi yéu danh cho céc enzym noi bao
va enzym periplasmic.
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Qua trinh tdch mot enym c6 the phan ra ba giai doan lon.
— Giai doan 1: Trich ly: S& cho mgt hdn hgp phéan tr hoa tan.
— Giai doan 2: Phan doan hon hgp dua vio d9 hoi tan, doan thu
duge gom mot ho cdc phan tir.
— Giai doan 3: Tinh sach bing cdc phuong phdp hod 1y, hoac
bing cdc phuong phdp sinh hoc dac hiéu, cudi cling s€ thu
duge mét phéan to enzym sach.

1.4.3.3. Trich ly va tinh ché cdc enzym
1.4.3.3.A. Co s¢ chung dé trich Iy cdc enzym

Pé trich ly cdc enzym ra khoi t€ bao mot cach dé dang trude tién ngudi
ta phai pha v& thanh t€ bao, mang t€ bio va nhiing cau tric dudi t€ bao bing
nhiing phuong phap ly hoc hoic hoa hoc khac nhau.

Nang luong cin thi€t dé phd v& t€ bao phu thudc nhidu vao loai t€ bao
vi chimg muc nao d6 vao trang théi sinh 1y clia co thé. Chang han mot s6
Joai t€ bao nhu t€ bao dong vit, t€ bao vi khudn gram am (Azotobacter
species) c6 thé bi phd vd dé dang bang gay séc thdm thau. S6 khdc nhu m&m
men, ndm s¢i, tao xanh (luc) v mot s& vi khudn gram duong c6 véch t€ bao
va c4u triic mang c6 kha nang chéng chiu duge dp suét thdm thiu téi 20 atm,
doi hoi nang lugng 16n hon.

Thuodng téc do potein duge giai phong ra khi phd v t€ bao bang co hoc
ty 1& véi téng lugng protein c6 kha ning gidi phéng duge:

dP/di= -kP (1.1
Trong dé: P: lugng protein con duge lién két vdi t€ bao;
t: thoi gian;
- k:hingsétyle

Tich phan tit P-P,, (lugng protein t6i da c6 kha nang dugc gidi phéng) &

thoi diém 0 dén P = P, & thoi diém ¢, ta cé:

’ p T
Ii’i= I—kdt (1.2)
pm P 0
Do dé: In(P,/P,) = kt (1.3)

va protein d3 dugc giai phéng ra khoi t€ bao bang;
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Protein=P_-P, (1.4)
Thay (1.4) vao (1.3) ta duoc phuong trinh sau:
Pm
o T (15)

Phuong trinh thé hién qud trinh phd vé t€ bao.

Viéc lua chon phuong phdp phad v& t€ bao cé vai trd quan trong nhat
nham trdnh 1am anh huéng dén cdc enzym. Cdc yéu t6 thudng anh hudng
dén hoat tinh enzym khi pha v t€ bao dugc tém tit trong bang 1.2. Nhin

chung, trong cdc yéu t& nay quan trong nhat 1a nhigt va luc cit.

Bang 1..2. C4c yéu té anh huong dén enzym trong qua trinh phé vo té bao

TT

Yéutdé

Anh hudng

1

Nhiét

T4t ¢ cac phuong phap co hoc ¢an cung cé'p mdt lugng Ién nang
ligng déu sinh nhiét. Do dé 1am lanh I rat cdn thiét ddi voi hau hét
cac enzym. Sy ¢ mat clia cac ¢g chat, cac chit tuong tu co chét
ho#c cac polyol ¢6 thé 1am bén enzym.

Luc cit

Luc cét can thigt a& ph& v8 t& bao ¢b thé 1am pha huy enzym; dic

biét khi c6 mat cac ion kim loai n@ing hoic khi cé bé miat phan chia
v@i khéng khi.

Protein

Viéc pha v3 t& bao sé& khéng tranh khéi lam gidm hoat tinh
enzym .Tuy nhi&n cé thé lam giam thidu béng cach lam tang véan
t8c qua trinh trong didu kién lanh, Cing ¢c6 thé sif dung mét lugng
du cac co chat thay th& (vi du protein) hoac cac yéu t6 kim ham
trong mdi trudng tach chiét.

pH

Cac dung dich dém c6 vai trd quan trong. Su cé mat clla cic co
chat, cac chédt tuong 1u co chat, cac polyol sé gitp cho viéc én dinh
enzym.

Hoa chat

M6t s6 enzym c6 thé bj bién tinh do suf ¢6 mat cha chat tdy rifa va
dung mdi. Cac polyphenol tit thefe vat 1a cac yéu {6 kim ham enzym
manh ¢6 thé khic phuc bing cach sir dung cac chét hap phu nhu
polyvinylpyrolidone va axit ascorbic dé tam gtam hoat tinh cla
polyphenoloxydase.

Oxy hoa

Cac tac nhadn khd nhu axit

ascorbic,
dithiothreitol, co thé rit can thiét.

mercaptosthanol,

Tao bot

Cac mat phan cach gilta pha.1dng —khi trong c4c bot cb thé pha
huy hinh thé enzym,

Tinh  ddc
cha  kim
loai néng

Cac ion kim loai ndng (s&t, déng, niken...) dudgc nhidm vao do khi
loc qua céc thiét bi ddng hoa. cac enzym ¢6 thé dugc bio v& khdi
sy vd hoat bt thudn nghich nay bing cach sif dung tac nhan
EDTA
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1.4.3.3.B. Cac phwong phdp phd va t€ bao

Bl. Phuong phdp co hoc
a. Phd va 1é’bao bdng séng siéu am

Khi xiz 1y cic t& bao vi sinh vat & dang huyén phit bang séng siéu am sé
lam phd v& chiing trong chét 16ng. Séng siéu am chuyén déng theo hinh sin,
c6 dac diém 13 cao tan (18kHz-1MHz) budc dich chuyén nho (dudi 50um),
van tdc vira phai (vai m.S ') va gia t6c rat 16n (161 80000g), séng siéu 4m tao
nén hién tugng sii bong béng khi tdn s6 am thanh dh 16n dé tao nén vo s6
céc vi bot (microbubles) tai cac ving tdp trung sinh khéi trong chit long.
Cac bot s€ 16n lén trong pha din (rarefying phase) cla séng am thanh va bi
xep di trong pha nén. Bot xep di do cdc séng gay s6c manh xuyén qua chat
16ng. Toan bd qua trinh hinh thanh va xep di cia céc bot khi do anh hudng
chia cac séng am thanh, tan s6 cao dugc goi I hién tugng sui bot trong chét
long. Viéc xep cic béng bot s& chuyén ning luong am thanh thanh nang
lugng ¢o hoc & dang cic séng gay sOc tuong Ung véi dp sudt hang ngan
atmosphere (300Mpa). Ning lugng nay sé truyén chuyén déng t6i cic bo
phan cta t€ bao. Céc t€ bao s€ bi phd v& khi dong nang cta cdc bg phan nay
trong t€ bao 16n vuot qua do vimg chic ctia vdch t€ bao. Mot yéu t§ khic
lam tang kha nang pha v& t€ bao d6 la vi dong (microstreaming) cé céac
gradien van t6c 16n, tao nén tng sudt bién dang (shear stress) xu4t hién gin
céc bot khi tao thanh do song siéu dm.

Mot luong 16n ning luong do dich huyén phi t€ bdo hap thu dugce
chuyén thanh nhiét. Do d6 cdn phai sit dung hé théng lam lanh hiéu qua.
Luong protein duogc gidi phéng ra do séng siéu am thé hign & phuong trinh
(1.5), hing s6 (k) khéng phu thuoc vao néng do t€ bao va ty I¢ véi nang
luong am thanh gin ngudng cdn thiét dé tao shi bot. Su tan rd bot
(disintegration) khong phu thudc vao tan s6 am thanh, ngoai trir tan s6
ngudng sti bot thi phu thudc vio tin s6 &m thanh.

S6ng am thanh dé& 1am bién ddi cdu tric cia mot s6 enzym va phd huy
enzym do oxy hod cdc géc tu do. Viéc sit dung cdc chat don gdc (radical
scavenger) nhu N,O ¢ kha ning lam gidm su mét hoat tinh enzym. Hau hét
cdc phuong phdp phd v t€ bao déu tao cdc manh t€ bao nho, cin trd quéd
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trinh xir 1y sau ndty. Tuy nhién sit dung séng siéu am van la mot phuong phap
phd v& 1€ bao phd bién, hitu ich, don gidn, st dung & quy mé nhd.

b. Phd va 18 bdo biang may dong hod cao dap

Hién nay c6 nhiéu loai may dong hod cao dp dugc sit dung trong cong
nghiép hod chat, nhung mdy st dung dé phd v t€ bao phd bién la dang
Manton — Gaulin APV. Loai nay gdm mot bom ddy dé dua dich huyén pht
té bao (khoang 12 W/V) qua mét van kiém tra téi xilanh bom. T€ bao duge
ddy vdi dp suat téi 150Mpa (10 tan trén 1 inch vudng) va véi van téc dong
t6i 10.000 L/gié qua mot van xa ¢6 miéng hep (hinh 1.3). Cic t€ bao bi va
cham nén lai rdi bi né v& va gidi phéng cac chat chifa trong t€ bao khi [am
gidm 4p dot ngdt qua van ki€m tra. Vay 4p sudt sir dung va sir gidm 4p dot
ngo6t qua van kiém tra 1a nhan t6 chl yéu phé vd t€ bao.

Do c6 miéng hep la phdn then chét cda loai mdy dong hod nay nén né
khong thich hop khi sit dung dé€ phi v cdc co thé dang soi ma thudng dugc
st dung d€ phd v céc co thé don bao.

Su giai phong protein dugec mé ta & phuong trinh (1.5), nhung thudng &
day, ngudi ta thay bi€n s6 thdi gian bang s6 luot (N) qua mdy déng hod:

L P,/ (P,~P)=KN. ‘

Thong thudng, & dp suft duéi 75MPa, hing s6 K ty & vé6i 4p sudt da
luy thira (vi du: K = K'P® & Sacharomyces cerevisiae va K=K’P2 &
Escherichia coli, trong d6 p 13 dp sudt sit dung va K’ 12 hing s6 ty 1¢). RS
rang la 4p suét cang cao thi qud trinh phd v t€ bao cang hiéu qua. Hing s0
1y I¢ gidi phéng protein (K) phu thuéc vao nhiét d6. Qua trinh pha v t&€ bao
nhanh hon & nhiét d6 cao. o

Ngoai tinh dé v3 cua cic t€ bao, sir khu trii clia enzym trong cic t€ bao
ciing anh hudng dén cic diéu ki¢n sir dung mdy déng hod. Cdc enzym noi
bao ty do ¢6 thé dugc gidi phéng chi cAn mét luot qua mdy déng hod, nhung
cic enzym lién két v6i mang cdn nhiéu lugt dé c6 thé thu dugc hiéu suit
mong muén. Cac mdy dong hod cao ap sit dung hiéu qua déi véi cic ca thé
don bao vén ¢6 cic enzym khong bén nhiét. Cic lyc 1am bién dang t€ bao
khong gy anh hudng dén cdc enzym ty do trong dung dich. Thiét bi déng
hod ¢6 thé bi mdn. Do d6 cdn dugc ché tao chinh xdc va bao tri t6t. Mdy
déng hod Manton — gaulin xir 1y lién tuc c6 thé téi 250 dm'/ gid.
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Vong diéu chinh~ t
1/ -

Van diéu chinh lr
kich thudc khe {."

Hinh 1.3. M3t cit ngang cla may déng hoa Manto- Gaulin.

¢. Phd v@ 1¢" bao bdng cdch nghién hodc khudy véi cdc botl hat thuy tinh
hodc theép

Khi huyén phi t&€ bao duge lac ciing véi hat bang thuy tinh hoac bang
thép nhé (thudng dudng kinh 0,2-1,0mm) thi t€ bao s& bi phd v& do luc cat
cua chét long cao va do va cham véi cic hat nay. Ty 1¢ va hi¢u sudt giai
phéng enzym c6 thé thay déi do thay déi vén t6c lac va kich ¢ cdc hat cling
nhu dudng kinh cha thi€t bi. Bat ky kiéu sinh khéi nao dang sgi don bio déu
¢6 thé bi pha v bang mdy nghién bi niy nhung nhin chung cic 1€ bao ¢é
kich thudc 16n dé& bi phd v& hon cdc vi khuan cé kich thuéc nhéd. Véi cing
mot thé tich hat thi sir dung mot luong 16n cdc hat nhé s& hiéu qua hon mot
lugng tuong d6i nho cdc hat 16n, vi né lam ting su va cham giffa céc hat va
céc t& bao. ,

Thuc & cho thdy céc hat c6 dudng kinh 1mm s& 1am giai phéng nhanh
chéng cac enzym pefiplasmic tr nAm men, con cac hat ¢é dudng kinh 0,25
mm thi lam gii phong c4c enzym lién két v6i mang ciia vi khudn 16t hon.

Pong hoc qua trinh gidi phéng protein bang mdy nghién hat duoc thé
hién & phuong trinh (1.5).

Hing s6 K phu thudc vao nhiét do, nong do t&€ bao vi sinh vat, do chat
day hat va kich c@ cia cic hat.
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Nhin chung chat ddy hat s& lam tang t8c d¢ giai phong protein nhung
ciing 1am tang nhiét vd mic tiéu thu nang lugng. Sy nang nhiét 14 mot van dé
chinh khi str dung cic mdy nghién dang hat trong trich ly, dac biét & quy mé
I6n (20L). Cac mdy quy mo nhd cé thé duge 1am lanh qua cic 16p vo do
giam nhiét bao quanh khoang chiia hat, nhung cidc may Ién hon cdn phai lam
lanh qua truc trén va cdc banh (ddy) cong tac.

O quy mo phong thi nghiém c6 thé nghién t& bao véi hat thuy tinh bang
cOi va chay.

d. Phd v 16’ bao bang phitong phdp lanh dong

Huyén phi t€ bao duéi dang bot nhdo duge 1am lanh déng & -20°C, i
nén dudi ap suit cao (khodng 10-15tan/ inch vudng) qua céc 16 hep ca mdy
nén Hughes thi t€ bio s& bi phd v& do su thay ddi pha va thay ddi thé tich
ciing nhu do luc cét clia cdc tinh thé d4. Tuy nhién may Hughes chi cé thé si
dung gian doan timg mé nho (10kg/gid).

B2. Cdc phuong phédp phd vé té bao khong bdng co hoc

a. Séc tham thdu

C6 thé 1am dung gidi t& bao bang sdc thdm thau khi cho mét huyén phu
dam dic cdc t€ bao vao trong mot médi trudng wu truong (20% saccarose)
trong nudc & 4°C, thi s& 1am gidi phéng ra mot s6 hop phén cla t€ bao. K§
thudt nay rat nhe nhang, khong 1am bién tinh cdc protein, song do cé nhiéu
vi sinh vat chong chiu dugc s6¢c thdm thiu, nén k¥ thuat nay chi danh sit
dung cho cdc vi khudn gram am (-) nhu E.coli dé trich ly cic enzym thuy
phén c6 trong xoang periplasmic (ngoai sinh ch4t). Trong nhitng diéu kién
ndy chi duy nhét cé enzym thuy phan ducc trich ly ra, do dé sé don gian
dugc qua trinh tinh ché sau nay.

Tuy nhién c6 ba ly do sau day han ché& ap dung k¥ thuat nay & quy mo
I6n: thé tich lam viéc 16n (400dm’cho 10 kg bot nhio t&€ bao), nhidu giai
doan ly tam, va luén phai duy tri & nhiét d¢ théap.

b. Xt ly kiém
Xir 1y kiém (& pH gitra 11,5 va 12,5) s& 1am thuy phan mang t& bao va

do d6 s€ gidi phéng cdc enzym. Tuy nhién, k§ thuat ndy chi 4p dung néu
enzym bén duoc trong moi trudng kiém ft nhat ciing tix 20-30 phut. Ngudi ta
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thuong dung phuong phdp nay dé trich ly asparaginase tit Erwinia
chrysanthemi.

c. Sit dung chdt tdy ria

Trong diéu kién pH, luc ion va nhiét do xic dinh, cdc chat tdy rira &
dang ion nhu laurylsulfatnatri hoac nhu tweeen 20va triton s&€ t& hop vdi
lipoprotein mang tao ra cac mixen do dé sé lam cho ming t€ bao tré nén ¢6
tinh tham, song ciing s€ 1am bién tinh enzym. Vi ¥ nghia nay thi cdc chat
tdy rira dang ion thudng t6t hon.

Céc chat tdy rita nhu triton x-100 st dung riéng & hoic clng véi céc
chat khéc nhu guanidin-HCl dugc ding dé trich ly cic enzym lién két mang
rat c6 hiéu qua (cholesteroloxydase tit Nocardia spescies).

d. Dung gidi bang enzym
Lysozim thudng thuy phan lién két B (1-4) glucosid cla céc
peptidoglucan vén tao ra do ciing cho t€ bao vi khudn gram dwong va gram
am. Lysozim thudng dugc lién két véi EDTA dé tao phiic vé6i canxi s& lam
giai phong céc lipopolysacrit va phé huy t€ bao dic biét la vo t€ bao vi khudn
gram (-). Lysozim c6 trong nudc bot, trong ldng tring trimg. Lysozim tix
ldng tring trimg 12 enzym dung gidi duy nhat cé thé st dung & quy mo
thuong mai.
Tuy nhién k¥ thuat nay chi ap dung dugc & quy mé nhé do cdc di€u
kién thao tac tinh t€ va gia thanh lysozim cao.
1.4.3.3.C. Phén doan va tinh ché enzym
Dich enzym thé thu duge & trén, ngoal enzym mong mudn, con chda
nhiéu loai enzym, protein khong hoat déng va cic tap chat khdc. Do d6 khau
ti€p theo & giai doan nay la phai loai bo cic enzym va protein tap nay néu
muén thu duogc chi duy nhdt mét enzym nio dé. Dé tich va tinh ch€ enzym
noéi riéng va protein néi chung thudng cé mot loat cdc phuong phép hod ly va
ho4 hoc khac nhau. Cé thé chia ba nhém phuong phép.
— Ciéc phuong phép két tua.
— Céc phuong phdp sic ky.
—  Phuong phdp phan tich 1ong - 16ng.
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C1. Céc phuong phap két tiia dé phan doan enzym

a. Két tia ding dién

Mot protein hay mét protein enzym thudng hod tan it nhat & diém déng
dién (pI) vi & pl céc phan t protein enzym c6 tong dién tich bing 0, tic la
khong c6 luc diy tinh dién, nén cdc phan tr protein enzym s€ két hop véi
nhau tao ra két tha. Vi vdy c6 thé két wa dang dién enzym quan tam ciing
nhu cic enzym va protein tap khdc. Loc hay li tam dé thu hoic loai bo cic
két tua.

b. Két tita phdn dogn bdng mudi trung tinh (Phuong phdp diém tich).
Do hoa tan cha mot protein enzym ting cing véi luc jon(p) ctia moi
truong:
w=X(1/2)C.Z¢
C,: noéng d6 cia loai ion i;
Z,: dién tich cia loai ion i d6.

Tuy nhién khi luc p vugt qua moét ngudng ndo dé thi do hoa tan lai
gidm nhanh va protein enzym cé thé két tha.

Nhu vy, v6i mdi protein enzym s& c6 mot khodng ndng do mudi ma
protein enzym dé bj két tha hoan toan, goi 1a khodng néng d6 mudi tich.
Khodng néng do mudi tich cla cdc protein enzym thudng khong gidng nhau.

Dura vao co s& nay ¢6 thé tich va tinh ché enzym nh& phuong phép két
tda phan doan bang muéi trung tinh. Mudi thudmg ding 13 sunfat amon, hodc
natri sunfat. Thao tdc don gian. Chi can thém vao dich c6 chifa enzym mot
thé tich mudi (trung tinh) bio hoa hodc mot lugng mudi trung tinh dang rin
c6 dugc mot do phan trim bdo hod nao dé clia mu6i nay. Di nhién 12 do
phin tram bdo hoa nay s& 1am két tha mot protein enzym nay hay protein
enzym khdc. Cic doan protein enzym thu dugc sau d6 phai: duoc loai bo
mudi bang phuong phép thdm tich hodc phuong phip loc gel.

Thudng cdc khoing néng d6 mudi tinh tuong dng véi cic protein néi
chung va protein enzym néi riéng hay triing :nhau nén protein enzym thu
duoc sau két tia phan doan chua that sach.
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C6 hai cong thic dudi day duge dung dé tinh lugng Y ml thé tich dung
dich mugi bao hoa hoic lugng A gam mudi rin, phai thém vao 100ml dung
dich chita protein da c6 do bdo hoa ban dau la S, dé thu dugc mot dung dich
c6 d¢ bao hoa cudi 1a S,.

100.(S;- S))
Y= 1-S,

0,1(8:-S5)).G
Y =

1- [S5.Vg/1000]

Trong dé: G: lugng (gam) amon sulffat trong 1000 ml dung dich bdo
hoa. Thuong G ¢6 cac gia tri sau :
5152 60°C, 530,7g & 15°C, 536,3g & 20°C
Vg : thé tich riéng biéu kién cla dung dich amon sulffat bdo hoa :
V,/1000=0,271 60°C
V,/1000=0,288815°C
V,/1000 =029 6 20°C

c. Két ia enzym bdng dung moi hitu co
Khi thém dung méi hitu co trung tinh trén 1an duge véi nude vao dung
dich enzym, s& lam gidm héng s6 dién moi clia dung dich. Vi vay lam tang
luc hit finh dién giita cdc phan tt protein lam cho cac phan tir protein lién
hop lai tao thanh két tha. Tuy tinh chat timg loai protein enzym, dung méi
hitu co va diéu kién két tha ma méi enzym dugc ket tha & néng do dung moi
hitu co khac nhau. )
Vidu: o
— Protease ké1 tha bing etanol & néng d6 76- 78% v/ v.
— a amylase két tha bing etanol & néng d6: 70% hoac bing
izopropanol 55%, hoac bang axeton 60% v/ v.
— Glucoamylase két tha bang etanol & néng d6 45% v/ v.
—  Cic dung moi hiu co duge dung phé bién nhat dé ket tha Ja:
etanol, izopropanol, aceton.
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Mot s0' dung méi sau khi két lda c6 thé chung cat va thu hoi lai dugc.
Tuy nhién dung mdi dé 1am vé hoat enzym, nén quéa trinh két tda phai dwoc
tién hanh nhanh & nhiét do thap (- 5°C).

Phuong phap nay thuong dugc s dung cho cac enzym it bi bién tinh
b&i dung méi hitu co, va it dugc dung ¢ quy mé Ién, do chi phi cao, dé chay.

Hinh 1.4: Sy tap hop lai cha protein do twong tdc trong mot hén hop
dung mdi hiru co -nuwéc.

d. Thay do6i thanh phan hod hoc clia moi truong dé 1am sach enzym

Khi thém vao mdi trwdng cac chat dac hiéu, nguoi ta cé thé thu dwoc
két tha cia mot s& phan tk. Chang han mot s6 mudi kim loai (Mn+) tac
dung véi axit nucleic s& lam dé dang tach biét cac enzym ndi bao. Thwdng
trong cac té bao vi khuan ham lwgng axit nucleic twong doi cao (vi du & té
bao E.coli axit nucleic c6 thé dén 7%) lam d6 nhot tang sé anh huwdng dén
giai doan tinh ché enzym, nhét la dén quéa trinh siéu loc. C6 thé két tda axit
nucleic bang céc protein kiém tinh nhw protamin. Céac protein tich dién
duong sé két hop véi nhom phosphat tich dién am cla axit nucleic. Bang
cach nay ta cé thé tach enzym ra khéi hop chat véi axit nucleic, prolamin
nucleat tao thanh c6 thé loai bd bang phwong phap li tam.
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C6 thé dung streptomycin sulfat, protaminsulfat hodc cetyltrimetylamin
bromua dé khi axit nucleic, cling c6 thé st dung nuclease (RNase va
DNase) dé thuy phan axit nucleic.

e. S dung cac chat tro (supports) két tia enzym

P oirLgarryxiyigoai bao, & quy nié"coiig “nghiép nguoi ta cé thé
thém vao cac chat nhu kiselgua (kieselguhr), tinh bot, lactose, dextransulfat
hoac ficoll dé lam cho két tda tao thanh & dang hat. Thwong nguoi ta ding
cac chat nay khi c6 mat ruou, natri sulfat, axit tacnic.

/. K&t tha bang cac polyme c6 khai lwvgng phin tir cao

Cac polyme nhu dextran, polythylenglycol dwgc st dung véi nhiéu muc
dich: chat lam bén, chat lam ddc (bang tham tinh) hodc la chat két tla. Céac
chat nay thuong rat hdo nwéc nén sé lam mat vé nwéc cla cac phan ti sinh
hoc dan dén lam thay d6i hang s6 dién méi cla mdi truong xung quanh do
dé ma anh huwdng dén cac twong tac khdng gian cua cac nhém hao nwéc clua
cac phan ti protein. Polythylenglycol dwoc dung véi nong do 50% (w/w)
trong nutrc cé thé lam két tha phan lon cac protein c6 ndng do tlr 6- 20%.
Viéc két tla phu thudc vao mot sé cac yéu té6 nhuv nhiét do, lwc ion, pH, néng
doé protein va khdi lugng phan t& ctia cac enzym.

C2. Phrong phap sac ky
a. Khai niém vé sac ky

Thuat ngir sic ky dé chi mot tap cac k§ thuat phan tich va diéu ché cho
phép tach biét cac hop phan khac nhau cia mot hon hop.

Phcp phan tich k§ thuat sic ky nay dwa vao sv di chuyén khac nhau
trong mot pha dong clia cac chat hoa tan di dwvoc gan trén mot pha tinh &
trang tha ran.

Nguoi ta thwdng chon cac chét c6 kha nidng két gan dwoc voi cac chat
(hoa tan) dinh phan tach lam pha tinh.

Tuong tac gilra chat hoa tan va pha tinh cé thé la tvong tac hdp phu,
twvong tac ion (trao doi ion), twong tac ky nuéc, tvong tac kiéu rdy phan t&
hodc twong tac ddc hiéu sinh hoc.
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Trong séc ky hdp phu céc chét hoa tan dugc gén vao pha tinh bang lién
két ¢6 ndng luong y&u nhu lien két ky nudc, luc Vandervan.

Trong sdc k¥ trao d6i ion, chit hda tan mang dién tich dugc giir boi pha
finh cling mang dién tich bang lien két ion gilia cdc dién tich nay.

Trong sic ky loc gel chat hoa tan tuy theo kich thudc mot s6 phén tir
khuéch t4dn duge vao trong pha tinh x8p, mot s6 phan tir khdc di ngoat pha
tinh nay.

Trong sic ky twong tac ky nuéc, céc lien két ky nudc cé thé tao ra gida
pha tinh va chét hoa tan (cht hoa tan phai c6 phin ky nuéc trong phan ti).

Trong sac ky tuong tdc dac higu sinh hoc, gilta pha tinh va chat hoa tan
c6 thé tao ra nhig twong tic sinh hoc dic hiéu (enzym — co chét, khing
nguyén - khédng thé) pha tinh c6 thé dugc giir trong mot cot (sdc ky trén cot)
hoac trén mét binh.

Pha dong o day 1a chét 1éng c6 kha nang phd huy ddn dan cdc tuong tic
gitra chét hoa tan va pha finh 18i kéo theo chét hoa tan ciing véi né.

b. Sdc ky trao déi ion (ion- exchange chromatography)

Nhua trao d6i ion 12 mot kbung vat liéu rin khong hoa tan, trén d6 c6
gén bang lién két déng hod trj v6i cdc nhém ion hod dugc. Céc nhém mang
dién tich ndy lai duoc lién két vé6i cdc ion d6i va cic ion d6i lat c6 thé trao
déi thuan nghich véi cdc ion trdi ddu.

Mot khung c6 mang cdc nhém tich dién duong va ion d6i tich dién am,
dugc goi 1a nhua trao déi anion. Nguoc lai, mot nhua trao ddi cation s& mang
dién tich am. ,

Ngodi ra, cdc nhua trao ddi thudng khéc nhau vé ban chat hoa hoc cita
gi# khung (12 gel polysaccarit hay nhya téng hgp) cting nhu vé luc axit, bazo
cta nhém ion hod dugc. Ba nhya trao déi ion dugc trinh bay trong bang 1.3.

Céc protein clia mot hén hop cin phan tich thudng c¢é cdc nhém bén
ion hod khac nhau do d6 c6 pH khic nhau. 3 mét pH nh4t dinh cic protein
s€ c6 mdt dién tich khong giéng nhau, do dé ching duoc gii nhiéu hay ft
bang tuong tic ion trén mét nhua trao déi ion da cho va véi mot pha di dong
da cho.
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Bang 1.3. Ban chat hoa hoc cua cic loai nhua

Nhua trao Hang san Ban chat hoa Nhém ion hoa ,:;ha
dai xudt hoc gia khung m ton hoa ng,
trao doi
DEAE- Pharmacia Cac mach . C.H; Chat trao
Sephadex dextran  dugc | .OCH,CH,N H>< ddi anion
lién két chéo C.H yéu
2' s
AMBELITE- | Rohm va | Polystyren dudc | - SO, sulfonat Chit trac
IR120 Haas lien két chéo : ddi cation
bing manh
divinylbenzen
CM- Pharmacia Agarose duic j - CH,COO Chat trao
SEPHA- lién k&t chéo | cachonxymetyl ddi cation
ROSE bing 2,3 dipro- yéu.
mopropanol

Qiia trinh phan téch trén c6t bao gém hai giai doan.

1. Hép thu thuin nghich protein — enzym cén tinh sach (va cdc
protein c6 dién tich gdn giéng) vao nhua trao déi ion.
2. Khir hap phu cédc protein da dugc hép thy:

- Bang cach thay déi pH ciia dich rira s€ din dén thay déi d¢ ion hod va
do d6 thay ddi dién tich téng cilia protein.

- Hoic bang cdch tang lyc ion va ting néng d¢ ion ddi canh tranh. Cdc
protein enzym no c6 4i luc véi nhua trao di ion yéu nhat s& bj ddy ra trudc
tién va nguoc lai.

Khi sit dung gradient luc ion hodc/va gradient pH thudng lam tang chat
lugng chia phép phan tich protein.

Trong thurc 1€ ngudi ta thudng dung cdc dung dich dém: dém phosphat,
axetat, borat, citrat. D& chié€t (kéo) protein- enzym ra khéi cot. Cic protein
enzym khéc nhau s& dugc chiét ra khoi cot theo timg phén chiét (phan doan
chiét) khdc nhau, trong d6 phan chiét enzym cin thu c6 néng d9 cao nhit.
Ngoai ra hién nay ngudi ta ciing thudng sir dung mot s6 nhua trao déi ion tix
cdc dan xudt cda cellulose nhu:

Nhua trao déi ion cationit:
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- Cacboxyl metyl cellulose : (CM cellulose).
- Phospho cellulose.
- Sulfo etyl cellulose.
- Sulfo metyl cellulose.
Céc,loai nhua trao d6éi cauoiu.t di..1"e.UulQile nay ,thugng cé ion trao
ddi la H+theo so d6 phan li nhu sau:
X- CH2 COOH--------- X- CHXOO + H+
X: goc cellulose

Pe tinh sach enzym kiém tinh, ngudi ta thuong st dung cac cellulose-
cationit nay.

Nhuva trao d6i ion anionit:

- Dietylaminoetyl cellulose(DEAE- cellulose).
- Trietylamino etyl cellulose.
Céc loai nhya nay c6 nhom trao déi ion: OH
(X) - CjHjNIiQH)) +HD ------ (X) CHANHH(C2Ht)2+OH

V@i cac enzym axit tinh, nguoi ta thuong st dung céac cellulose anionit
nay dé tagh va tinh ché. Cac nhua di tir cac dan xuét cla cellulose cé kich
thudc 16 6&n, st dung rét thich hop dé tach, tinh ché enzym & quy mé cong
nghiép. Tuy nhién hé s6 nén cao nén phan nao gay kho khan khi tién hanh
s&c ky.

Dé khéc phuc nhuoc diém trén, ngudi la c6 thé skt dung cac dan xuét
cta agarose lién két chéo nhu: Sepharose CL- 6B hodc polyme tong hop:
Trisacrvl cé céng xuét cao, hd s6 nén khong dang ké, khong thay do6i thé
tich theo pH va cwong do ion, co thé tai tao lai nhwa ma khong can tach khoi
cot.

Trong sdc Ky trao ddi ion, viéc gdn mot protein eivym vao nhuwa trao
ddi ion si phu thudc vao trang thai ion hoa cla protein, cling nhu trang thai
ion hod crrrrnrnTTra”OT

Doi v6i nhitng protein enzym khong bi bién tinh & pH cao hon diém
dang dién cla ching thi cé thé dung DEAE -cellulose(nhua trao ddi anion)
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con d6i voi protein enzym khong bi bién tinh & pH thap hon diém dang dién
cla ching thi c6 thé st dung & CM- celluiose(nhuya trao doi cation).

Hinh 1.5: Hé th6éng thiét bi sic ky cot tach nhanh protein enzym (FPLC).
c. S&c ky loai trir phan tir (Molecular exclusion chromatography).

Sac ky loai trir phan tir (sic ky loai trir khéng gian, loai trir khuéch tan
hay sic ky loc gel) cho phép phan doan mot s hén hop protein theo khéi
lvong phan t cta chang. Thuc té, ngoai kich thuéc ra, hinh dang cla phan
ttr cling c6 anh hudng.Tuy nhién, thong s6 nay co6 thé bd qua néu cac protein
trong hon hop déu la hinh cau.

Pha tinh la cac hat gel x6p chira day trong cét. Khi cho dung dich cac
protein chay qua cot thi cac phan ti I6n nhét ctia hon hop c6 dwdng kinh 16n
hon 16 cia pha tinh, khéng thé khuéch tan vao bén trong hat nén bi loai trir
va chang sé di ra khoi cot trwde cung vai thé tich dich rira bang thé tich gitra
cac hat gel V().

Céac phan tir bé nhat, nguoc lai, s& khuéch tan téi da vao trong hat iicl
va thé tich dich rira cia chiing sé bang téng thé tich pha ldng cla cdt V. Con
cac phan t&r c6 kich thuéc trung gian sé khuéch tan han ché vao bén trong
cac hat.Sbié tich dich rlra clia ching cang lén khi quing dwong di (cla
ching) vao bén trong céc hat cang dai thi kich thwéc lai cang nho. Sy hoat
dong ctia mot chat theo khéi lwong phan tir trong séc ky loai trir khdng gian

dwoc biéu dién nhu hinh 1.6.
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log

‘i e

Loai trir toan b0 Vimng tham' Viing thim toin bo
chon loc

Ving °

Hinh 1.6. Cac hoat ddng cla mét chat theo khdi lirong phén tf trong sic ky
loai trir (igc gel).

Dudng bi€u dién cho thay c6 ton tai mot ving khdi lugng phan tir duge
goi 12 ving thdm thau chon loc (selective permeation).

Thay vi thé tich clia Ve ngudi ta thuong dung thong s6 K,:

Ko = (Vem VIV - V).

Trong dé: V, - thé tich tdng cita cot;

V. - thé tich rita;
V, -thé tich giita cdc hat gel.

K., khéng phu thudc vao cic kich thudce clia cot. Dudng cong chon loc
cta mot gel phy thudc vao ban chét va mife d¢ lién két chéo ciia get dé.

Mot gel thuding cé do phéan giai t6i da trong viing phan doan tuyén tinh
cha né, do d6 nguvi ta chon mét gel nhu thé nio dé viing ndy tuong ng véi
khéi lugng phan tir cha protein cdn tinh ch€. Hon nifa dira vao mdi quan hé
ty 1¢ giita K,, va logM, ngudi ta c6 thé xdc dinh kh6i lugng phén tit cia mét
protein theo dudng chudn ctia cdc protein hinh c4u, c6 khéi luwong phan tir da
biét khi cho qua cot gel.

K4
1

A

Viing phan doan

J

wlogM
Hinh 1.7: M&i lién quan giira K,, va khdi lugng phan tir.
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Gel dugc st dung rong rdi nhat 1a gel sephadex va polyacrylamit.
Sephadex 1a moi loai dextran c6 lién két ngang giita cdc mach polysaccarit
véi nhau tao thanh mang ludi ba chiéu. Sephadex trung hoa dién tich nén
khong ¢6 tuong tic anion ciing nhu cation, 12 mot loai bot kho, khong tan
trong nuéc, nhung khi ngdm nude s€ truong ra va tao thanh gel. Mt luéi cia
cac gel sephadex thudng to nho khéac nhau, tuy theo mic do lién két. Néu
giita cic chudi polysaccarit 6 it lién két thi gel s& cé mit luéi 16n, ngam
nuée nhiéu va ngugc lai.

Duwa vao do lién két ngudi ta chia sephadex lam 5 loai: sephadex G- 25,
G- 50, G- 75, G- 100, G- 200 véi kich thudc 16 gel khdc nhau d¢€ téch.

loglﬁl

M cua protein
can nghién
ciu

- Kay

K,, clia protein cin
nghién cinu

Hinh 1.8: D8 thj M protein chuan.
Sephadex thich hop véi timg phan tir cdn tach thé hién & bang 1.4.

Bang 1.4, Cdc loai sephadex

. Giéi han clia phan ti bj loai trir | Pham vi phin tach cac
Loai sephadex | s toan (Theo M phan tin chit cé M tir;
G-25 5.000 100 ~- 5000
G-50 10.000 5000 -- 10.000
G-75 50.000 10.000 --50.000
G -100 100.000 50.000 - 100.000
G -200 200.000 100.000 — 200.000
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Sephadex bén trong mdi trwvong axit yéu va kiém yéu, con trong moi
trvong axit manh va kiém manh thi cac lién két glucozit trong gel sé bi thuy
phan. Tat nhién sy thuy phan con phu thudc vao thoi gian.

Nguoc lai gel polyacrylamit la polyme cla acrylamit va bisacrylamit cé
cdu tric cac lién két ngang tao ra mot mang x6p (giong bot bién). Cac chat
phai chui vao 16 gcl méi ra dwoc, vi vay nhitng chat nao c6 khéi lwong phan
t nho ra trudc va lon ra sau.

So do di chuyén cla cac chat qua gel sephadex va gel polyacrylamit
dwgc trinh bay & hinh 1.9.

Hoén h<ip protein c6 khai lkvwng Dhan t& Ién va nhé

sepluidex

Z£

Thé tich rira
Hinh 1.9: So d6 di chuyén cac chat qua gel sephadex va gel polycrylamit.
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Tuy nhién néu si dung gel sephadex va polyacrylamit cé kich thudc 16
Ién dé tach enzym c6 khoi lwgng phan ti cao thi gel kém bén, nén nguoi ta it
str dung & quy mo san xuat Ién.

Hién nay nguoi ta st dung mot s6 loai gel bén hon, dé phan doan céac
protein enzym c6 kh&i lwgng trén 75.000Da. Cac gel nay thwdng l1a dan xuét
cla agarose(Sepharose CL va Superose) va dextran (Scphacryls) (do céng ty
Pharmacia Ltd san xuét) hodc tir hdn hup dan xuét clia agarose,polyacryamit
co lién két ngang (Ultrogel AcA) (do cong ty LKB intrument Ltd san xudt),
hodc gel tlr cac chat dong trung hop metacrylatglycol (do cong ty Toyosoda
san xuat). Cac gel nay c6 kha nang phan doan cac enzym c6 khoi lwgng phén

d. Sac ky ai luc (affinity chromatography)

Phwong phap sac ky ai luc dwa vao kha nang lién két dac hiéu va thuan
nghich cia mot enzym v&i mot phan tir khac c6 tén 1a phéi tir, da duoc gan
bung lién két dong hoa tri vao mdt chat mang khong hoa tan chira t ong mot
cot. Khi cho moi hén hop protein c6 chira enzym mudén lam sach di qua thi
chi c6 enzym quan tam bi git lai, con tat ca cac protein khac khong twong
tdc duoc véi phdi tir sé bi troi ra khéi cot (hinh 1.10). Tiép d6, enzym sé
duoc rira giai ra bang cac phwong phap khéac nhau.

Cac nhan t6' nhuw chdt mang, phéi t&, phwong phéap két gan phoi ti cling
nhu cac digu kién rira giai enzym déu co vai tro quan trong trong sac ky ai
lwc.

e Chat mang(pha tinh): phai c6 mot sé tinh chat sau:

- Hoan toan khéng hoa tan irong pha di dong.

- C6 d0 hén vé hoa hoc va sinh hoc.

- C6 dd clring co hoc, cé tinh hao nuwéc va tinh tham.

K 16ng c6 céc twong tac phi ddc hiéu.

- Cé chira nhiéu nhém chirc c6 kha nang bién doi khi hoat hoa trong

cac diéu kién nhe nhang.
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Cac chdt mang thuong 1a cac dan xuat cua celllulose, cac gel dextran,
thuy tinh x&p... Tuy nhién, ngudi ta thudng diing agarose hodc cic gel hén
hop agarose va polyacrylamit vi chiing c6 thém ca kha niang loc gel.

Phéi tir (ligand): Phdi tir thuong 12 nhiing chat twong tu co chat cua
enzym mudn 1am sach, chdt kim ham hoic la cofacto. Phéi tiz néi chung phat
dac hiéu v6i enzym va phai c6 mét i luc trung binh véi enzym (kd tr 10 ~*-
10 -* M). Néng do phéi tir cfing phai dugc chon thich hgp, vi néu thira phdi
tir s& gdy ra nhiing 4n ngff khong gian ding ké.

Canh tay don. Trudmg hop khi phoi tir 14 mot phan tir nhd hoac khi
phan tr enzym qud 16n c6 thé gay ra sy “cong kénh khong gian”thi phdi i
s& dugc ndi dai thém bing mdt doan “cdnh tay don” dé€ phdi tr tiép can dé
dang véi tam hoat dong cha enzym. Cénh tay don thudng dugc ciu tao tir
mot mach hydrrocacbon nhi chitc ¢6 chiu dai tir 6 dén 8 cacbon. Cénh tay
don ngén nhét 12 axit aminocaproic va hexametylenamin.

Hoat hoa chat mang. Phéi tit va cdnh tay don phai dugc gén lén chat
mang. Chéit mang trudc tién phai dugc hoat hod. Hoat hod véi cyan bromua
hoac véi glutaraldelhyd 12 hai phuong phép phd bién.

Cyan bromua (BrCN) s& phan ting véi cidc nhém hydroxyl cha agarose
chang han, dé tao ra mot imidocacbomat. Va imidocacbomat dé dang tic
dung v6i mot amin bac nhit cia cinh tay don.

Mot chat mang da duge hoat hod bing CNBr, da dugc gan canh tay don
va phéi tr, Ja paraaminobenzyl 1,3 # D-galactosid agarose thudng dugc si
dung truc ti€p dé tinh ch& —galactosidase.

Rira giai enzym. Sau khi loai bd céc protein khéc, enzym c6 thé dugc
ria gidi ra khoi cot vi 1€ phitc hop clia enzym véi ph6i tir c6 ban cht 1a phi
dong hod tri va thuan nghich.

Dung dich dém rita giai thudng phai:

- Hoic ¢6 chita moét phdi tir (ar do) clia enzym c6 kha ning canh tranh
v4i phéi tir dang & trang théi lién két véi enzym.

- Hoéc do pH ciia minh c6 thé gy bién tinh thuan nghich enzym do dé
1am bién dang tam hoat dong cua enzym.
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Ciing c6 thé 1am yéu tuong téc dic hiéu sinh hoc bang cich thay déi
ion.

Phoi tir canh tranh (hoac dung dich dém lam bién tinh) sau d6 duge loai
bo bang phuong phép tham tich.

Thay déj pH hoac lix ion

Them chat kim him

_« —

>
P4

Bem can bing \ Thém tich

_<E X

P

AMATLLARALLSS R ALRARS LR,

&K : rhoitr
{J{ : Chétkim ham canh tranh hodc co cht,
hoac tuong tv co chat
E :Enzym

Hinh 1.10. S¢ 8 nguyén tic tinh ché enzym biing sic ky ai lyc.

Hien pay, phwong phap sic ky 4i luc nhém duge sir dung rit phé
bién. Vi phuong phap nay, phéi tir dugc gan vao chdt mang khong chi dac
hiéu cho moét enzym ma con dic hiéu cho mot nhém enzym. Chang han,
Sepharose- AMP s€ ¢6 4i luc vdi cdc kinase va ca véi cic dehydrogenase c6
NAD bdi [& phéi tt AMP c¢6 mot phdn ciu tao cta cdc co- substrat: ATP va
NAD cua kinase va dehydro-genase.

Sic k¥ 4i luc 12 mot phuong phdp tinh sach enzym rat hiéu qua. N6 cho
phép thu duoc enzym c6 do sach cao (g&p 10 14n so véi sac ky trao déi ion)
chi bing mot giai doan va trong mot thdi gian ngin.
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Mot sd ky thuat moi dudi day co thé dugc coi la nhitng bién thé cla séac
ky ai lyc.

* Sic ky 4i lvc gia (Pseudo afsinito chromatogaphy) hodc sic ky voi
phdi ti la ihuéc nhuém (Dyeligand chromatogaphy).

Trong k§ thuat sic ky ai lwc gia, hoic sic ky véi ph6i tir la thube
nhudm, nguoi ta dung cac thuéc nhuém soi tong hop lam phdi t& tinh ché
200 cn/ym va cac protein khac nhau. Cac thuéc nhuém nhuv cibaéron xanh,
procion dd, da cam A (orange A), vert A hodc blue B dwoc gin bang lien két
dong hoa tri vao agarose sé c6 kha nang héap thu cac enzym cé coiactw
nucleotid. Co ché tuong tac thi chwva hoan toan sang té nhwng cac nchién ctu
dong hoc da ching té c6 sw kim hdm canh tranh gilta cac thudc nhuém va
cac en/.ym cé coiacto nay. Hon thé, nguoi ta con thdy c6 su gi6ne nhau vé
cdu truc gitra cac phan td NAD va cibacron xanh.

Uu diém phuong phéap la phéi tl rat ré tién va chat mang co thé sir
dung nhiéu lan.

* Sac ky i lvc chelat kim loai (change transfer Metal chelatc affinity
chromatography).

Phwong phéap sic ky &i luc chelat kim loai (sic ky &i lwc chuvén giao
phtrc cang cua cla cac kim loai) dwa vao co s¢ cac gdc cystein va histidin
cla cac protein co thé phan (rng voi cac ion kim loai nang. Cac ion Zn+2va
Cu : d3 tao phan (rng cang cua v&i axit iminoacetic vén da duoc ket gan vao
chat mang agarose, sé twong tac voi cdc nhdm imidazol va thiol clra céac
protein. Viéc giai hdp thu cac protein hodc enzym tiép dé cé thé duoc tién
hanh bang cach gidm pH va bang cach tidng luc ion cta dich dém rira giai.

Glucose ----------- N Gluconic acid + HD 2

I — >0, + HO
idc ky két tda ai luc (affinity precipitation chromatography)

I'rong phwrong phap sdc ky két tha ai luc ¢ lién quan véi hai yéu t6: ai
luc va d6 hoa tan. Vi du tinh sach trypsin. Cho m- aminobenzamidin thay thé
voi acrylic dé tao ra monome N- acryletyl m- aminobenzamidin. Tiép dé cho
monome nay dong trung hop véi axil N- acrylylp- aminobenzoic va
acrylamid dé tao ra mot polyme tuyén tinh nhi chirc. Polyme nay hoa tan
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dwgc trong nuéc nhd sy ion hoa cia nhom cacboxyl cua gbc axit p-
aminobenzoic dén pH=6 - 7. & pH thdp hon 4, polyme nay khdng bi ion hoa
nén khdéng hoa tan trong nuéc.

Gan trypsin Ién polyme bang lién két dac hiéu sinh hoc 6pH=8. Sau do6
giam pH nay dén 4 dé két tia polyme roi tach ra bang ly tam. Sau khi rira roi
kéo enzym ra (pH= 2), con polyme c6 thé hoa tan va st dung lai. Trypsin thu
dwgc theo cach nay dén 90%. Tuy nhién phuong phap nay sé cd hiéu qua khi
enzym c6 do bén & cac pH cuc tri.

* Sac ky 1ong &i luc cao ap

Du6i ap suét cao c6 thé sic ky dugc cac protein véi ning sudt phan giai
cao va téc do phan tach rét Ion co diéu la phvong phap nay chdt mang phai
c6 do bén co hoc rat 16n. Nguoi ta thuong dung céac gel silic.

Khi gdn mot phdi t& dic hiéu cho mét protein (hay enzym) 1én mot gel
silic d& dwoc tao nhanh véi glyceropropylsilan nham t6i thiéu hoa coc twong
tac phi dic hiéu, thi co thé dung sic ky ai luc cao 4p (HPLAC).

* S&c ky tvong tac wa béo (Ky nwéc)

Céc protein sé lan lwvgt duwgc phan tach ra tuy theo twong tac cla ching
vOi mot chat mang c6 chira cac nhém wa béo (ky nuéc).

Céc protein chira cac nhém ua béo ¢ trén bé mat, chat mang wa béo va
dung modi wa nwéc tao thanh mot hé 3 thanh phan va twong tac duoc voéi
nhau. Hé nay c6 thé bi réi loan khi thay doi nhiét do, pH hoac luc ion.

Noi chung, cac tvong tac sé manh néu la tang luc ion (dung dich NaCl
4M chang han). Cac protein bi gil, tiép do, c6 thé dugc rkra gidi mot cach
chon loc bang cach giam luc ion nay hodc bang cach gidm do phan cuc cla
dung méi rira (chdng han thém etylenglycol hodc thém mot chét tdy rira hodc
tang do pH dich rira). C6 thé gan cac nhom khéac nhau 1én chdt mang.Vi du
Octyl- sepharose (R) CL-4B va phenylsepharose Cl- 4b cac nhém octyl va
phenyl da dwgc dinh 1én cac don vi monosacarit clia agarose bang lién két
ete khong tich dién va bén hoa hoc. O nhitng chat mang khéac thi c6 thé sk

dung nhirng nhém wa béo khac.
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C.3. Phadn tach long- long

Co sd clia ky thuat ndy dua vao su phan bo khéc nhau clia cac protein
trong mét dung dich 2 polyme khong tron lan nhau: hai polyme ndy tu phin
thanh hai pha phan biét nhau, méi pha hoa tan dugc mét trong cic protein.
Su phan tich s& phu thuoc vao khéi lugng phan tir va nong do cua céc
polyme, khéi lugng phan tir cia protein, nhiét d va lyc ion. Thudng céc
diéu kién t6i wu phai dugc xdc dinh bang thuc nghiém. Viéc phan tich gita
hai pha c6 thé thuc hién béng két tha hosic bang ly tam.

Hé dung moi sir dung c6 thé 1a polythylenglycol/dextran hoic
polyethylenglycol/amonisulfat. K¥ thuat nay, mdi day duge dua vao sit dung
trong linh vyc hod hoc protein. N6 ¢6 lgi 1a cho phép phan tich dé dang va
lién tuc céc protein clia pha rin c&u tzo nén mang, thanh va cidc manh v ban
hoa tan khéc.

Hoic dé tich va tinh ch€ enzym ngudi ta dua vao cdc tinh chat co bin
clia enzym dé dua ra cac phuong phép thich hop nhu:

— Céc phuong phap dua vao su thay déi tinh hoa tan:

Thay ddi pH (két tha & diém dang dién), thay ddi luc ion (két tua
enzym béng mué6i trung tinh), 1am gidm hing s6 dién moi (két tha enzym
bang dung moi hitu co),...phan ly thé 1éng - 16ng.

~ Ciéc phuong phdp phu thudc vao dién tich: Dién di, diém ding dién,
sic ky trao déi ion,

— Céc phuong phdp phu thudc vao khéi lugng phan tir: Ly tam, loc
gel, thdm tich, siéu loc va mat do (sieu ly tam).

- Phu'orng phap dua vao vi tri lién két dic hiéu bé mit: sic ky 4i luc,
chiét 4i luc.

— Phuong phap dua vao tinh 8n dinh: T4c dong nhiét, axit hodc kiém.
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-Siéu loc

-Sieu Iy t 2o v di : ien di
Tlh ; y ‘a]_'l“ Sac ky déng Sac k¥ trao Dig¢n di trén gel
-t m tic dién déi ion polyacrylamid
-Sac ky loc “gel” A A
4\
A
bién tich
Khéi luong
phan ti

Vi tri lién
k&1 dac hidu

Séac ky 4i lic

4

Tinh én dinh I

‘| Tinh hda tan

h 4

- Két tha phan doan bang
muéi trung tinh,

Phan ly thé
Iéng - 16ng

- Két tiia bing dung moi
hiu co

{

}

dong
t

Téc ddng Téc
cia axit hoac nhié
kiém

- Két tlia diém dang
dién.

Hinh 1.11: Céc ky thuat tach va tinh ch& enzym theo cac dc tinh cua chung.
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1.4.3.3.D. Tham ticli va lam dac
DI. Tham tich

Trong qué trinh tinh sach cac enzym, dé loai bo cac phan ti hoa tan
nhé khong mong mudn khoi dich trich ly enzym nhu amonisulfat sau khi két
tha, duong mot mudi dé khi hdp thu cnzym trong sic ky trao d6i ion, hodc
mot phdi t& canh tranh trong sae ky ai lyc... nguoi ta thwong dung phuong
phap tham tich.

Tui tham tich dugc cdu tao bans; mdt mang ban thdm (thwong la mang
celophan). Tdi tham tich c6 chia dich chiét enzym, dwgc dat vao trong mot
duno dich dém khong duoc chira chat hoa tan can loai bé.

Chét hoa tan khuéch tan ra khéi mang theo chiéu gradient néng do. 6
trang thai can bang thi ndng dd chat hoa tan bén trong tdi va bén ngoai dich
dém sé& bang nhau do d6 phai ding mot thé tich Ién dung dich dém va thinh
thodng phai thay dung dich dém ma@i.

Dung dich dém
khdng chira chat

hoa tan
Tui &
tich
Nam cham
(khudy ttr Duns dich
chiél enym

Hinh 1.12. So d6 thdm tich loai bé mudi khdi dung dich enzym.
1)2. Lam dac
- Trong qua trinh tinh sach enzym, cé thé can phai lam dachdinzym,
nhai 1a sau khi qua giai doan sac ki dich chtta enzim d& bi pha loing ra
nhiéu.
;i httu Co
von khdéng lam bién tinh enzym hodc mudi trung tinh. Tua enzym sau khi li

tam dwgc hoa tan tré lai trong mot thé tich nhé. Phwong phap nay thwong
dung trong phong thi nghiém.
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- Hodc cho mét lvgng sephadex G25 vao dich chra enzyin can lam
dac. C6 diéu la lvgng sephadex G25 nay dwgc tinh toan nhu thé nao dé sau
khi treong 1én thi gel sé chiém khoang 90% thé tich cua dich chka enzym.
Céc protein - enzym qué Ién khé tham nhap vao dwoc trong cac mét ludi cla
gel thi bi loai ra vao trong 10% chéat I6ng (ra phia ngoai gel). Nhu vay la
dich enzym da duoc lam dac. Bang cach nay c6 thé lam dac Ién 10 lan.

- Lam dac dich chira enzym béang cach cho bdc hoi trong chan khong,
bang cach thdm thdu ngwoc (tao ap suat thdm thau lam cho dung moi di qua
mot mang ban thdm va git lai cac protein enzym) hodc bang siéu loc (dung
dich enzym dugc dan qua mot mang c6 16 nhd bang ap suét hodc bang ly tam).

Hinh 1.13 gi6i thiéu so do tong quat thu nhan mot ché pham enzym tinh khiét.

co' QUAN DONG VAT Lin men LEN MEN
| : ‘Canh tnrons iona
i.enzvmnooai bao)

Chiét. Canh trions ndm —»Bo dich loc
tach maoc

1> i Loc
Dich chiét tont Hé soi

50 Nohicn

enzymnli bao

Loai xac vsv. S co v@* _Loc

than kinh o
Dich"ioc
1Co dac
Dich cd dac
Loai cac chit hoa tar. Kit tlia phan dcan bans cccton
. 1 mutki...sau do lgc hoac ly tam
Két thha ihzvm
I Hoatan véi duns dich dém
Dich chlit enzym
kv thuat
Loai Riuoi Loe ael. hoac thdm tich
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Loai céc chét khor.s co Séc kv tién DE.\E -cellulose
hoat tinh
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Loai cic chdt khdiicrcd ~ ---—- — Shcky ai luc
hoat tinh ]
Er.zA'mrép 3
i  Cdbdac, tham uch hoac loc oel
Enzvm tinh
khiét

Hinh1.13. So d0 tdng quat thu nhan mot enzym tinh khiét.
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1.4.3.3.E. Kiém tra do tinh khiét ctia enzym bang phiong phdp dién di
El. So luoc dién di

Dién di 1a qud trinh dich chuyén cia cdc phan ur tich dién trong di¢n
trudng. T8¢ do dich chuyén clia céc phan 1 phu thudc vao dién tich, kich
thuéc, va khéi lugng phan tir.

Dién di cdc chdt cao phan t& (protein, enzym, axit nucleic...) thudng
dwoc thuc hién bing cédch dua mot lugng nhd mau 1én chat mang 12 mét khoi
gel x6p. Duéi tdc dong cha mot hiéu dién thé, cdc phan tir khdc nhau cta
hén hop miu s& chuyén déng qua khéi gel xdp véi van tSc khdc nhau, nén sé
¢6 vi tri duSi dang céc bang khac nhau khi nhuém mau gel hay chup phat xa.

Mang x8p clia gel cé tic dung giit én dinh mai trudng dién di lam cho
cac bang khong bi khuéch tdn va trén 14n khi dong dién di qua lam dung
dich dién di bj néng 1&n. Déng thoi con ¢6 vai trd nhu mot ludi loc phan ti.
al Cdc gel thuong sit dung trong dién di:

- Gel polyacrylamit

Polyacrylamit dugc tao ra bing déng tring hop tit don phan acrylamit
(CH, = CH) va tic hhan tao lién két ngang bisacrylamit

CONH, (N-N’metyllen bisacrylamit)

(CH2=CH—C~—NH—CH2—NH—CI-|CH=CH2,
0 0O

Phan ing xay ra do su m& cdc néi dbi theo co ché goc. Phan img
thuong duge khoi mao bai céc géc tr do do amoni persulfat tao ra khi cé
mat chat xiic tic TEMED (tetrametylethylen diamin). Su tring hgp s€ bi kim
ham do oxy.

~  Gel tinh bot.
—  Gel agarose.

— Gel acetat-cellulose.
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Trong dé gel polyacrylamit va gel tinh bét thuong st dung dé tach
protein va protein — enzym, con gel agarose do ¢6 kich thudc 16 gel 16n hon
nén duge diing dé tach ADN.
bl Cac yéu 16 anh huong dén dién di

o pH va dung dich dém

G mot pH xéc dinh dé tich dién clia mot protein phu thuge vao mic do
ion hod cfia nhém amin va cacbonxyl cia mach bén. Dién tich ctia protein s&
phu thu¢c vao pH méi truong, vao s6 lugng va loai axit amin cé trong phan
t clia chiing. Vi vay dé giif dién tich protein va dé dich chuyén cla protein
duoc dn dinh trong qua trinh dién di, c4n phai luén giit pH én dinh. Ngoai ra
trong qua trinh dién di dé€ tranh tdc dong do su dién ly nudc, cin sit dung
dung dich dém thich hop. '

* Anh huéng ciia nhiét do

Nhiét d6 c6 anh hudng dang ké dén qua trinh dién di. Khi nhiét dé cao
s& lam chay gel polycrylamit, gel agarose, gel tinh bot..., 1am bién tinh
protein enzym, ciing nhu gay rdi loan sy phan bé cic gel, hodc lam v& ban
kinh, héng thiét bi... Do vay qué trinh dién di c4n giit ¢ nhiét do 4 — 10 °C
nhd céc thiét bi diéu hoa nhiét do.

¢ Anh huéng mang gel

Gel polycrylamit va gel agarose ¢ cfu triic giong nhu dang bot bién,
do c¢6 nhiéu lién két ngang. Cic phéan tir protein khi di qua cdc 16 cha khéi
gel xdp duéi tac déng cha dién trudng thi cdc phén tir ¢6 kich thude 16n sé
chuyén dich cham hon céc phan ti ¢ kich thudc nhé. Céc phan tir ¢6 kich
thudc 16n hon hoac nhé hon kich thuéc 16 ctia khéi gel st dung thi khong thé
di qua kh6i gel hodic di qua khoi gel dé dang. Vi vay cén thi€t phai chon
ndng do gel thich hop véi kich thudc céc phan tit protein muén phén tich

Kich thuéc 16 trong mang gel polyacrylamit dugc xdc dinh bdi hai
théng s6. '

- Ham luong chét rén téng s6: % T.

% T = g(acrylamit + bisacrylamit)/100ml x 100
- Ty l& lien két chéo véi monomeracrylamit : %C
%C = g(bisacrrylamit)/g(acrylamit + bisacrylamit) x 100
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Khi %T cao, kich thudc 16 gel nho s& phan tich tot cdc protein cé khéi
luong phan tif nhd va nguoc lai. Thay ddi ham luong bisacrylamit s€ lam
thay déi kich thudc 16 gel. Bit ky %T nao ¢ 5%C déu thu duge gel cé kich
thude 16 nhd nhat.

Thudng, voi nhiing protein ¢6 khéi lugng phan tir gita 15.000 va
90.000Da thi ngudi ta phai tao mét gel cé ty 1¢ 10 : 0,27, nghid l1a gel duge
tao ra tir 10 gam acrylamit tdng s6 trong dé ¢6 0,27 gam bisacrylamit cho
100ml dung dich.

E.2. Phuong phdp dién di trén gel polyarylamid khi cé mdt SDS (SDS -
PAGE) -

Khi c6 mat 8 — mercaptoethanol ((fo CH,OH) Dé khir céc cau

SH
disulfua (- $ - S -) va sodium dodecyl — sulfat (SDS) CH,(CH,),,- SO;Na thi
cdc protein s& bi bién tinh. Chudi polypeptit da bi gidn ra s&€ duge phu kin
bing phan tir SDS dé tao ra mot polyanion (da anion) cé mat do dién tich
trén mot don vi chiéu dai gdn nhu khéng ddi va kheng phu thude vao trinh
tu ctia chudi peptit (hinh 1.14).

77799999 ¢
c000000 & o

Hinh 1.14. Chudi polyanion.

Dué6i tic dung ciia mét dign trudng céc protein dd duge SDS ph kin s€
di chuyén trén gel acrylamid vé phia anod (cuc duong). Do cic mit ludi cua
gel, mach polypeptit cang dai thi cang di chuyén cham. Vi viy, cdc protein
khic nhau clia mét hén hop ¢6 thé dugc tich ra tuy theo kich ¢& (chiéu dai)
va dién tich ban déu, con hinh dang ciia phéan tif thi khong anh hudng.

bién di dimg thuong duge tién hanh trén mot ban gel 6 kich thude
10cm x 10cm x (0,7 — Imm). Ban gel gém hai i6p gel khic nhau duoc diic tir
md1 budng gel bang khung ban kinh ¢6 kich thudc tuong img.
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~ Gelco (staking gel): C6 tic dung lam dam dac méu va lam tang su
tich cic bang, gel c6 c6 céc giéng dé mau. Gel c6 thuong it lién két ngang
hon va c¢é pH thap hon gel tach.

~ Gel tdch : C6 tdc dung tdch bang rd rét hon, nhat 1a khi cdc chat 6
16¢ do van chuyén gin nhau.

a. Hod chdt dic gel

(A) : dung dich acrylamit: 30,8%T, 2,7%C.

(B) : dung dich dém: Tris-HCl 1M,pH=8,8.

(O) : dung dich dém: tris- HC1 0,5M, PH= 6,8.

(D) : SDS 10% trong nudc.

(E) : amoni persulfat (APS) 10%, TEMED xiic tdc cho gel chéng dong.
b. Tién hanh diic gel.

- Diic gel tich: Budng gel bing ban kinh ¢6 kich thuéc 10 cmx10cm
day 0,7- 1 mm, ¢6 khoang 10 giéng. Trén dung dich A, B, C sau d6 cho
dung dich E+Temed, lic nhe réi rét nhanh vao budng gel cho dén khi cich
mép trén khodng 4cm thi dimg lai. Phit mét 16p mong butanol lén bé mat 16p
gel vira rét d€ polyme hod trong thdi gian 30- 60 phiit.

- Piic gel co (staking gel) ron dung dich A, C, D, va E+ TEMED rdi
rét nhanh vao buéng gel sau khi da d6 16p butanol trén bé mat gel tich cho
dén day budng gel. Pua luge vao dé tao giéng (tranh bot khi) réi dé wring
hop trong khodng 60 phit sau d6 14y luoc ra.

- Dung dich dém pha mau :

- Bromo phenol blue (BPB), pH6,8.

- Tris- HCL 0,IM,SDS 1- 4%, Glyxerol 10- 20 %, BPB 0,02%,
B—mecaptoetahol 0,2M.

- Dung dich dém chay dién di: Tris 0,025M, glyxerol 0,2M, SDS
0,1%, pH8,3. Tién hanh chay dién di: cuong d6 dong di¢n: 15SmA/ban gel
day 0,7 mm (dién di ding), SmA/ ong gel (dién di cot). Chay trong budng
kin (dung dich dém phai d6 ngap). Nhiét do chay dién di, giif 6n dinh 4'C.

- Dung dich nhudém mau: Commasiebrilliant blue R- 250, hoac
Amiden 10B.
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- Dung dich tdy mau: Metanol: axit axetic: H,O (4:1:5).

st atiote af o ~lab ogl

Hinh 1.15: Budng dién di ' Hinh 1.16: Cho mau vao giéng.
protein mini.

E3. Theo doi va kiém tra do sach cia enzym
a/ Cdc dai hwong cdn phdi do

— Hoat d6 riéng: Lugng enzym dugc biéu dién bing s6 don vi hoat
do/mot don vi khéi lugng protein. Hoat do riéng s€ tang lén trong qua trinh
tinh sach. Hoat dé riéng dat cuc dai va khéng déi khi mot enzym da hoan
toan sach.

~ Ty 1é tinh sach hay miic do tinh sach T giiia giai doan mot va gia
doan hai 1a ty lé giita hoat do riéng (ching han :UIl/mg). img véi giai doan
hai (AS,) Va hoat do riéng véi giai doan mot (AS,).

T=AS, /AS,

Ty s6 nay cang cao thi enzym cang sach.
Hiéu sust R 1a ty 8 (thudng duge biéu dién bing %) hoat d6 téng giifa giai
doan hai va giai doan mot. '

Gia sit A, va A , 1a hoat do cha hai giai doan, duoc biéu dién bing
Ul/ml.

V,va V,1a thé tich cia hai giai doan dugc biéu dién bang ml.

Hoat do t8ng sé& la:

Doan 1 (chua sach)= A,V UL
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Doan 2(sach) = A,V,UI
R=AV/AV, 100
b. Cdc chi tién vé do sach
Enzym duoc coi la sach khi vang mit cdc protein nhiém tap dugc ddnh
gid qua cac phan tich:
~ Dién di trén gel polyacrylamit.
~ Phan tich diém ding dién.
— Phan tich siéu ly tam.
Thuc t€, dién di trén gel polyacrylarmt c6 mat SDS (SDS- PAGE) hay

duoc sir dung nhi€u nhat.
Cic chi tiéu vé d9 sach cia mot enzym:

~ Hoat d6 rieng cuc dai va khong déi.
— Kha nang két tinh.

Vi du: Két qua tinh sach enym cyclodextrin glucanotransferase
(CGTase) tir Bacillus sp (EC.2.4.1.19). CGTase la enzym xtc tdc cho phan
img néi vdng (chuyén hod tinh bot va cdc «-1,4 glucan thinh céc
cyclodextrin). Sau day 1a két qua tinh sach CGTase:

Bang 1.5. Tinh sach CGTase tir chung Bacillus sp 1070.

f 2 Hoat | Hoat
. e Thé | prote| 46 Ac | dé Ad . . Ad | Ad
Cac bu:;: tioh | tich -in | riéeng | riéng A:at;;:h Alt;icgzn tinh |con lai
sa (mh) {mg) | (u/mg | (u/mg : : sach %

Pr) Pt}

Enzym thd 50 3 1560 2708 0 100 0 100

S3c ky ai Igc| 102 1.3 | 13542 | 7210 3.0 130 27 116

trén p- CD-

sepharose

S4c ky ai luc ¢8| 105 | 0.15 | 68673 | 39780 15.0 75 147 73

dinh ion kim loai

trén  Cu(l)-1DA

Agarose

Ghi chii: Ac la hoat tinh déng vong, Ad la hogt tinh dextrin hod.
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l.protein chuan:14,2kDa, 20.1
kDa, 24.0 kDa, 29.0 kDa,
450 kDa va 66.0 kDa
(Sigma)

2.GTase tinh sach

3.CGTase tho

Hinh 1.17. Bién di da tinh sach CGTase tif chung Bacillus sp 1070.
(10cm x 10cm x . 0,7mm)

1.4.3.4. Mot s6 quy trinh tach, tinh ché enzym
14.3.4.A. ENZYM THUC VAT

* PAPAIN (EC 3.4.22.2)

PAPAIN dugc tach tir nhua du dii bao gdm hén hop protease : Papain
(EC 3.4.22.2), Chymopapain (EC 3.4.22.6), protease Iil (EC 3.4.22.30),
protease IV (EC 3.4.22.25) va mét it 1yzozim lipase.
al Cdu tao :

— Papain chita 15,5% N va 1,2% S.

— Phan tir papain cdu tao tir 212 axit min, trong dé khong chita
methionin.

— Phan tlr papain gom 1 chudi polypeptit, ddu “N” 12 isoleucin, diu
“C” 1a asparagin cé 6 gdc cystein, tao thanh 3 cau disulfua (& vi tri 22- 23,
56- 95 va 153- 200). Ngoai ra, con chita mét nhém SH tu do & vi tri 25.

— Papain c6 M=27.000 Dalton.

— €6 cau tao gin gidng hinh cau.

— Trung tam hoat dong bao gom: Nhém SH cha cystein 25 va N bac 3
cua histidin - 159 nén goi 1a protease-thiol.

— Vung trung tdm hoat ddng cla papain chita chudi polypeptit véi cac
axit amin: Pro- Val- Lys- Can- Gln- Ser- Cys- Gly- Ser — Cys- trip.
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bl Tinh chat:

* Papain thuy phan protein thanh peptit va cic axit amin sau hon céc
protease tir dong vat va céc vi sinh vat. Do vay, né duge dung dé phan giai
ti€p céc lien ket peptit con lai khi dung tripsin hay chymotripsin thuy phan.
N6 dong vai tro nhu mot endopeptidase vira nhu mot exopeptidase.Nén né
¢6 thé thuy phan hdu hét céc lién két peptit (trir lién két cua prolin va axit
glutamic).

* Nhiét do: Papain chiu dugc nhi¢t d6 khd cao, & dang nhua kho
105"C, papain khong bi bién tinh frong 3 gid, trong khi d6 & dang dung dich
thi papain chiu dugc nhigt do thap hon, ¢ 82,5°C papain bi mat hoat tinh sau
30 phat.

* pH:

- Papain bén trong viing pH tuong d6i rong: 4,5 — 8,5 trong khoang 2 gio.

- Thudng bén trong moi trudng trung tinh va kiém yéu (pH7- 8,5).

- Bi bién tinh nhanh trong moéi trudng axit ¢é pH < 4,5 va kiém manh
pH>12.

- pH 161 uu tuy thudc vao co chat phan dng.

VD: Véi casein: pHtu=7-7.5

albumin: pHtar =4,5- 7.1
gelatin: pHt.w = 5,2- 6,0

* Chat hoat hod papain Ja nhitng chit khit nhu cystein, glutation,
thioglycolic, Na,$,0;. v,v.. Trong d6 cystein la chat hoat hod thudng s
dung nhat, né lam hoat tinh cba papain tang 20 lan.

* Chat ic ché€ papain la cdc chét ¢6 hoat tinh oxy hod nhur oxy, ozon,
hydroperoxit, iod acetat, iod acetamit, P- chlomercury benzoat va cdc hop
chat disulfua khdc. Cac chat nay phan img v6i nhém SH & trung tam hoat

dong clia papain 1am kim him sy hoat dong papain.
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¢/ Tdch va tinh ché papain
Nhua du @i
(Cystein 0,02M + EDTA 0,001M + 14%(NH,),S0,
(hoat héa) (két tha ion kim loai) (hda tan tGt papain)
Pua pH = 9 (loai protein tro)
(NaOH 1 M)
K&t tha bang (NH,), SO, (60% bio hoa)
loai chymopapain
Hoa tan két tha bang (K,HPO,- NaOH) 0,1M pH=7,5-8,0
+ cystein 0,02 M +EDTA 10*'M

Két tita NaCl 1M hoic etanol 70% (v/v)
(loai protease HI va IV)

Say kho

v

Ché phim papain

Hinh 1.18. So d thu nhan papain
(B.S Bains va cdng su, 1978 cé cai tién).

* BROMELAIN {EC.3.4.22.4}

Bromelain nhém enzym xiic tac thily phan protein (protease), ditgce tim
thdy trong cdc phdn cudng, chéi, thit qua vi l4 cha dita. Céc nghién ciu vé
bromelain d3 dugc ti€n hanh kha sém, tir nam 1894 ..Mét s6 céng trinh da

dugc dang ky patent nhu : Pat.US6,803,038 Bl (2004),
2009/0275105 Al (2009)

al Cdii tao

Thanh phan axit amin & bromelain cuéng va qua thay déi khdc nhau.
Bromelain cudng c6 thanh phan axit amin thay déi trong khoang  144-321

axit amin. Bromelain qua khoang 161- 283 axit amin.
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Bromelin cé dau ‘N’ la valin (Val) va dau ‘C’ 1a glycin (Gly).

Bromelain la mot glyco-protein, méi phan tr chi chta 1| chudi
oligosaccarit lién két cfng héa tri véi chudi peptid (Feinstein va
Whitaker,1964).

Khéi lugng phan tir :32-33,5 kDa (theo Yasuda va cong sy, 1970).

Bromelain thuéc nhom protease cystein nén trung tam hoat dong chira
nhoém SH.

bl Tinh chdtr

Bromelain ¢6 nhiét dé t8i wu khdc nhau phu thudéc vao co chat tic
dung, pH, thoi gian vv..

Chang han, bromelain & dang tinh khiét, véi pH 4-10, co chat Ia casein
hoat tinh khéng thay déi nhiéu & nhiét do 50'C trong 24gid. Con & nhiét do
55°C, pH 6, trong 20 phiit hoat tinh giam 50 %.

Bién do pH kha rong tir 4-10 nhung pH t&i wu thudng nam & ving 6,5-8
& pH 37°c,va diém ding dién PI: 9,5 (Lopes et al, 2005, 2009).

Dé bi tic ché bdi cdc tdc nhédn oxy héa nhu: iodacetat,hydroperxyt...

¢/ Ung dung

. Ung dung trong cong nghiép thuc pham

Téc dung lam mém thit, dong tu sita, phd duc bia, thuy phan gluten
trong san xuat banh my 1am khoi bot mém déo hon, tang huong va chét
luong banh. ..

Cung véi papain, bromelin 13 mot trong nhimg enzym phé bién nhat
duge sir dung dé 1am meém thit. Bromelin duoc bin & dang bét, dugc tron véi
nuéc uSp thit hodc ric truc ti€p 1én thit chra nau. Enzym s& thdm sau vao
thit, 1am thit mém hon va ngon hon khi nau.

» Ung dung trong y hoc

Hb trg diéu tri ung thu cing véi xa tri.

Ngin ngira cao huyét dp, vc ché su két tap ti€u cdu, gidm phi né.

Boi lén vét thuong, vét bdng dé 13m tan cdc mo hoai 1, diéu tri réi loan
tiéu hoa. ’

Phdi hop v6i thudc khdng sinh trong diéu tri mot s6 bénh nhiém khudn
nhu sung phdi, viem phé quan, viém than s& lam tang hi¢u qua khdng sinh,
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phéi hop véi mot s6 thude diéu tri hen (theophyllin, ephedrin...) lam ting
tac dung chdng hen.

Hinh 1.19. Cac loai thudc c6 chira bromelain.
di Tdch.tinh sach bromelain
D4 ¢6 nhiéu cong trinh cong bd qui trinh san xuat bromelain tir cic bo
phan khac nhau clia difa nhu:

* Heinicke va Goriner: chiét bromelain tir cudng dia, dich chiét duoc
1am lanh & 0-4°C, két tha bing aceton, ly tam, sdy chan khong thu ché phdm
dang bot. Hiéu sudt tuy khong cao nhung hoat dé bromelain tuong déi tot.

* Devakate et al (2009) d4 nghién ctu va dua ra qui trinh tach tinh ché
thu ch€ phdm bromelain theo so d6 hinh 1.20 nhu sau:

Dima : chéd, vo m A
qua, cudng, 10 - —» | Loc, iy tam

Dich lac

Két ta bing (NH,),S0,
{40-80%bao hba), 4°C

. Bromel "
Bromelain | & S#c ky . )
tinh khiét 1 o ‘_4 ain ky |4~ Ly tam, 6000
& fon thuat vong/ph, 20ph

- Hinh 1.20. Qui trinh thu nhan bromelain tir dira
{theo Devakate,R.V, Patil,V.V,Waje S.S, Thort B.N,2009).

e Tinh sach bromelain bang séc ky trao déi ion
Cot sac ky c6 dudng kinh trong 25mm, cao 300mm dugc nhéi ddy

nhya trao déi cation. Cé thé chon CM-cellulose lam vat lieu nhoi cot. Su
dung dém acetate (25mM, pH 4.0) gdp 4 14n thé tich cot.
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Dich bromelain ky thudt di qua cot véi téc dé 324ml/h, cung vdi dém
acetat. Sau d6, enzym da bi hép thu trén nhua s& dugc rira giai véi dung dich
NaCl IN. Tham tich loai mugi bing dém amoni phosphat (50mM, pH 7.0).
Say thu ché pham bromelain dang bot.

1. Sdy phun (Spray drying)

Nugshe

Solunon
i Foed

=y TEEL filier
P Heale
i /!\ il)rymg
E Clisenbes .
i~ I } Scrutiber
Cyghwg ]
7N
Compressor \\me“ Aspirator

FIg. 1. Schemaric of spray dryer.
Hinh 1.21. So do hé thang thiat bj sdy phun (Model: LU-22,Ando).
Theo Devakate (2009) tién hanh sdy & 4p sudt khi nén 2 kG/cm’ véi téc
do dich enzym di vao 225 mL/h, nhiét d6 vao tir 100-170°C, nhiét do ra
27°C, thoi gian 90 phiit, thu duge ché phdm dang bot, trang.

2. Sdy thdng hoa (Vacuum freeze drying)

Hé théng say thiang hoa (M/s.Ref-vac Consultancy) gém c6: khoang
sdy bang thép khéng ri hinh tru (L =0.4m, D=0.4m) chifa cdc tdm gia nhiét
(tbng b& mat dét néng 1a 0.25m’), mot binh ngung (cong sudt lam di
max=1.8kg, dién tich bé mat = 0.25m’) c6 kha nang lam viéc & -35°C, mot
bom chan khong.

Mau bromelain di tinh sach dugc d6 ddy cic dia, déng bang & nhiét do
-23°C trong 6 gid. Sau khi hé théng da san sang, dat cic dia vao khoang sdy,
bat bom chan khong. Nhiét do clia mau va 4p sudt bén trong khoang dugce
thiét 1ap tai cac gia tri 1a 25°C va 30Pa. Trong lugng mau dugc do cich
5phiit/ 14n cho dén khi dat gid tri khong thay déi. Khi so sinh két qui do
hoat luc clia bromelain trong 2 phuong phdp sdy trén:
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- Hoat luc clia bromelain néu say thang hoa duy tri khoang 95% so vdi
ban ddu, trong khi néu sdy phun chi con 78%.

— Ham lugng protein trong trudng hop sdy thing hoa cing cao hon
(87%) so voi say phun (73%).
Khi sdy & nhiét d thdp, vat liéu gilr duge c4u tric va hoat tinh enzym.
e Ana Maria Frattini Fileti et al (2009)da thu ché pham
bromelain bidng phuong phip tach léng - long (Reversed
Micelles).

Mixen 14 nhitg vi hat phén tir ¢6 hoat tinh bé mat, két hop lai véi nhau
va phan tdn trong pha lién tuc 1a dung méi. Cic mixen nay cé kha nang hoa
tan nhiéu hgp chat phan cyc trong mét dung méi khéng phéan cuc,rat cé lgi
néu mudn tich tinh sach thu héi céc chat ¢é hoat tinh sinh hoc nhu: enzym,
protein, khdng sinh..., bdi né khong 1am bién tinh protein, c6 thé ti€n hanh
thu ché€ phdm theo mé hoac lién tuc (Kilikian et al 2000).

Dung dich chda cation mixen dugc tao thanh tir BDBAC, gém chat c6
hoat tinh b€ mat, isooctan va hexanol, sau dé dugc trén véi dich enzym tho.
Su phan pha dién ra, bromelain s& di chuyén sang pha chita mixen, tr& thanh
pha giau bromelain (pha raffinate), bé sung dém natri phosphate va NaCl, ly
tam 8000 vong/phiit dé loai bd pha ning. Sau d6 ti€n hanh xic dinh hoat do
bromelain.

Tach bromelain bing phuong phap 16ng-16ng (Reversed Micelles) theo
hinh 1.21. ’

Batt wd Cnntiovoes Extmetion of Bromeiaig Snryvme

1. Pudng dich bromelain
" -tho vao (pha lién tuc).

2. Dudmg dung dich mixen
vao (pha phan tdn).

3. Dudmg pha ning ra (pha
chiét)

4.Pudng pha nhe ra

(pha raffinate: chira

bromelain).

Hinh 1.22. Ha thong tach chiét bromelain lién tuc va
ban lién tuc trén Micro-column.
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o Cau tao cot Reversed Micelles va co ché van hianh

Cot tach chi€t bang thuy tinh véi chiéu cao 19 cm dudng kinh 2,54 cm,
bén trong c6 3 nén chép di duc 16 duge gin lén thanh thép & giita,cdch nhau
4 cm, nén chép dang ray 24 (710um) vé6i 38% ving chay tu do. Thi€t bi diéu
khién bang xung, 1am cho than cét chuyén dong lién tuc, ¢t 2,8 cm lén rdi
xudng. Bang cich nay mot phén pha nhe s& phun thanh bui va khuéch tdn
déu hon. Phin khac dugc giit trén dinh chop, tang dién tich tiép xdc giifa cic
pha (Biazis et al, 2007).

1.4.3.4 B. ENZYM PONG VAT

+ PEPSIN (EC. 3.4.4.1)

Pepsin la protease axit ¢6 trong mang nhdy da day lon. Trong mang
nhdy da day pepsin & dang zimogel. Khong hoat dong 13 pepsinogen, duéi
tac dung ciia axit ¢é trong dich vi, pepsinogen dugc hoat hod chuyén thanh
pepsin hoat dong manh & pH=2, hoic c6 thé hoat hod bing pepsin Iy tir
ngudén dong vat khdc.

a. Cdu tao

Thanh phidn hoa hoc: Pepsin chita N= 14,7%. Ngoai ra con cé 1 it S
tao thanh 3 céu disunfua va mét géc axit phosphoric két hgp vdi nhém OH
clia mot trong céc serin.

Thanh phan axit min:

Pepsin chia nhiéu axit amin.

* V& mat cau tric pepsin 1a mot protein don gian toan bo chi 1a mét mach
polypeptit, ddu “N” 1a isoleucin, ddu alamin cé cdu tnic hinh cdu - Hoan toan
khong c6 cdu triic bac hai hodc chi ¢6 mot phan rat it cau triic xoén.

- Do phén tit chi c6 mot mach polypeptit nén khong c6 cdu tric bic 4.

- Cdu tric trung tam hoat dong: La nhém COOH ciia axit asparctic.
Ngoai ra ¢6 nhém phenol ciia tyrosin tham gia vao viéc két hop vdi co chat
b. Tinh chdt

Pepsin hoat dong manh trong viing axit (pH 2- 4). pH t6i uu ciia enzym
thay déi tuy theo ban chat vi trang thdi clia co chat. Thudng tir pH 1,8-2,2.

Pepsin & trang thai kho kha bén, ngay ca & nhiét do thuong.
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Pepsin bi v hoat trong moi truong kiém nhwng khi dwa vé pH t6i vu cé
thé phuc héi mot phan. Tuy nhién kha nédng tai hoat hod phu thudc vao pH,
noéng do enzym, thoi gian bién tinh ...

Bdc tinh thuy phan

Pepsin c6 kha ndng phan cat 30% lién két peptit c6 trong phan ti
protein tao thanh chud yéu cac peptit chira tir 5 - 8 axit amin, pepsin chi phan
cit cac lién két peptit do nhém amin cla axit min ky nwéc nhu:
phenylalamin, tyrosin, leucin véi nhém COOH cla gbc axit glutamic,
methionin, glycin, cystein. Ngoai ra c6 thé cat lién két este.

Tach, tinh chépepsin:

Nguyén liéu
(Mang nhay da day)

X ly (rira)

N’gr%lién
v
Ty phan (HC1 5%)
Nhiét do =42°c
Thoi gian :40- 42 gio
(1 gio khuédy 1 1an)
Gan, loc dich tw phan

K&t tha (bdng NaCl 22%)
I
Téach™tla
B0 sung chéat 6n dinh

.1 7
Sdy (38- 40°C)

Ché pham Pepsin
Hinh 1.23. So d0 thu nhan pepsin (Gratréva 1973, Teply 1980).
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1.43.4.C. ENZYM VISINH VAT

c.l. Thu nhan chépham invertase tlr nAm men

Invertase la enzym dugc phat hién dau tién vao nam 1883, c6 mat trong
hau hét cac ndm men céng nghiép nhuv men bia, men san xudt rvou cdn, men
banh mi, .... enzym nay xdc tac qua trinh chuyén hoa duong saccarose thanh

duong nghich dao (glucose va fructose). Hang ndm trén thé gif® o
invertase dé chuyén hoa khoang 10 triéu tdn ri dwong.

Ri duong mia Ki dudng cu céi Khoang

40 000 don vi 400000 don vi 800000 don vi
(u téng)

Hinh 1.24. So do thu nhan invertase (Neuberg et all 1946, tai ban 1985).
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C.2. Thu nhdn Colagenase

Colagenase (E.C.3.4.24) 1a enzym duy nhat c6 thé thuy phan va thuy
phan dac hiéu céc lién két peptit dang poly-L-prolin déc trung trong ving
xoan ciia colagen & trang thai ty nhién clia co chét thanh cdc manh peptid
16n. Chi sau tic dong clia collagenase, collagen mdi bi cdc protease khic tan
cong. Collagenase khong thuy phén cac protein khac nhu myoglobin, actin...

Colagenase thwong mai phd bién thu nhan tir Clostridium histolycum.
Cic budc thu nhén colagenase tir vi khudn nay mé ta nhu sau:

Dich tho enzym

!

Ly tam

4

Loai ADN bang ADN-ase

Séc ky hip phy trén hydroxyapatit, loai chit mau va
cac protease, 6n dinh ¢t voi dung dich dém
phosp‘hat tir 0,00-0,03M, pH=6-7,5, thu collagenase
bing dém phosphat 9.35M -0.5M, pH 6-7.5

v
Sic ky loc gel v6i dém phosphat trung tinh

!

Séc ky hdp phu trén Reactive
= Red 120 agarose, v6i dém
phosphat trung tinh

y

Colagen tinh Kkhiét

Hinh 1.25. Sa d3 tach tinh ché Colagenase.
(Bang sdng ch€, M§ s6 5 332 503, 1994, tic gia Lee va cs).
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CHUONG 2

ENZYM CO D|NH (IMMOBILIZED ENZYMES)
(Enzym khong tan)

2.1. KHAI NIEM ENZYM CO DINH -

Enzym c6 dinh 14 enzym dugc dinh vi vat 1y vao mét vai ving xdc dinh
trén chat mang ma van giit duge hoat tinh va c6 thé sit dung 14p lai nhiéu ldn
(Kennedy va Cabral, 1987). Hoic c6 thé néi " enzym c6 dinh 1a enzym dugc
gan l1én cic chit mang khong hoa tan hodc duge gén véi nhau bing lién ket
déng héa tri tao nén dai phan tlt enzym khéng hoa tan".

Enzym c8 dinh c6 nhiéu uu diém hon hin enzym tu do:

— Mot luong enzym c6 thé sit dung lap di lap lai nhiéu 14n trong mot
thoi gian dai.

— Enzym khong tan 14n vdo trong sin phdm nén khong gay anh huémg
x&u dén mau séc, mii vi sdn pham.

~ C6 thé lam ngimg nhanh chéng phén ting khi cén thiét bang cdch
tach enzym ra khoi co chit. ‘

— Enzym c¢8 dinh khd bén véi nhiét d6, pH, dung méi hitu co.v.v..

— Tuy c6 nhiéu t.huari loi nhu trén, nhung viéc sit dung eénzym cd dinh
ciing c¢é nhiing han ché nhat dinh nhu:

— Su chuyén khdi bi han ché.

— C6 thé mat hoat tinh sau khi ¢ dinh.

— Khéng c¢6 hiéu qui déi v6i co chat rin (inpractical for solid
substrates).

— Mat tinh thich nghi hinh thé.
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Tuy nhién nhitng han ché trén la khéng dang ké so véi nhirng lgi ich
ma enzym c6 dinh dem lai. Do vay ngay cang c6 nhiéu nghién cru mai cling
nhw cac cong nghé méi dé c6 dinh enzym.

2.2. CAC PHUONG PHAP DIEU CHE ENZYM ¢ 6 DINH

V& nguyén tic c6 3 phuong phap didu ché enzym cd dinh:

- Hap phu vat ly 1én cac chat mang c6 chita hoac khong chira dién tich.

- G&n enzym vao cac chat mang khong hoa tan hodc gan cac phan tk
en/.ym vGi nhau bang lién két dong hda tri tao dai phan t enzym khong hoa
tan.

- "Goi" enzym trong khuon gel.

C6 thé biéu dién so dd cac phuong phap ¢6 dinh enzym nhu sau:

En/.ym ty do
- Voooees
(}ﬂ trong khudn gel Hap phu val ly 1én chal mang Lién két déng hda Iri
1
Go Goi Goi Goi Hap Hap a0 Bicn
trong trong bang trong phu iEn phu 16n dinh két cac
gel gel phuong bao vi chat chéat trén ph;in tr
danE  dang phép thé mang mang chat “razym
hai so1 lien khong b&ng mang
polymc chira libn két
dién lon
lich

Hinh 2.1. Cac phuong phap c6’ dinh enzym.

2.2.1. Gan enzly:m lén chat mang bang phwong phap hap phu vat ly va
lién két ion o »
f>ilaa QriitiH

*Nguyén tac:

Héap phu enzym 1én cac chat mang nho luc tuone: tac yéu gilra chat mang
va protein enzym nhu: lyc Vandecvan, lién két hydro va lién két ky nuéc.

Khi chat mang khong c6 16 x8p, enzym bam trén bé mat chit mang
(hinh 2.2).
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Khi chdt mang c6 16 x06p, enzym chui vao trong cac 16 x6p cla chat

Vi du enzym duoc diéu ché bang solid
phvong phap nay dau tién la: (3-D et
fructofuranosidase trén hydroxyt, aM2yin %
nhém.

Néu chat mang co6 chia dién tich.
lién két gitta enzym va chdt mang la
lién két ion (bén hon so véi hap phu).

! .
Chang han da c6 dinh thanh cong 4
glucoainylase trén DEAE - cellulose
hoac trén 'IKDEAE - sephadex st dung dé Hinh 2.2. Hap phu vat Iy

san xuat lién tuc glucose. 16n chat mang.

« Mot s6 chat mang thwong st dung dé c¢6 dinh enzym bang phwong
phap hap phu hay lién két ion.

- Chéat mang hitu co: than hoat tinh, cellulose, dextran, agarose,
chitin...

- Chét mang vo co: silic, thuy tinh x6p, oxyt kim loai.

- Chéat trao d6i ion: amberlit, DEAE-Sephadex, CM-sephadex,
DEAE - cellulose, CM-cellulose

- Polyme tong hop: polyamit, polyacrylamit, polystyrol, nilon,
polyvinyl.

e Phuwong phap diéu ché: Rat don gian. Cho chat mang va enzym tiép
xtc nhau (khudy tron), sau dé rira dé loai nhitng phan t& bi gén yéu Ién chat
mang.

« Céac yéu té anh huwdng dén lvong enzym c6 dinh dwoc va dé bén cla
lién két c6 dinh.

- NoOng dd protein enzym: Lwogng enzym cd dinh 1én chat thuong
mang ty |é thuan véi néng do clia né & mot gi¢i han nhat dinh.

- pH: pH mdi truong phu thudc vao s6 lwgng nhém va ban chéat cla
cac nhém tich dién & chat mang cling nhv & protein enzym. Sy thay doi pH
thwong anh hwéng 16n dén luong enzym c6 dinh dwoc bang lién két ion.
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Déng thdi sy thay déi pH dét ngot ¢ thé dan dén su nhd hap phu cua
enzym.

- Luc ion chia méi trudng: Su ¢ mat cic ion mudi tich dién trdi dau véi
chdt mang c6 thé kéo theo sy két tha cuc bd cua protein trong dung dich.
Tuy nhién sy cé mat clia mudi ciing c6 thé 1am tang do hoda tan ciia protein
do d6 1am anh hudng x4u dén hiéu qua cé dinh.

Béang 2.1 cho thay anh hudng ctia pH dén hiéu sudt di€u chd invertase
cho thdy anh ¢ dinh bang phuong phap hép phu (Woodward 1985).

Bing 2.1. Hiéu suat 6 dinh enzym lén chat mang bang lién két jon

Hiéu sudt ¢3 dinh eniym I1&n chit mang (%)

pH DEAE-Sephadex trao ddi - CM-Sephadex

' . ©~ anlon trao déi cation
pH 25 0 _ 100
pH 4,7 " 100 ' ' 75
pR 7,0 100 ' 34

- Nhiét d9: Nhiét do ting tam dubi mach ;;rotcin cnzym do dé lam tang
lien két protein véi chét mang. Nhu'ng han che' nhlét dd cao dé tranh 1Am mat
hoat tinh ctia enzym.

- Khéi lugng phan tit va ban chit ciia cha't mang; '

Enzym c6 khéi lugng phan tit cang nho thi kha nang hdp phu cang 16n.
Nhimg chat mang chifa nhiéu nhém hdo nudc hap phu t6t hon va bén hon.

* Uu nhuge di€m cita phuong phap

- Uu: Diéu ché dé dang trong diéu klén nhc nhang nén giit duge hoat
tinh enzym. C6 thé sir dung cho tét ca céc loai reactor sinh hoc. C6 thé tai st
dung chat mang.

- Nhuge: Do hm tuong tic giira chat mang va enzym yéu nén enzym dé
bi nha hip phy khi khudy trén, hoic thay déi nhiét do, pH, lyc ion moi
LUONg.V.v... Vi vay kho, 4 dp dung trong sin xut thuc phdm va durgc phdm.

2.2.2. Phuong phap gin enzym bing lién két déng héa tri
| Thuong ¢6 hai phuomg phap::
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- Gan enzym lén chat mang béng lién két dong héa tri.
- Géan enzym vdi nhau béng lién két ddng héa tri.

2.2.2.1. Gdn enzym lén chdt mang bdng lién két dong hoa tri

Cac chat mang thuong sir dung la: ‘

- Cac polyme him co: Polypeptit, polysaccarit: dextran (sephadex),
agarose (sepharose). '

- Cic dan xuét cla cellulose; (CM -cellulose), dietylaminoetyl
cellulose (DEAE-cellulose), DEAE-sephadex, CM-sephadex.

- Céc polyme t8ng hgp: Polyacrylamit, polystirol, polyamit, potyvinyl.

- - Céc chét v6 co: Silicagel, bentonit, nhém hydroxyt.

Cic polyme v6 co bén vdi cdc tdc nhan 1y hoc (nhiét, co hoc) héa hoc
(moi trudng axit, kiém, dung méi hitu co), sinh hoc (vi sinh vat) hon polyme
hitu co. Dac biét khong bi bién déi cau hinh cia khuon khi thay ddi mei
truong xung quanh.

e Céc chdt mang d€ gin enzym phai thod méan mt s6 diéu kién sau:

- Do hoa 1an thap va bén viing déi véi cdc tic dong co hoc, hda va sinh hoc.

- Khong gay tac dung kim hdm enzym.

- Khong hap phu phi chon loc d6i véi cdc protein khic.

- Ch4t mang co ban chat hdo néc, vi chit mang ky nuéc ¢6 thé dc ché
enzym vira dugc lién két.

- Chat mang 16t nhat 1a ch&t mang c6 chifa di¢n tich trdi dau véi enzym.

-e Cic nhém chiic cia phén tir protein enzym cé kha nang tao céc lién
két dong héa tri v6i chat mang 1a: nhém COOH (a aspartic, axit glutamit) e-
NH, (lysin), SH (cystein), OH (serin), nhan indol (tryptophan), imidazol
(histidin).

e Cic lién két déng héa tri gilta chdt mang va enzym c¢6 thé phan loai
nhu sau:

- Piazo héa : Chat mang - N = N - Enzym
- Tao cau amid : Chat mang - CO - NH - Enzym
- Alkyl héa va aryl héa : Chat mang - CH, - NH, - Enzym
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- Tao bazo schiff : Chat mang - CH = N - Enzym

- Trao ddi tiol - disulfua : Chdt mang - S-S - Enzym
- Chéat mang véi chat : Chat mang - 0(CH2,CH-N- Enzym
. Phuong phap gan enzym 1én chat mang bang lién két ddong hda tri co

hai phuvong phép:

mot giai doan: Qué trinh két hop enzym c6 thé xay ra qua mot
giai doan néu chat mang c6 chtta cac nhém cé kha nang tham gia truc tiép
véi nhém amin cua protein enzym.

Vi du, chdt déng trung hop andehyl maleic va cac etylen dé lién két
dong hoa tri gitta nhém £ - amin cda lyzin & phan t enzym véi géc anhydrit
malcic cla polyme.

+ Ci&n hai giai doan:

- Ciiai doan dau dé hoat héa chat mang bang cach dwa vao cac nhom cé
kha ndang phan &rng hon.

- ¢ iai doan hai la giai doan két hgp enzym.
- Cé&c chat mang c6 chta nhém amin nhv aminobenzoyl-cellulose,

polyaminostirol, copolyme cla aminophenylalanin cé thé dwgc hoat hoda
bang phan (ng diazo.

Vi dy, polyaminostirol tre¢c hét dugc diazo héa bang natri niitrit trong
moi treong axit thanh mudi diazo, sau d6 mai két hop véi enzym:

NaNO7HCI
R-Nj+X
Mubi diazo cua chat mang.
R: Goc alkyl, aryl.
X: Géc axit

R-N2tX + E- OH RH=N-

Phan (ng két hop véi enzym dugc tién hanh nhanh chéng trong diéu
kién nhiét dé thudng va trong dung dich nudc trung tinh.
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- Chét mang c6 chtra nhém amin ciing c6 thé hoat héa bang céach cho
tac dung véi phosgen hodc tiophosgen dé tao thanh dan xuét izonianat hodc
izotioxianat. Cac nhém izoxianat hodc izotioxianat & pH trung tinh s& lién
két dé dang véi géc N cubi va nhdm s-amin cla enzym.

0=¢c/ Cl > R-N=c=0 + HC1
R-NH3 + \ci
C1
* R-N=c=s + HCL
\ci
R-N=c=0 + HN-E > R-NH-CO-NH-E

Bang phuong phap nay nguoi ta didu ché dwoc cac dan xu ¢ enzym
khong tan nhu tripsin, kimotripsin, (X p - amilase, glucoamilase.

- Néu chat mang c6 chira nhom COOH nhu CM-cellulose hoac nhua
tn° hop can dugc hoat hoa trude trude khi cho gdn véi enzym 3dng cac
phuwong phép azit, cacbodiimit, anhydrit kép.

Hoat hoa bang phuong phap azit:

0 0
~ HZ\l-NHZ |_ ”
— o-ch2ll-OH ———- --* == o-chZc-nh-nh2+ HXD
— OH hydrazin hydrazit
CM-cellulose
0 0
2 _ E-NH,
° 0- CH,- C-N-N+=N 0- CH2 CNH-E
HC1 Azit

Céc enzym khoéng tan nhu trypsin, DNA-ase, chymotrypsin, fixin,
bromelin da dwgc diéu ché bang phuong phap nay.
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- Hoat héa bing phuong phdp cacbodiimit:

goncson+ Cywon(D) + e

CM-cellulose N,N-dicyclohexyl
cacbodiimit enzym

. }: O-CH,CO-NH-E  + NH=C=NH-
I
0O
Dicyclohexyl
Vi phan g xay ra trong mdi trudng axit yéu (pH = 5) do d6é phuong
phap dac biet thuan lgi d6i véi enzym c6 tinh axit cao nhu pepsin.
Chat mang 13 polysacarit thi dugc hoat héa so bo bing halogen cyanua

Cyanua thuong la BrCN trong moi trubng kiém, polysacarit da dugc hoat
héa cé kha ning tao lién két déng héa tri véi protem cnzym qua nhém amin
bac nhat.

Porath va bareli lan ddu tién d3 hoat héa cellulose, dextran va agarose
bang phuong phép nay:

OoH CNBr ’:»oc=N HO
—_— 2 OCONH
}:OH OH —>fon 2-—-—>':8>&NH

(estecyanat) (cacbamat tro) (imidocacbamat
hoat dong)

(sepharose)

- Giai doan két hgp

- NH
— — 8i_lé'-NH-E
0 H,N-E .
’: 0 > c=NH o B o Dan xudt isoure
Ll odNuE
— OH

N-cacbamat thay the

- B3i véi céc chat mang chita nhém thiol:
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Puoc hoat héa bang 2,2 - dipyridyldisulfua:

'JH + @-S-Sb s }-S-S-OEﬁIi FS-S-E

Vi phuong phiap nay méi lién két disulfua cd tinh thuan nghich,
enzym c6 thé bi nha lién két (tuy nhién ciing nhd vy ma c6 thé tdi hoat héa
chit mang). ‘

* Uu nhuge diém ctia phuong phép:

- Uu: C6 dinh enzym lén chit mang tao d6 bén cao cho lién két giita
protein - chdt mang, nén tranh duge sy mdt mét enzym trong qua trinh. phan
iing. Do d6 phuong phép rét thich hop trong céc binh phan ung lién tuc.

- Nhugc: . |

+ Lugng enzym c6 dinh thuong thdp hon so véi cac phuong phdp khic.

+ Hoat tinh enzym c6 thé bi gidm do su bi€n d6i cdu tric hinh thé
enzym trong qua trinh cd dinh va do su ti€p xdc han ché giita co chat va
trung tm hoat dong cla enzym.

Do d6 khi sif dung phuong phdp cdn can nhéc k¥ giita hoat tinh va do
bén cua enzym. Viéc lua chon chat mang va phuong phép hoat héa dugc tién
hanh cdn than bing céc thi nghiém & dang pilot.

2.2.2.2. Phuong phdp gdn cdc enzym vii nhau béng lién két dong héa tri

Nguyén tic: la lién k&t chéo
déng hoa tri cdc phan tlr enzym lai
véi nhau, tao thanh c4u tric dai phan
tir khéng tan ma khong cin dén cic
chat mang.

Téc nhéan két gén thuong ding la
glutaraldehyt v6i ty & tic nhén
enzym khoang 10% (w/w).

Hinh 2.3. Gan cac enzym bing
lién két - déng héa tri.
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Vi du: Krechcrds (1964) da cho cac tinh thé "cacbocyl-peptidase A"
tac dung voi dung dich aldehytglutaric 1%, sau khi tac dung enzym tré nén
khéng tan trong NaCl IM va van gitt duvgc 30% hoat do so véi ban dau.

Habecd (1967) ciing d& diéu ché din xuét trypsin khong tan bang céach
dung glutaraldehyt 2% dé lién két cAc phan tir enzym ciing nhu gan enzym
vao aminoetyl - cellulose.

Phrong phap nay chi phi cao, kém hiéu qua (diéu kién tién lanh phan
trng khat khe, hoat tinh enzym gidm do twong tac gilta cac phan t& enzym)
Tuy nhién lién két tao ra lai rat bén trwéc cac tac nhan pH, nhiét d. Vi vay.
phuong phap gn cac enzym voi nhau nay thwong duoc dung két hop voi mot
trong nhitng phvong phap cé dinh khac (thwdng dung lam bén lién két
cn/vni chat mang trong phwong phap hap phu).

2.2.3. Phuvwng phéap g6i enzym trong khuén gel
Nguyén tac:

Phan t enzym duogc gilt trong mang
lvéi khéng gian cia mot polyme khong
tan trong nuéc (hinh 2.4).

Gel c6 thé dwoc diéu ché tir cac

epolyacrylamid, hydrocylethyl-2-
metacrylat tao  mang luGi bang
etyleng ycol-dimetacrylat, polyuretan,

polyvinyl, Na-alginat va caraghenan ldy Hinh 2.4. C6 dinh enzym biing

ttr rong bién cling c6 kha nang tao gel rat phuong phéap gdi trong

t6t. Cac gel dang soi c6 thé la cellulo- Khuodn gel.
triaxeta , collagen, chitosan.

Biiia * ilyiiii t&
2.2.3.1. Enzym duwgc goi vao khuén gel dugi

dang hat
Erizym dugc hoa tan trone mot dung dich ) o

monome. Sau d6, monome nay dugc polyme %Qbuj]il%hr?\%}
hoa véi sy c6 mat cia mdt hay nhiéu tac nhan emne

tao mang lugi (reticulation). Gel c6 thé duoc

cat thanh mang d&t trén mot chat mang rén, Hinh 2.5. Enzym duoc goi

trong gel dang vién.
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hodc nghién thanh b6t sau khi khi nwéc. NEu la gel alginat va caraghehan
thi c6 thé tao khéi dudi dang vién, dwong kinh 0,5 - 4mm, bang cach nhd
giot dung dich enzym va alginat nattri vao dung dich giau CaCl2 bén hat.

22.3.2.Enzym bi "nh&t" trung clc 16 nhé cla cac sgi tong hop

- Enpja-duoc cho vao dung dich phan tan sgi collagen trong dung méil
nwéc - metanol va cé khudy tlr. Cac protein di vé phia catot va & dé nhdn
dugc cac mang collagen cé "nh6t" enzym.

- Hodc c6 thé "nhét" enzym trong cac 16 nhd cla soi tdng hop bdng
cach cho cac dong léng chdy tuan hoan bén trong sgi. Phuong phap nay han
ché dugc sy phan cwc bé mat va sv bit Iap thwdng gap & phvong phap mang.

- Hoac dung phuwong phap cua Dinelli: Dung dich nhi tuwong cla
triaxetat cellulose trong metylen-clorua va enzym trong dung dich dém chua
glycerol dwoc ép dun qua mot khudn cé 16 dwdi ap sudt nito. Cac so ra khoi
khuon duoc nhing vao bé dong tu cé chira toluen, sau dé sdy khd soi trong
chan khoéng. Soi tao ra kha bén véi axit yéu, kiém yéu, luc ion héa cao va
mot s6' dung moi hiru co. Nhung phuong phap nay chi thich hop voi nhitng
enzym khéng bi mét hoat tinh trong cac dung méi khong tan 1an nwéc.

2.2.3.3.G0i enzym trong bao vi thé (Microcapsule)
Nguyéli tac:
Nh6t enzym trong mot NT 2
bao vi thé (Microcapsule) gigi i
han boi mdt mang ban tham.
Mang nay c6 kich thwéc 16
Xx0p di nho dé ngadn chan su
khuéch tan enzym ra ngoai
nhwng dd 16n dé cho co chat Hinh 2.6. Goi enzym trong bao vi thé.
va san pham di qua trong quéa
trinh phaiitng.
e Céach g6i enzym trong bao vi thé
- Polime hoa & bé mat lién pha (Interfacial Polymezation): Hon hop
nwdc cla enzym va monome hado nuwéc (Glycol) dwgc tao thanh nhii tuvong
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trong dung moi hitu cd khong 13n nude. Sau d6 thém monome ky nudc vao
va khudy. Phan ing triing hop cdc monome xdy ra trén bé mat lién pha gifta
nuéc va dung méi hitu co trong nhii twong kém theo sy tao thanh mot mang
(polyamit, polyeste...) xung quanh pha nuéc. Két qua 12 enzym trong pha
nude bi nhét trong mang polyme. Thudng cho thém cdc tdc nhan hoat dong
bé mat ¢é 1am bén nhii tuong va diéu chinh kich thuoc 16 (tir 1- 100um) theo
y mudn. ~

- Phuong phédp sdy long (Liquid Drying): Trong phuong phédp nay,
polyme dugc hoa tan trong dung moi hitu co khong 1an nuée cé diém soi
thap hon diém s6i cla nuéc. Dung dich nudc cha enzym dugc phén tén trong
pha hitu co tao thanh nhii twong dang nudc trong ddu (water-in-oil). Sau do
nhii tuong chifa nhiing vi giot 1éng duoc phan tin vao pha nudc chia cdc
chat bao v& keo nhu gelatin, va cdc chat hoat dong bé mat tao thanh nhii
tuong thit hai. Tir nhii twong nay, dung moi hitu co duge loai khéi bang
phuong phép lam néng & chan khong. Mang polyme duoc tao ra, tir d6 hinh
thanh céc microcapsule cé chita enzym bén trong.

- Phuong phdp tdch pha (Phase Separation): Hoa tan polyme c6 chia
enzym trong mét dung moi hifu co va tai két tha, sau dé lam sach polyme
thu dugc bang cich thém m¢t dung moi hitu co khac c6 thé tan lan trong
dung moi ddu nhung khong hoa tan polyme.

2.2.34. Phuong phdp tién polyme

* Tao lién ket chco gura cac nén polyme bang chi€u quang dé goi
enzym. - :

Khi chle'u tia cuc tfm gan (360nm) lén dung dich ¢6 chira chat tién
polyme, enzym va chat nhay quang (benzoin etyletc ‘benzoin izobutylete) sé

tao ra lién két chéo giita cdc g6c clia tién polyme “Tirdé gel dugc hinh thanh
va bao lay e‘nzym ‘

Céc cht tién polyme thudng sir dung 14 ENT (metacrylat) PEGM
{polyetylenglycoldimetacrylat), ENTP (1dng hop tit hydroxyetylacrylat),
trong d6 PEGM va ENT hoa tan trong nudc, con ENTP khoéng tan trong

P

nuoc.’
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Phuong phap.nay cé thé ti€n hianh & diéu kién nhe nhang tranh dugc
céc thay doi pH qua kiém hoac axit trong thi gian ngan (3-5 phdt). Cac tinh
chat hod 1y cua gel (nhu su can bing hdo nudc - ky nudc ban chat ion) cé thé
dinh huéng trudc bing cach chon céc tién polyme thich hop.

» Phuong phap tién polyme urétan

C6 dinh enzym bing cach trén cdc chat tién polyme uretan (thudng la
polypropylen glycol, polyetylen glycol) véi dung dich nudc cua enzym.
Trong dung dich nudc, cidc gbc chirc ning izoxinat & hai ddu urétan phan
img v6i nhau tao thanh lién két chéo ure. Gel duge hinh thanh trong vai phiit
va bao 1dy enzym c¢6 thé thu duge cic tién polyme hdo nuéc hodc ky nudc
bang cach thay ddi ty 1¢ giita polyetylenglycol va polypropylenglycol. Néu
ndng do polyetylenglycol cao s& tao gel hdo nuée (PU-6, PU-9) va nguac lai,
ndng do polypropylenglycol cao sé tao cac gel ky nugc (PU-3).

Uu nhuge diém chia phurang phap géi enzym trong khuén gel.

o Uu

- Khéng doi hoi phai c6 céc nhdém phan ting cha protein nén thich hop
v6i nhiéu enzym.

- Toan bo Jugng enzym déu dugc goi trong khuén hay trong
microcapsule v nhan dugc bé mat ti€p xic gilta enzym va co chét 16n trén
mét thé tich nhd.

- C6 thé g6i dong thoi nhiéu enzym trong cing mét khuon (cac enzym
nay phai c6 diéu kién hoat dong t6i wu gin nhau).

¢ Nhuge

- Enzym c6 dinh bang phuong phép géi trong khuén gel chi thich hop
cho nhimg phén tng ma co chat ¢ khéi luong phan tit nhd. Kich thudc clia
16 x3p cén phai dt 16n dé cho ca chat va san phim di qua, diéu d6 ciing dong
thdsi ¢6 thé 1am th4t thodt enzym. Néu sif dung cdc dai phan tir d€ cai thién
cac 16 xp trong mang ludi thi lai gay su cin trd khong gian, 1am giam hoat
tinh cua enzym.

- Ciéc diéu kien dé ti€n hanh polyme héa, dac biét 1a su tao cic goc ty
do, thudng lam bién tinh cha enzym.
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- Gel kém bén (dé bi dong chat) nén khoé st dung trong céac reactor kich
thwdc nhod (tuy nhién didu nay cé thé cai thién duoc bang cach dit enzym Ién
cac tdm lu¢i hodc cac mang plastic).

Tom lai, moi phuons phéap ¢6 dinh enzym déu c6 nhitng vu diém nhét
dinh, trong dé phuong phap goéi trong bao vi thé té ra c6 wu diém hon ca
(bang 2.2).

v nhién, lya chon phuong phap c¢6 dinh nao sé phu thudc nhiéu yéu
t6 khac fhau, do do6 can phai tién hanh nhiéu tht nghiém dé cé duwcic phurong
phap t6i tu. C6 diéu, du tién hanh bang phuong phap nao thi ciing )hailuu y
dén nhirIg diém sau:

Enzym phai dwgc on dinh trong diéu kién xay ra phan @ng

Céac chét tham gia phan (ng tao lién két ngang chi tworlg tac voi
nhirng n T0m chirc ndng ndm ngoai tam hoat dong clia enzym, hodc.

Chat tham gia phan Gng tao lién két ngang phai c6 kich thudc Ion
dé khoni xam nhap dugc vao tam hoat dong cla enzym.

Tam hoat déng phai duoc bao vé trong qua trinh c¢d' dirh (c6 thé
thyc hién bang cach bd sung vao hon hgp phan ¢ng dung dich bio hoa co
chat clia enzym).

Lva chon bién phéap c6 dinh phai can c* vao phan ng cu hé va céc
wvu nhugc diém cla phuong phap.

Béang 2.2. So sanh cac phwong phap cd dinh en/ym

Phuong Phuongphap  Phudng phap  Phwong phap

Pl ¢ diém phép hap lién két déng gbi trong ga trong bao

phu hda tri khuon gel vi thé

Phwong phéap diéu ché don gian phtrc tap phtic tap dor gian

Chi phi thap cao vira phai cac &3T1-

Luc c6 diry, thay doi manh yéu ma ih

Hién tuong nhd cd dinh o khong co khdng

enzym

Kha ning ap dung rong réi chon loc rong réi rét rong réi

Sw ¢6 khi ti€én hanh cao thap cao cao

Anh huéng ctia chat mang €0 co cé khéng

Can tré khuéch tan lon khong khong c6 c6
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2.2.4. C6 dinh enzym trén té bao vi sinh vat

Gan day trén thé gi¢i co kha nhiéu cong trinh nghicn ctu st dung bé
mat t€ bao vi sinh vat dé gan cac chédt c6 hoat tinh sinh hoc: protein chic
nang, enzym, thu thé, khang nguyén, khang thé va (ng dung vao nhiéu Iinh
vire cdng nghé khac nhau nhuv: nhan dang phan ti, c6 dinh enzym, chita bénh
sinh hoc, l1am bién d6i sinh hoc, gan té bao vao té bao, san xuét vacxin.

So dd cdng nghé bé mat té bao va cac (ng dung dwoc biéu dién trén
hinh 2.7.

Hinh 2.7. So d6 cong nghé bé mat té bao va cac (ng dung.

Trong d6 viéc nghién cttu gan enzym trén bé méit té bao vi sinh vat I
phuvong phap méi cling dugc quan tdm. Chang han nguoi ta da cd dinh
amylase, glucoamylase, cellulase trén bé mat t¢ bao ndm men, chuyén hoa
tinh bot va cellulose thanh dwong glucose mdt cach dé dang. Hodc nguoi ta
cb dinh lipase dé gitp chuyén héa dau thwc vat va mé tao ndng luvong...

So d0 c6 dinh enzym vao ndm men thé hién trén hinh 2.8.
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glucoasuyluse,
cellulase ote

Ming té bia
' Lipreo
Dilu thyo vat, Diodiezel fusl
chit béo Sfmg vt .
]
Alcol

Hinh 2.8. C5 djnh enzym trén bé mit t& bao nam men.

2.3. Mot s6 dac tinh cha enzym cé dinh
al Enzym & dinh c6 hoat d¢ riéng thdp hon hoat do riéng clia enzym it do
boi:

- C6 thé khi gan enzym vao chdt mang dudi anh hudng cia dién tich &
chédt mang [am cho hinh thé enzym thay d6i, do d6 kha nang xiic tac cling bi
thay déi.

- Véi cac enzym duge “géi" trong khuén gel, mot s6 cd chat cé kich
thudc phan tir 16n khong ti€p xuic duge véi enzym, do d6 hoat luc giam.

- Ciing ¢6 thé 1a do tuong tic protein - protein gilfa cdc phan tif enzym
da ¢6 dinh lam bién dang mot phan cau trdc khong gian clia phan tir enzym.
b/ Héng sé dpng hoc enzym c& dinh tudn theo dong hoc Michaelis -Menten.

Tuy nhién c6 nhitng sai khac dang ké do:

Ai Iyc giita co cht va chdt mang quyét dinh hing s6 K, chia enzym.
Thue t€, mot chat mang c6 chita cdc viing phéin cyc trén bé miit s& hiit co
chat hdo nuSc va ddy co chét ky nuée. Ciing nhu vay khi co chat va chét
mang cung tich dién thi trong ‘moi trudng trung gian cia enzym s€ cé sy
tuong tic tinh dién (hit hay d4y) tao | gradient néng d6. Néu co chat va chét
mang c6 dién tich cling dau thi K enzym khong tan 16n hon K enzym hoa
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tan (K, > K,,), n€u co chat va chat mang tich dién trdi ddu thi K, enzym
khéng tan nho hon K, enzym tan (K, <K ,), chdt mang khong tich dién thi
K, «2K.. (bang 2.3).

Ciing nhu ddi véi pH, luc ion méi trudng tang sé dan dén gid trj K, cla
enzym ty do va enzym c6 dinh gan nhau hon.
Bang 2.3. Anh huéng ciia lién két dong héa tri cha chit mang tich dién lén

hing s6 dong hoc cia chimotrysin déi véi N-axetyl-1-tyrosin etyl este
(Goldstein 1972).

Luc ion K., K, D6 dic hiéu
(M) (sY) {mM) (Kea'Kn)
Enzvim 1 do 005 | 184 0.74 249
ym t 1.00 230 0.55 418
Enzym ¢ dinh 1én chat mang 0.05 300 2.50 120
tich dién am 1.00 280 1.93 145
Enzym c6 dinh 1&n chat mang 0.05 119 7.10 17
tich dién duong 1.00 1.65 5.82 28

o Hiéu irng khong gian:

Su can trd khong gian ciing anh hudng dén gid trj cua K. Viéc ¢6 dinh
enzym lén mét chat mang lam co chat, nhat 1a nhimg co chat phan tr 16n,
khé ti€p xiic voi tam hoat dong ctia enzym hon, lam giam 4i luc cia enzym
d&i voi co chat, do d6 lam gidm van toc phan ting.

Tuy nhién diéu ndy c6 thé cai thién dugc bang cich kéo cdc protein
enzym ra Xa co chit bang mat cdu trung gian, tir d6 1am tang do tur do clia hé
théng.

e Hién tuong khuéch tan:

Nhilg han ché vé mat khuéch tan lam anh hudng ddng ké dén hoat
tinh ciia enzym. Téc d6 khuéch tén clia co chat, san phdm va cdc chat khic
phu thugc vao céc yéu té:

— Kich thudc 16 gel cuia chit mang polyme.

— Khéi luong phan tif cua co chat.
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c/ Enzym c6 dinh thuong cé tinh bén nhiét cao hon so voi enzym tit do.

Vi du: D¢ bén nhiét cha enzym tu do va ¢6 dinh cua B-D - glucosidase
(hinh 2.9).

d/ pH t6i wut ciia enzym 6 dinh thuong bi chuyén sang mién kiém hodc axit
so voi pH 161 wu ciia enzym tit do.

S& di c6 su sai khic nay la do anh hudng cia trudng tinh dién chat
mang giy nén. Su ¢6 mit clia trudng finh dién manh 1am ndng 46 H+ & gén
chit mang va trong dung dich khdc nhau.

Néu enzym lién két dong hoa tri véi chat mang cé dién tich am thi pH
t6i uu s& chuyén sang phia pH kiém so v&i enzym ty do. Trdi lai néu enzym
lién két déng héa tri ¢6 chit mang dién tich dwong thi pH t6i wu s& chuyén
sang phia axit.

100 4“ mﬂé
if‘ % I
» ot
o : o
3 % M
2, | f 5
E™ 1) wy
5. |\ ”
RN .
A 1 »
P i w}
° 10 110 % uli " 4o ® w§ 3
ThM gian (3) 0 u u
- =~ 2> ¢ K/ =
Hinh 2.9. D3 bén nhigt cha Hinh 2.10. Sy thay doi pH caa cac loai
enzym ty do va cd dinh: chimotrypsin:
1- B-D glucosidase tan: 1-chimotrypsin t¢ do; 2-chimotrypsin cé
2-8-D glucosidase khdng tan. dinh trén polyornitin (-);

3-chimotrypsin ¢4 dinh trén polyme axit
etylenmaleic{+)

Vi du: Chimotrypsin gin trén chat mang 1a polyme céa axit
etylenmaleic thi pH 6i wu bi chuyén dich vé phia kiém gdn 2 don vi pH.

Nhung khi gén trén chat mang polyomnitin thi pH t5i uu chuyén vé phia axit
2 don vi pH.
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el Enym cd dinh ¢6 thai gian bdo qudn lau hon va bén vai cac chat kim hdam
cling nhie cdc tdc nhdn gdy bién tinh hon.

Vi du: trypsin lién két dong hoéa tri vdi sephadex bang bromcyanua gilr
trong dung dich ure sau 24 gio van giit duge 75% hoat d9 so véi ban dau.

2.4. UNG DUNG CUA ENZYM CO PINH

2.4.1. Ung dung trong y hoc

* Enzym c6 dinh duoc st dung dé diéu tri cac bénh thi€u hé enzym,
tich luy cdc san phdm doc trong co thé. Sit dung enzym c6 dinh s& tranh
dugc su pha huy do cic protease clia co thé gay ra (do phén éng mién dich
cha co thé). _

* Enzym c6 dinh cdn dugc sir dung dé chita mét s6 bénh nhur:

- L-asparaginase ¢§ dinh trong microcapsule diéu tri bénh bach cau, cling
nhu ¢6 kha nang tic ché sy phat trién u dc tinh do sy c¢6 mit clia L-asparagin.

Chimotrypin, superoxide dismutase chéng viém.

- Streptokinase, urokinase,nattokinase... 1am tan cac cuc mau dong gay
tac nghén dong mach, viém tinh mach.

- Urokinase gin trong microcapsul di dugc sit dung ¢ hiéu qua dé loai
ure mau trong chay than nhan tao.

2.4.2. Ung dung cong nghé héa hoc

Trong cong nghé héa hoc ¢6 thé sit dung enzym dé tong hop cdc chat dinh
dudng, dugc liéu nhu: axit amin, axit hifu co, khéng sinh, hoocmon (bang 2.4).
al Sdn xudt L-axit amin stt dung aminoacylase cé dinh trén DEAE-sephadex

Trén co s& tinh dac hiéu cua amino acylase d6i v6i L-axit amin da dugc
acetyl héa (L-N-acetylated amino acid).Ngudi ta sir dung aminoacylase-
DEAE-sephadex dé san xuat L-axit amin tit hén hop racemic (D-L-axit
amin). Dua vao tinh hda tan khdc nhau gira cic axit amin ty do va dan xuat
N-acetyl —axit amin, cho phép thu duge dang L- axit amin, con acyl-D-axit
amin trong dung dich sau dé dun ndng dé chuyén vé dang acyl-D-L-axit
amin va qud trinh trén duoc lap lai. Vi du, muén thu nhan L-methionin :néng
d6 ban dau ciia acetyl-D-L-methionin 1a 0,2M, sau khi cho 2000lit hon hop
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chay qua cot phan tng cé chita enzym c6 dinh, cho bay hoi va két tinh, thu
dugc 27 kg L-methionin (dat 91% so vdi ly thuyét), dich chita acetyl-D-
methionin duge xur 1y & 60°C véi anhydrid acetic (qud trinh racemic héa),
sau d6 axit héa dén pH 1,8 dé€ thu hoi acetyl-D-L methionin.

Qué trinh san xut L- axit amin the hién & so do hinh 2.11.

Racemic hda

Acyl-D-N-aminoacid « |

Y

Hbn hop L-aminoacid | |

Acyl-L-D- tinh thé Ly tam
r §

: Reactor —

1| Xuly || (kiéuPBR | ayhoi | | o un
]-*QCV b= nhi¢t a hay STR) 4> Két ti
*
Aminoacylase-
DEAE-

Hinh 2.11. So d san xuat L-axit amin bing aminoacylase -DEAE- Sephadex.
Ngoai ra c6 thé sit dung enzym ¢d dinh dé€ san xuit mot sé chat khic
theo bang 2.4.

Bang 2.4. Mot so ing dung ciia enzym ¢d dinh trong cong nghiép

Enym c8 dinh San pham |
Aminoacylase L-Amino acid
Aspartate ammonialyase  L-Aspartic acid
Asparrtate decacboxylase L-alanin
Cyanidase D- formic acid
Gluco amylase D-glucose
Gluco-isomerase Siro ngd néng dé fructose cao (MHigh Fructose
Caom Sirup - HFCS)
Hystidin ammonialyase Axit urocanic
Dihydropyri midinase D va L - aminoaxit
Invertase Budng nghich do
Lactase (3-galactosidase) Sita khong ¢o lactose
Lipase Chét thay th& bo cacao
Nitril hydratase Acrylamit
Penicillium amidase Penecillin
Raffinase Budng khéng cé raffinose
Thermolysin Aspartan
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Phuong phédp san xuat L-axit amin ndy dac biét phat huy vu diém dai
vdi cac axit amin khé thu nhan duge bang con dudmg lén men (nhu L-alanin,
L-phenylalanin, L-tryptophan, L-valin).

b. San xudt Acrylamit
Sén xuat acrylamit bang phan dng cong nudc vao acrylonitril:
CH, = CHCN + H,0 — CH, = CHCONH,

St dung enzym cé dinh nitril hydratase (thudmg goi 12 nitrilase), thu
nhén W Rhodococus, chifa it hoat tinh amidase nén tranh sinh ra cac acrylic
axit khong mong muon tir acrylamit. Enym duge gé6i trong gel
polyacrylamit/ dimethylaminoethylmetacrylat 10% (w/w) lién két chéo,
dang hat. Phin mg & 10°C, pH 8,0 - 8,5, ndng d¢ co chat acrylonitril dudi
30% (w/w), nong do enzym 1% (w/w). Néng do san pham thu dugc trén
20% acrylamit, chia cic acrylic axit dudi 0,02%.

c. Sdn xudt khdng sinh.

6-Aminopenicillin acid (6-APA) la mét loai khang sinh quan trong
thuoc ho ampicillin. C6 thé thu nhan bang cich thiy phan penicillin G
(benzyl penicillin) hoac penicillin V (phenoxymethylpenicillin) bing enzym
penicillin amidase ¢ dinh. '

Penicillin amidase dic hiéu vdi penicillin G duge thu nhan tit E.coli
hoac Bacillus megaterinm. Con enzym dic hiéu véi penicillin V thu nhan
duge tir penecillium chrysogenum hoac Fusarium.

Penicillin amidase tt E.coli ¢6 thé duge ¢6 dinh trén mot s6 chat mang
nhu sephadex hoat héa bdi cyanogen bromua, sir dung thich hop déi véi cic
reactor 1im viéc gidn doan hay lién tuc kiéu STR (35°C, pH 7.8, 2 gi®) hoac
kiéu PBR. Ciing c¢6 thé c6 dinh bang phuong phip hip phy trén DEAE-
cellulose, dung PBR.

2.4.3. Ung dung trong cong nghé moi truong

Enzym ¢6 dinh duge sit dung mot cach cé hiéu qua trong cong nghé
mo6i trudng (xit 1y nudc thai...) bing phuong phép sinh hoc.

Vi du: Sir dung enzym c6 dinh dé loai nitrat trong nudc uéng.

Nguyén tic 1a khis nitrat (d¢c tinh) thanh N, (khong doc) bsi 3 enzym:
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~ Nitrat Reductase (NaR, khr nitrat thanh nitrit).
— Nitrit Reductase (NiR, khir nitrit thanh oxit nito).
— Nito oxit Reductase (NoR, kht nitg oxit thanh nito).

Str dung NaR tinh khiét tir thyc vat, NiR vd NoR bdn tinh khi€t tr vi
khuin dat Rhodobacter sphaeroides. Cac enzym nay dugc cd dinh bang lién
két déng héa tri lén cic chat mang ré tién va tro héa hoc. Cédc phan i chia
electron ciing dugc ¢§ dinh trén chat mang nay. Sau dé toan bo dugc nhoi
gifta cdc dién cuc bing thép khong ri trong mot budng nho tao thanh mot
reactor (dién cuc nhdm cung cap electron cho enzym dé thuc hién phan tng).

Do NaR kém bén nén cé thé tron thém hén hop nitrat reductase ua
nhiét va ua muéi vao reactor & m& rong pham vi hoat dong t5i wu cta
enzym. Hoac c6 thé cho thém mot isozym reductase bién hinh bang phuong
phép sinh hoc phan tir dé tang thém kha nang phén tng.

Cac thir nghiém véi cdc bioreactor quy mé nhd nhu trén di cho két qua
t6t khi xir I¥ nuéc uéng. Tuy nhién, d€ imng dung kha thi & quy moé cong
nghiép, con ¢6 hai can trd chinh 46 la:

- Chi phi cho enzym cao (nhit la NaR).-

- Van chuyén electron d&n tam hoat dong clia enzym khé khan.

Dé khic phuc hai tr& ngai trén, viéc nghién ciu tich tinh ché NaR tir
nidm men va NiR, NoR tir vi khuén, ciing nhu nghién cttu k¥ thuat c¢é dinh,
sir dung thir cdc vat lieu khdc nhau, ké ca mot s6 vat liéu méi nhu polytic
graphit dang dugc tién hanh va hy vong s€ c6 nhimg két qué kha quan.

2.4.4. Ung dung trong cong nghé thuc pham

Enzym c6 dinh duoc st dung rong rdi trong cong nghé thuc phim
(bang 2.4).

al Sdn xudt glucose:

Sir dung glucoamylase d€ san xuat dich glucose néng dé cao (92-96%)
tir tinh bot dd thily phan bdi a-amylase. Glucoamylase ¢6 thé c¢6 dinh bing
lien két acetonic dong thai tao lién kéi chéo bdi glutaraldehyt.
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bt San xudt siro ngo voi nong do fructose cao (HFCS)

Dich glucose nong d9 cao ¢6 thé duge san xudt bing glucoamylase.
Tuy nhién d ngot ciia glucose thap (73% dg ngot cha saccarose). Trong khi
dé6 dubing fructose ngot 174% so vdi dudng saccarose va c6 do ngot gép 2,5
14n glucose. Do dé néu chuyén mot phin glucose trong dich thanh fructose
thi c6 thé cho do ngot ting lén ding ké ¢ cling ndng do. K§ thuat ndy cd thé
dudgc tién hanh véi enzym glucoisomerase ¢6 dinh.

Gluco-isomerase thu nhin tir Antinoplane misouriensis, bacilluscoagulans,
cdc chung streptomyces. Pay 14 nhimg enzym ¢6 do bén nhiét cao va kha
nang tac dung & nong do co chat cao.

C6 nhiéu phuong phip c6 dinh khac nhau dugc st dung cho cdc enzym
tlr cic nguon vi sinh vét khac nhau, nhung chi yéu la dung phuong phap lién
két chéo (Crosslinking) cdc enzym nho tdc nhan glutaraldehyt.

Hién nay thudng thuc hién phan iing déng phan héa glucose thanh
fruciose trong PBR (cho hiéu qua t6t hon). Dich co chat ¢6 néng d6 cao (35-
45% chat kho, 93-97% glucose), thuc hién phan img & 55-60°C, pH 7,5 - 8,0
(diéu chinh bing Na,CO,), cho thém Mg,SO, dé hoat héa enzym (Mg™,
CO* 1a cofactor cha enzym). Sin phim thu dugc chda 42-46% (w/w)
fructose, 49-53% glucose, con lai 12 c4c oligosaccarit. D€ san xuat 100 tan
(chat kho) chia 42% HFCS/ngay, cén lugng enzym khodng 4m’.

MgSO4

Dich tir qud trink
thuy phin :
] Khus® Xit L cacbon

Co dac

Na2C03

|

Hinh 2.12. So d8 day chuyén san xuit dich fructose (100 tin/ngay).
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Sau khi déng phan héa, pH clia dich tit 4-5, duoc lam sach bang sic ky
trao déi ion va xu ly vdi than hoat tinh. Sau do c6 dic dé thu hoi duoc dich
khoang 70% chat kho. Néu muon thu duge dich fructose nong d¢ cao hon
(vi du 55%-cé do ngot bing saccarose & cung nong dg), c6 the st dung co
sac ky zeolit hoic mudi canxi clia nhya trao doi ion dé hap phu va tich
fructose ra khoi cdc chat khdc. Sau d6 cho dong dich fructose 90% tron vdi
dong dich 42% s& cho dich 55%.

¢/ Sdn xudt sita va sita whey khong c6 lactose (LACTAID)

Sir dung B-galactosidase (lactase) thity phan lactose (mot loai disaccarit
khé tiéu héa thudng gap trong sira) thanh glucose va galactose 1a nhimg
dudbng dé titv héa hon, d6 ngot cao hon dong thdi it bi két tinh. B-
galactosidase dugc thu nhan tit Saccharomyces lactis, Kluiveromyces
fragillis va Aspergillus niger. Enzym tir Saccharomyces lactis (c6 pH,,, =6,6
- 6,8) va Kiniveromyces fragillis (c6 pH,, = 6,4 - 6,8, c6 dinh bang cdch
“g6i” trong soi cellulose triaxetat, sgi dugc cét ra va su dung thiét bi phan
img gian doan STR & 5°C) duge diing cho sita va whey ngot. Con enzym tit
Aspergillus niger (c6 pH = 3,5 - 4,5, ¢6 dinh trong silic dioxit réng duong
kinh 0,5mm, sit dung thiét bi phan ng dang cét PBR) duge ding cho sita
chua.

d/ Sdn xudt dieong nghich ddo

St dung enzym invertase dé chuyén saccarose thanh glucose va
fructose (dudng nghich ddo - c6 thé diing trong sin xuit mit cho kha ning gil
4m 16t hon) ma khong tao miu nhu trong trudng hop thuy phan bing axit.

Invertase dugc thu nhan tir nim mem Saccharomyces cerevisiae hoac
Saccaromyces carlbegensis, ¢6 dinh trén rafle cia ngo bing lien két dong
hoa tri hodc dung phuong phép tao lién ket chéo (cross-linking) (thoi gian
ban hiy 90 ngay, pH = 5,5, t°=50"C, ¢6 thé si dung thiét bj phan tmg dang
cdt PBR v6i thdi gian luu 15ph, chuyén duge 95%). Mot lit enzym dang vién
c6 thé san xuat duge 15 tdn siro nghich dao (tinh theo chat khé).
el Sdn xudt dich dwong khong chita raffinose

Si dung raffinase (a-D-galactosidase) (thliy phan raffinose thanh
galactose va saccarose) dugc thu nhan tr nim Mortierella vinaacea
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(raffinoseutilizer). Nam phat trién dudi dang hat, dugc thu nhan, say kho va
sir dung truc ti€p nhu enzym c6 dinh.

Enzym dugc khudy véi nude chiét ca cai dudmg, trong thiét bi phan ing
(BSTR batch). Khi raffinose di thuy phan hoan toan, canh khudy nging hoat
dong va nudc chiét duge bom ra khoi thung chira enzym. Enzym duge thay
méi cho mé tiép theo. Galactose sinh ra bi phan huy trong moéi trudng kiém
& giai doan lam trong dich va khong anh huong gi khi thu hoi dudng
saccarose.

Raffinase c¢& dinh ciling ¢6 thé dugc st dung dé loai raffinose va
stachyose tir sita dau tuong. ‘
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CHUGNG3
PONG HOC PHAN UNG ENZYM

3.1. PONG HOC CUA ENZYM MONOME

Nhu chiing ta déu biét, mot chét xdc tdc du 1a héa hoc hay sinh hoc déu
¢6 tdc dung lam tang véan toc cha phan img. Van téc¢ cta phan dng enzym la
luong co chét b chuyén héa hodc lugng san phdm duoc tao thanh trong mét
don vi thoi gian. Thong thudng, luong co chat hodc luong san phdm duge
bi€u dién bang néng d¢ phan ti (M) va don vi thai gian 1a giay.

3.1.1. Thit béac cba phan ing

3.1.1.1. Phan ung bic nhdt

Mot phan tmg bac nhét thudng tuong tmg véi sit chuyén déi chi mot co
chat thanh san phdm: .

S » P

S - ham sé mil cda thoi gian : {S )= [S,Jexp™
K- hang s6 van téc.
Lay log ta dugc phuong trinh & dang tuyén tinh :
Ln[S] = -kt + Ln(S,] (3.1)
Ta thay, van toc cia phan iing & thoi diém 1 duge xic dinh bing s6 cic

phan tit P tao thanh (hogc s6 cic phan 1l co chat bi mat di) trong mot don vi
thot gian:

- _dIS]_d[P]
dt dt

Néu néng do duge bi€u dién bang mol/lit hoac M va thdi gian dugc
biéu dién bang gidy (s) thi v= M x s” vak 1a bing s™.

=Kk[S]
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Ta thay van t6c v cha phan ting s& giam theo thoi gian va sé tién dén
khong khi t tang. Hang s8 van tdc chi phu thudc vao mét co chit va néng do
cua co chit nay lién tuc bi giam. Trong thuc t€, néu néng d6 co chat rét cao,
thi ¢6 thé coi nhu ta khéng ddi trong qua trinh phan tng, khi phan iing dugc
xem xét trong khoang thoi gian ngan. Trong diéu kién nay van t6c phan (ng
12 khong déi, lugng san pham tao ra chi phu thuoc vao théi gian phan fmg va
phan tmg c6 thit bac khong.
3.1.1.2. Phdn itng bdc hai

Phén itng bac hai thudng dugc biéu dién dudi dang phuong trinh phan
ing sau :

A+B k » C

La mot phan tng ¢6 2 co chit phan dng véi nhau dé cho mot (hoac

nhiéu) san pham.

Van t6c phan ng ¢6 thé viét :
v=2 v ja)m)
dt

O day, ta thdy v ti 1& v&i mot san pham hai ndng do.

Van téc v luon duoc bi€u dién bing M xs”, con hing s6 van téc k
dugc biéu dién bang M xs™

Néu | trong 2 co chat chdng han A rat 16n so vdi B thi ndng do [A]
thuc t€ coi nhu khong déi va bing ndng dd ban ddu [ A}, trong thdi gian
phan (g va v c6 thé viét :

V =k [B]
trong d6 k' = k[Al],

Diéu nay c6 nghia 12 mot phan (ng bac hai c6 thé xem nhu mot phén
ing bac 1 néu 1 trong 2 co chit ¢ néng do rat 16n. Ching han phéan dng
thuy phan mot co chat :

A-B+ HOH — AH + BOH .

3 day phan tng 12 bac nhat d&i véi ndng do [ A-B] vi nudc 1a rat 16n.
Va di thir bic ciia phan img th€ nao thi v 1a mot ham nghich bién cua thoi
gian vi 1& c4c nong 40 co chat giam trong khi ndng do san pham lai tang.
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Vay v 12 mét tham s& bién déi ma ngudi ta chi c6 thé do trong nhimg
diéu kien dic biet, 1a diéu kién ma cé v khong doi. Cic diéu kién nay dugc
goi 1a diéu kién ban dau va van toc ndy duge goi 1a vdn toc ddu.

Vay khi néng d§ cta co chal >§
thip phén (ing xay ra cd thit bac |
Tat ca enzym déu &
v=k[S] trong ES
Con khi néng do cta co chat Bac khong : v=k,
khd cao thi phan Umng cé tht béac ndng 46 o chit fs]
khong: v=V_, bic nhat v = k(S|
Bic 0 Bac | Bac 2
1 P
X
0 0 » 0 t
t
X 2303, bla-x)
= M.s™) = 2303 log _ @ . = =)og
-1 k= & 03;_*_;(-*'} ity atb-x) M

Hinh 3.1. Anh hudng néng d co chat tdi thi bac phan tmg enzym
x- lugng ca chit bj chuyéh héa trong thdi gian t.

3.1.2. Pong hoc cua enzym monome c¢é mét co chat

3.1.2.1. M6 hinh Michaelis

Su xic tic cha enzym thudng duge thyc hién bing cich tao ra it nhat
mot phiic hop tam thdi gilta enzym va co chit. Mo hinh don gian nhat 1a mé
hinh ctia Michaelis. M6 hinh nay thira nhan ring phin ting chi xay ra vdi
mot co chat va tao thanh chi mot san phdm:

k]l k,
E+S < ES > P+E
k. k

a/ Cdc pha cita phdn vmg enzym

- Khi enzym va co chat clha né c6 mat dudi dang dung dich thi phitc ES
dugc tao thanh mét cich nhanh chéng va tang theo thdi gian, dac biét la khi
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S ¢6 nong do rat lén. Ngudi ta ndi la phan vmg ¢ trang thdi tién dimg
(prestationary phase), thuong pha nay chi kéo dai trong khoang thoi gian vii
phin ngan gidy.

- Khi pha nay két thic thi phan dng bat dau vao trang thdi dimg
(stationary phase). O trang thdi dimg, co chat vin bio hoa enzym, phiic hop
ES c6 néng do cuc dai va 6n dinh. Luong san phdm tao ra tang 1én mot cach
tuyén tinh. Nguoi ta néi phan ¢ng dang & trong diéu kién ban diu. Van toc
phan img lic nay khong déi va phin img cé thi bac khong. Van t6c nay
duge goi 1a van t6c dau va dic trung cho pha dung. Dai khi ngudi ta ciing
goi 1 van 16¢ ditg vi né van giir khong ddi chimg nao néng d¢ S con bdo
hoa enzym. Diéu kién ban dau thudng c6 thoi gian phan tng ngan (mot s6
phiit va ¢6 thé tdi hang chuc phit) va lugng cd chat dugce tao thanh san phdm
con rat it (do dé cé thé bd qua phan dng nghich).

- Sau moét thoi gian dai hay ngdn phu thudc vao enzym (thuomg tir vai
phit dén vai gid) lugng co chat bi can kiét va néng d¢ phitc ES cling gidm
dan theo. Van téc phan img giam va cudi cling triét tieu hoan toan. Phan ing
& trang thai sau dimg (post — stationary state).

Dura vao co ché va cdc qud trinh c6 thé chia phdn ing enzym ra hai giai
doan :

o Tién Pha dimg
(S \ dimg T

Ndng 3o

HES)_
" ) A (ES) W =0

1 t, t;  Théd gian

Hinh 3.2. Cac pha clia phan iing enzym mét cd chit.
bl Hai giai doan clia phdn tmg enzym
Trong nhimg diéu kién ban ddu, néng do cia co chat 1a rat idn so vdi
néng do enzym: [ S], >> [ El,, ta c6 thé mo ta qua trinh enzym qua hai giai
doan k€ ti€p nhau.

95



* Giai doan dau: ph&rc hgp enzym co chat dwgc tao thanh mot cact
nhanh chdng va thuan nghich nho cac twvong tac phi déng hoa tri gitra co chat
va cac axit amin nhan biét clia tam hoat dong cla enzym.

E+S +===£ ES
ITI

Su két hop gitta E va S 1a mot phan (ng bac 2, nén hang s két hop K|
duoc do bang M 'xs'l con sy phan ly phitc ES 1a phan (ng bac 1 nén k)|
duoc do bang s *

Thuong ty s8' ki/ k  1a kha cao va dugc goi la hang s6 i luc ka cla
enzym doi véi co chat:

- Giai doan 2 (giai doan xGc tac): gdm mot chudi cac phan Gng tru
gian nham bién d6i phitc ES thanh trang thai quéa dd trong d6 co chéat dwoc
lién két voi cac gbc axit amin x(c tac cla tdm hoat dong enzym (thuong
bang lién két ddng hoa tri). Rdi trang thai qua dd nay sé tw chuyén hoa thanh
phrc enzym- san phdm va cudi cling phic enzym -sdn pham sé phan ly
thanh enzym tv do va san pham :

ES E+P

Vay la toan bd chudi sy kién nay déu co lién quan v&i cac axit amin
xuc tac va van téc chung (tdng) cta quéa trinh nay thuong duoc dac trung boi
héng s xtc tac kad. Vi phan ng tdng la phan (ng bac nhét d6i véi phirc ES
do d6 ka dugc biéu thi bang s *

Va qué trinh enzym téng thé co thé viét:

k | k cat
E+S ES— » E+D (3.2)
k-1

Thuong thi giai doan xdc tac cham so voi giai doan tao ra phirc ES do
d6 hang s6 xdc tac kat (k2 nhoé hon hang s6 két hop K|.
» Van téc dau

Theo (3.2) van téc dau cé thé viét :
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_rdp]l , reel
I* u = K JESi

Vi trong pha dau, sy hinh thanh mdi mol p déu twong Gng voi su
chuyén héa mot mol [ES ]. Do dé viéc tinh v, c6 lién quan véi viéc tinh nong
o [ES ]

3.1.2.2 GUuri thuyét chia Brigg va Haldane

(v,.) béng van toc phan giai phirc ES (vj)
v. = k,[E][S]
vd= k. JES]+~[ES]
Vay phuong trinh & trang thai dirng c6 thé viét:
K,[E] [S] = (k , + kad) [ES]

hay KJES] = [E]{S]v6i Km (3.3)

K,ndugc goi la hang s6 Michaelis -Menten. Kn, dvgc do bang ndng do
mol (M)

3.1.2.3. Phuong trinh Michaelis - Menten
Enzym la mot chat xic tdc nén trong qua trinh phan ng sd luong
enzvm tong khdng thay déi, cé nghia :
[E]O=[E] + [ES]
Thay [ E] = [ E](-[ ES] vao trong phuong trinh Brigg-Haldane (3.3). ta

duoc:
KJES] = [E],-IES][S]

hay CK. + [S) [ESI = [ E],, [9]
m
[S] - Kr
Vay }/o - kca:ﬁf?ll - kcas:]lﬂg"zs] (3.4)
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Phuong trinh nay goi 12 phuong trinh Michaelis —-Menten. Neéu tat ca
phan tir enzym déu & trong phic véi co chat thi ndng do [ES] bang néng do
téng clia enzym [ EJ,. Van toc ddu cua phan img s dat dén gia tri cao nht
cua nd : van téc cyc dai :

Vo= Vi = KealEl
Phuong trinh Michaelis ~Menten (3.4) c6 thé viét :
. _VmgyiS]
(R —S;fj;; (3.5)

Vay van t6c cyc dai s& dat duoc néu nong dd co chat 1a rat I6n so véi
néng d6 enzym. Hing s6 K, ¢6 thé xdc dinh nhu gia tri cia ndng 40 co chat
ma tai d6 van t6¢ ddu bing mot nira van t6c cyc dai. :

e Hing s6 K, ciing lién quan véi 4i luc clia enzym déi véi co chat :

k, +k
[( _I___EQI__+_£QI
kl. gﬂi kl

3 tren, ta da thdy hing s6 k_,, 1a it nhd so v4i k, nén ¢6 thé coi K, =
1/k,, c6 nghia 1a K, bing nghich ddo clia hing s6 4i luc.
Vay viée do hing s6 K_ 1 mot cach t61 dé ddnh gid 4i lyc cha mdt
enzym déi véi moét co chit da cho.
o Thudng hiéu qua xic tic cha enzym duge ddnh gid qua hing s& dic
hitu k, :
ko, =Y o Hokear K4
Km  ky+tkear 1, 5
kcaz
k,1a gidi han trén cha ty s nay va ty s0 nay s& dat dén gidi han
trén néu k,, labésovoik,,

k, lai bj giéi han bd van.to’c khuéch tin clia enzym va co chat
dén v6i nhau nén khong thé vugt qua gi4 tri t6i da cia vén toc
khuéch tdn nay, thudng vao khoang 10° -10°M'.s"

Véi mot enyim c6 k va k,, =10°s"; k, =10°M™.s"! s& c6 céc gia tri nhu
sau: k,, =10°M"' :

K, = 2x10°M = KL =0,5x10°M"

m-
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Vay

3.1.2.4. Tinh thudn nghich va hé thitc Haldane
O chimg muc nio d6, cic phin img enzym déu c6 tinh thuan nghich, ¢6
nghia 12 cdc enzym c6 thé xtc tc ci phan (ng ngugc :

_ K., |
" P4+E ——»ES — »E+S
K,
Ta c6 thé viét : |
AL L s

Van téc cuc dai cla phan tmg thuan V__,

Ve = K[E]
Van tdc cha phan ung nghich, V',
V' =k, [Ely
Ta c6thésuyra:
K. k Vi k
—-_Krn :T-z v;mt_ -k_l
Tir day ta ¢6 h¢ thitc Haldane: :
KX Vi kk, (P
Ky =———— = = -
K, Voo Kiky  [S]
K_,: hing s6 can bang ciia phan tng tdng.

He thiic nay chi 18 c6 sy phu thudc 1an nhau giita hing s6 can bing va
cac tham s6 dong hoc cha moét phan img enzym thudn nghich do d6 khong
thé bd qua phan ting nghich khi san phim di dugc tich ty.

- Chit y: Hang s6 k_, 1a tdng hop cla nhiéu giai doan lién ti€p chuyén
héa phitc Michaelis -Menten dén trang thdi qiia do, rdi tir trang thai qua do
nay dén phifc enzym- san phdm va cudi cing phan ly phiic nay dén enzym tu
do va san phdm:
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k2 k4

ES ES*- ->EP * E+P

Do dd, gia tri cla hang sd' ka phu thudc vao gia tri cla hdng sé twong
(rng v6i giai doan cham nhat tkc la giai doan gi¢i han.

Phai ludn nhé rang phwong trinh Brigg -Haldane va phuong trinh
Michaelis-Menten chi c6 gia tri khi dwgc dat trong nhitng diéu kién ban dau
da xac dinh tredc. Ngoai ra, cling can chd y rang trong cac phuong trinh &
trén, ngudi ta luén coi ndng dd co chét ty do [S] bang v&i ndng dd co chat
[SI, lac khdi dau. Va wong diéu kién ban dau nay thi néng doé san pham
dwoc tao ra con rat bé so voi ndng do cla co chat. Khi ndng do san pham dat
dén mic c6 y nghia thi cac phuong trinh nay sé khdng ap dung dwoc nira.

Phuong trinh Michaelis -Menten cling c6 thé dwoc biéu dién duoi dang
sau:

[EJ kXAS]
V= (3.6))
k2+ kAS]
Ve m
I/k 2+ 1/k AS] (3.7)

3.1.3. Bong hoc cla cac enzym monome nhiéu co chat

Trong thyc té, it c6 phan (’ng enzym mot co chat. Phan Iéncéacphan
(ing enzym co6 hai hodc nhiéu co chat va tao ra hai hoac nhiéu san pham. Mot
sO l6n enzym thuong gap cé hai co chat. Phan (ng tong cla cac enzvm cb
hai co chit va hai sdn pham thwong c6 dang nhu sau :
E
A+B <i=fp +Q
Trong co ché cla phdn ng gilta enzym va co chat thudng tao ra nhiéu
kiéu t6 huwp khac nhau :
- T0 hop hai (binary): EA, EB, EP, EQ.
- T6 hop ba (ternary): EAB, EAQ, EBP.
Cleland (1963) d& biéu dién cac co ché clta phan (¢ng enzym hai co
chat nhu so do dwgi day, trong do:
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- A, B, C: lacéc co chét theo thir tw két gén.

- p, Q, R: lacéac san pham theo thi ty xuét hién.

- E . la enzym tw do ban dau.

- F, G :ladang tam thoi cha enzym trong quéa trinh phan ng.

- uni, bi, ter la nhitng ti€ép dau ngit de chi sa AlF*MLva s6 san
phdm trong phan (ng.

Trong thuc té, it gap nhirtng co ché enzym vuwot qua ba co chét va ba
san pham(Ter Ter). Co ché thwong gap la co ché hai co chat va hai sén
pham (Bi Bi)

Theo Cleland, trong kiéu xuc tac Bi Bi nay, thwong cd bon mo hinh Ién
nhw bang 3.1.

Béang 3.1
B
(?) Bi.Bi c6 trat tw I I 1
EA EAB EPQ EQ
A B p Q
i 4 I T
S /e ( 6\
rJ) Bi.Bi b&p bénh B a) - P)--mmmmmeeen >
\* V EAB EPQXi__V E
EB EP
A p B
3) Bi.Bipingpon
® Pingpong E4EA4FP 4‘%
B p Q
~N
(T) Theoreli -Chance n I
EA

C6 thé noi, trlr cAc enzym : isomerase, lyase va hydrolase (ndng do
nwéc khong doi va du thira) cac enzym khac: oxydoreductase, transferase va
ligase déu tuan theo dong hoc hai co chat, co chat th hai c6 thé la mot
coenzym.
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3.1.3.1. Phdn ting kiéu Bi Bi co trdt tw

Trong mo hinh ndy, mot co chat A bat bu¢c phai gan vio enzym & giai
doan ddu tién. Co chdt B chi ¢6 thé dugc gin thi hai dé tao ra td hop kép ba
EAB. Phin tiép theo clia phan ting sé din dén giai phong P (tir B) roi san
phdm Q (tir A). Mot vi du c6 tinh chdt ¢ dién cia co ché nay la enzym

malatdehydrogenase
Malat + NAD'

(A) (B)

1

NADH + H* + Oxaloacetat
(P (e) '
* Van t6¢ cha phan ving téng v ¢6 dang :
Ve [A] [B]

V=

[A] [B + ks [A] + koky
hay .l-_: 1 (+ kA + kAk[s‘\l
v V.. \ [A]l [A)B])

VEé dé6 thi % =f (é-]-) véi [A] khéng déi, ta dugc mot dudmg thing. Véi

cdc néng d9 [A] khic nhau, ta dugc mot chiim céc dub‘ng thing déng qui &
mot diém. Ta ciing 1am nhu thé v6i co chit B, ¢§ dinh néng d¢ [B], vé d6 thi

1 1
7 f(m)

—_—

Verax

He s8 g6c (D6 nghigngy:
KK, )
Vo8]

He 50" géc (DY nghiéng) :
Ky . K,
v (1"’m)

(8] 4]

Hinh 3.3. Bgng hec hai co chit. Co ché Bi Bi c6 trat ty.
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Vi cdc ndng do [B] khéc nhau ta ciing duoc mét chim cédc dudng thing.
Tir d6 thj ¢ thé xdc dinh dugc cic tham s& dac trung.

3.1.3.2. Phdn imng kiéu Bi-Bi bdp bénh

Trong trudng hop nay, hai co chat A va B c6 mot di luc riéng ddi véi
enzym. Chiing tu két gin véi enzym mot cich ngdu nhién dé tao ra té hop
kép doi EA hoac EB va cu6i cung thi tao ra t6 hgp kép ba EAB. Cac san
phdm cua phan img P v Q ciing dugc_giai phdng ra theo mot trat tu bap
bénh. ‘

Ciéc enzym phosphotransfenase c dong hoc theo co ch€ bap bénh nay.
Chang han enzym creatin phosphokinase xiic tac phin ¢ng :
V ATP + creatin =— creatin.phosphat + ADP '

Phuong trinh van t6c cé dang sau :

V. [A] [B]

V=

([A] [B] + ks [A] + k, [B] + k,kg)

] 1( k, kg kAkB)
hay — = 14 —A g 2B
v oV, [A] [B] [Al{B]

max

V& dudng biéu dién 1 =f (ﬁl;j) véi [A] ¢6 dinh s thu dugc mot duomg
v

thing. Véi cic néng do [A] cd dinh khdc nhau, s& thu dugc mét cham dudng
thang cho phép x4c dinh duoc k.

. I 1 . . 3
V& dudng biéu dién tuong tu cia % =f (-[-;]) vGi [B] ¢6 dinh cho phép

xac dinh duge K,

Y
—>
- |-
—

{A] in

o | >
e

LI | PP} / 1.
i 7Y LI 7,

9 (5 K

Hinh 3.4. Pong hoc hai co chit - cd ché bap bénh.

—
w|-
—_ v
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3.1.3.3. Phén @ng kiéu Bi-Bi ping-pong

Co ché kha don gian : co chat thi nhat két gan véi enzym dé tao ra san
phadm dau tién, rdi co chét tht hai s& gan vao va tao ra san pham thi hai. Vi
c6 sw trao ddi gitra hai co chat, nén hién nhién la co chét thi nhat da phai dé
lai & tm hoat d6ng clia enzym mot hay nhiéu nguyén t. Cac nguyén tlr nay
sau d6 s| dén két gén véi co chat thi hai.

Trong moé hinh nay, A va B, ci hai déu c6 ai lec v6i enzym. Céc
transam nase c6 nhom ngoai la phosphat pyridoxal thudng theo co ché nay,
trong do nhém NH2 déng vai trd nhv qua bong ban (ping-pong). (0 cac
enzym nay, nhdm ngoai dugc lién két chdt ché véi apoenzym va duoc coi
nhr 1a moét phan toan ven cGa enzym). Chang han, trong phan (ng thuan
nghich sau dugc xdc tac b&di enzym transaminase :

AXxit aspartic + AXxit a xetoglutaric
A " (B)

Axit oxalaxetic + Axit glutamic

(P) Q)

Thyc t€, phan (ng xdy ra lan lwgt nhu sau:
1) K&t g&n co chat thir nh&t: axit aspartic.

2) Tach nhém amin dén két gan voi nhom phosphat pyridoxal tao
thanh phosphat pyridoxamin.

3) Giai phéng ra san pham thit nhai : axit oxalaxetic.
4) KEt gén co chat thit hai: axit a xetoglutaric.

5) Chuyén nhém amin tir phosphat pyridoxamin (chat nay lai tr¢
vé dang phosphat pyridoxal) dén a xetoglutaric tao ra axit
glutamic.

6) Giai phong ra san pham thit hai : axit glutamic.

Phrong trinh van toc clia phan (¢ng cd dang :
vnx[A] [B]

([A] [B] + kB[A] + KA[B])
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Pray L=—1— 11+ L4+ 0a

\4 [A] [B]
1
\%
[A] [A]lana [B,I [B]tung
ivi 1BJ
, AT 1B,J
Hé sri abc m -~-1- Hésogodc
» 1= 1 MU K. L («J
1 1! 1
K (BJ * M

Hinh 3.5. Bdng hoc hai co chat - co ché ping-pong
Hinh dwéi day, mo6 t& mot cach c¢6 hinh anh co ché ping —pong dac
trung cho sy chuyén dong cda modt nhém cacboxyl gilra mctyl -
malonylcoenzym A va pyruvat khi c6 méat cia enzym carboxylase c6 biotin.

Vung cua metyl
malonyl CoA

Ving clia
pyruval

Hinh 3.6. Sv di chuyén clia nhém cacboxyl gitta metylmalonyl CoA va pyruvat dé
tao ra propionyl CoA va oxaloaxetat khi c6 mat enzym c6 biotin.

3.1.3.4. Phan (rng kiéu Theorell - Chance

Trong mot s6 phan (ng ki€u Bi -Bi cd trat tw, phirc kép ba EAB co
nong do: rat thdp va cé doi séng rdt ngén s& d7 nhw vay la do cac hdng so
phan ly clia co chat th hai (B) va cla san pham th nhat (P) la rat cao so voi
héng s& phan ly clia co chat thi nhat (A) va cla san phdm tha hai (Q).

Céac enzym alcoldehydrogenase va lactatdehydrogenase van hanh véi
NAD theo co ché nay. Cac coenzym duwgc st dung vira nhw co chdt thiv hai
va san pham th¢ hai:
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Alcol + NAD* &2 aldehyt twong img + NADH + H’
Lactat + NAD* & pyruvat + NADH + H'

Trong mé hinh nay, su biéu hién dong hoc clng tuong tv nhu & co ché
bi-bi c6 trat tu, chi ¢é khdc 13 & sy ddi xir cha c4c san phdm (& day Q la chat
kim h@m canh tranh cia A va P la chat Kim hdm canh tranh cta B, diéu nay
lam cho né giéng véi co ché bi-bi ping-pong hon).

A B P Q
I VA B
E EA EQ  E

Hinh 3.7. Phan (mg kidu Theorell —Chance.

3.1.4. Phuong phap xéc dinh bing thuc nghiém cic tham sé dong hoc
3.1.4.1. Phuong phdp dé thi ciia Lineweaver va Burk

K, 1, 1
V. ®Y

TTHX

1
-~

Phuong trinh ¢6 dang dudmg thang y = ax + b.

O day %: f(E;—]) d6 nghiéng a = \II(,: i b =v_:;

* Vi %=0 thi %[é):-v:(vm +0)
f;j:% (di€ém A)

R e e

1=K +(— A _ 1 g
| m+([S]) hay 5K, (diém B)
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! 1 1 ""1 G
Hinh 3.8. Hinhk 3.9.

3.1.4.2. Phuong phdp dé thi cia Eadie-Hofotee (hinh 3.9)

—[S_]— 9 =~—-———1 . b: Km
y=5 =f([SD > a v_ bty
3.1.4.3. Phuong phdp do thi Eadie - Scatchard
YV Vo Y
[S1 K. K,
v -1 V
=—=f(v) @ a=—; b="T
Y=18] JO) ra X
v s |
[5]

v

Hinh 3.10.
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3.1.4.4.Phuong phap do thi Woolf-Hofstee

K v
V:Vmax o

[S]

(Nhan 2 vé cla phuong trinh Lineweaver -Burk voi tich (Vnav))
y =V a=

3.1.4.5 Phuong phap Eisenthal va MacCornish - Bowden
Céc gia tri cla [S] duwoc dat & hoanh do am.
Céac gia tri cha v dat & tung do.
y =v=1([-S])

Cac duong thang thu dwoc dong qui & mot diém cé hoanh d6 Kmva
tungdoVm,

Hinh 3.11.

3.1.5. Anh huwéng cla céc tdc nhan vat ly dén ddng hoc cta cacphan
(*ng enzym
3.1.5.1. Anh huéng cla nhiét do
Tac dong cuiuinimJpdeinTOiinjpcuim” twong:
Nhiét hoat hoa cac phan (*ng hoa hoc.

Nhiét lam bién tinh protein va lam vo6 hoat héa enzym.
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Hoat hdéa bdi nliiet

iiri-1 MOib udi<

Bién tinh béi nhi<ft

T° toi wu Nhidi do

Hinh 3.12: Anh hwéng cla nhiét d tGi hoat do6 enzym
ai Hoat hoa cac phan tng héa hoc béi nhiét

Ta déu biét, van téc cla cac phan (rng enzym ciing nhu cla td ca cac
phan (ng héa hoc déu bi anh hwdng do su ting 1én cta nhiét do, theo hé thic
Arrhenius

k =s Xe BRT (3.8)

Trong do6: k - hang s6 van téc cta phan tng;

Ea- nang luvong hoat hoa cla phan @ng;

s - hang s6;

R - hang s6 khi ly twéng (1,987 cal/mol do);
T - nhiét do tuyét doi.

Hé thic nay cho thdy van téc cia moét phan ¢ng hda hoc ting cung voéi
sy tdng nhiét d6 (tdng nhiét do Ién 10 do thi van téc cla phan (ng tang l1én 2
lan).

V6i phan (ng enzym thi sy tdng nay lon hon nhwng khong phai la vo
han, thudng chi trong mot ving nhiét dé nao d4. N6i chung, nhiét do lam
Bfen tinh enzym 1Y tr 459 -BO'e. Midt s6 erizyim bén nhigt thi co hé hoat
dong & nh ét dé cao hon nhiéu (cé thé tdi 100°C).

Thong s6 dac trweng cho enzym la nang lvong hoat héa cla phan Gng E
dwgc do bang kJ.mol' .

Xéc dinh nang lvgng hoat héa

Hé thirc Arrhenius c6 thé viét dwdi dang:
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Ink = ——EEf- ;i: + Ln(s) 3.9)

Puong biéu dién Lok =f (—%) 12 mot dudng thang c6 hé so goc 1a (E/R)
hoac (E,/2,3R)

Ink 4

Ins |~

\K_ER_‘Z\
1
T

Hinh 3.13. Xéc dinh néng'luqng hoat héa cia phan tmg.
E, = (hé s6 géc) (-4,575)
(4,575=1,98'? X 2,303)

-
-

Vi phan (3.9) theo T
dmk _E d(T) Eoh L ms oy
dt RAT T dT -
dinkK dT
=-E, —+
dT ~ ""RT?’
dnK E, . :
dT ~ RT® G40
Tich phan (3.10) tir k, & nhiet 49 T, dén k, & nhiét do cao hon T,
jdhm=5j[T‘2dT @I
. ‘R 5 . |
ma I’I"’dT—TM l: E |T' =—£ |T::=.——1— ——1— =——1——I—=“—-Tz “—"’I; =—"“'_T|"
2417 1% TR L) T L TR T TR

ky
Viy (3.11) s€ bang: Idlnkzln—t—’:E' L-T
k
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k, T, -
log —* =0219E,. Lo 0,219=1/4,575 3.12
g TT ( / ) (3.12)

H 142

Hoic E, =4,575 ——— L1 ————log —= & (3.13)

T,-T1 ° k,

Biét nang lugng hoat héa ¢6 thé tinh duge Q,

k,( 10
=% 3.14
Qo K, (Tz —T,) (3.14)

Phdn 16n cdc enzym cha doéng vat cé vii, gid tri cta Q,, bing tir 2+4
(trung binh 14 2) tuong g vdi ning lwgng hoat héa tir 50 dén 100kJ.
b/ Bién tinh va v6 hoat cdc enzym bdng nhiét

Khi nhiét do ting, cdc nguyén tir clia phan tlir enzym s& thu dugc mot
nang luong 16n hon neén c6 xu huéng chuyén dong nhanh hon. Nang lugng
ma chiing thu dugc c¢6 thé dis dé thang céc twong tic y&u vén quyét dinh ciu
triic clia céc protein hinh cdu, din dén mot sy bién ddi hinh thé protein va do
d6 1am giam hoat tinh clia enzym. Phan tng vé hoat mét enzym bdi nhiét
thudng c6 dong hoc bac mét:

[E]=[E,]xe™
ln-L]-E-]— =-kt
[E,)

Trong dé: k - Hing s6 van toc cia phan ting;
[E] - Néng d6 ctia enzym hoat dong & thoi diém t;
[E,}- Néng d¢ ban ddu ctia enzym hoat dong.
Trong thuc t€ ngudi ta do hoat do rieng con lai A ciia enzym sau cic
thoi gian gia nhiét khdc nhau:
A =a[E}], alamothésdtyle
= ad{E]

- dA—-ka [E] = -kA
dat

ln—-A— = 2,303103A = -kt
A A

0 (1]
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logA = —— + logA(,
g 2.303 9A(

Vé do thi logA = f(t), sé thu dwoc mot duong thdng c6 hé sé goc
", tlr d6 c6 thé xac dinh duoc k, AO—
2.303

T A €ty livel (R2

|0g Ao

Théi iéan
Hinh 3.14. Xac dinh hang s6 van tc cta phan (ng bién tinh enzym
a cac nhiét do Khac nhau.

e Nang luvgng hoat hoa clia qua trinh bién tinh enzym

C6 thé xac dinh ndng luvong hoat hda cla su bién tinh enzym E(. Mudn
thé, nguoi ta gia nhiét ché pham enzym trong mot thoi gian t thay d6i, & mot
nhiét do 0 da cho. (Sau khi d& l1am lanh ché phdm ngay ttc khic xuéng 25"c
trong khoang 20-30 phat). Nguoi ta do hoat d enzym trong nhitng diéu kién
hoa ly chudn. V& do thi logA= f(0), tir d6 xac dinh hang s6 van tdc bién tinh kj.

V& do thi logkj =f(1/T) dwoc dwdng thdng cé hé s6 goc -E dR.

logkdf

- Ed

Hinh 3.15. Xac dinh nang lvgng hoat hdéa cua bién tinh enzym.
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3.1.5.2. Tac dong cua pH

Tat c& enzym déu nhay cam véi su thay déi pH ctia moi truong. C6 mot
ving pH ma hoat d6 cla enzym la cwc dai. Vung pH nay la két qua cla
nhiéu tham s6: nhiét dd, luc ion, nong dd co chat,... nghia la nhitng yéu td
bén ngoai, cling nhv ban chéat cia enzym.

Qua vay, enzym la protein do cac axit amin trung ngung véi nhau tao
nén. Trong sd cac gbc axit amin cla phan t& enzym c6é cac nhom ion hoa
dwoc, mot sO goc tham gia vao phan ng, con da phan gdc dwoc dung dé duy
tri hinh thé cla enzym. Cac g6c nay cling nhw co chat trong nhiéu trwong
hop, rdt nhay véi pH va thudng c6 cac trang thai ion hoéa khac nhau phu
thudc vao gia tri cta pH. Ta c6 thé dé dang hiéu dugc khi mdt nhom -COO
clia tam hoat dong von can thiét cho sw két gan co chat, néu giam pH cla
moi trvong dan dén bién thanh nhém COOH thi n6 s& khong két gan duoc
co chét nita va enzym sé bi mat hoat tinh.

O pH t6i uu, protein enzym thuong cé dién tich téng cuc tiéu. Noi
chung pH t6i vu cla enzym thuwdng kha gan véi diém dang ion cla protein.

Nguoi ta cling d& chitng minh rdng van téc cla phan ¢ng thwong phu
thudc trang thai ion hoéa cla phitc hop enzym-co chét, trong khi hang sd &i
lvc (Km) lai phu thudc dong thoi vao trang thai ion hoa clia enzym va cla
phirc hgp enzym- co chét.

DEé xac dinh hiéu (ng cta pH dén mot phan (ng enzym, nguoi ta
thuong cé thoéi quen dwa phan (ng vao vung c6 néng do co chét bdo hoa
enzym, c¢6 nghia la vung dé c6 van tdc xdc tac gan véi van toc cuc dai. Va
nguoi ta vé dwong biéu dién “ phan tram van téc cuc dai, v% phu thudc vao
pH”. S c6 ba trudng hop xady ra :

- Buong cong A (hinh 3.16 A) chi ¢c6 mot diém udn. MOt nhdm ion
hda tham gia vao tdm hoat dong. pK cta nhéom nay twong ng véi diém udn.

- Buong cong B (hinh 3.16 B) c6 hai diém udn va mot vai (phan dwong
cong c6 dang hinh nén) c6 hai nhom ion héa tham gia vao tam hoat dong.
pK cla chdng lan lvgt tvong (ng véi hai diém uon.

- Brong cong C (hinh 3.16 C) ciing c6 mat hai diém udn, nhung dwong
cong thwong nhon va khdng cé vai. Hai nhom ion hda tham gia vao tdm hoat
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dong. Va pK cia chiing khé xdc dinh hon vi ching khong nam ¢ cdc diem
uon ctia dudng cong.

100 | e \/\{_

Difimn udn
30

i21* 4 a2 S

Hinh 3.16: Anh hudng cua pH dén van tdc ciia x(ic tac enzym.

3.1.5.3. Anh hudng ctia cdc tdc nhén hoa hoc dén phdn itng enzym

Cic tac nhan héa hoc, cdc chit vo co hoic hitu co déu ¢6 kha nang lam
bién déi van tdc clia phin ing enzym. Chiing ¢6 thé téc dong nhu 1a chat
hoat héa ho#c la chdt kim ham.
3.1.5.3.A. Chdlt hoat héa

Chét hoat héa cé ban chat héa hoc réit khéc nhau. C6 thé phan ra
nhiing loai nhu sau :

~ Chat hoat héa thyc : nhu céc ion kim loai.
— Chit chéng kim ham : nhu ion cyanua (CN) ¢6 thé [am mat tic
dung kim him cla cic muéi ddng dén enzym urease.

- Chat tic nhin bdo vé : nhu cystein c6é tic dung bdo vé cac nhém
thiol clia tim hoat dong nhiéu enzym.

— Chat hoat héa tién enzym : nhy enterokihase clia dich ruot c6 kha
néng chuyén trypsinogen khong hoat dong thanh trypsin hoat dong.
A.l. Hoat héa bai cdc ion kim loai .

Mot s6 ion kim loai c6 kha nang lién két phéi tri véi cdc nguyén tir oxy
hoac véi cdc nguyen tir nito. .. clia cdc nhém cacboxyl, imidazol, amin hoac

peptit cia cdc coenzym hoac clia cic apoenzym. Mot s6 cic ion mdy nhu
cobalt trong cac enzym cé vitamin B,,, hodc sdt trong céc enzym c6
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coenzym hematinic...1a nhitng phin toan ven cla cau triic coenzym ma chua
han 13 nhimg ion hoat héa. Céc ion nay thuong lam cho tdm hoat dong cua
enzym c6 mat dd bén 1t 1on do su dinh hudng cdc lién két cia minh theo
mot hinh hoc hoan toan xac dinh.

Pinh hudng ur dién Dinh huéng bart dién cic
cédc Hén két cua Cu lién két cua Co hoac cua Fe
+.

Hinh 3.17, Su dinh huéng céac quy dao (orbital) trong céac lién két phai tri giira cac
ion kim loai va mét coenzym hodc mét apoenzym.

Mot su hoat hoa thuc su bdi cac ion kim loai thudng xudt hién khi ion
phén ly dugc khoéi enzym, nhung nguoc lai né rat cin thi€t hoac tao diéu
kién thuan lgi cho su ti€n hanh xdc tdc clia enzym. lon kim loai ¢6 thé gép
phdn tao ra mot hinh thé thuan lgi cho enzym hodc 1am dé dang cho enzym
két gan dugc co chat hodc don gian la tham gia truc ti€p vao xic tic nhu
trong nhiéu phan img oxy hod- khir. Trong nhilng trudng hop nay, ion kim
loai d6ng vai trd nhu mot co chat thi hai. Vi thé cdc phuong trinh phan dng
gin gidng véi céc phuong trinh bidu didn hé hai co chat ki€u bi — bi bap
bénh hoac thudng gap hon 1a kiéu bi — bi ¢6 trat tr. Néu goi K| 1a hing s¢
Michaelis cia co chdt enzym, K, 1a hang s& 4i luc cira kim loat va [M] 1a
néng do kim loai, thi ta c6 hé thifc :

Vmax .[S].[M]
K_K_+K,_ [M]+K',.[S]*+[SLIM]

- 1 K K' 1 (K",
hoac B Y e o N B +1
vV Vi [SI\[M] Vi \[M]
Tir hinh 3.18 cho thay trong qua trinh xiic tdc, co chit clra enzym s& két
.gén vdo ddu tién. Kim loai hoat héa phan ing nhung khong lam thay déi 4i
luc gilta enzym va co chét. Nhiéu enzym duge hoat héa bdi cdc ion kim loai.
G4n nhu tat ca kinase déu duge hoat héa bé Mg™: cic enzym : lipase,
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trypsin va chimotrypsin dugc hoat hod boi Ca**; enzym pyruvat —
decacboxylase dugc hoat héa bdi Mn™, con alcoldehydrogenase thi dugc
hoat héa bdt Zn®. T4t ca nhitng nguyén t§ trung lugng nay cé mot tim quan
trong sinh hoc dic biét. Vi vay, nhitmg roi loan bénh hoc do thiéu nhiing
nguyén t8 niy gy ra phai dugc cat nghia bing co ché enzym.

M,]

A

< |-

N

(Mq]
[M] tiing
M

M}

__’;'% 1
K

> 1]

Hinh 3,18. Déng hoc kidu Bi-Bi cé trat ty khi cé mjt ion
kim ioai vdi ndng dé téing dén.

A.2. Chdt kim him

Chat kim hdm cdc phan ing enzym tdc dung nhiéu cdch khic nhau.
Nhiing chét kim ham bét thuin nghich thudng tdc dung mét cdch dot nhién
bing céch lam bién tinh enzym. Nhimg chat kim ham thuan nghich lai tic
dung bang cich gy nhiéu dong hoc enzym va c6 thé lam ngimg phin tng.

Nguti ta phan ra ba ki€u chat kim him :

— Chaét kim ham canh tranh.
— Chat kim ham khéng canh tranh.
— Chat kim ham phi canh tranh.
al Chdt kim hdm canh tranh (competitive inhibitors)

* Kim him canh tranh tuyét d6i (toan phén) (absolute competitive
inhibitor).

- Co chat va chdt kim ham két gan véi enzym tai cing mot dia diém
(mot tdm) va tao ra cdac phic ES va El.

- Chi ¢6 phiic ES 1a hoat dong va cho san phdm.

116



- Néng d¢ chat kim ham la rat nhé so véi néng do enzym [E] >> {1
Co ché va phuong trinh:

ki '
E+S &—=ES —»E+P
+ ko
I
%
EI
{E](S] K.
Kn= — (E] =[ES]—
[ES ] [S]
{E} (1] K. [
K, = —»  [E] =[ES] —— = EsXn (I
[EI ) [SIK, [S] K,

K, : 12 hing s6 phan ly ciia phifc enzym — chat kim ham.
Phuong trinh bao toan :
[E]=[E] +[ES] +[El] =[ES])(1+K./[S]+ K /[S].UI)/K)

[E]=[ES] (1 +K./[S] 1+ 1)/ K}))
Phuong trinh van t6c :

v _[ES]_ 1

V. [E] (+K,/[SIA+[IVK))

V=me {S] [I] — = vrmx [I]
[S]+Km(l+k—J (HﬁJ[HEJ

1_K, 1,1

L Uity

max

— Hing s6 Michalis (K,,) dugc nhan 1én mot hé s8 (dugc goi 1a h¢ s6
kim ham F)) c6 nghia 13 trang thdi phan ly cla phiic ES s& duoc dé€ dang tic
" 1a 4i luc cha E vdi S s€ bi giam di.

— Sy kim ham ¢6 thé bi mat di khi thira co chat. Khi tang ndng do S,
theo dinh luat tc dung kh6i lugng, S s& di chuyén I ra khéi tam xic tic ma
né6 dang chi€m.
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< |-

+1,] ‘[
+ [1,] '[I] tang

hong ¢ kim ham

Hinh 3.19. Kim ham canh tranh,

Malonat (COOH —CH, ~COOH) 12 chat kim him canh tranh cla
sucinat — dehydrogenase. (HOOC —CH,-CH,-COOH). K, cua sucinat la :
1,4.10™*M, con K, ctia malonat: 0,04.10°M.

Co ch€ tac dung di€u tri cha céc sulfamid 13 mot quéd trinh kim him
canh tranh. Qia vdy axit para aminobenzoic 1a mét bé phén cla coenzym
axit pholic. O nhiéu vi khudn axit paraaminobenzoic 13 mot yéu t sinh
trudng. Axit paraamonophenyl-sulfonamid (hoic sulfanilamid) cé cong thitc
cdu tao rit gidng axit para aminobenzoic.

HN-&_>- COOH  H,N <_>— SO,NH,

Woods (1940) da chimg minh rang khi dua vao trong méi trudomg mot
nong do sulfanilamid di thi chat ndy s& chiém tam xdc tdc cha céc enzym
binh thudng vén xic tac su tdng hop axit folic. Khi khong ¢6 axit folic thi vi
khuin s& ngimg phat trién. Ngudi ta goi cdc sufamid la nhitng bacteriostatic
(kirn ham vi khuén).

* Chdt kim hdm canh tranh bg phdn (Partial competiti ve inhibitors )
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- Co chat va chat kim ham gan vdi enzym tai hai vung khdc nhau va 1a0
ra cac phic ES, EI va ESL

- Co chit ¢6 di luc vdi enzym tu do manh hon vdi enzym cua phic EI.

- Chat kim ham ¢6 4i luc v6i enzym tu do manh hon véi phic ES.’

- Cdc phic ES va ESI déu hoat dong va cho san phdm véi cing mot
hang s6 van téc.

- Nong do chat kKim ham la rdt nho so véi nong do enzym.

Coché va phuong trinh:

ki k2
E+S +——* ES —» E4+P
+ kg :
I I
K,’ 1.‘1' k] Twlf 173 Ki k3
El+§S&——* ESI —» E+ P
k,
Ta ¢6 thé viét ;
_[EIIS] LK LEUS)
" [ES] ™ [ESI]
« _[ES] ok, = LEIS]
" [ES] [ES]
viia>1
Kétquataco:
ViouldS]
V=
(I + {1V K)
K,/ +[9]
(1 + [1)/ oK,

bl Chdt kim ham khong canh tranh (non-competitive inhibitors)

% Chdt kim hdm khong canh tranh tuyét déi (Absolute non-compeltitive
inhibitors)

- Co chat va chat kim hiam két gin véi enzym tai hai tam Khic nhau va
tao ra phimg phic ES, EI va ESL.
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- Co chdlt ¢6 cung di lyc véi enzym tu do ciing nhu vai phic EI
- Chat kim ham ¢é cung di luc v6i enzym tu do ciing nhur véi phitc ES
- Chi ¢6 phic ES la hoat dong
- Nong do clta chat Kim ham 1a rat nho so véi ndéng d6 enzym [E] >>[1)
Co ché va cac phuong trinh
K, k-

E+ S ?IES ——E + P

+ +

I |

KdT TaK;

ki

El+ S a—* ESI
1

[E][S] (EI][S!
K = =
[ES] [ESI]
[E]] [ES](1]
K= =
[EI] [ESI]
Mot céch thiét 1ap khic :

1.E+S &—=ES —» E +P
E +] & El
El + S +=—FEIS
ES+1 +#—= ESI

2. ES— E +P

& N
Nea”

ESI

Tacé:
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[E1LS] (EL)(S] K (5]
Kn = = ~—{E] =[ES]—  va[ESI}= [EN —
(ES] [ESI] [s] Ko

(E](T} (ES]{I] Ka{l] (
K = = — (1} = [ES] va[EST}= (ES}—
[E1] (ESI] [SIK; K,

Phuong trinh bao toan:

[E) = [E] + [ES] + [ET] + [EIS] = [ES]{ K, /18] +1 + K, (1] {SKK; + (I} K; )
[E] = [ES](1+ K, /ISH ¢ 1+ [1JK)

Phuong trinh vén toc :
\ _[ES]= 1
V. [E]1 (1+K/[SI1+[IVK;))
Vmax
V=
(l+ J[Hm]
SIA X
V.
Ll Ve g
v =" K‘ = F; vc’riFi=1+-[—Il
K,.+[S1 K,+[S] K,
) 1 Ny | ]
hoke Tvm[ )[81 V.. ( KJ

V& dé thi 1/v = f (1/ [S]) khi [1] thay déi, cdc dudng thang thu dugc sé
cit nhau (sau khi ngoai suy) tai mét diém trén truc 1/[S] ¢6 hoanh d6 bang
(-1/K,) va cét truc tung 1/v 1ai diém c6 tung 4o :

1/ Ve = WV (1 + [1V/K)

Chat kim ham khong 1am thay déi ai luc ctia co chat véi enzym. Khi ¢
chat kim ham nay van toc cuc dai V,, bi gidam di mét s6 tri F,. Céc chét kim
ham loai nay thudng Ja :
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- Céac kim loai nang (Hg”, Cu™, Ag") téc dung v&6i cdc nhém —SH
clia enzym.

— FEtylendiamin tetraaxetat (EDTA) tao phiic v6i cation Mg™ cha
enzym.

— Téc dung ctia cafein dén phosphodiesterase, ... déu thudc ki¢u chat
kim him khong canh tranh nay.
%T + (L]

[1] tang
(L

/{héng ¢6 Kim him

Hinh 3.20. Kim ham khdng canh tranh

* Chat kim ham khéng canh tranh b phan (partial non competitive
inhibitors)

- Co chét va chdt kim ham két gan v&i enzym tai hai tam khdc nhau dé
tao thanh cic phitc ES, EI, va ESL

- Co chat ¢6 cing ai lue v6i enzym it do ciing nhu vé6i phic EL

- Chat kim hdm ¢6 cung i luc véi enzym ty do ciing nhu véi phitc ES.

- Céc phiic ES va ESI déu hoat dong, song ESI kém hoat dong hon ES.

- Néng d6 chat kim hdm 1a rdt nhé so véi ndng dé enzym [E]>>[1].

Ta c6 thé viét:

k, k,

E+S & —*» ES ——» F + P

+ | +

I P |

i X it Bk,

El+S 44—+ ESI — __ o E + P
Kk,
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Tacd:

K [E] (S] (EI}(S]
" ES] [ESI]
(ET1(N (ES]{1] ,

Ki = = Vi <l

(EI} (ESI}
Cudi cliing ta duoc :
Vax [S]
Vv=
(1+[1VK) (1 + VK
K,/ * [§] —

(1 + BUVK) (1 +BHYVK)

c/ Chdt kim ham phi canh tranh (uncompetitive inhibitors).
— Trong trudng hop nay chat kim ham khong gan duge v6i enzym ty
do ma chi duy nhat két gén duoc véi phiic ES.
—  Chi phiic ES 1a hoat dong.
~ Néng do chat kim him 1a rdt nho so véi néng dé enzym [E]>>{I].
kl k2
E+S ———= ES—— E + P
k, +
I
!
ESI

Tacé:

(E](S]
(ES]

(ES]]

[ESI) =
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[E] = [ES] + [ESI] + [E]
v =k, [ES]
Tir day ta ¢6 phuong trinh van toc :
Vou - (8]
(1 + {1V/K)

K,
+ [§]
(1 +{1)/K)

(g
v V_  \ISl/ V. K.

hoac

Trong kiéu kim ham nay, van téc cuc dai V', va hing s6 biéu kién K,
déu bé hon V_, va K, khi khong ¢ chat kim ham.

1 .
V& dudng biéu dién — =1 (éi] vol cdc nong d6 (I] khédc nhau ta sé
v
duoc mot day cdc dudng théng song song.

. 12
- ]H]Iﬂns

/ -

yaw; Khong ¢6 kim ham
S

// / Fem

e s He 8 = Ka
/// e = 8 P

Hinh 3.21. Kim ham phi canh tranh.

14
.

i
0

Né&u hing s phan ly cha phiic:
ESl ——» E+P+I1
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1a khong déng k€ so vdi hing s& phan ly cha phic :

ES — E+P

thi bang thuc nghiém ta s& khong thu dugc mét diy cac dudong thing ma s&
dugc mot diy cic dudng hypecbol hoidc cdc dudng parabol. Va ta s& cé kiéu
kim hiam phi canh tranh khéng tuyén tinh (non —-linear incompetitive

inhibitors).

Ngudi ta con bigt it ki€u kim ham phi canh tranh déi v6i enzym c6 mét
co chét nhung rat thudng gap ¢ nhitng enzym c6 hai co chat.

Bang 3.2 t6m tit cdc tham s& chinh cia dong hoc phan img enzym.

Bang 3.2. Cac tham sé chinh cta dong hoc phan ing enzym

Kidu kim ham Hé s& géc Hoanh da Tung dé
Khéng c6 kim ham Km -1 1
VITEK Km vmax
Kim  ha h
i am o) g (0 ! 1
Vs K, K {1+ -[ﬂ Vi
m Ki
Kim ham khd L
é:::h tl’aanr: " Km 1 + L]_:]_ _1 1 1 + m
V.U K K. V..U K
Kim ham phi canh :
sl S & G| m
Vmax _ Ki . Vm,‘ K
K

d! Kim hdm do thiwa co chat

Gid sk ¢6 phan ing enzym :

E+ S#&* ES——»E + P

Ta cé:

(E](S]
[ES]

Ka

—» [E] =[ES] —

[S]
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Gia st c6 mot phan tir cg chat thif hai ¢ khd nang két gan vao phiic ES
va 1am cho ES tr& thanh khong hoat dong. Phan tir nay s& két gin vao mot
tam khdc véi tam xdc tdc, dugc goi la tam kim hdm. Phan tir nay dugc coi
nhu 1a mot chat kim ham. '
ES+S —» ESS |
Ta c6: |
[ES]IS] [S]
K = —» [ESS] =[ES] —
[ESS] K,
[E, 1= [E] +[ES] + [ESS] = [ES] (] +K_/IS] + [SI/K)
Ta c6 thé viét duge : :

v _ [ES]
Vo [E/]
va phuong irinh van téc :
Vv
v=
1+ K, /[S] + [SI/K;
1 ]
hay 1.1 1+ Ra + 5]
. v Vmax [S] I(i
1 s
v
1 L g’
K. ;1 o

Hinh 3.22. Kim ham do thira ¢d chat.



Vé dudng bi€u dién 1/v = f (1/[S]) s& duoc mét hypecbol ma tiém can
Xién clia né c6 hé s6 goc 1a K,/ V..., va cit truc hoanh & diém: - 1/K .

Con dudng bi€u dién cha 1/v = {[S] ciing 13 mét hypecbol ma tiém can
Xién cta no ¢6 he s6 géc 1a 1/(V,,, K,) va cit truc hoanh & diém (-K)

Trong ca hai trudng hop v qua mét cuc dai khi [S] = K K,

3.2. PONG HOC CUA CAC ENZYM DI KHONG GIAN VA SU PIEU
HOA CUA CAC ENZYM OLIGOME
Hiéu iing di khéng gian va cic enzym di khong gian thudng cd vai tro
quan trong trong cdc qud trinh trao ddi chét ciing nhu trong su van hanh cta
céc receptor va cdc protein diéu hoa.

3.2.1. Mét so khai niém

3.2.1.1. Khdi niém vé hiéu ieng di khong gian

e Trong mot chudi phan (ing trao déi chat thudng cé mot enzym va mot
phan g c6 tinh dac biét. Enzym ndy thudng 1a enzym ddu tién cha chudi
trao d8i chat. Ngudi ta goi enzym ndy 12 enzym diéu hoa (regulator enzyme).

Vi du: Trong chudi phan ting trao d6i chat sau:

E, E, E, E,
(A)—> B) —(C) —— D)r——> (X)

E, 1a enzym diéu hoa cia chudi trac ddi chat din dén (X).

e Enzym diéu hda nay thudng bi kim hdm béi sén phdm cu6i ciing cia
phan tng va chi bdi san phdm cudi cing nady ma théi. Trong vi du trén
enzym E, chi bi kim hdm béi X ma khong bi kim ham bét B, C hodc D.

e Enzym diéu hoda nay 12 enzym duy nhat clia chudi bi kim hdm bdi san
phdm cuéi ciing clia phan img. Trong vi du trén enzym E, nhay cim véi X,
con céc enzym E,, E,, E, thi khong nhay cam véi X.

San phdm cudi cling clia phén ting, bing tc dung dac hi¢u va duy nhat
clia minh dén enzym diéu hoa da kiém tra dugc toan b6 déng hoc phan tng.

e Theo quy luat chung, sin phdm cudi cing ctia phan ting c6 mét cau
triic hoan toan khéc véi cdu triic chia co ché khoi ddu. San phdm cudi cling
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nay chuwa bao gio tac dung dén enzym diéu hoa bang co ché kim hdm canh
tranh v&i co ché binh thwong va chuan muc clia enzym nay.o vi du trén, X
cé cdu tric khac co ban véi cau tric cia A. X khéng tdc dung véi enzym
diéu hoa E, bang co ché kim ham canh tranh véi co chat A.

Téac dong nay cla san pham cudi cling dén enzym diéu hoa khéng phai
trong cung mot khéng gian (isosteric effect) ma la khac khéng gian. Vi vay
ma Monod, Changeux va Jacob (1963) goi la hiéu ®ng di khong gian
(allosteric effect). Con san pham cudi cung cé tinh chat diéu hoa dac hiu
dwoc goi la chat hiéu ng diéu hoa (allosteric effector).

3.2.1.2.Khai niém veé sy chuyén tiép di khong gian (allosteric transition)

Trong cac cdu trac protein clia enzym diéu hoa thuwdng cé it nhat la hai
vlng chirc nang:

« Mot vang la tam hoat dong, dam bao cho enzym hoat dong. Hinh thé
khong gian cta tdm nay thich (ng dwgc voi hinh thé khéng gian cua co chat
phan (*ng va chi v6i co chat cia n6 ma thoi.

e MOt vung khac la tam di khong gian (allosteric site). Hinh thé khong
gian cla tam nay lai thich (tng véi hinh thé khdng gian cla chét hiéu (ng di
khong gian va chi vai chat nay thoi. Chat hiéu (ng di khéng gian nay cé thé
thich &ng mét cach dac biét va thudn nghich véi tam di khéng gian.

Khi chat hiéu tng di khéng gian két hop voi tam di khdng gian thuong
dan dén mot su bién hinh cdu trac rdt nhe nhang trén toan bd protein enzym.
Tuy nhién s bién hinh nay cé tinh roi rac (discrete) va thuan nghich. Nguoi
ta goi la sv chuyén tiép di khong gian.

Tam (li klidng gian (a) Taudi lioatdum ib) Cu chat bi "ltr chéi*
u

6 trong lam

heai déiig <Ixgc  két
gan trong lan

rng v@i co chat

ili khing gian
Hinh 3.23. So db chuyén tiép di khong gian:
(a): Enzym diéu hoa trudc khi c6 sw chuyén tiép di khdng gian;
(b): Enzym diéu hoa trd thanh khéng hoat dong sau khi co sv
chuyén tiép di khong gian.
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Mot trong nhirng hau qua quan trong nhét cta s chuyén tiép di khong
gian nay la sy bién doi hinh thé cua tdm hoat déng nén sé lam anh hudng
truc ti€p dén dong hoc cla phdn ng duoc xic tdc bdi enzym va do dé dén
hoat tinh sinh hoc clia enzym nay:

3.2.1.3.

Enzym diéu hoa cé tam di khdng gian nhay cdm v6i chat hiéu tng di
khong gian. Sons, dd nhay cdm nay cé thé mat di dwdi anh hwdng cua cac
tac nhan Iy hoc (nhiét) hodc héa hoc (nhu uré, hodc cac dan xudttha thay
ngan) ma ngudi ta goi la hiéu tng hdm nhay (desensitization effect).

Trong trwdng hop nay nguoi ta nhan thay:

Vail ton tai mot hoat d6 enzym nao d6, c6 nghia la tim hoat dong chuwa bi
pha huy.

Enzym khong con nhay cam véi chét hiéu ¢ng di khong gian nita. CO thé
giai thich hiéu ng hdm nhay theo hai cach:

Céach thir nhét, ta phai thira nhan rang trong qua trinh x& ly bang céc
yéu t6 ham nhay,tdm di khong gian (khéng phai tdm hoat dong) da bi t6n
thvong do d6 chét hiéu ng di khdng gian s& khong két gan dugc vao day
nira. K&t qua la sw chuyén ti€p di khong gian sé khong thé xay ra va cn/ym
diéu hoa sé khong "dadm nhan" duoc chirc ndng diéu hoa ciia minh.

Céach tht hai, cling phai thira nhan rdng, sy van hanh t6t cla enzym
diéu hoa khéng nhitng phu thudc vao tinh toan ven cla tam di khéng gian
ma con phu thudc vao su duy tri cdu trac khdng gian cla protein & trong mot
trang thai hinh thé xac dinh di dam bao cho kha nang tuong tac dwoc gitra
tam di khdng gian va tdm hoat dong.

3.2.1.4. Khai niém vé tinh hgp tac clda cac tam

Khi nghién cttru déng hoc tdc dung cua enzym diéu hoda threonin-
desaminase, ngudi ta d& chirng té rang chi mot phan tir protein enzym cé the
két hgp voi nhiéu phan tlr co chat va nhiéu phan t&r chat hiéu ng di khong
. \>)- |V 1 vV B h.-J A L élA | % ..... \ h!i.. t:"
gian. Vay la & enzym nay co nhiéu tam hoat dong gidhg—nhau va nhi€u tam
di khdng gian giéng nhau. Tuy nhién ddng hoc chung cla phan (tng enzym
lai khéng twong (ng véi mot su cong don gian cac hoat d6 don cla nhiéu
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tam hoat déng clia enzym ndy, vi bic cha phan \ing 16n hon mdt. Cling nhy
vy, dong hoc chia hiéu dng kim him cua isoleucin (12 chét hiéu Ung di
khéng gian clia enzym threonin-desaminase) khong tuong (mg vdi s6 cong
don gian céc hiéu img don cha nhiéu tam di khong gian vé ddng hoc kim
ham clng c6 thif bac 1én hon mot. Vay 1a do twong téc hé tro gilta cc tam
hoat dong ma tiém nang phan tng cla ching dd dugc nhan 1&n. N6i cich
khéc, cdc tam hoat dong d3 hop tdc véi nhau.

Tuy nhién dudi thc dong clia cic tac nhan hdm nhay, cac tdm hoat dong
cua cung mot protein enzym s€ khong con hgp tdc véi nhau nita ma "vin
hanh" riéng r€ theo ddng hoc bac 1.

Nhu vy hiéu ing clia mdt tic nhan him nhay bao gém:

-~ Huy bd c4c tuong tic gilia thm hoat dong va tam di khong gian do

d6 su chuyén tiép di khong gian s& khong xay ra nifa.

— Huy bd su hgp tic giita nhiéu tam hoat dong trong cling mét enzym.

~ Huy bbd su hop téc gilia nhiu tim dj khong gian trong cing mot

enzym. '

Mot hop chat nhu the cé thé coi 1A mot tde nhdn phdn ly phdn ti.

3.2.2. Ban chit oligome cia cic enzym dugc diéu hoa bing cic chuyén
tiép di khong gian

C6 thé coi enzym diéu hoa cé 14t cd céc chiic nang clia minh nhu la
mot tap hop cdc dudi don vi riéng lién két lai véi nhau. Céc dudi don vi ndy
s hop tic véi nhau mot cich chun xdc nhim cé cling mot chic nang. Tuy
nhién, trong cfu triic clia protein enzym, ngudi ta d3 bidt ¢6 mot trang théi
két hop céc dudi don vi co s nhu the: d6 1a céu tric bic 4. Trong qua trinh
chuyén ti€p di khong gian, cau tric bac 4 nay s& bi bién déi. Nhung su bién
déi 12 t6i thiéu, vi sy chuyén 1i€p di khong gian méi Iam thay déi cic luc lien
k€t vén c6 tdc dung ket hop cac duéi don vi lai véi nhau trong mét protein
enzym ma chua din dén trang thii phan ly hoan toan. Va phén tir enzym
~ xudt hién hoac & trang thdi chat (contraint) hoic & trang théi long 1o

(relaché). - R
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C6 the t6m tét cdc quan di€ém co ban vé cic enzym di khong gian béng
ba ménh dé Changeux (1965) nhi sau:

1- Céc protein enzym di khong gian 14 nhing oligome do mot sé
protome han ché két hop lai v6i nhau bing cdch nhu thé ndo dé€ phan tl ¢d it
nhit mét truc ddi ximg.

2- Mbi protome cha phan tir di khong gian déu ¢6 mang mot vai va chi
mot viing ti€p nhan ¢ khong gian dac hiéu bd trg dugc cho mot loai phdi tir
(ligand) va enzym s€ tao 1ap nén vdi phai tir nay nhimg phitc thuan nghich.

3- Mot phan tir dj khong gian c6 thé cé nhiéu trang thdi hinh thé khic
nhau can bing thuan nghich véi nhau. Céc trang thdi nay thudong khéc nhau:

- Bdi s6 luong va sy phan bd cic protome hodc bdi nang luong ciia cidc
lién ket giita cic protome.

- B4i 4i luc clia chiing véi mot hodc nhiéu phéi tr c6 khong gian dac
hiéu. Nhu protein chuyén tir mot trang thdi hinh thé ndy sang mot trang thai
hinh thé khéc thi tinh d&i xiing ctia né vin duge bao toan.

Nhu vay su diéu hda di khong gian 1a st chuyén giao cédc tin hiéu noi
phan tir (intramolecular signals).

3.2.2.1. Cdc mé6 hinh phén ti
Trong diéu hoéa di khong

gian, chat hiéu ing di khong gian Tense (T) Relaxed (R)
thuong khdc véi co chét va ta cé inactive g  active

su diéu bién di hudng
(modulation heterotrophe). Trong
mot s6 trudng hop, chinh co chat
lai 13 chat diéu bién (modulator);
nhung lai c6 hai tam két gén khéc Trang théi Trang long
nhau, trudng hop nay ta c6 su chat (T) 1éo (R)
diéu bién déng hudng (isotropic
modulation). Cic co chat va cic
chat hiéu dng duge goi la cic
phéi tir cita enzym di khong gian.

Hinh 3.24. M hinh sy k&t gén hgp tac
cla cac phai tor.
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C6 hai md hinh khac nhau nham giai thich sy két gén hop tac cla cac
phdi t&r. Hai md hinh déu dua trén mot gia thiét da duoc khang dinh bang
thuc nghiém: véi di khong gian cé ton tai hai hinh thé khoéng gian khac
nhau: mot hoat dong va mot khdng hoat dong. Hinh théhoat dong duoc goi
la hinh thé 16ng léo (R) vi céac lién két gitra cac protome & day rat yéu. Hinh
thé khénahoat dong dwoc goi la hinh thé chat (T). Hinh thé R sé& két gan co
chédt va chat hoat hda, con hinh thé T thi két gdn chat kim ham. Giita hai
trang thai R va T chi cach biét nhau bdng mét hang rao nang lugng thap.
Hiéu nang lugng ty do gilra R va T phai kha thdp dé co thé dé dang duoc bu
trir bang cac lién két gilra protein enzym va céac phdi ti cda no.

3.22.2.M06 hinh cuaJKosland va

Atkinson v s
K
M6 hinh nay dwgc goi la md hinh |Ik‘
hop tac day hay chuyén tiép day $
(sequential co-operation ho3c sequential -1 3siy)
. § g o -tr-rirr
transition) cho rang, khi két gan phoi t&
dau tién vao mot dugi don vi nay thi sé
dn dén su bién dang néi tiép cac duoi I _
@iy 1 (sYY

don vi khac véi cac hang sé ai luc (k|, k2
k,, kd4) khac nhau nhwng tuan theo déng
thirc sau: Hinh 3.25. M0 hinh chuyén tiép

l, V—L \ d&y pua Kosland va Atkinson.

O©®© iu  ion

M6 hinh nay duoc biéu dién bang so dd hinh 3.25.

3.2.2.3.M0 hinh ctia Monod, 'Wyman VAChangeux

M6 hinh nay c6 tén goi 1a mé hinh sdp xép (Concerted model). Cac quy
tdc cia mo hinh nay nhu sau:

- V6 phuong dién chirc nang thi cac dudi don vi khéng thé khac nhau.

- mot
cach thuong xuyén.

- C4c bién doi hinh thé (kiéu chuyén tiép Rc==>T) déu dung cham t6i
tat ca cac dudi don vi cung mot lic.
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- Phéi tlr c6 thé gén kétvai dang R hodc T nhung véi 4 lwc khac nhau
cho nhitng hinh thé Rhodc T nay.

4s + g HS - Chinh sy két gin cla phdi ti sé& lam
u bién d6i can bang gitra cac dang R va T va
(s'O sé hudng cac protome vé phia cac dang cé

s LU " 4 lyc cao (didu bién duong).
tiifsc t - Cac enzym tuan theo su diéu hoa di
28 + B G 4z khéng gian thuong duoc cdu ti  ih tir mot

tlk, ti s& chén céac protome.

s+ &S s Mot cach khéac, theo md hinh x&p dat
i nay, cac protome dwoc coi la ti g dwong
' nhau trong khdéng gian, c6 nghi la ching
Is [s | QBAY) duoc phan bd' nhw thé nao dé g voi it

Hinh 3.26. M? hinh sép xép ciia nhat mot truc d6i xing, mdi prc )me ludn
Moned, Wymam va Changeux. dugc bao quanh boi cung mét s6 protome
nhuv thé bén canh.
M6 hinh sdp dit c6 thé coi nhuw tredng hop riéng hay truong hop gidi
han cta m6 hinh day.

3.2.3. Bong hoc cla cac enzym di khéng gian

Cac enzym di khdong gian khdng tuan theo dong hoc c6 dién cula
Michaelis-Menten, ma theo dwong cong hinh sin vén thé hién hién twong
hop tac Cho dén nay. cdc enzym di khéng gian d& duoc nghién clu co it
nhiéu giéng voi md hinh nay hay mé hinh khac cta hai mé hinh ly thuyét
trén. Ap dung nhitng gid thuyét da dugc cong thirc héa dbi véi mot mo hinh
nay hay khac va bang nhitng tinh toan tvong d6i phirc tap nguoi ta da chiing
minh rdng van t6c dau khong twong (ng vai cong thirc Michaelis-Mcnten ma
theo céng thirc thuc nghiém cda Hill:

VIBIST e VK + vST5 THaxPT
K+[S]n
vK
V- V= [ST

[SIn V..-V K
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hay logV M =1-110g[S] -logK

Khi v& dudng bi€u dién v = f([S]), vdi enzym di khong gian ta dugc
dudng cong hinh chit S thé hién hién tuong hop tic.

V& duong biéu dién logvl-—ﬁ = f(log[S]) ta dugc d6 thi Hill. He

s6 géc n cia dudng thing dugc goi 12 hé s6 hop téc (hay chi s6 hop tdc). n
phu thudc vao [S]. Tuy vay cé mét ving néng dé (S] c6 n khong ddi: trong

ving nay log— 12 mét ham bac nhat ciia log[S], h¢ s6 gbc cla duong

mex — Y
thing twong ing la n. Trong viing néng d¢ nay, nh cuc dai nhung né van
luon luon nho hon s6 dudi don vi clia enzym (néu né bang sd dudi don vi c6
nghia la sy hop tac s€ [a toan bo).

\XI 1 n>1

n=1]

n<l

{S]

’Vh:ha
-~ [S] elu rvhnun

1

s

—

i - v Lneweaver-BurK
'S n>1

Hinh3.27. Bidu hidn déng hec khi khang ¢6 hgp tac (n=1), khi ¢é hap tac
duong (n>1) va khi cé hgp tac am (n<1) theo Michaelis-Menten,
theo Lineweover-Burk va theo Hill.

" log{s]

O ngoai viing n2y, n s€ bién thién véi [S]: dudng thing s& khong tuyén
tinh nita ma bi uén cong. Véi cdc gia tri cia [S] rat thap hoac rat cao hé s6
goc cua duong cong ti€n t6i 1, ¢6 nghia 1a sy hop téc bang khoéng. Va ta lai
¢6 dong hoc Michaelis cé dién.
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Céc enzym di khong gian thuong duge phan thanh ba nhém:
— Eznym h¢ K.
— Eznymhé V.
— Eznym hé phiic hgp.
a/ Cac enzym hé K.

D6 1a céc enzym ma v6i ching, chat hiéu img chi 1am thay déi 4i luc
biéu kién (K,) clia enzym d6i v6i co chdt. Chat hiéu ing clia enzym hé nay
ciing dugc goi 1a chat hiéu dng kiéu K.

Vay chat kim ham la chat 1am tang K, con chat hoat héa la chat 1am
gidm K. Di€u niy dugc thé hién bang cdc phuong trinh sau:

. _[_E " _ Km
K' =K, (1+ Ki)v&Km--—-—-[A]n.
1+ X )

a

n' va n" 1a s6 Hill twong ng d6i véi chat kim hdm va chét hoat hoéa.
Cic s6 Hill nay I6n hon 1 va bé hon hodc bang s6 tam két gén I va két gén A
trén mdi phan tlr enzym.

3 hinh (3.29) cho thdy & day co chat va chat hoat héa lam dich chuyén
can bang vé phia c6 loi cho trang thdi R, trong khi d6 chit kim ham lai lam
chuyén dich can bing theo chiéu nguoc lai, vé phia trang thdi T. Tinh trang
ndy goi nhé lai, trong sy kim hdm canh tranh thi sy canh tranh giita S va [
khong ti€n hanh & tai cing mot tm, trén ciing mot phin tif enzym ma bang
nhiing sy chuyén dich d6i nhau cha cin béing giia hai hinh thé R va T.

v v 4
A
6 chit boat hda ",
Khdng c6 chit bt ing |
—
Cé ebftldm hZm ~
%& N
i —, [8] [8]
Km Km Km
H:K He vV

Hinh 3.28. Bidu didn déng hoc cac enzym dj khong gian hé K va hé V.
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bl Cac enzym lié V.

D6 la nhitng enzym ma voéi ching, chat hiéu (ng chi lam bién doi van
toc cuc dai (Vna) cla phan ¢ng. Va chat hiéu ¢ng cla hé enzym nay duoc
goi la chét hiéu &ng kiéu V.

Trong treong hop nay, co chdt ¢6 cung ai lwc déi voi hai hinh thé R va
T do d6 khéng cdm (tng dén su chuyén tiép di khéng gian. Béang tinh toan,
ngudi ta c6 thé chirng minh rang su bién thién cla van téc dau theo ndng dd
co chat la tuan theo dinh ludt Michaelis-Menten:

v .-v -] 3 -

" [S] + K!!

Vay la & day, s két gan s 1a khéng c6 tinh hop tac.

Khi c6 mat chat kim ham kiéu V, trang thai T duoc wu tién va VP> bi

# "HE o\ s Y2
chia cho hé s6 (1+ ( ) do d6 bi nhé di.
K

Khi c6 mat chat hoat hoa kiéu V, thi trang thai R sé chiém Iinh va V

dugc nhan 1én voi thira s&' (1+ — — ) do d6 duoc tdng 1én. Truong hop thir
Ka

hai nay goi cho ta nh¢ lai sw kim hdm khdng canh tranh.

Tom lai, tuy theo enzym di khdng gian la thudéc hé K hay hé V, ma
dwong cong v,, = f([S]) 1a mot dwong hinh chr s hay modt dwdng hvpechbol.
Nhwng trong tat cd moi trwvong hop, cac chéat hiéu &ng déu lam cdm Gng su
chuycn tiép di khdng gian vé phia cé loi cho trang thai c6 kha ning két gan
chung. Céac duwong cong vO0= f([I]) hodc v,, = f([A]) ciling c6 dang hinh chi s.
Céc duwirng hinh xich ma nay thuong biéu dién cho cac phwong trinh Hill tic
la nhitng phuong trinh ¢c6 néng dd phdi t& dugc Iuy thira I1én n, n” hodc n".

3.3. DPONG HOC CUA CAC ENzZYM CO DPINH

Viéc ¢ dinh enzym dan dén tao ra mot pha rdn di thé. Va trong moi
trvong phadn tng lac nay thudng cd mat:

- M6t pha 18ng chira co chat, dung dich dém va céac chat hiéu Gng.
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- Mot pha rdn chita enzym, thuong & dwdi dang khéi, mang, mang
mong hodc hat tron. Ngay ca pha rdn nay cia quan thé enzym ciing di thé:
Cac phan tr enzym phan bd khéng dong déu, bi bién dang khéng giéng nhau
va bi gil* vao chat mang ciling khac nhau.

Vi vay khi nghién cttu ddng hoc clia enzym cd dinh phai tinh dén hai
dang méi so véi dong hoc clia enzym dong thé:

- MOt mét c6 lién quan voi chinh enzym: S bién doi cac tinh chat ndi
tai clia enzym do sy cd' dinh tao ra.

1at khac co lién quan véi st c6 mat clia mot pha rén, didu nay sé dan
dén nhitng hién tugng ly hoc dac thu phai xem xét.

—

Enzvm hoa tan Eiwym cii (tiuli

Bién (loi iunn tne An ngil khéng gian
Hinh 3.29. So dd bién déi cac dic tinh cla cac enzym do c6 dinhi.

3.3.1.1. Bién doi cac tinh chat ndi tai clia enzym

Khi enzym duoc két gdn vao chit mang s& gay ra nhitng bién ddi vé
hinh thé khong gian cla enzym, cling nhw sé tao ra nhitng an ng* khdng gian
gitta chdt mang va tam hoat dong hodc gilra chét tac dong va tam cua 110 do
do cling lam bién doi cac tinh chat dong hoc clia enzym.

Qua vay, toan bd cac phan tir enzym lic nay sé khdng giébng nhau:
chung c6 thé duoc lién két voi chdt mang bang mot s6' lién két khac nhau
(ddng hoa tri hoac phi dong hoda tri) va hinh thé cla ching c6 thé bi mat can
doi nhiéu hay it. Cac phan t&r enzym khoéng dwgc phan bd' mot cach dong déu
trong pha ran. thuong & phia ngoai, mat do cac phan tir enzym cao hon &
phia trong. Vi vay kha nang tvong tac clia tam x(c tdc sé phu thudc vao su
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dinh huéng cha phan tir enzym so vdi chat mang, vi tri clia phan t& enzym
trén b& mat hoac trong cic 16 cha chat mang.

Vi nhimg 1y do d6, céc tham s6 dong hoc clia mot enzym c6 thé rat
thay doi 1ir phwong phép cd dinh nay sang phuong phép cd dinh khéc.

3.3.1.2. Cdc hién tuong vdt ly lién quan véi su c6 mdt ciia pha rdn

Trong xiic téc dong thé tat ca cac tham s6 c6 anh huong dén hoat dong
ctia enzym ([S], [P], pH, nhiét do, chat tic dong...) & tat ca moi diém cia
dung dich phin ng déu c6 mét gid tri ddng nhat. Trong xic tic di thé cic
tham s6 dac trung cho hén hgp phan ing & tat ca moi di€m s& khong c6 cung
mot gid tri 1a do:

- M6t mat, 1a do céc tuong tic gilta cdc ch4t phan (g va pha rén: cdc
chét phan Vg thubtng dugc tap trung vao pha rin nhiéu hodc it rat khic
nhau. Ngudi ta néi la c6 hién tugng phan bd va céc chét phan (ng ty phan bd
mot cich khong déng déu giita pha 16ng va pha rin.

- Mt khéc, sir khuéch tén ciia cdc chat phan g tir pha long t6i enzym
dang ndm & trong hodc & trén mot ludi rén thuémg khé khan, do dé phan ing
enzym c6 thé bi gi6i han béi nhimg luc can khuéch tin (diffwsional
resistances).

Néi chung, & trong long pha 16ng (moi trudng 16n) va & gdn enzym (vi
moi trudng) néng do co chat s€ khong giong nhau.

Néu nhu trong méi trudng déng thé su dién bién cha céc ndng 46 chi
phu thudc vao théi gian thi trong moi trudng di thé, sy dién bién néng do
con phu thudc vao ca khong gian nita: ndng d6 cha cac chit phan éng bién
thién theo vi tri trong khong gian, cé nghia la nOng d6 trién khai thanh cdc
gradient n6éng do. o . :

Hinh 3.30. Vi méi trudng va méi truéng 1én.
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Ngudi ta thudng gap hai ki€u gradient néng do:

- O trong céc gradient gidn doan, néng do khong thay ddi mot cdch
tun ty ma thay d6i mot cich dot ngodt. Su khic nhau vé néng d6 trong
truong hop nay 1a do hién tugng phan bo.

- G trong céc gradient lién tuc, ndng d6 thay ddi ddn ddn va gradient sé
cang 16n khi su bién thién ndng d¢ cang nhiéu. Sy khic nhau vé ndng do
trong truong hop nay la do hién tugng khuéch tan.
al Hién tugng phan bo.

Hién tugng phan bo 14 (do) két qua tuong tac cha cdc phén ti: phan tir
cd chat, phan tlr san phdm hodc phé4n tlr tic dong véi cdc nhém cia chat
mang enzym.

Céc tuong tdc c6 thé 1a tinh dién, ky nuéc hodc hdo nudc. Hau qua [a
chiing c6 thé 1am tang hodc Iam gidm ndng 4o clia cdc chat phan ing & trong
chat mang so véi & bén ngoai.

C6 1& quan trong nhét 14 céc tuong téc clia cdc co chét, cla cic san
phdm hoac cic chét tdc dong c6 mang dién tich v6i mot chit mang ciing
mang dién tich. "

Gia sir ch4t mang ]a mot mang tich dién am thi & gdn chat mang mot
chat phan iing tich dién duong R*, s& dugc 1ap trung vao nhiéu hon & trong
dung dich (bén ngoai), trong khi d6 chat phan dng tich dién 4m R, lai dugc
tich tu it hon. Hiéu tng phan b& ndy s& thé hién ra bing mot gradient ndng
do gian doan.

Hiéu {mg phan b c6 thé 1am thay déi pH tdi uu bi€u ki€n ciing nhu cic
héng s dong hoc cia enzym c8 dinh.

¢ pH t6i vu ciza enzym cé dinh

pH 151 i c6 thé khédc nhau téi hai don vi tuy theo enzym dugc nghién
ctu & trang théi c6 dinh hay trang théi hoa tan. C6 hai trudng hop xay ra:

- Chat mang tich dién 4m: & gin céc hat ran s€ tao ra mét sy t3p trung
cdc proton clia méi truong. pH ¢ vi moi trudng cda enzym s€ axit hon pH
chia dung dich bén ngodi. Mac dir trong thuc 1€, pH 61 uu thuc van khéng
thay ddi va pH do dugc & moi trudng 16n (ciia dich) da ¢6 mot su chuyén
dich vé viing bazo.
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- Chat mang tich dién dwong: Céc ion H4bi day ra nén enzym duoc bao
boc trong mét mdi trvong kiem hon maéi truong trong thiét bi phan (ng va
pH t8i vu biéu kién s& chuyén dich vé phia axit hon. Chang han nhw enzym
chimotrypsin hoa tan c6 pH t6i wu 8,4 sé gidm xubng 7,0 sau khi c6 dinh né
trén mot polyme cation (polyomitin) va sé tang lén 9,6 sau khi c6 dinh né
trén mot copolyme etylen/anhydrid malic.

Thuc té, sy suy iuan nay chi dang ddi véi nhiing moi trwong céd luc con
yéu. Khi luc ion tang Ién, cac dién tich cha chat mang c6 thé bi trung hoa
b&i cac ion mudi trdi ddu nén cac khac biét vé pH gilra vung lan can chét
mang va dung dich ngoai sé it di.

Trong mot sé truong hop pH t6i wu 1a bang pH t6i vu cla enzym dang
ban dau nhung day cua dwong cong dwgc néi rong ra, diéu nay cho phép
enzym lam viéc trong mot pho pH rong hon.

Hang s6 Kmcla enzym c6 dinh

lvc ma co chat voi chdt mang sé quy dinh gia tri Kmcla enzvm. Qua
vay, mot chdt mang thuong trén bé mat c6 chira nhiéu vung c6 |:vc nén sé
hat cu chat néu co chét cling hdo nuéc, hodc sé day co chat néu co chat ky
nuéc. Bang cach nhu thé, khi chdt mang va co chat ca hai déu tich dién thi
trong moi trvdng can sat voi enzym, sé tao ra nhitng twvong tac sinh dién hat
hodc day va két qua la thiét 1ap nén mat gradient ndng dd co cha va mot s
thay doi cua &i luc biéu kién:
Kmseé tang 1én néu cac dién tich clia chat mang va cla co chat la cung déu.
Kmsé giam xudng néu céac dién tich clia chdt mang va clia co chat 3 trai dau.

Ciing nhw véi pH, su tdng lvc ion cla moi trwdng sé c6 xu iwdng lam
cho gia tri Kmcla enzym ban dau va enzym c¢6 dinh gan nhau.

e Hiéu &ng khdéng gian

gia tri cia Kmma cac hién twgng cong kénh khéng gian cling déong mot vai
trd rat quan trong. Viéc gan két enzym vao mot chat mang ctng thuong lam
giam su tiép can cla co chét, dic biét khi co chat 14 cao phan t& thi s& dan
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dén lam giam &i lwvc biéu kién cla enzym véi co chat. Cac hién twong cong
kénh khéng gian déi khi cling dan dén nhitng diém phan cit khac nhau trén
co chat cao phan tl bdi cung mot enzym & trang thai tw do va & trang thai c6
dinh. Nhiéu dan ching vé sw han ché khéng gian dén hoat tinh cia cac
enzym c6 dinh da dugc mo tad. Chang han, ribonuclease dwoc cd dinh trong
nhiing vién bi agarose bi gidm hoat d6 10-20% so v6i enzym ty do néu co
chét la citidin-monophosphat vong (CMP-vong), va gidm di 50-75% néu co
chat Ia mét ARN c6 khdi lvgng phan tir cao. Hoat d6 cla glucoamylase c6
dinh trén CM-Cellulose chi bang 77% hoat d6 cta enzym ban dau néu co
chat 1a amylose c6 khéi luong phan tk 1a 8000Da va sé giam xudng chi bang
15-17% hoat d6 cla enzym ban dau néu amylose c6 kho6i lwgng trén
500.000Da. Tuy nhién, c6 thé cai tién tinh hiéu qua cta xGc tdc bang cach
dé cach xa protein enzym véi chat mang cta né qua mot "canh tay" trung
gian dé lam tdng do tv do cua hd thong, do dé sé lam cho enzym duwgc vay
quanh buing mai trwong phan tng

b/ Hién nrong khuéch tan.

Céac hién twong van chuyén vat chat déng vai tro rat quan trong trong
xuc tac di thé. O day vat chat phai dwoc chuyén tir pha 16ng sang mot pha
ran c6 nghta la phai vuot qua mot bé Fhloo Parai
mat lién pha, bao gom:

- Van chuyén ngoai (hay
khuéch tan ngoai): tr dung dich toi
bé mat cta chat mang va nguoc lai i
bang khuéch tan va bang ddi lwu.

- Van chuyén trong (khuéch tan
trong): van chuyén vat chat & bén
trong mot chat mang c6 16, bén trong
mot gcl hodc bén trong mét mang
bang khuéch tan.

Tré lwc cho sy van chuyén vat u
chat la do thiét 1ap nén mot gradient

n A s s A s Hinh 3.31. Khuéch tan trong va ngoai.
néng dod cua cac loai phan tir hoa tan g g
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trong moi trudng gilia dung dich bén ngoai va bé mat lién pha rin-Iong cia
ch4t mang va dung dich. Tr& lyc nay $& phu thudc vao khoi lugng va nong
do caa cac chat phan imng, vao do nhdt ciia moéi trudng va vao cdc dac tinh
cia chat mang (kich thuéc cdc hat, do x0p...). C6 thé lam tang tSc do van
chuyén bing cach tang luu lugng cung cép cla thiét bi phan ung, bang cich
khudy mdi trudng manh hon hodc bang cich giam kich thudc cia cdc hat, s&
g6p phdn 1am giam chiéu day cia 1p gidi han.

Su gi6i han (qud trinh) khuéch tan béi cdc hién tugng van chuyén vat
chat bén trong hoac bén ngoai s&€ phu thudc chi yéu vao mdi tuong quan
giita t6c do phan ting enzym vi t6¢ do van chuyén.

- Néu néng do co chat & bé mit lién pha long-rin 12 bé hon han ndng
d6 co chét trong dung dich: S,! Sy, ta s& thdy c6 sy tang biéu kién K, clia
enzym. Trong trudng hop ndy, sy van chuyén vat chat sé 1 giai doan gidi
han ctia phan ing. Nguoi ta néi 1a qud trinh dang trong ché d¢ khuéch tin.

- Néu van t6c chia phan tng §Neagdo cia \\\ .
duge xiic tac 1a bé hon van téc van cocha$, \ \
chuyén thi néng d6 co chit & lan I \\ Sm = Sy
can enzym thuc t€ s& bang néng do AN N
trong dung dich: S, = S,,. Trong Duagdich \\ S5 Sm>0
trudng hop nay, chinh su xic tic ' \\
ciia enzym s€ la giai doan gidi han. 2 \ Sm<< Sy
Ngudi ta néi 1 qué trinh dang & . \\\
trong co ché€ dong hoc (hinh.3.32) ‘ : N \\

Chit mang

Hinh 3.32. Dién ndng d¢ co chat & lan cn
bé mjt lién pha Iéng-rin theo ban chit cia
giai doan gi&i hgn

3.3.2. Anh huéng ciia sy phan bé chit hda tan dén déng hoc cic enzym
c¢d dinh
Khic v6i & enzym hoa tan, dung dich & gdn bé mat clia mot enzym c6
dinh thudng bi anh hudng bdi ca dién tich va do ky nudc ciia bé mat. Do tinh
chat ludng tinh cha cdc enzym nén trén bé mit cha cic hat enzym c6 dinh
ludn c6 mat céc dién tich. Sir tich dien b& mat cdn dugc tao ra do khi sir
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dung cdc chat trao ddi ion hoic cic chit mang dién tich dé cd dinh. Khi cic
dién tich duong va &m khong can bing nhau thi dién tich thuc trén bé mit s&
¢6 anh hudng dang ké dén cdc tinh chat cha vi méi truong. Chinh su tich
dién nay s& c6 tac dung ddy lui cdc phan tlr chat tan c6 dién tich cing ddu va
hiit cac phan tir ¢6 dién tich trdi ddu. Luc hit hoac ddy do su tich dién nay la
déang k€ d6i véi khoang cach phan tir nhung s& suy gidm nhanh chéng theo
binh phuong khoang céch tir bé mat xic tic. Vi vay, gilta dung dich va vi
moi trudng ludn xay ra su phan bé cdc phan tir tich dién (cic co chat va cic
sdn phdm). Cic phan tlt nguoc dau véi cdc phin tir clia bé mat enzym co
dinh thi dugc phan b6 vao trong vi méi trudng, cdn cic phan tir c6 dién tich
cling d4u véi cac phan tlr clia bé mat enzym c6 dinh thi bi ddy ra vao dung
dich. Cé thé dinh lugng su phan b6 trong dung dich bang cdch dua vao hé s6
phan b§ tinh dién (A): ‘

Al [AT]

[C™] [A]7] (3.15)

Trong d6 [C;*] va [ A ]1- ndng 3¢ méi cation va anion trong dung dich

[C™]va [A™] - néng d¢ cha cation va anion trong vi moéi
truong. ;
n : s6 dién tich cia méi ion.
A nam trong khoéng tir 0,01 dén 100.
A> 1 déi véi cic bé mat enzym tich dién duong.
A< 1 d6i véi cac bé mit enzym tich dién am.

Hiéu \ing cla suf phan b8 dén cac phan tif tich dién 4m va duong 12 nhu
nhau nhung ngugc nhau, D&i véi mét chdt mang tich dién duong thi cic
cation dugc phan b6 ra khdi vi méi trudng, trudng hop nguoc lai, néng do
cdc anion trong vi méi trrdng nay lai 16n hon & trong dung dich. A thudng
phu thudc vio mat do dién tich & trén va & trong méi hat enzym c6 dinh. A
bi &nh hudng manh béi Ivc ion cda dung dich. Khi lyc ion 16n thi nong d6
cac phan tlr chat hoa tan tich dién tang lén s€ trung hoa dién tich trén cédc hat
do dé Iam giam luc tinh dién va khién A tién t6i 1.

Theo dong hoc Michaelis -Menten, vin t6c ciia phan iing dugc xic tic
b&i enzym c6 dinh c6 thé viét:
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V= (3.16)

1+
[S]

trong d6 ndng dd co chat la ndong dd trong vi moi trwdng.
- Néu co chét tich dién duong, thi (theo 3.15) ta c6:
_[SJ

A (3.17)
[S]
Do d6: V= (3.18)
1+ K-/[S 0]
Trong d6: K"k = KmA (3.19)

K kla hang s6 Michaelis biéu kién, thuong dwoc xac dinh héng
thwc nghiém véi ndng do co chat clia dung dich da biét.

Néu co chat tich dién am, ta co:

A-alSl’ (3.20)

[S.]

bk _ K-m

(3.21)

Ta thdy Kmcla mot enzym ddi véi mot co chat bi giam rd rét néu néng
do co chat & vung lan can tdm hoat dong cla enzym cao hon & trong dung
dich. Ben vi mdt ndng dd co chat trong dung dich thdp hon la can thiét nham
tao cho ndng dd co chat cuc bd cao hon dé ban bdo hoa dugc enzym.

Céc hiéu ¢ng twong tw dén ndng do cuc bd cla cac san pham, cac chat
kim ham, c4c cofacto va cac chat hoat héa co thé lam thay déi cac hang sb
gong hoc bidl kién oua oEc pkan ty mdy. g Han K&ng s6 Kim ~laiT bieu
kién clia mot chat kim ham canh tranh tich dién dwong nhuv sau:

Ki* = KiA (3.22)

Néu enzym cd dinh chtra mdt s6 nhom céd kha ndng tao phirc cang cua
V@i cac cation thi sy phan bé cla cac cation nhw thé nao vi méi trwong sé Ion
hon so v6i sy phan b6 dugc mo td theo hé s6 phan bd tinh dién A & trén.
Chéang han enzym glucoisomerase hoa tan cdn mot nong do cac ion Mg+
cao hon so v&i ndng d0 ma enzym c6 dinh doi hoi.
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Mot su tap trung cadc nhém ion hoéa cao cling cé the lam phan bd céc
khi khéi vi moi trwong do do sé cé anh huwéng dén cac tham s6 dong hoc
biéu kién cua ching. D6 ciing la phvong phap hay dung dé bao vé nhirng
enzym nhay cdm v6i oxy bang cach "mudi tich" dé tach oxy khéi ving phu
can clia enzym.

Sy phan bd cac ion H+la mot trwong hop quan trong cua sy phan bd
chat hoa tan. pH cla vi moi trwong cé thé khac dang ké véi pH cla dung
dich néu cac ion H+duwgc phan b6 vao phia trong hodc ra phia ngoai cla
khung enzym c6' dinh.

Kha ndng lién két voi co chat va hoat dé cta enzym c6 dinh déu phu
thudc vao pH clia vi moi trwdng, trong khi d6 pH do dwoc bang may do pH
la pH cla dung dich.

Bén canh &nh huéng dén viéc phan b6 cac chat hoa tan, gradient tinh
dién cuc bd con co6 thé anh hwdng dén ca Kmva Vna bang cach hd tro hoic
ngdn can su ti€p can gilta cac nhom tich dién trong phéan t&r enzym hodc
trong phic co chat - enzym trong quéa trinh xdc tac. Bang 3.3 cho thdy anh
huedng cla sw gan k&t chimotrypsin bang déng hoé tri véi chit mang tich
dién dén cac hang s6 dong hoc cla enzym d6i voi co chat N-acetyl-L.tyrosin
- etyleste:

Bang 3.3. Anh huéng cla chat mang t¢i dong hoc cua chimotrypsin ¢ dinh

Nong Km Tinh dac
d6 ion X hidu
- mM
o GG
Enzym tw do 0,05 184 0,74 249
1,00 230 0,55 418
Enzym gan véi mot chat mang tich 0,05 300 2,50 120
dién am 1,00 280 1,93 145
Enzym gén k& v& mdt ch&a mang fch dén 0,05 119 7,10 17
duang 1,00 165 5,82 28

Céc tuwong tac ky nwéc thuong cé vai tro quan trong ddi voi do6 hoa tan
tvong d6i cla cac phan t& hitu co trong cac dung mdi nuwéc - hitu co. Do cac*
trong tdc nay ma lam cho cac phan tl nwéc sép x€p lai mot cach co trat tu
khi ti€p can voi cac bé mat ky nudc. Luc hat gitra cdc bé mat ky nuéc sé
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gidm theo s& mii vdi khodng cdch gilra ching. Cdc tuong tic ky nudc lam
giam hing s6 dién moi cha vi méi truong kém theo lam thay ddi cic hing s6
axit clia cdc nhém axit va kiém trong enzym, trong co chat, trong san phdm
va trong cdc dém do d6 ma anh hudng dén K, cGa enzym cd dinh. Cic tuong
tac ky nuéc thudng khong bi anh hudng boi luc ion hoac pH cua dung dich
nhung c6 thé bi m4t tac dung do ¢6 mat cdc nhém hdo nudc & bén canh. Vi
thé céc tuong tic ky nudc c6 thé gdy ra su phan b6 cic phan tir giita dung
dich (pha 16n) va vi méi tredmg. |

Néu bé mit cha cic hat enzym ¢ dinh ¢6 tinh ky nudc la chi yéu thi
céc phan tir ky nudc s€ phan b6 vao trong vi moi trudng clia enzym con céc
phén tir va nuc s& bj ddy vao trong dung dich. Trudng hgp nguoc lai s& xay
ra néu bé mit c6 tinh ua nudc. Su phan bd s& 1am thay d8i ndng dé cuc bo
cha cdc phan tif do d6 dnh hudng dén cic hing s6 dong hoc biéu kién cla
enzym. Ching han, enzym alcol-dehydrogenase c6 dinh, véi co chét fa
butanol, s& ¢6 K, = 0,ImM n€u chit mang 1a acrylamid, nhung n€u chét
mang la ch4t déng tring hop giifa metacrylat va acrylamid cé tinh ky nuéc
hon thi K, s& gidm xuéng con 0,025mM. Cic anh hudng twong ty ciing cé
thé xay ra trong trudng hop cdc chat kim hdm canh tranh. Ching han anh
hudng ciia sy c6 dinh enzym invertase trén chit mang ky nudc dén hing sé
kim ham (K;) cha enzym déi véi cac chat kim him canh tranh.

Bang 3.4. Anh huémg cia chdt mang ki nwéc va hio nuée dén hing s6 kim
ham cia Invertase

Hang s& kim ham Invertase
Dang lién két vl
Dang tif do polystyren (ky nudc)
Anilin {C;H,-NH,) (ky nuéc) 0,94 0,39
Tris (hydroxy metyl amino metan) (ua 0,45 1,10
nudc) :

K, s€ giam khi ca ch4t kim ham va ch#t mang déu ky nudc.

Céc khi (nhwr oxy) dugc phan bg vao trong moi trudng khi chit mang
(12) ky nudc. .
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3.3.3. Anh huéng ciia su khuéch tan chat hoa tan dén dong hoc cva cic
enzym c0 dinh

D€ mot enzym ¢ dinh xiic tic cho mot phan {mg thi co chat phai cé
kha nang khuéch tén khip dung dich téi tdm hoat déng va san phdm phai c6
kha nang khuéch tén vao dung dich. Qua trinh khuéch tén xay ra do gradient
ndng do: cdc chat hda tan chuyén dich ti noi c6 néng d6 cao dén noi cé
nong do thdp hon. Cic co chdt ti€p can vdi bé mat cdc hat enzym qua mot
16p dung dich mong bao quanh, sau d6 méi khuéch tan vao cdc 16 hat va tiép
xiic v6i enzym & day. Su chuyén dich cha cdc chat hoa tan thudng xay ra
theo hai buéc:

- Khuéch tdn bén ngoai: & day, sy chuyén dich cdc co chit hudng téi
bé mat, con céc san phdm tao thanh thi chuyén dich ra khéi bé mat d6. Budc
ndy thudng xay ra & trén bé mat va gém mot chudi cdc chuyén ddi co chat
thanh san phdm.

- Khuéch tin bén trong: & day su van chuyén céc co chét va san phdm
& bén trong cic 18 clia cdc hat enzym - ¢d dinh xdy ra song song v6i phan
ting duge xiic tac.

Van t6c cha mot phan ting dugc xic tic bdi mdt enzym c8 dinh (v)
thuong thdp hon van téc phan dng duge xiic tic bdi cing mét lugng enzym
tr do trong dung dich (Vigso) 12 do €6 sy kiém tra boi qua trinh khuéch tin co
chat tr dung dich t6i bé mat xic tdc. Do co chét trong vi méi trudng da tham
gia vao phan Uing, nén néng do co chét trong vi m6i trudng [S] thudng thap
hon ndng do6 co chat [S,] & trong dung dich. C6 th€ biéu hién dinh fuong su
thay d8i van téc phan img bing cdch dwa vao hé s6 hiéu qud (n)
(effectiveness factor):

' M = V/Vyao ' (3.23)

Néi chung, 1 nim giita O va 1, phu thudc vao néng do co chat cé trong
dung dich va phu thudc vio cdc yéu t6 khdc nita.

Poi khi, | > 1 do qud trinh khong dang nhiét, do cdc hiéu (ng phan b§
hoac kim him, hodc néu enzym cé dinh duge lam bén tuong duong vdi
enzym tu do trong suét thoi gian sit dung.

C6 thé thay duge anh hudng cia su khuéch 14n ngodi dén van 8¢ cia
maot phan g ¢6 enzym xiic téc néu gia thiét rang :
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- Phan img tuan theo dong hoc Michaelis - Menten.

- Enzym dugc 8 dinh v6i mot chdt mang tro - phang.

- Khong ¢6 mit cdc hiéu ing phan bo hoic tinh dién.

Néu phan img xay tra trong cac diéu kién on dinh thi véan t6¢ tang cla
san phdm trong dung dich phai bang van tdc clia ba qua trinh ndi ti€p : van
téc cha qua trinh khuéch tdn co chat t6i bé mat xic tic, van téc xic tdc cla
enzym va vin t6c clia qud trinh khuéch tdn san phidm khdi bé mat xdc tac.
Gia thiét trén 12 hop 1§ néu thé tich clia dung dich Ia di 16n va khéng tinh
dén su thay déi ctia [S,] theo thdi gian.

Ta déu biét, enzym c6 dinh ciing 12 nhiing hé th6ng md nén c6 thé trao
d6i ca nang lugng va vat chat qua bé mat gi6i han véi moi trudmg. Diéu nay
cho phép qua trinh hoat dong & trang thdi 6n dinh ngay ca khi "mat d¢”
enzym rit cao. RS rang, trong bat k¥ trudng hop nao, néng dé co chét & bé
mat xiic tic khong thé tang hodc gidm lién tuc & t6c d6 ddng ké so vdi téc do
cua phan \ing.

Tir phuong trinh Michaelis - Menten, ta ¢6 thé vi€t duoc:

= AV (8] (3.24)
K, +[S]
Trong dé: |
A :1aténg dién tich b& mat xic tic;
V et 16¢ d6 181 da clia phan ing duoc xtc tic bdi mot don vi
dién tich bé mat.

Keét hop véi phwong trinh (3.23) ta ¢6:

_NAV.,.IS,]
K, +[S,]

Bing phuong phép dé thi Eadxe-Hofstee, c6 thé chuyén phuong trinh

3 25) thanh dang tuyén tinh:

(3.25)

S NA (Vo K A8, (3:26)

max

Néu thira nhan tat ca bé mat tiép xic déu c6 kha ning tiép xiic bing
nhau thi t6c d6 dong co chdt t6i bé mat tiép xic s& 1y I¢ véi ca dién tich bé

148



mat va v6i hiéu néng d¢ co chat giita dung dich va vi moi trudng xung quanh
st be mat. Vian t6c nay dugc thé hién trong phuong trinh sau:
v=kA({S,]-[SD) (3.27)
Hang s6 ty 1& (k) dugc goi 1a he s6 chuyén khéi (don vi ms™), thudng
phu thudc vao hé s khuéch tén cia co chat va khoang cach hitu hiéu giita bé
mat va dung dich:

D
k= (3.28)

Trong d6: Dy - hé s6 khuéch tin clia co chit trong dung dich tu do (don
vi 1a m’s’).

3 - B& day hitu hiéu cla 16p dong (unstlred layer) bao quanh
bé mat xiic tac ma co chat phai khuéch tan qua nd.

Theo dinh luét Fick, hé s6 khué&ch tan dugc coi la t6c dd clia mot don vi
khéi lugng (m) ciia mt hop chét di qua mét don vi dién tich bé mat (A) nho
moét gradient néng d6 clia sy thay d6i mot don vi ty trong (P):

dm_ _p Al (3.29)
dt Podx

D phu thudc vao khéi lugng phan tlt va kich thuéc clia co chat ciing
nhu vao nhiét d6, dé nhét va thanh phdn cla pha long (bang 3.5). Nhin
chung, khéi luong va d6 nhét clia dung dich cang I16n thi hé s6 khuéch tin
cang thdp (bang 3,5) 8 c6 thé coi nhu mt khodng céch hitu hiéu, mac dd
khong xic dinh chinh xdc duge 8 bang bé day cia Idp dong (vi & khodng
cach bé hon & ngudi ta con phat hién duoc su chuyén dong ctia chat 10ng).

Bang 3.5. Hé s6 khuéch tin cia céc phan tir trong dung dich nude ¢ 20°C.

Cac chit - Khéi hzong phan tit | Hé s6 khuéch tén (ms™ x 10'%)
Oxy 32 21,0
Glucose 180 6,7
Saccrose 342 45
Inulin 5.200 2.3
Allbumin 67.000 07
Urease 480.000 03
Vinus 10.700.000 0,1
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Trong cic diéu kién c¢6 dong dong thi 6 bang ban kinh cua cic hat hinh
cdu. Thuong & phu thudc vao céac diéu kién thuy déng luc hoc, & giam khi
tang t6c do khudy va & giam lai lam tang hé s& chuyén khéi ki. Phu thugc
vao céc didu kién, & c6 thé bién thién theo hé s6 khuéch tan, ty trong va do
nhét clia chat 16ng; tang vdi su tang hé s6 khu€ch tdn va dé nhdt nhumg lai
giam khi tang hiéu ty trong giita cic enzym c6 dinh va moi trudng. & giam di
mot nita khi st dung séng siéu 4m (v6i cdc hat c6é kich thude 16n hon ¢6 thé
sir dung séng siéu am).

Véi céc hat xdc tac sinh hoc nhé thuong dugc st dung thi ¢6 thé lam
giam 16i da & bang cach lam tang su cudn xody cla dung dich quanh enym
c6 dinh lén khoang 10 lan.

Van t6c khuéch tan thudng bi dnh hudng déng ké khi ¢6 su phan b.
D6i v6i cac phan tir tich dién thi van td¢ khuéch tdn s& phu thuoc vao
gradient thé tinh dién va gradient ndng d¢. Gradient thé tinh dién thuong gy
nén céc thay ddi biéu ki€n & ca 8 va D; trong viing 1an can clia bé mat (nghia
12 & khoang cdch nho hon & nhiéu).

Do tinh chat néi ti€p cia qué trinh, nén van tdc cta phan tng enzym (v
trong phuong trinh 3.24) phéi bing véan tdc khuéch tin cia co chét t&i bé mat
xuc tac (v trong phuong trinh 3.27), ta cé:

Yﬁgﬂmsn]—[sn (3:30)

Phuong trinh nay 1a bac hai d6i véi néng d6 co chét [S] trong vi moéi
trudng do do rdt khé xic dinh dugc gid tri clia phuong trinh béng cic cich
doc lap nhau. Phuong trinh nay ¢6 thé dirgc don gian héa véi cdc cyc tri cla
[S] lién quan véi K, clia enzym d6i véi co chat.

- Néu [S] >> K, thi v€ trdi cita phuong trinh (3.30) chi con V., do dé:

Vo =k (IS, - [S) = v, (33D

O day, v, Ia van t6¢ phan ing dugc xidc tic bdi mot don vi dién tich bé
mat cia enzym c6 dinh. Do d6 ma van téc phan tng dugc xic tic bdi enzym
c6 dinh bing vén t6c cyc dai clia phan tng dugc xdc tdc bing enzym khong
c6 dinh khi [S] va do d6 [S,] >> K. Tuy nhién, thudng thi ngudi ta nhan
thdy [S] << K,,. Trong diéu kién nay phuong trinh (3.30) tr& thanh:
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[S] (vmax/Km) = kL ([Su] - [S]) (332)

Nhém [S] vao mot vé, ta ¢6:

k. (S.)
s: )% 0 3
151 k +V._. /K, (333

(S,]
hay [S]= ° 3.34
A VR T ETTIN (3:3%)

Tit phuong trinh (3.24) khi [S] <<K,:
Vrmx

Vy=(8] 2 (3.35)

Thay [S] tir phuong trinh (3.34) vao (3.35), ta c6:
v, =[50V 1K) 536
1+(V_ /K )1/k)

Dodé: V, = —oo (3.37)
V'I'I'ﬂl
1+ ™%+ —
K., k
Chc gid tri tuong doi cha hai s6 hang & miu sé trong phuong trinh
(3.37) quyét dinh phan itng dugc diéu khién chil yéu bang su khuéch tén cia
co cht (k,) hay bing kha nang xic tic cha enzym c6 dinh (gid tri V,.,./K.).
C6 thé so sanh bing cach dua viao modun p clia co chat bén ngoai (i con
dugc goi 1a s6 Damkohler, 12 ty s6 khong thit nguyén clia vén tdc phdn
ing/van t&c dich chuyén):
Vi (3.38)
kK,
Trong d6: V., - van téc cuc dai cba phan ving dugce xic tic bang mot
don vi dién tich bé mat.

Thay p vao (3.36), ta cé: .
_ [8J(Voms  K) (3.39)
1+p :

- Khi k; >> \—,-K"ﬁ (nghia 12 tai p=0 khi sy chuyén khéi xay ra véi van

t6c nhanh hon van 16c cita phan iing dugc enzym Xic tac) thi van td¢ chung
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clia qud trinh 12 do xdc tic enzym quyét dinh va phuong trinh (3 37) dugc
don gian hod thanh:

\%
vy =[S.]) —KL“‘- (3.40)

m

- Tuy nhién khi k; << Y(“’“" (nghia la tai modun co chat cao), khi van

toc chuyén khéi chdm hon nhiéu so véi van téc cita phin iing ¢é enzym xic
tac thi van t6c chung cita qua trinh 1a do van téc khuéch tan quyét dinh. Khi
dé6 phuong trinh (3.37) duge don gian héa thanh: '

va=k.[S,] (3.41)

Tir phuong trinh nay, ta thdy t6c dé phin ting doc lap vdi hoat tinh cha
enzym. Diéu nity ¢6 nghia, phan itng khong bi dnh hudng boi cic thay déi vé
pH, nhiét d¢ (ngoai trir né ¢4 thé bi anh hudng bdi do¢ nhét) hoic luc ion clia
dung dich, ciing nhu khong bi anh htdng bdi cic chat kim hdm hay cdc chat
hoat héa. Tuy nhién néu ty s8 V_ /K, bi giam do thay d6i cdc diéu kién ndy
dé tién 16i gi4 tri k,, thi m&i quan hé trong phuong trinh (3.41) s& khong con
ding nita. Khi su khuéch tdn bi kim lai thi néng d6 co chat trong dung dich
dé cho van t6¢ phan iing bing mot nita vén t6c cyc dai ([S,,] tuong (ng vdi
K, biéu kién) cao hon K, ciia enzym tir do. Con néng do co chat & vi moi
trudng dé cho van téc phan ting bing mot nita van téc cyc dai van bing K.,

v, ¢6 thé dugc thay thé bang V,,/2 trong phuong trinh (3.27) khi [S] bing
K. lic nay ta cé:

Va = Viud2 =k ([S,] - Kyp) (3.42)
Dodé [S] =K, + V,./2k S (343)
hay o [Sd=KL=K, (1+pR) = (3.44)

R6 rang, K., tang theo modun co chét bén ngodi. Didu nay ciing 6
nghia {a lam giam tinh dic hi¢u biu kién. Dua cic néng d6 co chat khong

S
tha nguyén B (—[T(_]) af, (—[ o } vao phuong trinh (3.30) ta dugc:
V. B -
Zmaxb _ -
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Thay p tlr phuong trinh (3.38) vao ta cé:
Hp

1+p =B, -p (3.46)

Phuong trinh nay ¢6 thé dugc don gian héa & gid tri B, thdp, khi B tién
t61 0, ta co:

B
gt 347
(1+p) G40
\ S.]
va [S)= —2ed (3.48
) )

Do d6 néu biét gia tri u thi ¢6 thé tinh duge néng do co chat & bé mat
cta enzym cé dinh. :

Thong thudng ngudi ta cdn phai xdc dinh céc tham s déng hoc clia
mot enzym ¢ dinh khi c6 mat cdc hiéu ing khuéch tdn ngoai nhim nghién
ciu anh hudng clia viéc ¢6 dinh dén do bén (thuc) hoic téi hoat do cta
enzym. C6 thé xdc dinh dugc V. thuc néu tao duge ndng do co chat & vi
moi trudng di cao. Codn xdc dinh K, thyc s& nhd vao ndng d6 co chat da biét
0 vi mdi trudng. C6 thé xédc dinh cdc tham s6 dong hoc nay biang phuong
phép dé thi néu bigt dugc h¢ s6 chuyén khai.

Hoatdo (v,)
|
P
S AN
; ]

—

N&lg doc cochat trong du;lg dich [S,

Hinh 3.33. So dé minh hoa mjt phuang phap xac dinh céc tham so
déng hoc thye (Vmax va Km):
- Budng a - Gia tri k, co thé dudc xac dinh tit duéng tiép tuyén cla dudng cong
thuc nghiém .
- Budng b- Téc dd phan img vdi ndng d$ cd chét trong dung dich.
- Pudng c- T8c 86 phan (mg vai néng dd cao chét trong vi méi trudng. Tl ddy c6
thé xac dinh cac tham s& dong hoc.
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Céc enzym c6 dinh thudng bi anh hudng boi cdc chat kim hdm khdc
véi & enzym hoa tan.

V6i enzym 6 dinh, ta ciing ¢6 thé biét dugc anh huong cla céc chét
kim ham canh tranh, khong canh tranh va phi canh tranh bang cich xem xét
su thay d6i clia cdc hang s6 dong hoc biéu kién K™ va VX thu ducc.

Tir phuong trinh (3.38), goi p; 12 gid tri cia modun co chat bén ngoai
khi c6 chat Kim ham.

Va tir cdc gid tri tuong ing K, va V. cla enzym hoa tan khi cé chat
kim hidm canh tranh, khong canh tranh va phi canh tranh (bang 3.2) ta c6 thé
viét duoc d6i véi enzym c6 dinh:

- Véi chat kim hdm canh tranh, ta cé:

b= —ﬁ[ﬁ-— (3.49)
(1+->
K;
- V6i chat kim hdm khong canh tranh, ta dugc:
B=p (3.50)
- V6i chét kim him phi canh tranh, ta dugc:
b= __.E[.I]__ (3.51)
(1+=)
K,

Tir day ta thdy ca hai chat kim hdm canh tranh va phi canh tranh déu ¢
W, gidm so v&i p. Vay 1a su can khuéch tén co chat & hai qu4 trinh bi kim
ham nay s it hon so v6i & enzym c6 dinh khéng bi kim ham. Diéu nay 1a do
cdc phan ving bi kim hdm vén d4 cham hon va it ¢6 kha nang duge kiém sodt
boi téc do khuéch tin co chat. Con trong trudng hop kim him khong canh
tranh thi khéng c6 anh huéng ndo déng ké nhit 1 khi & néng d6 co chat
thap. Trong hai trudng hop truée, tham chi anh huéng cia miic d6 kim him s&
trés nén khong déng k€ ngay ca khi & modun co chét bén ngoai cao (u > 50).

e Trong truong hop cdc enzym c6 dinh, s kim him b&i san phdm c6
thé con nghiém trong hon do sin phdm khuéch tin khéi tam phan g, do d6
lam cho néng d6 sin phdm & trong vi m6i trudng c6 thé cao hon & trong
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dung dich nhiéu. O giai doan déu cia phan {ng, ndng do san phdm sé& tich
lai cho dén khi tao duogc gradient ndng do déi v6i dung dich da I6n dé cho
phép san phiam khuéch tan ra ngodi véi t6c do ngang bing véi téc do tao
thanh né tir phan ng.

Néu goi k%, va k', [ heé s6 chuyén khdi co chat va he s§ chuyén khoi
san phdm, [P] va [P,] 12 néng do san phdm trong vi méi trudng va nong do
san phdm trong dung dich, tir phuong trinh (3.27) ta c6:

v =k (8, J-[SD=k{(PI-[P,)  (3.52)

Do su ki€ém soat chia khuéch tin nén [P] va [S,] I6n hon [P,] va [S] rat
nhiéu: [P] >> [P,] va [S,] >> [S], do dé:
. S .
P1=IS] kE;""* (3.53)
L
O phan rudc, ta da thay chat kim him canh tranh c6 c4u tao giéng co
chat va thudng la san phdm clia mét phan ung (kim hiam bdi san phdm, nhu
trudmg hop galactose kim ham lactase). Tuong tu nhu phuong trinh van t8c
clia phan tng c6 Xim him canh tranh, ta cé thé viét dugc phuong trinh van
t6c clia phan tmg c6 kim ham bdi sin phdm.
o VI8
K, (1+[P]/K)+[S]

Thay [P] & phuong trinh (3.53) vao day va gi thiét ring K, >> [S], ta dugc:
v Ve [S]
" K, + K KISIAK k)

Tit day ta thdy, anh hudng clia sy kim ham bdi sin phdm (s6 hang thit
hai & miu s6) phu thuéc vao néng dé co chét trong dung dich va ty s6
K,k /(K k"), thé hign sy canh tranh giita co ch4t va sin phdm dGi véi bé
mat enzym. Viéc tich tu s2n phdm & bé mit enzym s€ tang theo ty s& nay va
s& lam gidm ca van t6c phan tng va h¢ s6 hiéu lyc. dnh hudng nay s€ lon
hon khi K, /K, hodc k® /k, 16n va p nhé (<50).

S, thudng x4p xi k', nhimg c6 thé 16n hon khi phan \ing tao ra san
phdm c6 ttong lwong phan tit 16n hon nhiéu mot phan tir co chit hodc thip
hon trong phan tng khit tring hgp (hay phan img thuy phén).

(3.54)

(3.55)
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e Kim hdm bdi co chat 1a mot qua trinh phic tap hon. Va 1a di ¢
phuong trinh vén tdc:
_ Viax [8]
T K, +[SK1+[S)/K,)

Két hgp phuong trinh (3.56) véi phuong trinh (3.37) ta dugc:
V_[S
vy =k (8,1~ [8D = — =)

(3.56)

(3.57)
[S)°

K, +[S]+——
KS

Day 1a phuong trinh bac 3 d6i véi ndng 46 co chat [S] & trong vi moi
truomg. Do dé c6 thé c6 cdc trang thdi bén vimg mién 13 sy khuéch tdn cla
co chat dén enzym di cham. Cing mdt néng do co chat trong dung dich c6
thé cho hai néng d¢ én dinh khdc nhau trong vi méi trudng:

1 - M6t n6ng dé co chat thap vira tao duge mét van t6c phan (ng wong
déi nhanh khéng cé sy kim him cila co chdt, vira tao dugc mot van toc
khuéch tan co chit vao bén trong nhanh déu nhd mot gradient ndng dé cao.

2 - Mot nong do co chat rdt cao vira tao duge mot van toc phan tng
twong ddi chAm nhd c¢é sy kim him bdi co chat vira tao dugc mot van téc
khuéch tdn co chit vao trong cham déu do (dudi) mot gradient néng do
tuong d6i thap.

Mot kha nang thi ba 12 c¢6 mot néng do trung gian, thé hién moét trang
thdi khong bén, khong duge hinh thanh mét c4ch tw nhién va khong c6 hiéu
qua thuc té.

e Céc phan ing thuan nghich duge xiic tic bing cdc enzym c¢6 dinh ¢
thé bi anh hwrong nghiém trong do su khuéch tin cia sin phdm khoi bé mat
xic tac khd cham. Ngay ci khi nong dé sin phdm dugc tich tu & vi moi
trudmg con thap cling lam ting van téc phan ¢ng .nghich do d6 lam giam
manh hiéu suat cia enzym.

Sy can khuéch tan ¢6 thé 1am tang biéu ki€n do bén cia céc enzym c6
dinh. Hiéu suat ciia enzym cd dinh s€ duy tri khong ddi cho dén khi hoat do
riéng clia enzym bi suy giam va phan tng khi dé s& khong con bi ki€ém sodt
bdi khuéch tin nita. ,

Mot trudng hop dac biét cha qué trinh kiém ch€ cdc phan (mg c6
enzym c6 dinh bang khuéch tdn 13 trudng hop céc ion hydro. Nhiéu phan -
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ing do enzym xiic tdc ¢6 thé gidi phong ra hoac tieu thu jon H* (ching han
nhu dehydrogenase, peptidase va esterase). Didu nay c6 thé xay ra & bat ky
phan ing nao c6 su tham gia cla cac phén tif chita cic nhém ion héa dugc,
gid tri pK, clia cdc nhém nay trén cdc co chit va san phdm c¢6 thé khic nhau.
boi khi, phan ing c6 thé tao ra hoac tiéu thy ion H* tuy thudc vio pH cia

phén ing. Chang han urease:
urease

H,N-CO-NH, + H,0 + 2H*™ pH=60 _~ 2NH*, + CO,.

H,N-CO-NH, + H,0 + __PH=%5 | oNH, + HCO, + H".

Céc ion H* khuéch tan tuong d6i cham, tuong tu nhu cic ion mot héa
tri khédc khi khéng c6 mot dién trudng, 1a do bon nguyén nhan sau:

1- Ion H* thutmg duoc hydrat héa (H,0*, H,0,” do d6 lam tang khdi
lugng phan tir biéu ki&n va lam gidm hé s& khuéch tén ctia minh.

2- Yéu céu mot sy trung hoa dién dia phuong doi hoi phai khuéch tin
dong thdi cac phdn tir mang dién tich duong va am, ciing lam tang khéi
luong phan tir 1én déng ké (vi mdi ion H* khuéch tdn véi mét anion).

3- C4c ion H* duge dém bang histidin va nhitng nhém khéc & trén cic
hat enzym c6 dinh s& 1am gidm kha nang khuéch tdn cia ching vao dung
dich.

4- Thudng, néng 46 ion H* trong dung dich thap (pH = 7 wong (ng véi
107 MH") do dé tao nén céc gradient ndng do rat nhd, nhat 1a khi sy chénh
léch pH chi bing mdt hoac hai don vi. ‘

_ Vi thé nhiéu phén iing c6 thé dugc kiém ché bang su khuéch tan cdc
ion H* 16i bé mat enzym c& dinh hoic tich khdi bé mat enzym c6 dinh. Anh
huéng cha su kiém ché khuéch tdn ndy c6 thé thay 15 khi két hop phuong
trinh; S :

v o~ KulE] | (3.58)
O ([HTVK,) +1+(K,, /[HT]) :

véi phuong trinh (3.37) d&i véi 1 phan ting gidi phéng H', ta dugc:

V= S
=k ([H"]-[H 3.59
((H'V/K,)+1+ (K, /[H'] C(H]-[HJD (3.59)
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Trong d6: V*- Van t6c cyc dai cia phan @mg n€u pK,, va pK,, tich
biét rd rang.

-k - He s6 chuyén khéi chia H'.
[H*]- Néng do cia ion H' trong vi méi trudng.
[H’]- Nong do ctia ion H' trong dung dich.

Néu phén img xdy ra sy tiéu thu ion H thi né s€ tuin theo phuong trinh
sau:

v o
(4 1/K_) +1+ (K, /[H']) =k ((H']-[H;]) (3.60)

Do 16n ciia sy cdn khuéch tan duge xdc dinh bdi modun proton (f;):
V* : -
B ktKal

", (3.61)

Chii ¥ 1a khai niém modun proton tuong tu khdi niém modun co chat
ngoai (phuong trinh 3.38). '

Ngudi ta nhan thdy rang céc ion H* tich lai trén bé mat xic tac khi
modun proton 16n hon 10, Céc phan ng nhu the (nay) cé thé xdy ra tuong
ddi nhanh & mot pH céch xa gid tri pH t8i vu cho enzym tu do. Diéu nay rdt
c6 ich trong truong hop & mot pH khién co chét c6 tinh tan cao hon hoac tao
ra mét moi truong thuin lgi hon cho phan tng. Sy khuéch t4n clia cdc ion
hydro cé thé dugc dé ding tham chi & cic néng do thap hon dang ké so vdi
n6ng do cdn thiét cho tic dung dém thong thudng clia chiing béng cdch lién
két cdc cap axit-baza. Bdi 1& cdc dem c6 thé ¢b cac gradient néng do cao hon
nhi€u so véi cic ion hydro ma khong 1am anh hudng dén pH trong dung dich
(hinh 3.34). Trong trudng hgp nay phuong trinh (3.59) cén dugc md rong dé
bao gédm dugc ca sy van chuyén va khuéch tdn clia cdc ion hydro do céc axit
lién hop. D€ mot phin (ng sinh ra dugc cac ion H*, phuong trinh (3.59) duge
bién déi thanh:

"
(H' VK, )+1+(K,,/[H"])

(3.62)
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Trong d6: k! - Hé s6 chuyén khdi ciia HB.

[HB]- Néng d¢ cua acid lién hop trong vi méi tridmg.
[HB, - Néng d¢ cha HB trong dung dich.

O pH cha dung dich bang 7, cac ion H* duoc van chuyén bing dém
milimol (10°M) ¢6 pK, = 7 hang ngan lan l6n hon so vdi cic ion hydro ty
do. Su c6 mat clia cdc ion dém nay ¢6 thé c¢6 anh hudng ding ké dén dién pH
hoat dong ciia cdc phan éng ¢6 su khuéch tan ctia ion H*.

Néng dé T

o
by
b
X
A

H-

B+ B+ HDB HB «» H*+ B

Hinh 3.34. Gian 48 chi rd sy van chuyén nhe nhang cla céc ion hydro ra khdi mot
enzym c& dijnh lai xiic tic cho mdt phan img sén sinh ra cac ion hydro.

— Gradient néng d6 ion H* rat nhé do néng do ion H' trong dung
dich thdp nén khoéng thé tao ra mét néng do ion H* thuc trong vi mdi trudng.

~ Cip dém HB/B s& 1am di chuyén proton khéi bé mat va phan bs
chiing trong vi méi trudng va trong dung dich.
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CHUONG 4

PIEN cuwc SINH HOC (CAM BIEN SINH HOC -
BIOSENSORYS)

4.1.s0 LUQC LICH s PHAT TRIEN cua dien cwc SINH HOC

N@m 1956, giao su Leland Clark Jnr-ngu@i khai sinh vé khai niém cam
bién sinh hoc (biosensors) da cdng bd' vé dién cuc oxy. Dwa trén kinh
nghiém va tdm huyét cia minh 0ng da phat trién Iinh vuc phan tich gitp cé
thé do lvong duoc trong co thé.

Ndm 1962, tai hdi nghi khoa hoc & Vién han lam New York, dng c6é
bai dién thuyét “Lam thé nao dé cac dién cuc dién hoad (phuong phéap pH,
phuong phép cuc phé, phép do dién thé, phép do dd dan dién) théng minh
hon”.Trong d6 6ng trinh bay cach lam dién cwc dién héa thong minh bang
viéc thém enzym vao may chuyén ddi nhw nhitng chiéc banh sandwich duwoc
bao boc bdi mot 16p mang.

Ndm 1975, y twéng cua Clark tré thanh hién thyc véi sy cong bd cla
cong ty Yellow Springs Instrument (Ohio) vé may phan tich glucose dua trén
viec do dong dién cla hydropeoxyt. Bay la lan dau tién cac phong thi
nghiém trén thé gi¢i phan tich dua trén mot dién cuc sinh hoc (DCSH).

Nam 1975, dién cuwc sinh hoc tién thém mot buwdc niva d6 la khi Divis
dé xudt rang vi khudn c6 thé dwoc ding nhy mot yéu té sinh hoc trong dién
cuc vi khuan dé do ham lwgng etanol.

Nam 1976, La Roche (Thuy Si) gi¢i thiéu may phan tich Lactat
(Lactate Analyser - LA640) trong d6 cé tac nhan trung gian hexacyanoferrat
hoa tan dwgc st dung dé chuyén cac dién t& tir lactatdehydrogenase téi mot
dién cyc. Mdc du khéng thanh coéng trén thuvong trudng nhuwng la budc dot
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pha quan trong cho mot thé hé dién cuc sinh hoc méi duoc (ng dung trong
thé thao va chan doan lam sang.

Nam 1987, dién cwc enzym screen-printed dugc cong b6 béi Medisense
(Cambridge, USA) véi dung cu do cé kich thuéc nhuw mot chiéc bt cho phép
giam sét lvgng glucose trong mau tai nha. Dién cuc nay duoc thiét ké lai lam
cho théng dung hon va s6 lvgng ban clia Medisense da dat toi 175 triéu dola
nam 1996 khi ho dwoc Abbott mua lai.

Hién nay hdng Boehringer, Mannheim va Bayer dang canh tranh nhau
rat gay gat vé dién cuc sinh hoc va luong ban ra cta ba cdng ty chiém wu thé
trén thi trwong dién cuwc sinh hoc cua thé gidi téi 85%.

4.2. KHAI NIEM VE PIEN cuwC SINH HOC

Mot bo dién cuc sinh hoc thyc chat la mot thiét bi phan tich chuyen doi
cac dap ¢ng sinh hoc thanh céac tin hiéu dién, nhiét, hodac quan (Theo
Enzyme Technology,Cambridge University press). Tl cac tin hiéu dé nguoi
ta c6 the do dugc ndng do cac chat can phan tich.

Dién cuc sinh hoc dua trén viéc két hop cac chat cé hoat tinh liinh hoc
da duoc co dinh véi mot thiét bi chuyén doéi tin hiéu (signal transducer) va
mot bo k méch dai dién t. Ngoai ra, con c6 thé c6 thém mot so it bi dau
ra nhu thiét bi phan tich, x& ly (computer). Dién cuc sinh hoc c6 thé st dung
cac hé théng sinh hoc (biological system) & cac mirc dd khac nhau.

Cau tao va nguyén ly hoat dong clia mot dién cuc sinh hoc dwoc theé
hién ¢ hinh 4. 1va bang 4.1.

iIHWVrl

Hinh 4.1: So d6 nguyén ly cdu tao clia mot BCSH:
S: co chét can do (glucose, ure..);

a: mang sinh hoc: la mang da dugc cd dinh cac chét cé hoat tinh sinh hoc nhu:
enzym, ADN, vi sinh vat hodc phan t& mién dich (khang nguyén, khang thé).
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b: Thigt bj chuyen ddi (transducer): 1a mot thiét bi chuyén ddi tin hiéu nhim
chuyén ddi @ap dng sinh hoc thanh tin hiéu (dlén ap, dong dién, dién thé,
nhiét, quang...)

¢ Bd khuéch dai tin hidu: thudng s dung vdi cac trudng hop tin hiéu dign hoic
don glan chi 14 thu cac tin hiéu g6c dé dua vao bo X ly tin hidu.

d: Bo xU Iy tin hidu: x{ ly tin hidu dé dua ra két qua, thdng gua viéc so sanh vdi
cac mirc chuan hoéc céng thc tinh toan.

e: Biéu hién két qua

Bang 4.1: Céc nguyén Iy cia dién cyc sinh hoc

1. Dién cut &i | S+R > SR Cac chuyén  ddi
l(l’;?oafsﬁig;y hoC | Thay a8i mat da electron (tra.nsducer) o
sensor) Receptor R Tin hiéu hoa hoc S B %é: cfc doddnez;he
Lectin Sacarit an e oo
Glycoprotein . .
com el o
Chét itc ché - Pién cyc chgn lz;c
Khang thé (Ab}  Khang nguyén (Ag) ion st dung transitor
Receptor Hormon cd hiéu (mg trudng
(ISFET)
2. Dién cuc |S+R >S8R —->P+R
chuydn hoa Tiéu thy oo chét vi tao thanh san phdm
g'::;?,':;’"s'“ Receptor R Tin hiéu hoa hoc §
Enzym Cd chit
Bao quan Cofactor
Vi sinh vat Chét (fc ché
| Latmd Hoat tinh enzym
3. Cac hé | Cacchudi
th§ng cdp ddi | canh tranh -
va lai Khuéch dai
4. Dién cg;c Receptor R Tin hidu vatly 8
2:3}’1:) S:“: Enzym Am thanh
hoc Ap ive
Anh sang

Mét dién cuc sinh hoc khi dua ra st dung phai thod man mot s6 yéu

cAu sau:

Chat xiic tic sinh hoc phai c6 tinh dic hiéu cao, én dinh trong diéu
kién bdo quan thuimg.
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- Phén img sinh hoc khéng phu thudc va céc diéu kién vat 1 nhu khudy,
pH, nhiét do. ..

- Dip g sinh hoc phai chinh xdc, r6 rang, thoi gian héi dép tin hiéu
khong qua dai va phai sir dung lap lai duge nhiéu l4n.

- Dién cuc hoan chinh phai ¢6 kich thuéc nho, phdt hién dugc cdc chat
0 néng do thap va ré tién.

Nguyén 1y chung clia mot dién cuc sinh hoc duge biéu dién hinh 4.2,

Thanh 18 sinh hoc Mang bén thdm Moi tnrbhg ngoai

Chit dien Iy 4!

Tin hiéu vao

B chuyén d6i

Mang trong

Hinh 4.2. Nguyén 1y chung cla mét cam bién sinh hec:
o :chét can phan tich;
o :tAc nhan kich thich {tao ra tinh hiéu).

Cic chdt cén phan tich (dugc mo ta bang nhiing vong tron dam) ¢ troné
mau phan tich s& di vao trong dién cuc. Mang ngoai (external membrane)
clia dién cuc cho cic chdt cdn phan tich thim qua. Thanh t& sinh hoc
(biological element) ciia dién cuc s& phén iing vdi chat cdn phén tich va tao
ra cic ddp ing ma cic thi€t bi chuyén déi (transducers) c6 thé phdt hien
dugc. Cic thanh t6 sinh hoc tai ddy c6 thé 1am: .

- Bién ddi céc chét cdn phan tich thanh céc chat hod hoc khic (biéu
dién bing vong tron réng trong so d6 théng qua cdc phan tng sinh hod).

- Giai phéng ra cdc san phdm hod hoc rdi tir day tao ra cic tdc nhén
kich thich.

- Thay déi céac dic tinh nhe quang hoc, dién hoc, co hoc.

- Tao ra mét s6 céc ddp ing khédc nhau véi lugng c6 thé do duge.

163



Con ¢6 mot s6 mang khac gan bd phan transducer, nhirng mang nay cé
thé c6é cac dac tinh thdm khéac nhau so véi mang bén ngoai. Tin hiéu ra cua
dién cuc thuong phu thudc vao loai bién nang (transducer) ma né st dung.

Trong bang 4.2 gi¢i thiéu mot s6 dién cuc enzym thuong st dung.

Bang 4.2: Cac dién cwc enzym thuwdng st dung

stt Chat dé xac dinh DPién cwc Enzym San pham
1 Glucose Glucooxydase va catalase ho2 02
2 Siiccarose Invertase, glucooxydase h20 2
3 Lactose p -galactosidase, glucooxydase HA
4 Al;ohl Alcol oxydase h20 2
5 Ur Urease NH/, CO2
6 Pe nicillin Penicillinase H*

Dua theo mc do cac mach cda dién cuwc sinh hoc cé thé chia dién cuc
sinh hoc ra lam ba thé hé (thé hién & hinh 4.3).

44400000

DIALYZER RECEPTOR TRANSDUCER ELECTRONICS

THEHE 1(1 ST
GENERATION)

THE HE Il (2 ND
GENERATION)

THEHE m (3RD
GENERATION)

Hinh 4.3. Cé4c thé hé dién cuc sinh hoc (biosensor).
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- Thé hé dau i: Cac chat xuc tac sinh hoc dwoc go6i hoac lién két voi
mang xay ra trén bé mat transducer.

- Thé hé th Il: Céc cdu tlr cd hoat tinh sinh hoc dwoc lién két véi be
mat transducer bang lién két cong hda tri hay lién két hdp phu ma khong st
dung mang ban tham.

- Théhé th I11: Cac chat xuc tac sinh hoc dwgc lién két truc tiép voi
mot thiét bi dién tr va thiét bi nay c6 kha nang chuyén doi va khuéch dai cac
tin hiéu, M du nhu cong ctua mot FET (field effect transitor).

4.2.1. Cac phan bién doi sinh hoc (biological transducers)

Nhw dd mo ta & phan trén, cac thanh t0 biéu hién sinh hoc la bd phan
nhét dinh phai c6 trong mot dién cwc sinh hoc. N6 la nhan t6' quyét dinh va
chiu trach nhiém phat hién chat can phan tich mot cach c6 chon loc. Viéc
tao ra cac tin hiéu hod ly duvgc theo d6i boi cac transducer vat ly.

Cac thanh td biéu hién sinh hoc dwgc chia thanh hai phan:

Loai xtc tac: Dién hinh l1a x(c tc bang enzym, vi sinh vat.
Loai c6 ai lyc: Dién hinh la khang thé, receptor.

Doi khi con c6 loai thv 3 la loai két hgp cla hai loai trén.

Loai xuc tdc bao gom hd théng don enzym, da enzym, cac bao quan,
cac lat MmO dong vat, thyc vat va vi sinh vat. Trong dé enzym duoc st dung
phd bién va c6 hiéu qua nhat do nhitng uu diém cla né nhu: cvong lyc xic
tac 16n, tinh dic hiéu cao, khéng doc va dé diéu ché. Theo quan diém phan
tich, cac enzym duwoc coi la quan trong nhat gom:

- Oxidoreductase: la cac enzym st dung oxy hay NAD+dfc oxy hoa
cac hop chat.

- Hydrolase: cac enzym x(c tac thuy phan cac hop chat.

Vi du: Glucooxidase xuc tdc oxy hoa glucose thanh axit gluconic. Bay
la co s& cho viéc theo dGi ham lwgng glucose & cac bénh nhan tiéu duirng.

Tuy nhién cac hé don enzym chwa han 1a Iy twéng vi ching thiéu &n
dinh do bién tinh vi nhiét hodc twong tac vdi san pham hodc véi cac chat
trung gian. Ching ciing c6 thé bi mat hoat dong trong giai doan cd dinh. Dé
khac phuc nhitng han ché d6, hé théng da enzym duoc st dung dé chuyén
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ddi va tao ra nhilng san pham ma cic don enzym khong c6 duge. Viec su
dung cdc 14t moé thyc vat, ddng vat hodc toan bo t€ bao cho phép cic chudi
phan tng phuc tap xay ra, vi cic coenzym va céc cofactor c6 mat trong mot
moi trudng én dinh va ty nhién hon. Mac di tinh dic hiéu cua cdc hé thong
trén s& kém hon so vdi hé thong don enzym nhung trong mét sé trudng hop
thi viéc sut dung chiing s& thuédn loi hon.

Khong gidng nhur loai xic tac, loai 4i luc dac trung hon vi su lién két
c6 tinh tu nhién. Céc cdu tir sinh hoc nay thudng dé dang phét hién ra mot
chat rat dic hiéu trong sudt qua trinh, bdi I€ cac trong tic 4i luc khong thay
déi. Cic thy quan mién dich (khing nguyén - khing thé) 12 loai néi bat nhat
trong cdc receptor di lc va thudng dugce sir dung rong réi trong cédc dién cuc
sinh hoc. Cic loai khac ¢6 mic d¢ 4i luc va dac hiéu cao nhu glycoprotein,
lectin cling duge sir dung nhiéu.

Duéi day 1a so d6 tém tét céc loai dién cyc sinh hoc.

Pién cue md Bién cuc co
€ bao quan bio

Hinh 4.4. H§ théng phan loai cia dign cyc sinh hoc dya vao vat lidu sinh hoc.

4.2.2. Co dinh céic thanh t6 sinh hoc trong diéh cuc sinh hoc

Viéc ¢8 dinh cac thanh t8 sinh hoc nhat 12 enzym thuong dem lai nhiéu
loi nhuan hon trong viéc tng dung nhu:

~ Lim cho enzym trong nhiéu trudng hgp duoc bén hcm
— Tach phic enzym - chit mang ra khéi mau rat dé dang.
— Hoat d¢ enzym giix dugc 6n dinh trong mot thoi gian dai.

Ngudi ta thudng c6 dinh céc thanh t6 sinh hoc nay trén mot gi4 thé rén
bang nhiéu cich khéc nhau. Trong k¥ thuat ¢ dinh, cAn ddm bao nhimg yéu
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cdu nhit dinh, nhat 1a khi cac dién cyc sinh hoc duoc dua vao st dung trong
thuc té.

— Ciéc cdu ti sinh hoc phai dugc giit hoat do khi gén trén bé mat dién
cuc (cam bién).

— Mang sinh hoc phai dugc gan chat véi bé mat cam bién va van gilt
duoc ciu tric va chifc nang.

— Mang sinh hoc d3 duogc c6 dinh phai dn dinh va bén trong mot thi
gian daj.

- Vit liéu sinh hoc cin ¢é tinh dic trung riéng doi véi timg cdu tr
sinh hoc. :

Dé c6 dinh céc thanh t6 sinh hoc trong DCSH ngudi ta thudmg sit dung
cic k¥ thuat nhu: hap thu vat 1y, bao géi trong khudn gel hoic trong polyme,
lien két déng hoa tri v6i chat mang va lien két chéo cédc protein. Cic phuong
phép ¢6 dinh dugc minh hoa qua hinh 4.5.

Hinh 4.5. Mot 86 phuong phép ¢& dinh thudng dang trong DCSH:

o :phén t&enzym,;

o :phén tlrlién két;
a/ phuong phép hdp thy;
b/ phuong phap bao trong gel,
¢/ lién két cong hoé tri v6i bé mat ngoai;
d/ lién két chéo.

Nhirge di€m ctia phuong phép 1a 1am gidm hoat Iuc do 1am thay ddi cac
vi trf xdc tdc thiét yéu cla protein.

4.2.3. Céc:b() phan chuyén ddi vat 1y (physical transducer)

Trong toan bo cong nghé DCSH cé thé chia 1am bdn phuong phdp
chuyén déi tin hiéu, bao gém: quang, khéi, dién va nhiét. Chinh sut khac biét
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cla tinh chat bé méat cila DCSH, kha ndng do lvong trong thoi gian thuc (real
time) hay khd nang st dung lai BCSH phu thudc vao tirng phuwong phap
chuyén doi tin hiéu trén. Nhitng ddac diém co ban cla bén phwong phap dé
dwoc mo ta dwdi day.

uyén ddi quang (optical transducer)

huyén doi tin hiéu do nhitng thay doi dac tinh quang hoc c6 thé do
: huynh quang, lvong anh sang bi hdp thu, chi sé khic xa. su nhiéu
¥ phan cuc. Thiét bi chuyén doi quang hoc dwoc chia lam hai phan:
i (extrinsic) va bén trong (intrinsic). Trong loai extrinsic anh sang
yén qua mau va phan &ng tric ti€p véi mau. Trong loai “intrinsic”,
sang khong truc tiép qua kh6i mau ma truyén theo mot bd phan

g. N6 chi twong tac véi mau tai b8 mit va nhanh chéng bién mat.

4.23.2. Chuyén do6i khoi (mass transducer)

Phuwong phap ap dién hay am thanh bé mat cda sw chuyén huwéng tin
hiéu hang khéi chi yéu dua trén viéc do tia cla cac thiét bi.

Loai DCSH nay nhay véi sy thay doi ty trong, do dan hoi hay tinh ban
dan cta bé mat c6 cac song am truyén qua. Hé thdng ap dién nhéat thiét phai
can bang va dua trén tinh chat cla céac tinh thé thach anh. Nhin« tinh thé
nay sé bi bién dang co hoc khi cho qua mot dién thé.

4.23.3. Chuyén dai dién (electrical transducer)

Coin sau loai sau: do dién thé, do dong dién, do do ban dan. do cong
sudt, do, tro khang va do trang thai oxy hoa. Trong cac phuong phap nay,
phuwng phap do dién thé (theo ddi sv thay déi pH trong mdi truong) va
phuong phap do dong dién la cac phuong phéap duoc st dung rong rai nhat
trong BCSH.

4.23.4. Chuyén doi nhiét (thermal transducer)

>
phong nhiét, nén cac thiét bi chuyén ddi nhiét duoc st dung dé theo ddi su
thay ddi nhiét do. Trong cong nghiép thuc pham thi loai thiét bi nay dwoc st
dung rong rai hon ca.
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Mot s transducer duoc st dung trong DCSH duoc tom tit & bang 4.3.

Bang 4.3. M0t sb thiét bi chuyén ddi (transducer) duoc st dung trong dién cuc
sinh hoc

Thiét bi chuyén doi kA ax
’ y Tac nhan sinh hoc Cac yéu to dé

___itransdiLcer] do
pien aucdong dién Enzym, khang thé, bao HjOj, 0i, 2,
(amperometric) quan, vi sinh vt NADH
Hiéu tng treong chon loc ion Emzym, khang thé CN-, COo, 2. H\
(lon selective field effect transitor - NH/. it yh3
ISFET)
pién cuc do quang Enzym, khang thé H*. H2, NK3
pién cuc do nhiét Enzym, khang thé, vi Nhiétcla phan

sinh vat (ng enzyri

Dién cyc tinh thé ap dién Enzym, khéang thé Hap phu i

43. MOT SO LOAI PIEN cir ¢ SINH HOC

4.3.1. Dién cuc dién hoa (electrochemical biosensor)

Nyuyén tac: Dién cuc enzym dugc ché tao dwdi dang mot mang emzym
ma mot mat clla mang tiép xdc véi moi trwdng nghién clru (co chat), con mat
kia ti€p xUc voi vung do. Phan ing oxy hoa khit co chat do enzym xlc tac sé
Xay ra trén lép mang enzym. Két qua sw thay déi nang lwong ty do dugc dién
cuc thu nhan roi truyén qua hé théng do dwéi dang dong dién hodc dién thé.

4.3.1.1.Dién cuc do dién thé (potention metric biosensor)

Dién cuc do dién thé hoat dong dua trén nguyén tdc xac dinh sy khéc
nhau vé dién thé gilta dién cuc do va dién cuc so sanh (la dién cuc cé dién
thé khong ddi). Sy khac nhau vé dién thé gitra hai dién cuc la ham cuia hoat
do cac ion trong dung dich dién phan noi dat dién cuc (diéu kién hoat dong
cla dién cuc dién thé la khong cé dong dién trong mach do, vi thé nguoi ta
goi no nay duoc
xac dinh theo phuong trinh NERST:

E-E + RT  fhal
nF a.
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E, :dién th€ oxy hod - khi tiéu chuan;

R :hang so khi;

T  : nhiét do tuyét doi;

F  :hang s6 Faraday;

n :s6dién ti trao ddi clia co chit;

a,,a, : hoat dg trong dung dich va trong 16p mang dién cuc.

Cic dién cyc mang do dién th& nhu dién cuc pH, dién cuc polyme, dién
cuc nhan bi€t khi, dién cuc cacbondioxit di dugc sir dung rong rii nhu céc
bo phan nhan bi€t ben trong clia biosensor.

bién cuc do dién thé dua trén co sd dién cuc mang nhdn biét khi, bao
gébm mang thdm khi ky nudéc va dién cuc pH phan cédch bdi 16p ming mong
cia dung dich dién phén. Dién cuc loai nay cé tink chon loc cao, mang ciia
né chi cho cac chét kh{ thdm qua ma théi. Cic miu phan tich phai hoin toan
o dang nuéc 1ong. Mot khi tinh ky nuéc clia mang bi tdn cong bdi dung moi
hitu co thi s& 1am héng mang.

- | Tin hieu ra
bien cuc
chudn ) ich d&
Dung dich &
Ag/Ag biét pH
/ Mang chon
Ve ion
Dung djch cdn do
{cochat) — —~  Mang
enzym
Hinh 4.6. So dé ciu tao dién cye do dién thé.
Vidu: - Xéc dinh glucose
D-glucose —Slucvoxydase +D-gluconat + H*
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Do luong H* tao thanh (do pH sau khi giai phéng H*) sé xdc dinh dugc
ham lugng D-glucose.
- Xxac dinh ure:
NH,CONH, + H,0 —=2—» 2NH, + HCO; + H*

i

NH,CONH, + H,0 + 2H' —=**_3 2NH," + CO,
- xdc dinh Lysin:

Lysin — D€,  cadalverin + CO,
- (lysin decacbocylase)
bo luqﬁg NH,* giai phéng ra thong qua do pH s€ xic dinh duoc ham
lugng ure ban ddu. Khi xdc dinh ure hay lysin qua CO, thi dién cuc enzym
s€ dugc két hgp vdi dién cuc CO,. So dé cdu tao dién cyc CO, nhu hinh 4.7.

Dién cuc thuy tinh

Dién cyc
calomel chuén

....

Dung djch dién
phan

.....

© CO,dugcdo  Muing thim ky nude

Hinh 4.7: Dién cyc mang chen loc khi CO,.

Trong trudng hop céc dién cuc CO, va dién cyc NH, tin hiéu phdt ra 1a
dién the thi thudng gdm: mét dién cuc thuy tinh do pH cda mét dung dich
dién phan duge phan cich véi dung dich do bang mét mang tham khi ky
nudc. Sau khi can bing, thi pH bén trong 1a ham ciia 4p suét phin cla khi do
nhu hinh 4.7.
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4.3.2. Dién cvc ENFET (en/ym linked field effect transitor)

Pién cuc ENFET dugc ché tao dua trén co s@ cla loai dién cwc chon
loc ion st dung transitor cé hiéu &ng trwvong ISFET (ion-selected field effect
transitor) gébm cé mo6t mang chon loc ion ti€ép xlc véi transitor va mot dién
cuc so sanh. Nguyén ly hoat dong cla n6 cling giéng nhv dién cuc do dién
thé. ISFET la loai dién cuc duy nhat khong tiép xtc véi dung dich can do.
Pay la loai dién cuc dung vat liéu cach dién dé do hoat do ion trong dung
dich dion phan. Cac biosensor dua trén co s6 ISFET bao gobm mot ISFET voi
mang polyme cé gan enzym Ién trén b& mat mang chon loc ion. C4c enzym
c6 vai trd xac tac cho phan tng thuy phan hoac oxy hoa dung dich co chat
lam cho pH cua dung dich thay doi. Sv thay doi nay lap tc duoc xac dinh
boi 1SFET. Tic la ta sé xac dinh dwgc mdi twong quan gira ndng do cua
dung dich co chat (dung dich phan tich) va tin hiéu ra (dién thé) cta ISFET.

Dién cwc so sanh

Mang bao

Hinh 4.8. Bién cyc ENFET.
Ngay nay thiét bi ENFET dugc st dung rat rong réi, nguoi ta cd thé
dung n6 dé xac dinh du lvgng thubc trir sdu hay sy c6 mat cda penicilin.
cla thudc
trir sau trong dung dich lam giam tin hiéu 16i ra cGa ISFET. Dva vao do gidm
tin hiéu (so sanh tin hiéu dugc do véi dung dich kiém chirng khong cé mat
cla thudc trir su) ta c6 thé danh gia duoc % hoat tinh xdc tac con lai cla
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enzym tlrc la cé thé xac dinh sy c6 mat cla thude trlr sdu mot cach dinh
lvgng.
Nguwoi ta cling dung ENFET dé do nong doé penicillin.

Penicillinase
Penicillin + HD *m axit penicilloic

Penidillinase dong vai vo la chat xdc tdc cho phan ¢ng nay. Néu ching
ta ¢c6 dinh penicillinase 1én mang va ngdm n6 vao trong dung dich cé
penicillin thi ion H+sé dwgc sinh ra, b&i penicillin la mot axit manh. Su thay
d6i pH dwoc do bang thiét bi FET nhay ion H+

Dién cuc nay cling cé thé do duoc lugng ure dwa vao phan (ng phan
huy ure nho urease:

urease
Ure + 2HD + H+ ------------ » 2NH4++ HCO,-

Khi ure bi phan gidi, NH4+duogc sinh ra va pH ting l1én. Do d6 néng do
urc c6 the tinh dwoc qua xac dinh sy thay d6i pH nho ISFET. Hinh 4.9 la
thiét bi ENFET dé do ure. Trong thiét bi nay bé mat cong cta ISFET la Iép
Si,N4 d& x& ly voi y-amino-propyltriethoxylane (y-APTES). Nhém ethoxy
cla Y-AITES duoc lién két véi bé mat cia SidN4va nhém amin dugc 10 ra &
trén bé mat.

Hinh 4.9. Pién cuwc sinh hoc do ure kiéu FET.
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Mang c6 dinh urease duoc xir 1y vdi aldehytglutaric vi vay c6 sy hinh

thanh lién ket hod hoc giita nhém amin nay va nhém CO clia aldehytglutaric.

Dién cyc dién thé FET do ure, co thé do duge trong khoang 0.05-10

mg/ml.Tin hiéu dau ra 12 dién ap va sy thay dbi dé thi tir vai milivon dén

khoang 50mV. Pién cuc FET c6 kha nang thu nhén cic dap mg tin higu tt

khi sir dung mdt 1an trong mot ngly trong mét thang. PSi véi ngudi binh
thuomng,ham lugng ure trong mau la 0,1-0,2mg/ml.

4.3.1.2. Dién cuc do dong dién (amperometric biosensor)

Dién cyc do dong dién hoat dong nh mét dong dién chay qua mach do
khi dat mot hiéu dién th€ giira hai dién cuc, thudng la mot dién cuc kim loai
va mdt dién cyc so sdnh. Mat d9 cha céc hat tich dién ty ¢ véi cuong do
dong dién chay giita hai dién cuc.

Cudng d6 dong dién chay giita hai dién cyc 1a ham clia mat do cic hat
tich dién trong dung dich va dién th€ dat giia hai dién cuc. Trong nhing
diéu kién xdc dinh, sau khi chudn c6 thé x4c dinh duoc ndng d¢ tir phép do
cudng do dong dién, Trong da s6 trudng hop ngudi ta thudng ti€n hanh oxy
hod hoac khir mot loai hat tich dién trén dién cyc chi thi, con dién cyc thit
hat 1a dién cuc so sénh.

Néu dat vao dién cuc chi thi mét dién theé(E)bién thién so véi dién cuc
so sanh va v& dudng cong I =f(E), chiéu cao I ciia bic gi6i han khuéch tin s€
ty 1¢ v6i néng do ciia hat bi oxy hod (hoic bi khi) trén dién cuc chi thi.

Iﬂ

@ - . 1- E qu4 thdp dé sy oxy hoa c6
thé xay ra;

Q

Q

2- Van t3c oxy hoa dién hod va
do dé cudng 46 dong dién sé

? I ting  véi sy tang hidu dién
-7 ; | K thé;
-+ > 3- Cudng dé khéng phu thudc
AE vao hidu dién thé nra va | =
K. Crg

Hinh 4.10. D3 thi | =KE).
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Hién nay cdc di¢n cuc do dong dién dang duge st dung rong rdi 1a dién
cuc oxy va dién cuc hydroperoxyt. Oxy va hydroperoxyt (H,0,) déu la
nhilg chat dugc sinh ra trong mot s6 phan tmg cé enzym xic tdc, ciing nhu
trong phan ing c6 cdc chat trung gian oxy hod - khir nhan tao: ferocyanua,
ion N-methylphenazinium (NMP), benzoquinon va ching cé thé duoc xic
dinh nh¢ do dong dién.

Céc dién cyc do dong dién thudng sir dung cic enzym oxidoreductase
dé gén vao mang. Oxy, NAD’, NADP* dugc dung nhu 1a chdt nhén dién tir
dé phuc héi enzym sau khi phan ing xiic téc cdc co chat. Cic enzym st
dung oxy nhir 1a chit nhan dién tir dugc goi 1a oxydase, con enzym ding
NAD’, NADP* duc;rc goi 1a dehydrogenase hay reductase. Trong hai nhém
nay thi oxydase duge diing nhiéu nhét, nhu 12 mét thanh 6 sinh hoc gén vao
16p mang cua dién cuc.

Céc dién cuc do dong dién dugc sit dung dé xdc dinh cdc co chét cla
enzym nhw: glucose, monosaccarit, hypoxantin, lactat, axit amin, sulffit,
salicylat, oxalat, va pyruvat.

Pién cuc enzym d€ do luong glucose bao gém mot anod Pt va mat
catod bac phi AgCl tiép xic vdi mang dd ¢ dinh glucooxydase (GOD). Ca
hai déu dugc dit trong dung dich dién phan KCI. Dién dp phan cuc dugc dat
vio giifa hai dién cuc. Dudi tic dong cia dién 4p phédn cuc nay H,O, duoc
gidi phong ra sé& bi oxy hod & mit phan cich giifa anod va mang theo phan
Ung:

Glucose —22 3 axit glucomic + H,0,

H,0, — O,+2H" +2¢
Dong dién do dugc sé ty 1€ vai luong H,O, bi oxy hod va do dé6 ty 1€

véi lugng glucose ¢6 trong mdi tradng nghién ciu.
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Pien cuc

Ag/AgCl
Pién c (catjxrchuén)
(anud
thi))
Dung dich dién
phéan kCI
Mang thdm
thau
Mang e . N
Mang ngén

Hinh 4.11. So dd nguyén tic cta dién cuc do dong dién.

Cling nhuv do glucose dé do Iwong lactat, ding dién cuc cé gan

lactatoxydase (LOD) tlr pediscoccuspecies xuc tac phan ¢ng :
Lactat + O, Lo pyruvat + HD 2

Dé do cholesterol thi gin enzym cholesteroloxydase (o,OD) tir
Rhodococcus erythrépolis, xtc tac phan dng :

Cholesterol + 0 2—hot) » Chlest-4-ene-3-one + HZ),

Dé do luong lactose thi gan enzym /5-galactosidase (B3B-GAL) U E.Coli
va Glucooxydase (GOD) tir A.niger, xUc tac cac phan @ng:

Lactose + HD2 B ©AL 5 1.p glucose + D-galactose

p -D glucose + 02+ HD  ©°°  gluconic acid + HD 2

C6 diéu la dién ap phan cuwc phai nhu thé nao dé phan (ng oxy hoa dién
hoa & ancxl ti€én hanh dugc. Van toc cla phan ¢ng nay thuong bi gi¢i han béi
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qua trinh chuyén khéi clia HD 2dén dién cwc. Trong tredng hop nay, cuong
do dong dién & anod ty Ié thuan véi ndng d6 H2 2trong moi trwdng ti€ép xac
voi anod.

la= K.[HD 2

Ciing c6 thé xac dinh lvgng glucose qua do ndng dé oxy hoa tan trong
dung dich nh& dién cwc oxy hay dién cyc Clark.

Dau do oxy cdu tao tir hai dién cwc cdé kha nang phan cuc: mot catod
bang platin (Pt) va mdt anod bang bac phl clorua bac (Ag/AgCl). Cé hai
dién cuc dwoc dat vao chat dién phan la Ka li clorua. Hé théng dién cuc nay
dwgc ngan cach vai moi truong nghién ctu bang mot mang thdm khi ky
nedc (bang teflon hodc bang polypropylen) cho oxy thdm qua. DuéGi tac
dung cla dién &p phan cuc 650mV dat vao gilra hai dién cuc, oxy khuéch tan
qua mang sé bi kht tai catod theo phé&n tng:

02+ 4e' + 4H+—--—-—-—» 2HD

Dong dién chay gitra hai dién cuc do phan (*ng dién hoa ty Ié voi luvong
oxy bi khir va do d6 ty Ié véi lvgng oxy va lugng glucose. Dong dién dugc
do sau khi khuéch dai va duoc chi thi truc tiép bang s6 hodc biéu dién dwdi

dang ndng dd oxy hay ap sudt riéng phan cla oxy.
Bién thé

Hinh 4.12. bién cuwc oxy cua Clark.
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Phuong phép do dong dién nay c6 nhimg dac diém sau:

— Phan tmg enzym s& phu thudc vao t6c do khuéch tin cua co chi
qua mang.

— Khi phan img oxy hod-khir xdy ra, gradient nong d¢ cita co chat
giam déan, do d6 t6c do chuyén khéi cham va c6 thé dong di¢n bi khir, dé
duy ts dong dién khéng d6i cdn phai giit vimg vung tiép xic cang nhd cing
t6t (wic 13 phai diéu ché cdc vi dién cuc c6 dudng kinh rat nho,dén vai
micromét). :

~  Van téc phan tng oxy hod-khir phu thudc vio néng 46 oxy hoa tan.
Dé han ché 4anh hudng cla néng do oxy hoa tan trong dung dich dén két qui
phan tich thi ngudi ta khong sir dung oxy lam chédt nhan dién tir ma sit dung
cdc chat trung gian dé van chuyén dién tir 3¢n bé mat dién cyc. Cic chat van
chuyén dién tir trung gian ¢6 thé 14 jion Fe*, N-methylphenazinium (NMP)
hoéc tetracyanoquinodimethan (TC NQ), hexacyanoferat.

— Dién cuc c6 gin enzym lysin decacboxydase (LDC), enzym xuc
tdc phan img: -

Lysin—2<— cadaverin + CO,

thi enzym s€& dugc lién két véi mét dién cuc CO,.

- Nguoc lai mét dién cuc urease xiic téc pha’&l ang:

Ure + H,0 =% (O, +2NH,

thi c6 thé chon gita ba cach:

—  Su phét hién CO, tao ra bdi mot dién cyc CO,

~ Sy phat hién ion NH, (n€u pH di axit) bdi mét dién cyc thuy  tinh
chon loc. ’ ‘ . '

— Su phét hién NH; tao ra boi mat dién cuc NH_z & pH>12. Di€u nay
khong thyc hién duge do enzym s€ bi bi€n tinh.
4.3.2. Dién cyc do nhiét (calorimetric biosensdr)

Céc phan iing giita co ch4t vA chat xiic tdc sinh hoc thudng giai phéng
ra nhiét nang va ngudi ta ¢ thé do lugng nhiét gidi phéng ra d6 bing mot
thi€t bi do nhiét (dién cuc do nhiét) s€ tinh dugc lugng co chat ban ddu.
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Nhiét lugng tod ra clia mét s6 phan ing ¢6 enzym xiic tic biéu dién &
bang 4.4.

Bang 4.4: Entanpi cba mét s6 phan ing ¢6 enzym xiic tac

Enzym Mi so EC Co chat -aH (kJ/mol)
Catalase 11116 H,0, 1004
Cholesterol- oxydase 1.1.3.6 Cholesterol 52,9
Glucooxydase - 1134 Glucose 80,0
Hexokinase ' 2711 Glucose 276
Lactat- -dehydrogenase 1.1.4.27 " Pyruvate 62,1
flactamase | 3528 Penecilin G 67,0
Trypsin - 3.4.214  BenzoyHL- 278
arginineamide

Urease 3515 Urea 6,6
Uricase 1 1.7.33 Uric acid 49 1
Chymotrypsin 3.4.211 Ester 4-16
Penicillinase 35111 Penicillin G 67
Amylase 3211 Tinh bét 8
Invertase 3.2.1.25 Saccarose 20

Khi nhiét luong toa ra cang I6n thi do nhay phét hién cang lén. Do dé
dé tang nhiét luong toa ra, c6 thé ¢ dinh déng thoi 2 hoac 3 enzym (cling ¢6
'thé 12n 16i 4 dén 5 enzym) :

Vi du: sit dung dong thdi enzym glucooxydase oxy hod dudng glucose
va enzym catalase dé oxy hod hydro peroxyt. Hai phan ting xay ra cung mot
ldc. Lugng nhiét toa ra nhiéu hon. :

Glucose —-BeY%E_  Gluconic acid + H,0,

H,0, == | HO0+0,
Qua nghién ctu nguwdi ta thiy cif 0,1 x4 M co chét chuyén hoa hoan

toan thanh san phdm thi sé& sinh ra 100 kJ/mol. Céc thiét bi nay phai luon
duoc dit trong he thong cich nhiét d€ git moi trudng 6n dinh nhiét d6.

179



C6 hai loai dién cuc do nhi€t:

- Pién cuc enzym - cap nhiét (con goi 1a dién cyc enzym nhiét day din
do dong dién). Loai nay it dugc sir dung.

- Dién cuc enzym-nhiét dién trd, thuong dugc sit dung rong rai.

Dién cuc enzym cdp nhiét:

Trong loai dién cuc ndy, bd chuyén ddi vat 1y 1a cap nhiét dién. Trén
cap nhiét ngudi ta phG mot 16p mang chia enzym.

Cap nhiét ¢6 cdu tao gém hai day din n6i v6i nhau nhé méi han. Sudt
dién dong E cfia mach phu thuoc vao ban chét vat 1y cia diy din va vao
nhiét 46 T,, T,. Thong thuomg nhiét d6 clia mot mi han duoc gilr & gid tri
khong d6i va biét trudc, goi 1a nhiét d¢ chudn T,=T,,. Nhiét dé cia mdi han
thit hai khi dat trong moi trudng nghién ciu sé nhay cdm véi sy thay ddi
nhiét do clhia moi trudng gy ra do phan tng xiic tic boi enzym.

= 2L

Diyboe Crg polywiyen ' Epoy

Ming exeym cip ahudt

Dig din

Hinh 4.13. So 43 dign cyc enzym-cip nhiét.
Viéc st dung cap nhiét dién ¢S wu di€m 1a kich thudc cap nhiét nhd nén
c6 thé do nhiét d¢ & timg diém cla d6i tuong cdn nghnén cu va tang toc do
héi dap (do nhiét dung nhd).

Trén co s& nay, Bataillard da dua ra cai uén la si dung mot cap nhiét
bin din (intergrated silicon) dé dinh luong glucose, ure va penicillin. Do
tinh chét cla cap nhiét va Idp tiép xiic enzym-cap nhiét c6 tinh truyén nhiét
cao cho phép khong phai kiém sodt chat ché nhiét do cila moi trudmg xung
quanh, do d6 c6 thé thu nhé kich thudc cha thiét bj d€ c6 thé cély vao dudi da
do tryc ti€p néng do cdc chat trong méu.

 Dien cuc enzym-nhiét dién tré:

Loat dién cuc nay cdn cé thé goi Ia dlén cuc do nhlét vi budng do nhiét
hoan toan bg ¢6 18p vi moi trudng xung quanh nhé 16p 4o nhiét, qud trinh
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nay gan giong vai qud trinh doan nhiét. Loai thiét bi nay c6 c4u tao don gian
va duoc sir dung rong rai nhat.
‘ .1 Méu

'
ool , !
oo
¢! s
el 6
1
Bo xir 1y - .Ké'f A

Hinh 4.14. So 46 dign cyc enzym-nhiét didn trd:
1- 6ng mao dan ; 2- c6t enzym; 3- nhiét dién trd so sanh;
- 4~ bd tan nhiét; 5,6- I3p cach nhiét; 7- nhiét dién trd.

i Maiu
‘—.
Jr Iy 1
e P~
';' %,
:
: 4
: VS |
Cot so B
sénh \ 6

Hinh 4.15. S¢ dé dign cyc enzym - nhit dign trd trong phép do vi sai.

181



Co chat di vao bd tan nhiét (4) thi sé di dén (3) va (2), dé phan tng véi
enzym va gidi phéng ra nhiét, nhiét do gidi phéng ra s&¢ dugc do boi nhiét trg
(7). Két qua do dugc di ra qua bo xu ly.

Ngoai cach ché tao cot vat liéu sinh hoc nhu trén, ngudi ta con ¢6 thé
bao bén ngoai nhiét dién trd mot 16p vo silicon va dit mang cé dinh enzym ¢
trén, nhd d6 thu nho duge kich thude thiét bi.

Hinh 4,16. Dién cyc enzym —~ nhiét dién trd cé vé boc silicon:
1: Nhiét @ign tré; 2: Khung ¢d dinh enzym; 3: Day dan.

Ciing ¢6 thé tich hgp nhi€u dién trd tao ra dién cyc nhiét dinh luong
ddéng thdi nhiéu chat.

U (S |

% e T :Ef 0 _-.ﬁ',i ‘f.,; " =m———-—.
phan u’ch e N B I P :- PR :
(multiple T P & )

l}"ICS) - L L

Hinh 4.17. Dign cyc hhiét digh trd fich hap.
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Céc nghién cttu vé loai dién cuc nhiét do cho thdy ngoai nhimg (ng
dung trong cdc linh vuc: y t€, méi trudng, thuc pham, chiing con c6 thé ¢
nhimg img dung dac hi¢u nhu:

- X4ac dinh cdc hing s6 K, K,V clia enzym ¢6 dinh (Stefuca, {990)

- Dinh lugng ADP, ATP bing cdch sir dung pyruvatkinase va
hexokinase dong thdi ¢4 dinh trén aminopropyl CPG (Kirstein,1989).

4.3.3. Pién cuc do quang (optical biosensor)

bién cuc quang dugc ch€ tao dua vao céc tinh chat vat ly cua dnh sdng
dé phét hién ra su bién ddi nho trong miu phan tich.

Céc dién cuc ndy hoat dong theo nguyén tic dung dich phan tich duge
ti€p xiic v4i mang va khi phan \ing enzym xay ra thi s€ cé hién tuong dnh
sang bi hdp thu hoac phat ra anh sdng mau. Ngudi ta c6 thé xac dinh duge
ham luong cic chat cia miu phan tich thong qua viéc do d6 hdp thu anh
sing hoidc su phdt quang 4nh sdng cha céc chit tao thanh do phan Gng xiic
tac bdi enzym. ‘

—=>

R

Hinh 4.18. Cac kidu dién cyc sinh hoc quang dién dya trén co sd quang sgi phip:
a/ dién cuc quang sgi ré nhanh; b/ quang sdi don vdi bo fach chum tia‘dé’ phan tach
tia tGi va tia phan xa; ¢/ quang sg¢i don ma & d6 pha phan (mg dugc phil Idp quang
anh sang; R- chat phan (ng (thudc nhuém) nhay hod hoc.

Co s& cha kiéu dien cuc quang dién 13 su két hop cic soi din 4nh sdng
v6i phép tric phd quang, phép tric huynh quang hoic phép do phan xa
quang. N6 c6 kha nang chi bdo nhimg thay ddi clia cdc thong s6 quang hoc,
ching han nhy su hdp thu 4nh sing, chiéu dai buéc séng hoac chi s6 phan xa
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trong moi trudng do bao quanh soi dan. Nhimg thiét bi nay gan vao hoac la
soi don hoac 12 chiim soi kép dé 4nh sdng t6i va chiim tia sdng s€ dugc do.

Cic thiét bi dién cuc quang c6 thé dugc phan loai nhy sau:

— Thiét bi do hién tuong cdng hudng piasmon bé mat (surface
plasmon resonance-SPR)

— Thiét bj phan xa bén trong toan phén (total internal reflection-TIR)
va thiét bi phd twong quan photon (photon correlation spectroscopy-PCS).

4.3.2.1. Bién cuc do phdn xg quang

Dién cuc nay hoat ddng theo nguyen l)’r nang sudt phan xa tir mit phin
xa tuan theo phu'o‘ng trinh: :

R= —I— Ro%

[+]

Trong d6: R: nang suat phin xa;

R,: hing s6 phan xa clia mén truong chudn;
I: cudng do cia tia téi;
I;: cuong do coa tia phan xa.
R ¢6 quan hé véi néng do chét hap thu mau theo phuong trinh:
CK/& = (1-Ry/2R
C- néng d9 chat hap thy;
K- hang s& hap thu;
¢ - hiing s6 tdn sic.

Vi du nhy k¥ thuat nay duoc dung dé dinh lugng glucose trong méu
nhd thudc hién mau MBTH (3-metyl 2-bénzothiazolinon) va DMAB (3-
dimetylaminobenzoic acid). Hai enzym glucooxydase (GOD) va peroxidase
duge cd dinh bang cach hdp thu lén bé mét t4m nén da phii thubc nhudm.
Khi miu phan tich tiép xiic véi tAm nén thi phan iing x4y ra nhu sau:

.GOD
Glucose;, + O, »  Gluconic acid + H,0,

H,0, + MBTH + DMAB &% MBTH DMAB (mau xanh)
Néu H,0, c6 néng do cao thi phai diing enzym catalase.
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Mau phan tich sau dé dugc dem do nang suat phan xa ¢ budc séng
thich hop. Va tr d6 ta s€ tinh duge ham luong glucose.

Vi dién cuc sinh hoc dya trén nén tang cla su phén xa toan phin (total
internal reflection: TIR) thi bé mat day dan duoc phu céc khéng thé, sé tiép
xtic véi mau phaxi tich. Khi séng dnh sing di dén 16p mang nhay thi chi ¢é
mot phan nhd séng dnh sang bi hdp thu vao trong mdi trudng, con tat ca
chiing bi phan xa lai nhiéu 1an va din ddn ngudn sing bi suy giam. Dua vao
luong dnh sdng phan xa, ta ¢6 thé tinh duge ham lwong méiu phan tich.

3333334353 133333 333333333383 Dung
94944044554 40000600 0480004 e be .
] 12294£2902090092922%0% P2 2222299 dich
Lop mang nhay 6204006400405 54000609680008460984¢7 B
2040005466443 009000000048800800004 mau
(0649980594500 0 4490403038088 0 0000000
(0606908668846 80654000800 004800003000 -
4049008996000 44080 20000000900 0400
020 eDIP 0008408644020 000000800800¢03
2 _- -‘- - - 5
<% ura N T "t
AR, S GO AN
\/ Bo loc
; ) Day dén nang luong
Anh sang tdi , anh sa
anh sang sang
k4
phan xa

Hinh 4.19. Pién cyc sinh hoc dya trén co sd cda TIR.

4.3.2.2. Dién cuc do phit quang

Di¢n cuc nay hoat dong theo nguyén tac: cd chat tic dung véi enzym
c6 dinh dé tao thanh san phdm c6 kha nang phit ra dnh sdng mau. Do 4nh
sdng mau d6 & mot budc séng nhét dinh sé suy ra duge nong d6 co chat.

Duva vao dac tinh ndy, ngudi ta thudng sir dung né dé€ xdc dinh céc vi
khuan trong thuc phdm. Khi cdc vi khuén tic dung dac higu véi ATP va D-
luciferin duéi tic dung cha enzym luciferase s& tao thanh oxyluciferin,
AMP, pyrophosphat, CO, va dnh sdng vang do dugc & budc séng 562nm. Tir
d6 xéc dinh duoc lugng vi khuin c6 mat trong thuc phdm.

4.3.4. Pién cuc dién 4p (piezoelectric biosensor)

Nguyén 1y ciia loai dién cuc nay dua vao su dao dong ciia cic tinh thé,
va sir dao dong s& gia tang khi c6 tap chat hdp thu trén bé mat cila tinh thé.
Mot s6 chat dién méi ty nhién nhu: thach anh, tuamalin, hoac nhén tao nhu:
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sulfatliti, thach anh tdng hop...dudi téc dung ctia mot luc nhat dinh, ching
s& bi bién dang tao nén tin s6 dao ddng cia tinh thé. Do tdn s6 dao dong d6
s& biét dugc ndng do cha co chat can do.

Tén s6 dao dong dugc tinh theo cong thirc:

Af=-f"n. LR
[y, P,

Trong dé: f: tan s6 cong hudng;
1 ,: d6 nhét cia dung dich;
P,, P,: kh6i luong riéng clia chdt 1ong va tinh thé;
1, : 4p suat bi¢n dang ciia tinh thé.

Dién cyc dién dp dugc dung dé do amoniac, metan, sulfuadioxit va cdc
chat phosphat hitu co (Guilbault,1980). Ta cé thé ding dién cuc nay dé xic
dinh néng d6 formaldehyt nho formaldehyt dehyrogenase, hay x4c dinh du
lwong thudc trit sdu co phospho v6n kim hdm enzym cholinesterase.

Si,N,

Kim loai

Mang sinh hoc ‘
Hinh 4.20. So d8 ciu tao dién cyc dign ap. .

4.3.5. Dién cuc mién dich (immuno-biosensor)

Di¢n cyc mién dich hoat dgng dua trén tinh chat khing nguyén-khéng
th€. Titc 1a khdng thé phén tng dic hiéu véi khang nguyén sinh ra né.
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Phan uing khang nguyén - khdng thé dugc xdc dinh bang nhiéu cich,
trong dé ¢6 Ky thuat ELISA (Enzym linked Immunosorben assay: k¥ thuat
hép thu mién dich c¢6 gan enzym).

Nguyen 1y cia viéc sir dung dién cuc mién dich ELISA két hop véi sit
dung n;ot dién cuc dién hod hoac dién cuc do nhiét do dé dinh hudng su bién
déi néng do co chét trong cdc phan img xiic tdc bdi enzym danh dau. Téc d¢
chuyén hod co chat ty 1¢ thuan véi luong khing thé da gin véi enzym. Nho
dé dinh luong duoc khing nguyeén cin phén tich.

Nguyén tic clia k¥ thuat ELISA dugc trinh bay ¢ hinh 4. 21.

- e
R t? > P
> l R > o
> >
g ¢
IR et B
> Khing nguyén

,—-E Anhtigen-¢nzyme conjugnie

P Khéng thé
. Khang thé da gin enzym
Hinh 4.21. Nguyén ly hoat dong cta k¥ thuit ELISA.

Nguyeén 1y hoat dong ctia k¥ thuat Elisa nhu sau:

a): Khang thé dac hiéu véi khang nguyén dugc c8 dinh trén bé mit cta
moét éng. Mot hén hop gébm mot lugng da biét phic két enzym - khiang
nguyén va mét luong chua biét khang nguyén cla mau duge dat vao ong;

b): Sau mot thoi gian thich hgp khdng thé, phic enzym - khédng
nguyén va khang nguyén ty dd c6 thé gin két hoac vin & trang thdi tr do,
phu thudc vao néng d6 clia ching;
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c): Cic khang nguyén tu do dugc ria troi va loai bo. Lugng phic ket
enzym - khang nguyén gan voi khang thé duoc x4c dinh bang 16c 49 phan
(ng enzym theo so d6 (I) va (II) hinh 4.22.

r

r ~‘
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Hinh 4.22, Nguyén Iy hoat ddng ciia dién cuc mién djch.
Nguyen 1y hoat dong cilia dién circ mién dich nhur sau:
I-

a) dng duge phu khang nguyen c6 dmh Mﬁt luang du phiic két
enzym-khang thé dugc dt vao 6ng va xay ra sy gan két. '

b) Sau mot thdi gian thich hop, nhimg phan tu na¢; khOng duge gén
két s€ bi rra troi.

¢) Dung dich chita khing ngnyén phfm tich duoc dua vio 6ng, phu
thudc vao néng do khdng thé ma xay ra su gan k&t va loai mot s6 phic két

enzym-khidng thé. Lugng phitc k&t enzym-khing thé loai ra duge xéc dinh
bang tin hiéu ddp img tir 1 dién cuc sinh hoc.
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I1-

a) Bo chuyén ddi duge phi khing thé (c¢§ dinh) dic hiéu véi khang
nguyén phan tich. Bd chuyén déi dugec ngam trong mét dung dich chita mot
hén hop gébm mot lugng da biét phic két enzym-khing nguyén va néng do
chua biét khing nguyén phan tich.

b) Sau mot thoi gian thich hop, khdng nguyén va phic két enzym-
khéng nguyén duogc gén két véi khang thé. _

c) Nhiing phan tir nao khong duge gén véi khang thé bi rita troi va
loai bd. Lugng phic enzym-nguyén gan vdi khang thé dugc xic dinh truc
1i€p tir tin hiéu chuyén d6i. '

ELISA duoc sit dung d€ phat hién va khuéch dai mot phan dng khing
nguyén-khang thé. Luong khang nguyén lién két enzym gin véi khang thé
¢6 dinh duge xdc dinh bang nong d¢ tuong ddi gita khdng nguyén lién két
va khang nguyén tu do va duge dinh lugng béng ty 1@ clia phan tng enzym.
D€ ¢6 duoc ddp img nhanh chéng, ngudi ta sit dung céc enzym c6 kha nang
st dung lai nhiéu 14n. D¢ nhay ctia phuong phdp nay ciing ¢ th€ tiang lén
bang cach sir dung céc phan iing c6 xiic tic enzym. Cidc phan img ndy cho
dap vmg nhanh hon: ching han tao ra cdc san phdm phdt quang, hoac huynh
quang hoic ¢6 mau dam hon. K§ thuat ndy hién nay dugc sit dung rong rai
trong céc phong thi nghiém phan tich. _

Gin day, dé tang pham vi ing dung, tdc do va do nhay, ky thuat ELISA
dugc két hop véi cdc bd dién cyc sinh hoc hinh thanh phuong phdp st dung
dién cuc mién djch (immunosensor). Cau hinh cia mét immunosensor don
gian duoc thé hién & hinh 4.22(1), & day, dién cyc sinh hoc chi thay thé cho
hé thong gidm dinh mau truyén thong. Tuy nhién cic dién cuc mién dich
hién dai dang dugc phat trién hinh 22 (If). Ching dya vao khé ning gidm
dinh tryc ti€p cdc khang nguyén gin bé mat dugc phi khing thé cia dién
cuc sinh hoc. Phuong phdp nay rat thich hop khi sit dung véi dién cyc dién
dp va cac dién cuc do dién the.

4.3.5. Pién cuc vi sinh vat (microbial biosensor)
Dién cyc vi sinh vat dugc ché tao dé phat hién céc chat hod hoc, dua
vao su ho hdp va trao ddi chat ctia vi sinh vat.
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Dién cuc nay cé hai loai:

~ Dién cuc dung d€ do su thay déi hoat lyc hé hdp ciia vi sinh vat cé
dinh v4i mot thiét bi do di¢n thé.

— Pién cuc ding dé do cic chat sinh ra tir vi sinh vat va phan ung dé
dang duoc véi dién cuc.

" Céc vi khudn hi€u khi sit dung oxy va san sinh nang lugng. Nhe viéc do
lugng oxy tiéu thu thong qua dién cuc O,, ta c6 thé ddnh gid duge hoat luc
ho hap. Oxy thdm qua méang teflon va bi khir trén dién cuc platin. Néu vat
liéu trong dung dich thir nghiém c6 anh hudng dén hoat luc ho hédp, thi néng
d6 cha né cé thé dugc dinh lugng thong qua viéc xdc dinh ndng d6 oxy.

Ngudi ta thudng dung dién cyc nay dé xédc dinh chi s3, BOD. COD la
thuéc do lugng chat hitu ca gdy 6 nhiém nudc va né duce st dung dé dénh
gid chat lugng nudc. Cic chit gay 6 nhiém ¢6 thé bi phan huy béi vi sinh vat
nhd tiéu thy oxy. Vi vy mitc d6 6 nhiém cé thé duge xdc dinh thong qua
viéc do luong oxy. _ _

Pién cuc duge ché tao bang cdch ¢6 dinh trichosporon cutaneun vao
mang celllulose vi gén vdi dién cie oxy.

Nguyen ly cha dién cuc do BOD ¢6 thé dién gidi nhu sau: Oxy khuéch
tan 1l dung dich bio hoa khéng khi qua mang thdm tich di vao mang cé
chia céc 1€ bao vi sinh vat rdi qua mang teflon va cudi cing ching bi khir
trén bé mat catod cha dién cuc oxy. Dodng ciia dién cyc oxy ddn ddn 6n dinh,
bdi vi téc do khuéch tdn clia oxy qua mang can bang vdéi tdc d9 tiéu thu oxy
do ho hap noi sinh clia co thé vi sinh vat c6 dinh trén mang. Ngudi ta goi
dong nay la dong co ban (base current). Néu ta cho chdt dong héa hiu co
vao dung dich do, chiing thim qua mang thim tich réi -dwgc vi sinh vat st
dung. K&t qua l1a t6c do ho hap ting din con néng do oxy hoi tan thi giam
dén, din dén dong gidm ddn cho t6i khi dat dén trang thii 6n dinh méi va
nguot ta goi dong nay l1a dong dinh (peak current). Su khdc nhau gifta dong
co ban va dong dinh duoc goi 12 dong ra (output), tin hiéu cita dong ra ty 1é
thuan véi nong d6 cha cdc chét hitu co b phan huy sinh hoc ciia mau do. Vi
vy ta c6 thé biét duge nong do BOD dua trén két qua do clia dién cuc vi
sinh.

Hinh 4.23 12 so d6 c4u tdo hai loai dién cuc vi sinh vat.
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Hinh 4.23. So 46 nguyén Iy hoat ddng clia hai Joai dién cyc vi sinh vat.

4.3.6. Dién cuc DNA

DNA sensor sir dung bioreceptor 14 cc acid nucleic nhim phét hién
dic hiéu cdc DNA muc tiéu.Dap (ng sinh hoc d3c hiéu ciia DNA sensor 13
phan img bit cip theo nguyén tic bd sung gilra c4c trinh ty DNA sgi don
(muc tiéu) va DNA do (probe).

Céc base nito lién két véi nhau bang lién két hydro tao soi d6i DNA bén.

DNA sensor gém nhiéu loai khac nhau, dwoc phat trién dua trén cac k¥
thuat thu nhén va chuyén ddi tin hiéu kbéc nhau: dién héa; quang...

7"‘1_“ J>\/ ;NAmuc ticu
~ J —
AT (.

Tin hiéu ra

Hinh 4.24: Nguyén tic chung cia DNA sensor.
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Khi qua trinh “lai" gilta DNA muc tiéu va DNA dau do xay ra. tin hiéu
“lai” sé dugc DNA sensor thu nhan va chuyén doi, tuy theo loai transducer
dwoc st dung. Vi du

- DNA dién héa (Electrochemical DNA sensor):

DNA dugc cdu tao tir cac base nito Purine (A.G) va Pyrimidine (T,C).
O dién thé phu hop, cac base nito purin dé dang tham gia phan (*ng oxi hoa
khtr triec ti€p hay théng qua cac chat trung gian. Su trao d6i dién tich chinh
la tin hiéu dap (ng cla phan ¢ng bat cap dic hiéu DNA.

Loi dung tinh chat nay dé phat hién qua trinh “lai” cia DNA.

* DNA sensor dién héa tryc tiép:

Cac DNA muc tiéu “lai” véi DNA probe trén I6p nhan biét. O diéu
kién dién thé phu hop base (G) clia DNA, muc tiéu bi oxi héa gay ra hién
twong tich dién trén bé mat dién cwc.Sy bién doi dién tich dwgc do bai dién
cuc do dong dién.

Hinh 4.25: DNA sensor dién hoa truc tiép.
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K¥ thuat nay dat d6 nhay kha cao nho tao ra sy tich tinh dién cla cac
chét phan tich trén bé mét dién cuc trudc khi tién hanh phat hién. Cac base
purin cua DNA c6 thé bi oxi hoa dién hoa hoc, va qua trinh nay cé thé duwoc
tién hanh trén dién cuc cacbon, vang, hay indiumtin oxide (ITO).

Tuy nhién phuong phap nay thwdng bi nhiéu nén (do G clia DNA tap
cling bi oxy hoa).be loai trir hién tugng nay, ngudi ta thwong dung tir tinh
dé hat DNA tap ra khoi hdn hgp phan tich.

» DNA sensor dién hoéa gian tiép:

Oxi hoa DNA muc tiéu gian tiép thdng qua cac phan t&r dién hda trung
gian.bay la phvong phép st dune phtc hgp polypyridin cua Ru (lI) va
Os(Il) dé gian tiép oxi hoa guanidin, cac phan t&r trung gian sé ldy e tlr cac
base G trén DNA muc tiéu va chuyén téi dién cwc, gay nén hién ttrang tich
dién & dién cwc.Do mat dd dién tich bang dién cuc do dong dién.

e_
Hinh 4.26: DNA sensor dién héa gian tiép.
* DNA sensor dién hda st dung chét oxi hoa-khtr dac hiéu.

- Nguyén ly :
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Sir dung hai loai probe cé trinh tu bd sung lai v&i hai ddu cia DNA
muc tidu: probe bat gilr va probe tin hiu.

- Probe bt gitr duoc ¢b dinh trén bé mit dién cuc.

- Probe tin higu c6 thé cb dinh trén bé mit dién cuc hodc ty do trong
dung dich.

- Chét Oxyhoa-khvr : Ferrocen.

Probe tin hiéu duoc danh diu bing chét oxi hdéa khir (ferrocen) hoic
gan véi hat nano.

DNA muc tiéu “lai” véi ca probe bit gii va probe tin higu trén bé mat
dién cuc.

Dusi dién thé ph hop, probe tin hi€u trao ddi ion v6i bé mét dién cuc
tao tin hi¢u “lai”,

Dud6i day 1a so d6 DNA sensor sit dung chi thj oxy hod khir dac hi¢u
(sandwich).

Target
nucteic acid
-"] ........
< OR .
Capture
probe

5‘/
* Signaling

probe
1:5’

S N
e Bt b e 30 LS C L‘& .‘..'. '_‘ Ferrocene

- 3 Hatad labels

b Zh e & 14 ip {4 ctd?

X O C{ X Cl O ‘

&3 P 23

&2 -14: ~s~i.4.- ‘i 384 ¢3¢

Gold electode Alkane Insulator Molecular
surface linker wire

Hinh 4.27: DNA sensor dién h6a s dung chét oxl hoa-khir dic hiéu.

- Ving s¢i xanh (trén): s¢i OLIGOPHENYLETHYNYL-lam nhiém wu
truyen dién tir gitra phan d4nh dau ferrocen va dién cuc.
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- Vung s¢i xanh (dudi): sgi POLYETHYLENGLYCOL -la 1ép cach dién,
ngan can ferrocen trong dung dich tiép xuc voi dién cye.Bién wr truyén tir
ferrocene tdi dién cuc duoc ghi dudi dang dong dién boi detector.

- Ky thuit DNA sensor dién hod cé gén hat nano danh déu

Wang va cs dua ra k¥ thudt DNA sensor di€n hoa ¢6 sir dung céc hat
nano danh ddu bang cach gin cdc DNA probe 1&n cic hat tir tinh lai voi
DNA muc tiéu va dugc phan tach trong tir truong. Sau d6 cac DNA probe
nay lai 13n thir hai voi cac soi tin hidu danh d4u bang cac hat nano.San phim
lai s& dugc tach ra,khi d6 cac hat nano bi hoa tan trong dung dich va cé thé
phét hién bing AVS (Adsorption Stripping Votanmetry).Véi k§ thuat nay
c6 thé phat hién cing mét lic ba DNA muc tiéu véi ba hat nano danh déu :
CdS, ZnS,PbS.

P\/ong tron vang: cac hat nano CdS, ZnS, Pbs

Hinh 4.28: DNA sensor dién hoa v&i cac hat nano danh déu.

4.4. UNG DUNG PIEN CUC SINH HOC

4.4.1. Ung dung trong cong nghiép thuc phim |

Trong cong nghiép thuc phdm, viéc kiém tra chat luong thyc phdm dya
trén cdc phuong phdp truyén thong thudng doi hoi nhicu gio hodc tham chi
nhiéu ngay.
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Trong nhitng ndm gan day, hé théng quan ly chét lugng va an toan thuc
pham da dwoc phat trién trong nganh céng nghiép thuc pham. Day la nhing
hoat dong di trwéc va mang tinh chat phong nglra. HACCP (Hazard Analysis
critical control point) la mot cong cu quan ly dugc nhiéu nwéc st dung trong
quan ly chat lwgng vé sinh an toan thwc phdm. N6 ciing la co s& cho céc tiéu
chuén saii pham thuc pham khi budn ban trén thi trvong qudc té. bé HACCP
c6 hiéu dua va thanh cong, cac phwong phap kiém tra nhanh dé theo ddi la
rat can thlét.

Ky thuat dién cuc sinh hoc cé thé mans dén cho nganh cong nghiép
thwc pha Tl mot thiét bi theo déi va do lwdng nhanh, dd nhay cao, st dung
thuan lgi hon so véi cac phuong phap truyén théng,

Mo s6 (*ng dung cla dién cuc sinh hoc trong phan tich thyc pham duoc
tom tat & bang 4.5.

Bang 4.5: (rng dung ctia DCSH trong cong nghiép thuc phdm

Hop chét cén do (rng dung

Céac axit min Alanin, arginin, asparagin, aspartic acid, cystein, glutamin, glutamic
acid, glutathion, histidin, leucin, lysin, methionin, N-acetylnlethionin,
phenylalanin, sarcosin, serin, tyrosin, tryptophan, valin

Céc hop chat Aminopyrin,  anilin, amin  (hom,  acetylcholin, cholin,
amin, amid di phosphatidylcholin, creatin, guanidin, guanosin, penicillin, spermin,
vong creatinin, uric acid, ure, xanthin, hypoxanthin

Hydratcac:bon Amygdalin, galactose, glucose, glucose-6-phosphat, lactose,
maltose, saccarose, tinh bot

Axit hitu co acid Acetic, acid formic, acid gluconic, acid isocitric, acid ascorbic,
acid lactic, acid malic, acid oxalic, acid pyruvic, acid succinic, acid
nitrilacetic

Cac rugu va cac  Acetaldehyd, bilirubin, catechol, cholesterol, cholesterD ester,
phenol ethanol, glycerol, glycerol ester, methanol, phenol

Cac hop chét Chét khang sinh, do tuoi cla thit ca vitamin...
khac
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Bang 4.6: M6t s6 BCSH (rng dung trong thuong mai

BCSH Chaét xac dinh Cong ty san xudt
bién cwc enzym  Glucose, saccarose, fructose, Enzo Biochem (M¥); Fuiji, Kyoto,
tinh bét, etanol, glycerol Omeron, Toyoba (Nhat Ban);
Solea-Tacssel (Phap); Eppendorf
(Brrc)
pién cuc enzym DO tuoi clia ca(bang Pegasus Biote chnology
nucleotid/nucleosid (Canada), Oriental H(ictric Co
(Nhat Ban)
bién QL Glucose Control Equipment c0. (My),
H202BbC SH NEC (Nhat Ban)
dong dién
FET Glucose, con, lactat, glycerol Ajinomoto Co., Mitsub shi, NEC
(Nhat Ban)
Cuc do ADN Salmonella trong thyc pham Integrated Genetics My
Cuc do (\DN Chlamydia Enzo Biochem (IMK)
Cuc dd,\DN Vi khuén Hybritech Industries (Mi)

Do néng d6 glutamin va ndng dé glutamat
S dung dién cuyc do dong dién c6 gan mang c6 dinh glutamai oxidase
dwoc (ng dung rong réi trong ché bién thuc pham dé dinh lvong glutamat vi:
nong do glutamat trong thwc pham khéng nhitng chi anh hudng dén mui vi
Mhabpham ma con lién quan dén khia canh an toan thuc phdm. Céac loai
nhu nwdc xup, dau gidm, nudc st dugc bé sung mot lvong mono
sodiumnatri glutamat (MSG) c6 tac dung lam tdng mui vi nhung mot lvong
I6n glutamat c6 thé gay ra nhitng phan (ng nghiém trong & mot s6 nguoi
nhuw: tim d&p nhanh, dau da day.
Cilutamat oxidase cling dugc dong c6 dinh véi glutaminase dé do nong
d6 glutamin dua trén co st cua phan ing:
Glutaminase
Glutamin « — Glutamat + NH,
Glutamat oxidase
otliahlat
Viéc do néng do glutamin c6 y nghia rdt quan trong béi d6 la chi tiéu
danh gia ngudn nito clla moi trudng nudi cdy vi sinh vat cong nghiép.
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Diéu ding chi y ¢ day la glutamat oxidase c¢6 hoat tinh i uu tai
pH=7,8 cdn glutaminase tir £.coli lai hoat déng tai vung pH axit. Néu thay
thé bang glutaminase trung tinh ti Bacillus cho thay: ca hai enzym dcu ¢
hoat tinh t&i uu tai pH=7 va c¢ tinh chiu nhiét tét. Mang enzym tao thanh rit
én dinh vh c6 hoat tinh 16t d€ dua vao san xuat thuong mai.

Mang enzym.cho két qua do dat tuyén tinh dén 8mM glutamin, khong
dip (ng v6i cdc chét khdc (trir glutamat), va giit dugc 6n dinh & trang th
kho trong théi gian it nhét 6 thing, ¢ 4°C.

Cic két qua thu duge khi st dung thiét bi dién cuc enzym YSI-2700 va
phuong phdp HPLC (séc ki long cao dp) cho thdy nhitng loi the 13 rét khi sir
dung phuong phdp DCSH: két quéa dua ra chinh xdc chi sau 30 giay, trong
khi phuong phap HPLC dbi hoi thdi gian phan tich rat dai.

e Do néng dé cholin

Trong co thé cholin 13 thanh phédn cdia phospholiqid cdu thanh nén
mang t€ bao va mang cia nhiéu bao quan trong t€ bao, mat khdc cholin cdn
1a tién chat dé téng hop nén acetylcholin (chat cé vai trd chuyén su kich
thich than kinh) déng théi ciing 1a nguén cung cip cic nhém metyl trong co
thé. Cholin thudng dugc bd sung vio thic an cho tré em va cdc san phim
dinh dudng cho ngudi 16n.

Viéc x4c dinh nOng do cholin c6 thé thuc hién bing phuong phap theo
ddi su phét trién cha vi sinh vat trén méi trudng co chat, bang phuong phdp
do quang hodc séc ki. Tuy nhién cdc phiuong phdp ndy thudng it chinh xdc,
thdi gian dai va gid thanh cao.
bién cuc enzym d€ dinh lugng cholin duoc ché tao dya trén co s& phan
img oxi hoa cholin xiic téc bai cholin oxidase:
Cholin+0, » H,0,+ betain aldehyd
Betain aldehyd + O, — H,0, + betain
Gid tri ciia phép do dat tuyé&n tinh trong khoang tir 5Smg/l dén it nhat 1a
160mg/l khi sit dung dung dich cholin hydroxyd néng d6 111mg/l 1am
chudn. Thoi gian thu dugc ket qua chi sau 30 gidy va gia ré. Gid thanh clia
moi phép do cang gidm khi s6 I@gng thir nghiém tang lén.
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e Po ham luong con
Ham lugng cdn duge xac dinh bang cach st dung alcohol oxidase:
Alcohol + O, —» H,0, + aldehyd

Tuy nhién mét han ché€ coa loai dién cuc nay la tinh khong bén cua
alcohol oxidase & dang kho vi vay cdn c¢6 bién phap bao quan thich hop dé
giit dugc tinh 6n dinh cla enzym.

o Phat hién su c6 mat cta vi khudn trong thuc phdm

Loai dién cuc nay goi la dién cuc sinh hoc phit quang, né phat hién su
c6 mat ciia vi khudn trong céc loai thuc phdm khi cdc vi khudn nay tdc dung
dac hiéu v6i ATP va chat D-luciferin d€ gidi phéng ra dnh sdng phdt quang
nhd tic dung xdc tdc clia enzym luciferase:

Luciferase '
ATP + D-luciferin —— oxi luciferin + AMP + pyrobhosphat

+ CO, + A (562 nm) dnh sdng vang

Do 4nh sdng vang tai budc séng 562nm, bi€t duge lugng vi khudn cdn
phan tich. '

o PDién cuc mién dich do ham lugng albumin, insulin

- Dién cyc mién dich két hop v6i dién cuc do dong dién dé x4c dinh
insulin hoic albumin.

Cho khéng thé khéng insulin dé biét (1dy tir huyét thanh lon) lén trén
mot 16p mang di gin dién cuc oxy dé€ cdc khdng thé c6 thé bim vao I6p
mang d6, sau d6 cho insulin cdn ki€ém tra 1én trén mang va cho ti€p khing
nguyen (insulin) d gén catalase va b6 sung co chit 1a H,0,, lic d6 s& xay ra
phan \ng:

. E-insulin '
HO, ———— H,0+1R0,

Ham lugng O, tao thanh dugc dinh lugng nhd dién cuc O,, tir d6 xéc
dinh dugc ham lugng insulin.

- Dién cuc mién dich két hop véi dién cuc do quang.

Hinh 4.24 - minh hoa mot dién cuc mién dich sir dung bo chuyén déi
quang hoc. Trong dé bi€n déi sinh hoc tao ra dap ung quang hoc thong qua
mot mang dién cuc (sensor chip).
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L?‘Sg kinh
Nguén sdng A BoO lach séng

Sensor CIHf?
Khéng thé

Dong dém

Su thav diii goc
phéan xa

Khéang nguyén

Hinmm4. SB d6 nguyénly ph&n ticSkhang ngufén c@a didn cuwd miéndich
két hop dién cwc quang.

DiCn cuc nay duoc cdu tao bdi ba phan: 1- 1a hé théng chiéu sang M
thu nhan anh sang phan xa b&i mot bd tach séng (detector array), 2- la mot
mang c6 gan khang thé, 3- 1a 6ng bom mau.

Khi mau c6 chita khang nguyén di qua, sé& phan (ng dac hiéu voi khang
the trén bé mat sensor chip va do dé lam thay doi bwdc sdng va goc phan xa
clia anh sang chiéu vao mat bén kia cuta sensor chip. Do cac théng sb quang
hoc s& cho ta ndng do khang nguyén c6 trong mau.

« Kiém tra ham lwgng chloramphenicol trong san pham thuy séan

Mot (’ng dung khac cta dién cuc mién dich dang duoc (ng dung vao
viéc kiém tra ham lwgng chloramphenicol trong thuy san vén dang duwoc
Coéng dong Chau Au (EU) va mot s6 thi trwdng khac nhw My, Canada, Han

i | o-
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Nguyén téc phuong phap ELISA dva trén phan (ng khang nguyén-
khang thé. Cac giéng dwoc pha l6p khang thé khang khang thé khang
chloramphenicol  (chloramphenicol chudn hodc dung dich mau).
Chloramphenicol gan enzym va khang thé khang chloramphenicol dugc bd
sung vao giéng. Chloramphenicol ty do va chloramphenicol gan két enzym
sé canh tranlvcéc, vi iif kei idrano”™ kMi*gMl|ijo™»T|pFlenicol (phan
tng mién dich enzym canh tranh). Bong thoi cac khang the khéng
chloramphenicol ciing dugc ¢ dinh lai bdi cac khang thé phu trén thanh
giéng. Chloramphenicol két gan enzym thira ra s& duoc loai bé bang céach
rta. B6 sung vao giéng co chat cla enzvm (ure peroxit) va chat tao mau
(tetrametyl benzidin) va 0. Enzym gén két sé& chuyén hoa chat tao sac vén
khong mau thanh san pham cé mau xanh. Khi bd sung chat két thic phan
(ng sé chuyén tlr xanh sang vang. Do cwong dé6 mau trén may do mau quang
dién & budc séng 450 nm. Cuong dd mau ti & nghich véi him lugng
chloramphenicol c6 trong mau.

Co ché phan (ng st dung thiét bi ELISA dé kiém tra chloramphenicol
dugc minh hoa trong hinh 4.25.

Trén khay c6 pht sén |I6p khang thé khang khang thé
chloramphenicol

1 Pha loéing mau c6 2. B6 sung enzym két gan 3. BG sung co chét
chira chloramphenicol va clia enzyme VA chét
chloramphcnicol khang thé khang tao mau. dem G,
dom G véi strco mal chloramphenicol dem (.
khang Ihd, n6 s& gan Xay ra su canh Iranh
cniontmprk
enzym Véi | mau. Do mau biét
chloramphenicol tydo ¢ | ham lwong chéat can
vi tri g&n khang thé do.

Hinh 4.25. Co ché phan (ng st dung dién cuc mién dich kiém tra ham lugng
chloramphenicol.
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Giai doan 0 duge thuc hién trong may  6n dinh nhiét do. Két qua phz{n
ing duge doc bing may doc theo nguyén tic so mau va so sinh vdi dé thi
chudn dé x4c dinh nong d6 khdng sinh.

Phuong phdp nay c6 thé phdt hién chloramphenicol & néng dé 0,05
ppb. Tuy nhién day ciing chi la mot phuong phdp ban dinh lugng.

Loai thi€t bi nay con dugc sit dung dé kiém tra mot s6 chét khic béing
cic loai ch4t chudn khéac nhau (cdc kit chuﬁn) vdi gi6i han phét hién rat thap
nhu néu trong bang 4.7.

Bang 4.7
Loai kit _ Gidi han phat hién

*Chloramphenicol
- MAu sifa ) 0,15 ppb
- Miu thit, tning 0,10 ppb
- MAu tom 0,05 ppb
*Clenbuterol
- M3u nudc tiéu 0.1 ppb
- M&u thit ' 0,04 ppb
*Diethyistilbestrol 0,02 ppb
*Histamin
-C4 tuyét : 20 ppm
-Bot ca " 125 ppm

* Xac dinh ham lugng mycotoxin trong ngii cdc va thwe phdm

Mycotoxin 14 doc t8 sinh ra trong qué trinh phiét trién clia ndm méc c6
mat trong céc sin phdm nhu: lac, ngd céc, hoa qua. Chiing ciing ¢6 thé xuat
hién trong thifc an gia siic. Gia sic khi an céc thic 4n ndy, doc 16 mycotoxin
c6 thé di qua qud trinh trao ddi chat rdi c6 mat trong céc sin phdm cia
chiing nhur: tniing, sita, thit. Cé nhiéu phuong phép x4c dinh mycotoxin trong
d6 c6 phuong phip xdc dinh bang dién cyc mién dich dang dugc sit dung
réng rai.

Phuong phdp nay dua trén nguyén tic lien k&t dac hiéu giita khing
nguyén, khing th€. Mot ndng do c8 dinh cha khéng thé dugc trén véi miu
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cdn phan tich ¢6 chita ham lugng mycotoxin chua biét. Khing thé va
mycotoxin s€ tao thanh phic. Di¢n cuc sé xdc dinh néng do khing thé tyr do
(khéng tao phitc v6i mycotoxin). Dua vao dé thi mycotoxin chuin cé thé
dinh lugng dugc mycotoxin c¢é mat trong mau cin phan tich.:

Cic khang thé dugc sir dung trong phuong phdp nay la khdng thé don
dong.

4.4.2. Ung dung trong moi trudng

Céc dién cuc enzym st dung trong phan tich méi trudng cd thé chia
thanh ba nhém dua vao dic di€m clia mét phan Gng enzym:

- Nhém thif nhét: cac chat dugc dinh luong 13 co chat ciia phan ¢ng
enzym.

- Nhém thit hai: cic chit duge dinh luong 1a cic chét kim ham hoat
tinh xic tdc cia enzym.

Vi du: Céc hgp chét co phospho va cacbamat.

Nhém thd ba: Néng do céc ion kim loai dugc phdt hién nh&r vao viéc
chdng lién két véi phan “apoenzym” do dé phuc héi hoat tinh cia enzym.

¢ Dinh luong ion kim loai ndng

Cic enzym thudc nhém metalloenzym cén ¢é cdc ion kim loai tham gia
vdo trung tam hoat dong dé duy i duge hoat tinh xic tic cla enzym, do dé
khi céc ion kim loai nay bi tach ra khéi enzym (vi du: do tic dung cia tic
nhan tao phirc) thi s& 1am mat hoat tinh xiic tac cia enzym. Hoat tinh xiic tic
clia enzym c6 thé phuc hdi khi cho enzym ti€p xiic v6i moi trudng chiia ion
kim loai thi ion kim loai s& thu hit lai vdo trung tam hoat dong cfia enzym.
Do d6 c6 thé dinh luong dugc néng do kim loai ndng trong miu thdng qua
viéc x4c dinh hoat do xiic téc clia enzym tao thanh sau khi cho phan
“apoenzym” di dugc c6 dinh ti€p xdc véi mau.

Uu diém cba phuong phép nay 1a c6 thé phét hién cdc kim loai & nong
do rat nhd (wmol) va cé thé phét hién duge bt ky mot kim loai ndo cé mat
trong nhém metalloenzym.
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Bang 4.8: Gi¢i thiéu mot so dién cuc xac dinh ion kim loai

A Noéng do
Kim loai Enzym bién cuc
(mmol/l)
Hg(H) Urease bién cuc NH3 0-150nm/!I
Zn(I) RMSFfcT
kiém s0 2,3%)
Zn(ll) Apoenzym: Pién cuwc nhiét 0,01-1,0
phosphatase dién tro
kiém
Cu(ll Apoenzym: dién axc 0,1-1,0 (sai
Galacto oxidase ~ PUAY/AYCI s6 7%)
Cu(ll) Apoenzym: dién cuc 0 2 <0,5
Tyrosinase

Binh lvyng phenol

) tyrosinase (polyphcnoloxvda.se)
Pilenol +0i + 2H+ - >

tyrosinase

or odiphenol + 02 orto-quinon

0-quinon + Fe(CN)6

Bang 4.i> Dién cwc dung tyrosinase

A Nong do phat hién C o Thoi
bién cuc (nmol/l) Sai s6 gian
bién curc 0,23-0,65 12-35
graphit voi giay
TCNQ
Dién curcOj 1-46 4,4% < 2 phat
(Clark) (trong hexan) (trong
5-190 hexan)
(trong dd dem) 7,2%
(trong dd
dém)
Bién cwc 02 0,1-5 (trong dd dém + 3 phat
(Clark) cloroform)

204

Tac gia

Orgen va
Johansson, 1978

OCUUII\C Atoki,
1990

Satoh, 1991

Satoh, 1991

Mattiasson, 1979
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-------------------- » orto diphenol + Fe(CN )6V

Ta : gid
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e Dinh lugng phosphat, nitrit, nitrai, sulphat

Céac hop chat nay ngay cang cé mat nhiéu trong moi truong, dac biét la
trong nuwéc ubng. Suv gia tang ngudn nito, phospho trong nwéc cé thé gay ra
hién teong phi dudng, gay mat can bang sinh thai (Theo tiéu chuin EC, ndng
dé cho phép cua phospho la: 5mg/l PD 5. Nong d6 cua phospho thdéng
thuong duoc xac dinh bang phwong phap do mau. Tuy nhién, ndng do cua
phospho trong nuéc ciing c6 thé duge dinh lvgng bang cac dién cuc en/.ym.

Theo Kubo (1991), ndng dd phospho c6 thé xac dinh bang céach s
dung dién cuc pyruvatoxidase: pyruvatoxidase tlr PediococciiS xdc tac su oxi
hoa pyruvat trong diéu kién comat phosphat va 0-, détao thanh
acetylphosphat, hydro peroxid va C02 Lugng0, tiéu thu dwgc dung dé dinh
lvgng phosphat:

OH i-0, /Il o
Cli-COCOOH +0 = P<J-OH + — » CH.C\ +HXD2+co,
\OH p

Céc hop chat nitrat, nitrit c6 thé dinh lvgng theo phan ng oxi hoa khtr
xuc tac boi nitrat va nitritreductase:

Nilraireducta.sc

NO/+ 2H++  --mmmmmmmmmmoeeees » NO2+H2
Nilriircductasc
NO2+ H+ NH/ + 2HoO
i OH
NH,

Béang 4.1C. Binh lwgng nitrit, nitrat, sulphat

Gidi han
Chat Enzym Dién cuwc chi thi phéat hién Tac gia
(mmol/l)
Nitrit Nitrit reductase bién circ NH3 50 Kiang (1975)
Nitrat Nitrat reductase va Dién cwc NH, 50 Kiang (1975)
Nitritreductase
Sulphat arylsulphatase Dién cyc Pt 100 Cserfalvi va

Guilbaut (1976)
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Bang 4.11. bién cuc enzym dinh lvong phosphat

2.4.2.1) va Xanthin
oxidase

(EC 1.1.3.22)

Thaoi
Nongdd | Saisd | Diéncyc (giandap | Tinhon | . .,
Enzym wmol) | % | chithi | ung | dinh | 12€91R
(phat)

Phosphotase kiém Thdp nhat| 59 H,0, 5-10 [>100 Guilbault
(EC 3.1.3.1) va 10 M TN/3 va Nanjo
gluco-oxidase (EC thang 1975
1.1.3.4)
Nuclosid- 0,3-1,0 10 o, 3 >70 Watanab
phosphorylase va | mmoi/l TN/30 e 1988
Xanthin-oxydase ngay
Nuclosid 10-250 59 dién cuc 2 30 thi Haemme
phosphorylase (EC H,0, nghiém [ rli 1990
2.4.2.1) va Xanthin :
oxidase
(EC 1.2.3.22)
Pyruvat oxidase 12-80 59 dién cuc 7 7 ngay Kubo
(EC 1.2.3.3) 0, (kha 1991

ning dap

{mg giam

50%)
Nuclosid 0,5-100 5 dién cuc 1.5 >8 Wollenbe
phosphorylase (EC 0, ngay/300 |rger 1992

» Dinh lugng cic chit doc

Cic loai thudc trix sdu co phospho cé doc tinh rét cao, ngoai tic dung
doc so cap, chiing con 1am bién déi cic qué trinh trao ddi chét cha t€ bao
bang cich tic dung lén cic enzym thi&t yéu nhu esterase, oxidase,
phosphorylase, dehydrogenase. Theo tiéu chudn EC, néng do t6i da cho
phép ctia du luong cdc chat ndy trong nudc udng 1a 0,1 pg/l d6i v6i méi loai
riéng biét va 0,5 pg/l d6i véi hén hgp. Viéc xdc dinh ndng d6 cic chat ndy
thudng dugc thuc hién qua h¢ théng sic ky 1ong cao 4p (HPLC) hoic séc ky
kh6i phé (GC/MS) doi hdi thiét bi phic tap, dét tién va trinh do k§ thuat cao.

Dura vao dic di€m cdc chat nay thudmg kim ham enzym cholinesterase
do d6 c6 the dinh lwgng duge néng do ciia chiing bing céch xdc dinh hoat do
cua enzym sau khi cho tiép xiic v6i miu nudc, két qua thu duoc cé thé xdc
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dinh dugc nong do cdc chat nay déng thdi ¢é thé danh gid dugc kha nang
gay doc cua chiing.

Quad trinh thuy phan cholin bdi cholinesterase nhu sau:

AChE

CH,-CO-S-(CH,),-N*-(CH,), === CH,COO + HS-(CH,),-N*-(CH,),

Axetylthiocholin
HS‘(CHz)z'N-"'(CH;)} ﬂ vS‘(CHz)z'N+‘(CH3)3+ H+

Phén (g oxi hod tao thanh ion H*, trén co s& d6 c6 thé ding dién cuc

pH hodc dung phuong phép oxi hod thiolcholin tai dién cuc Pt dé xdc dinh
hoat dé enzym.

axetat

Bang 4.12: Gi6i thiéu mot s6 dién cuc ding cholinesterase

thiocholin

Dién cyc chi Gidi han phat .
thi Enzym Co chit hign (ug) Tac gid
Dién cuc thiy | - BUChE - Butyryicholin 1ppm carbofuran | Kumarand
tinh (EC 3.1.1.8) clorua 4ppm carbaryl Trén Minh
‘ 0,2ppm paraoxon | 1992
PiéncycpH | - AChE - Acetylcholin 8ppm methyl- Durand
(EC3.1.1.7) - Butyryicholin paraoxon 1984
- BUChE clorua
(EC 3.1.1.8)
bién cuc pH | - AChE -Acetylcholin 3,2 parathion Schwedt-
clorua Hauck
1998 |
Pién cyc thuy | -AChE -Acetylcholin 10*M paraoxxon, | Trdn Minh
tinh ho3c (EC 3.1.1.7) clorua methyl parathion | 1990
Pd/PdO (pH) | — ’ 10"°M malathion
Dién cuc Pt -AChE - Acetylcholin- 2 paraoxon Bernebei
(H,0,) (EC 3.1.1.7) cholin 1991
-ChQ
(EC 1.1.3.17)
Bién cyc Pt -AChE - Acetylcholin 10nM paraoxon | Marty
{H,0,) (EC 3.1.1.7) clorua 1992
-ChO - Cholin clorua
(EC 1.1.3.17)
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Trong cac ¢ng dung trén, st dung BCSH de xac dinh tiv lugng thudc
trlr sdu hay xac dinh vi sinh vat c6 trong nguyén liéu hay san pham thuc
pham la nhitng &ng dung rong rai nhat.

e St dung ky thuat ELISA trong xac dinh duv lvgng thu6c trir sau

Ky thuat ELISA dwgc st dung pho bién trong phan tich cac phan tr nhd
nhu thu6c trir sau la competitive ELISA (ELISA canh tranh) theo hai phwong
thic trwc ti€p (cd ELISA-competitive,direct ELISA) va gian ti€ép (ci HILISA-
competi ive, indirect ELISA). Hinh 4.26 va 4.27 sé minh hoa hai ky
thuat trén.

- Trong cd ELISA, khang thé dwgc c6 dinh trén bé mat cac giéng gia thé
ran, cho mau thudc trir sdu c6 ham lwong nhét dinh d& duoc gan enzym va
thudc trlr sdu can phan tich vao cac giéng nay,ching sé canh tran 1 dé ham
vao khang thé. Sau mét thoi gian phan (ng. cac chat con du sé bi rira
tr6i.Cudi cung,co chat dwgc cho vao,co chat nay sé bi enzym xUc &ac va tao
ra cac san pham c6 mau séc. Cwong dd mau ty Ié nghich véi luvong thudc trir
sau can xac dinh trong mau thi nghiém. Néu thubc trlr sdu nhiéu thi lwong
cong hop enzym do tinh canh tranh kém hon sé bi gilt lai it, mau yéu
va ngugc lai. Tinh toan theo phuong phép sau sé tim ra dugc hun lugng
chinh xéc.

e Tinh toan két qua

Két qua cho thdy ndng dd chdt can phan tich cang tang thi mat do
quang cang giam. Nguoi ta chon cach dung duong chuan cho phwong phap
ELISA nhu sau: truc Xsé thé hién ndng do chuan, chia do theo logarit. Truc
y sé thé hién phan tram (c ché dwoc tinh theo cong Ihirc duGi day:

c1 ucche= 1- 100
Trong d6: A- mat do quang cia mau (hodc chuén);

Aumirii mat dd quang clia d6i chirng am, nghTa la khong cé
chét can phan tich, day la mat dé quang cao nhét;

AWrkmat do quang cla giéng blank.
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Nong do

Hinh 4.26. Dwdng chudn dién hinh cla Elisa.

- Trong k¥ thuat ciELISA, cac giéng dwoc phu mot lép thude trir sau
lién két protein, con thubc trlr sdu can xac dinh dwoc thém vao véi mot
lvong khang thé (antibody) cd dinh. Bé mot thoi gian, thudc trir sdu can
phan tich (khang nguyén) va thu6c trir sau lién két sé& canh tranh bam vao
cac khang thé,lvgng thubc trlr sdu cang nhiéu thi lvgng khang thé bi thudc
trir sau lién két protein gilr lai cang it. Sau rra tr6i cac chat con dw,dung mot
lvong khang thé thi hai c6 gan enzym dé phat hién lwvong khang thé ban dau
duoc gilr lai bang cach cho co chat vao,chuyén hoé tao ra cac san pham co
mau.Cudong d6 mau ty I& thuan véi lvong chat can xac dinh trong mau ban
dau.

Phwong phap nay cé wu diém la gia thanh ré va dé tv dong hoa. Tuy
nhién, nhuoc diém chinh cla phwong phap nay la trong mot thoi gian chi
phat hién dugc mot loai thudc trir sdu (one pesticide at a time).

e Dién cuc dém vi sinh vat

Theo cac phuong phap truyén thong, sd lvong va loai vi sinh vat duoc
xac dinh béang céc thi nghiém vi sinh. Mot s6' phuong phép trong cac phuong
phap do6 thuong tén nhiéu thoi gian, dac biét khi xac dinh cac vi sinh vat gay
bénh, nhv xac dinh Salmonneiia va Listeria sp. Vi du, khi xac dinh
Salmonella, truvdc tién can 24 gio dé lam moi truong, lam cho vi sinh vat can
xac dinh tlr trang thai tinh trong thwc pham tré thanh dang hoat dong. Sau dé
canh trwong dugc G dé Salmonella phat trién. Sau 24 gio phat trién, cdy moi
truong cé chira vi sinh vat sang dia thach. M6t hodc hai ngay sau, xac dinh
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luong Salmaonella. Néu cin xéc dinh céc dic tinh sinh hoc khéc thi phai cay
sang moét s moi truong khac nita. K€t qua tim ra duoc cdc Joai nher khing
thé somatic (Q) hay flagellar (H).

R R I R L T L D)
BEANePaieseiituuitatiail eaortoars

ridee .
. PRI PEAPEPINICIImABIANGIIIIIOCe0IwY

Khing thé dic hieu duge phu Ién giéng gid 1hé

JORNCS

Chat phan tich
dd k&t hap

enzym
(cong hop
p okt Tty ) enzynt)
3 gessniirbaboeriaine bes
Cha'l uﬁn phin mh va cong hup enzym
canh tranh 08 bam vao gid the
U
(114 PRPBESPFAANIm A RN AN AN RS AA RN ' Kh;ing thé‘ thL"
\ Ha S nhat
"7 Rua 701 che o a: & *

EELIE T TP IY FPrel
AR B eaNd dad
LaiaBbiatesstiny

® @ @ @ -ov-.o-vncnoounu--nv
yreevION
»4

a

Polystyren

Chat phan tich
chua biét

Hresien ! ' @ (Antigen)
Cho e chiit clia enzym .

L JOIOROIOR

4.

. ©* Sin ph4m miu
(‘L‘I) o Cochat

Hinh 4.27. Gidi thidu thi nghiém ELISA canh tranh tryc ti€p (cd ELISA).

Enzym xic tic taa sin phim miu
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M@ phong chat cin
phan tich

Khing nguyén lién
két protetn

Enzym licn két vao

* khdng thé thit hai

Polystyren
Khang thé thit nha

Co chat tao san
phim mau

+.Cong hop
khang nguy¢cn-
protein dugre phu
trén gia thé rdn

2.Khang nguyén
tu do va lién két
canh tranh bam
vio khang thé

3.Bé sung khéng
thé thir 2 gan
enzyme dé phat
hi¢n lugng
khang thé dau
duge git lai

4.B& sung co
chit cua
enzym dé tao
san phim mau

Hinh 4.28. Gidi thiéu thi nghiém ELISA canh tranh gian tigp (ci ELISA).
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Phuong phdp trén chinh xdc nhung dé xdc dinh can khoang 5 ngay va
két qua dva ra chi mang tinh chat dinh tinh. Cdc dung cu phén tich nhanh
hon thuoc loai “phan tich mién dich enzym” (EIA) d3 dugce sir dung dé xdc
dinh Salmonella, Staphylococcus va céc noi dgc t6. Mot phuong phdp nhanh
hon dé xdc dinh vi sinh vat c¢6 thé dat dugc bang cdch thay doi moi trudng
chon loc. Miu thuc phdm duge xir ly bang enzym dé dat 16i mot kich thude
nhat dinh, sau d6 né dugc loc trén mang loc ké 6 ky nuéc HGMF
(hydrophobic grid membrane filter) dé chuan bi cho budc xdc dinh ti€p theo.
Céc hé thong thu nho nhuy API, Enterrotek hay Minitek Spectrum 10, Micro
ID dugc sit dung dé xdc dinh va dang dugc ban trén thi trudng. Mot hudng
tiép can khéc 1a thay déi cdc bude lam dich mdu, trang trén dia thach. Tir d6
phuong phdp dé& tr dong hod va do d6 s& nhanh hon. Loai Spiral Plater
(Spiral Systern, Bethesda, MD) va céc thiét bi dém t€ bao vé tinh dién
(Fisher Scientific, Biomatic, artek, Biotran) 1a nhitng tién bd cua cac thiét bi
tur dong.

4.4.3. Mot sd cong nghé méi cia dién cuc sinh hoc

Trong nhilng nam gin day, moét s dung cu thi&t bi hién dai da duge
nghién citu va ch€ tao dya trén nguyén 1y cha PCSH. Nhimg thiét bi d6 da
dugce ing dung c6 hiéu qua hodc s& c6 nhimg iing dung rong rii hon, hi¢u
qua hon trong cong nghiép thuc phdm, ciing nhu trong cic nganh cong
nghiép khéc trong mét tuong lai gén, nhu ky thuat dién tix, Fiow Cytometry,
ky thuat cuc do ADN hay in méiu phan tlt (molecular imprinting), trong dé
ky thudt cyc dd ADN va k§ thuat in miu phan tir dwgc sit dung hiéu qua hon
ca.

¢ Cucdo ADN

Céc ky thuat téi t6 hop ADN va cic chudn dodn dua vao cuc dd ADN
ngay cang ddng vai trd quan trong trong xdc dinh vi sinh vat gay bénh trong
thuc phdm. Céc k§ thuat nay dura trén sy phéan cit c6 chon loc ADN bing cdc
endonuclase gidi han va dua trén su dia phuong hod cic chudi nucleotide
dic trung sau khi két hop véi cic doan ADN hoac ARN di dugc dédnh déu
bang cdc déng vi phéng xa (vi du nhu P, **'I, ¥S, *H), bing d4nh dau huynh
quang (nhu sir dung céc chat florexen, rodami, ethidi, phitc cang cua cua dat
hi€m), bing danh dau phét quang (nhu cic din xust cha luminol, acridinium
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ester, luciferen) hodc cic enzym dénh diu (nhu phosphatase ki€m,
peroxidase cay cai ngua) va cling ¢6 thé sir dung két hop hai hay nhiéu cich
trén. Nhu vay, cic h¢ théng phét hién sinh hoc duge sir dung trong linh vuc
mién dich cling c6 kha nang sit dung trong cuc do ADN.

Cuc dd ADN duogc ché tao tir cdc chudi don va c6 thé lién két véi cic
ADN hodac ARN b6 sung. Chubi xoidn kép c6 thé dé dang dugc tach ra bang
nhiét d6 hodc pH cao, sau d6 né dugc cho lai dé tao ra mét chudi xoan kép
mdi duéi nhimg diéu kién nhat dinh. Si lai nay khong phu thudc vao toan bé
thanh phan ctia ADN (phan tram cda timg bazo nito trong ADN) ma phu
thudc vao su sap xép cia chudi cdc bazo nito. Su lai hay két hgp dé cha cic
chudi ADN don mang tinh dac trung riéng cao va biéu hién tuong ty nhu
bién ddi gen. D€ phat hién cdc chét, k¥ thuat sit dung céc chat ddnh ddu va
phuong phdp phat hién céc ddu dd. Cic phuong phdp danh dau duoc sir dung
nhu sir dung déng vi phéng xa, phdt quang hay enzym danh ddu. Thi€t bi
phat hién dau c6 thé 1a cac thiét bi d€m cdc d6m phdt sdng. Mot chudi ADN
ddy d sit dung lam mot cyc dd ¢ dugc bang cdch sinh san vo tinh mot gen
dac biet trong vi khudn, ma loai vi khuén dé ta cdn xdc dinh. Day 12 viéc khé
thuc hién va thudng tim ra bing cdc thit nghiém. C6 trudng hop céc chudi
ADN khong lién két v6i cdc chudi ADN khdc. Cong nghé nay cdn tim ra
mot huéng tiép can mdi dé cé thé c6 kha nang phét hién c6 tinh dac trung
cao cdc vi sinh vat trong bat ¢t mét moi trudmg nao. Qué trinh chung ducc
thé hién trong so dé sau (trang 214).

Cuc do ADN cling c6 thé dugc tao ra tir mARN bing céch sir dung mot
enzym phién ma nguoc. Sau khi mot cuc dd ADN thich hgp dugc chon lya,
axit nucleic dirqc chudn bi cho viéc lai. Mot gen vé tinh hay mot chudi ADN
da duoc phan lap tir t€ bao bdi enzym gidi han duge dua téi va chiing trd
thanh cdc cuc dé phat hién ra cdc doan ADN ciia cdc chudi twong tw. Céc vi
khudn vo tinh dugc tdi tao trén b loc nitrocellulose va bj phan gidi bang
NAOH 0,5 M vi NACI 1,5M d€ bién tinh ADN, ti€p dé lic trong 2 g &
80°C dé dam bio ADN vin gin trén bo loc. Bo loc duge gan védi cic cuc do
da dugc ddnh-ddu phéng xa. Cic chudi ADN lién két v6i cuc do ADN va
dugc phat hién bdi phong xa.
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Cong nghe in mau phan tlr ¢ thé gidp gii quyét mot s vén dé lien
quan dén cac yéu t6 phat hién sinh hoc. Cong nghé nay cung cép cdc polyme
téng hop c6 dac tinh phat hién phan tir ¢6 chon loc. S& di cdc polyme cé
duge dac tinh nay 1a do trén phan tir polyme ¢6 céc vi trf phét hién, c¢é hinh
dang va cdc nhém chiic bt trir duge cho cdc chat cdn phan tich. Mot s&
polyme con ¢6 @6 chon loc cao va 4i luc khong déi, c6 thé so sanh duge véi
cdc hé thdng phat hién tu nhién nhu cic khang thé hay cdc thu thé. Vi vay
cdc polyme nay tuong hop ducc véi cic ciu tir trong dién cuc nhéi sinh hoc
(biomimetic). '

Su nhan biét clia cic phan tir giita mét phan tir chat ti€p nhan hay chat
chl va mét co chat hay chat kbach chi cé thé xay ra vi tri lién két cta cic

214

| Mau (dbah ADN hay gen vo tinh)

i

| C6 dlnh len mang hoac gla thé ;
(vi du: nitrocellulose) §

— —— i_ — _

Giai phéng mach kép ADN hay bién
tinh ADN dé tao ra ADN don l
(ding NaOH 0,5 M) ‘

S r-~ — P e e e

Sdp xép cic chudi dom cho qua bo
loc, 1ac & 80°C

—

Lien két ADN véi 2P di ¢6 gin chui
don ADN danh dau

Rira d€ loai bd cdc phan khong lién
két va phat hién cic lién két da duoc
danh dau trén mang bang thiét bi

chup phong xa tr dong |

Cong nghé in mau phan ti



phén tur “chd va khdch” bé sung cho nhau vé hinh dang kich thudc va nhém
chiic hod hoc. Trong tu nhién thi d6 chinh 1a cic hé thong sinh hoc nhu
enzym - co chat, khing thé - khang nguyén, hay hoocmén - chat ti€p nhan.

Nhu chiing ta déu biét, cdc qua trinh phan tich phu thudc nhiéu vao do
tin cay va do nhay clia cdc yéu 16 phat hién sinh hoc nhut cac khdng thé, thu
thé hay cdc enzym. Vi vay, bang céach téng hgp dé€ tao ra cdc ban sao clia cic
yéu 16 trén ¢6 tinh 6n dinh cao la mot tham vong ¢6 thé thuc hién duge. D6
1a su ché tao cic polyme da dugc in mau phin tor (Molecularly Imprinted
Polymers - Mips).

In mdu phéan tir 1A mét phuong phdp tdng hop da biét truée cdc vi tri
phat hién ciing nhu d¢ chon loc déi véi timg chat khéc nhau. Thudng cé thé
di theo mot trong hai huéng sau:

Hitong 1 Bao gébm céc phiic: “chi - khich” dugc tao ra bang cic tuong
tdc yéu (nhu tuong tic ion, twong tic ky nudc hay lién két hydro) giira chat
phan tich vA monome tién than. Céic phiic nay dugc tao ra trong pha long,
sau d6 dugc polyme hod dé tao nhiéu lién két ngang. Sau khi loai bd cic
phan tlr in kho6i khuén, cdc vi tri phdt hién khuyét dac trung véi cdc phan ti
in da dugc tao ra. Hinh dang ciia céc vi tri da tao duge trén polyme va sit sap
x€p clia cac nhém chife trong cdc vi tri phdt hién s€ tao ra di luc véi cdc chat
can phan tich.

Huong 2: Cac lign két d6ng hod tri manh nhu lién két este min... dugc
tao thanh giilta cic monome va cdc phan tit in trudc khi polyme hod. Do dé6
trudc khi thyc hién in cdn phai tao dan xuét gita cdc phan ur in véi cic
monome. Sau khi phan cit céc lién két dong hod tri giita cdc phéan t¥ in trén
khuén thi cdc vi tri phdt hién bd sung véi cdc chdt cin phan tich dang & trén
polyme.

K¢ thuat Mips da thuc hién thanh cong déi véi cac chat nhu: protein,
din xuét axit amin, dudng va cdc din xu#t cta dudng, cdc vitamin, cdc
nucleotit thudc trir sau va mét luong 16n cdc duge phdm. Lien két cha mot s6
polyme c6 1hé so sanh véi cc lién két ty nhien ctia mot s6 khéng thé.

Uu diém ctia Mips 12 ¢6 thé 120 ra duge 4i luc cao giong nhur céc khdng -
thé, do bén 13u va c6 kha nang chéng chiu véi cdc moi trudng hod hoc. Hon nita
dac tinh phat hién cha chiing khong bj anh hudng béi axit, bazo hay nhiét.
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Han ch€ cia Mips la kha nang dap uing chdm, théi gian dai (15-60
phiit). Diéu nay c6 thé khidc phuc bang cich t3i wu hod dé chon loc clia
polyme. Tuy nhién do nhay cia ching kém hon nhi€u so véi hé thong
nhién. Mic du vay, vdi nhitng cai ti€én cia Mips s€ tang do nhay va s€ (ng
dung rong rdi hon trong tuong lai.

Hién nay, Mips di duoc img dung dé phan tich mot s chét sau.

Bang 4.13. Mot s6 vi du cba cam bién nhai sinh hoc dua trén Mips.

Chat phan tich P:;::’(:;fmhf;“ Thiét bj chuyén di
Morphin 0-10 Do ddng dién
Vitamin K1 . 0-4 Po dién thé
Phenylalanin anilid 33-3300 Huynh quang
Dansyl-L-phenylalanin 0-30 Po dé dan dién
Atrazin . _ 0-0,5 Huynh quang
Sialic acid 0-3

4.4.4. Ung dung trong Y t&

Di¢n cyc enzym cé rat nhiéu ing dung trong viéc phat hién, chdn dodn
va theo ddi siic khoé ngudi bénh. Ngay nay, né con dugc xem nhu mot cong
cu hitu hiéu trong linh wvic cham séc sitc khoé tai nha vdi rdt nhiéu nhimg
tinh nang hita hen trong twong lai.

¢ Do ndng do glucose:

Hang nam trén th€ gidi ¢6 hang triéu ngudi méc bénh tiéu duong. Day
Ia chimg bénh ma ngudi bénh mét kha nang kiém sodt néng do glucose trong
méu din dén sy qué tang dudng huyét, c6 thé gay tir vong do qui it glucose
dén duge nio.

Viéc diéu trj bénh tiéu dudmg ddi héi ngudi bénh phai duge theo doi
thudng xuyén ham lugng glucose trong méu. Do d6 yéu cdu dat ra la phdi
phét trién mot thi€t bi cho phép ngudi bénh c6 thé tr theo ddi duge & nha.
Chi cé dién cuc sinh hoc v6i khd nang chinh xdc, ré, c6 thé sir dung lai va
dap ing dugc cic yéu cdu trén.

Céc loai dién cyc do nong dé glucose hi¢n nay rat da dang.c6 thé hoat
dong theo cic nguyén tic nhu dién cuc do dong dien, dién cuc do quang,
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nhung déu dua trén phan ng xic téc oxi hod glucose clia glucooxidase
(GOD). Trong dé ddng chu y 1a loai thiét bi cdm tay véi loai chip ché tao
trén co sO cta dién cuc chon loc ion va dién cuc do dong dién, kich thude
nho, dé mang theo, tién st dung.

300-

800-silicon polycarbonate

53000-protein, buffers, GOD

40-Silaceous glass

350-iridium

1000-titanium

Silicon dioxide

Silicon

Hinh 4.27. Cau tao dién cyc mang i-STAT glucose biosensor.

e Do noéng do ure

Viéc kiém tra ndng d6 ure trong mau, dac bi¢t d6i véi nhitng ngudi
méc bénh than cé ¥ nghia quan trong.

Thiét bj nay hoat dong trén nguyén tic dién cyc do dién thé, ure bi thuy
phan dudi tac dung xic tic cha urease:

(NH,),CO +3H,0 — CO,+ 20H +2NH,’

Noéng do jon NH," ty 1& véi néng do ure duoc do bing cich ding mot

I16p mang tham chon loc ion NH,".
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CHU'ONGS
THIET Bl PHAN UNG ENZYM

Thiét bi phan img enzym la not dién ra cc phéan tmg chuyén hod cic
hop chat nhd sy xtc tac cia enzym. Thiét bi phan ing enzym gom mot hay
nhiéu binh phdn (ng ndi ti€p nhau véi cic bd phan hd trg nhu cdnh khudy
hay khai vat liéu dém. Cdc thi€t bi phan ting duoc lua chon va sit dung tiy
theo dic diém cita timg phan ng hodc qui trinh st dung. Chiing ta s& xem
céc dang co ban va phuong thitc hoat dong cita thi€t bi enzym: thiét bi phén
ing dang binh, dang cét, dang mang, thiét bi cho enzym tur do, enzym c6
dinh, thi€t bj hoat dong lién tuc hay giin doan.

5.1. THIET BI PHAN UNG GIAN POAN

Thiét bi phan ing enzyme gidn doan (stirred tank reactor — STR)
thudng gom mot binh phéan (ng c6 trang bi bo phan khudy va céc tdm ngin
lam tdng hi¢u qua khudy.

Nguyén tac hoat dong chung cha -
cac thiét bi 1a dung dich co chat |

dugc dua vao binh phan ting theo — 1O
timg mé. Sau mot thdi gian
khudy, phan ting enzym két thiic,
toan bd dung dich phan img

enzym duoc ldy ra khoi thiét bi. H,0 ———
Nhu vdy, ca enzym va co chit —_
déu ¢6 mot thei gian lwu nhu —L

nhau trong thiét bi. Trong mét s6
truomg hop, ngudi ta cé thé bd
Hinh 5.1. So d6 thiét bj phan img gian doan.
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sung thém enzym hodc co chat dé phan img dién ra triét dé (fed-batch
operation).

Uu diém 16n nhat cha thiét bi gian doan la thiét 1ap va van hanh qud
trinh don gian. Thiét bi gidn doan thich hgp cho san xuat & quy mé nhd cic
san phdm c6 gia tri cao, dac biét 1a cling mot thigt bi c6 thé dung cho nhiéu
giai doan phan ting chuyén hod cdc vat liéu khdc nhau. Thiét bi gidn doan
cho phép tién hanh céc phan ting trong di¢u kién moéi trudmg gén gidng nhau,
thich hop cho c4c phan g cham, véi cdc thanh phdn phan img dugc kiém
sodt chat ché trong diéu kién phan img thay ddi theo thdi gian(pH, nhiét do,
ndng d¢ coenzym).

Dang thiét bi phan ng gidn doan thich hgp st dung khi céc qud trinh
lién tuc khong thé thuc hién dugc do dé nhét dich phan Vmg qud cao hodc
ban chat hén hop phan iing khong thich hgp. Thiét bi gidn doan thudng dung
cho cdc phan img st dung enzym dang ty do va anh hudng ctia viéc tap
nhiém 14 khéng 16n.

Phan tng trong thi€t bi gidn doan c6 dic diém la véan tGc phan Ung
enzym gidm din do ndéng d6 co chit gidm dan. Néng d6 san phdm tang lén
theo thdi gian phan img s& anh hudng kim hdm van t6c cic phan (ng enzym
bi tic ché béi san phdm cudi.

Nang suat phan ¢mg trong thiét bi gidn doan c6 thé tinh todn khi coi
phan ing enzym 12 khong thudn nghich va tudn theo mé hinh Michaelis-
Menten trong trudng hop enzym khéng bi (fic ché hoac khéng bi bién tinh:

' dS V.S

V=V =Kt S (5.1)
v6i V, — thé tich dung dich cao chat.
Tich phan véi diéu kién bién S = S, tai 1=t,
aws = §X - K, In(1-X) 62)

v6i X = §“S;§ - phan doan co chit duge chuyén héa tai thoi diém kiém sodt.
]

Dong thi phin {ng enzym trong thi€t bi phdn ung gidn doan dugc
trinh bay trén hinh 5.2.
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b,

g d0 sén phdm X

—l

Thai gian phan ung tieu chuin

Hinh 5.2. Dong thai phan img enzym trong thiét bj phan img gian doan.

Cic thiét bi gidn doan c6 nhidu nhugc diém. Chi phi van hanh ciia thiét
bi gidn doan cao do cdc khiu dua vao hoac 1dy dich phan ting ra khoéi thi€t
bi. Ngoai ra, khi van hanh thiét bi gidn doan, diéu kién phén tmg thay ddi
suét trong qué trinh phdn ing ciing nhu c6 thé thay déi theo timg mé. Piéu
dé6 1am cho kha ning diéu khién va nang c4p thiét bi trd nén kho khan.

Phén ing chuyén héa S -> P véi diéu kién SyK, = 10. Thai gian phén
ing tiéu chuén 12 thoi gian cdn thi€t d€ tat ca co chat duge chuyén héa thanh
san pham vdi van t6c phan (ng V.. Trong thuc t€, thdi gian phén (mg s& dai
hon do néng do ciia co chat giam dén

5.2. THIET BI PHAN UNG LIEN TUC

Thiét bi phan ting lién tuc (continous flow reactor) ¢ cu tric nhu thiét
bi gidn doan nhung vén hanh lién tuc véi van 16c dong co chat vao thiét bi
bing van t6c dong san phdm + co chat ra khéi thiét bi. Thit bi phan tmg lién
tuc chi van hanh véi enzym ¢6 dinh.

Trong thi€t b phan Ung lién  pang cocnd Dang sén phém
tue, théi gian hwu trung binh cla co _‘I >
chat trong thiét bj (béng V/F, véi V N . fl
1a thé tich ciia thiét bi, F 12 van t6c LNucc ra
dong co chat) ngan hon rit nhiéu so MQ [
v6i thoi gian luu cha co chat trong
thi€t bi phan tng gidn doan sir dung
enzym tr do. N"“J?,Bi— D(Q

Dic diém nay lam cho thiét bi
¢6 nang sudt 16n hon nhiéu 14n so v6i  Hinh 5.3. Thiét bi lién tuc ¢6 khudy
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thiét bi gidn doan khi sir dung cing mét lugng enzym. Thiél bi dang nay
ciing cho phép sir dung co chat c¢6 do hoa tan thap trong dung dich phan ing
khi c6 thé cho mot thé tich 1én dung dich co chat ndng do thap tiép xtic vdi
mot lugng enzym ¢§ dinh. Ngoai ra, thiét bi lién tuc con tao ra diéu kién
phan tng khong déi trong sudt qua trinh cho phép dé dang diéu khién qua trinh.

Heé théng phan tng lién tuc c6 thé hoat dong theo hai phuong thitc khac
nhau: c6 khudy tron va khong khuldy tron Trong thiét bi khong c6 khudy
tron, enzym sé ti€p xtc vdi dung dich phan ing ¢6 ndng do co chét cao va
ndng d6 san phdm thap. Ngudi ta cing c6 thé sir dung mot hé théng gém
nhiéu thiét bi phan Ung néi ti€p nhau, dong sin phdm ra khoi thiét bi thiy
nhat s& 1a dong co chét vao thiét bi thit hai. Nhu vy, hiéu suat chuyén hod
cha toan bo hé théng s& duoc nang cao. ‘

Trong thiét bi lién tuc ¢6 khudy tron, dong phan tng duge trén 1an hoan
toan va tirc thdi vdi toan bo dung dich c6 ndng d6 co chat thap va néng do
san phdm cao. Trong diéu kién van hanh 1y tuéng, toan bd dung dich trong
thiét bi dugc dao tron déng déu. Dong san phdm c6 cung thoi gian luu véi
pha 16ng trong khi mot vai phan t&r cg chét c6 thé dugc luu lai trong thiét bi
ngén hon hoéc 1au hon do hién tugng ddo trén nguge cia dong chay. Thiét bi
phan g lién tuc ¢ khudy tron cé thé bat ddu van hanh nhu mot thiét bi
gidn doan cho téi khi dat duge midc d6 chuyén hod co chdt mong mudn, thiét
bi s& chuyén sang van hanh }ién tuc.

Thiét bi phan iing lién tuc c6 khuay tron cé ciu triic don gian, tic dung
da ning va gia thanh ré, cho phép nap ho#c thay déi enzym dé dang. Kha
nang dao tron déng déu ciia thiét bi cho phép kiém sodt pH va nhiét do phan
ting-dé dang, cap hoac tich khi don gin. Thé tich clia thiét bi thuong duoc
thiét ké gap 5 - 10 }4n thé tich khéi enzym ¢ dinh cén sit dung. Tuy nhién
do thi€t bi khong tao ra mét can tr& ddng ké ndo d6i véi dong co chét, céc co
chat khong tan hoic tao keo trong dung dich it c6 kha nang ti€p xic vdi
enzym. Ngoai ra, cic chit mang 1am tir vat liéu dé phén tich ciing khong
dugc sir dung cho thiét bj lién tuc ¢é khudy do chiing ¢6 thé v& thanh cic
ménh nhé trong qua trinh khudy tron va di theo dong sin phim. Thong
thuong, cc hat enzym c6 kich thuée d&n 10pm cén da bén vimg dé tdn tai
trong dong khuay, khi d6 qué trinh khuéch tin co chat vao hat enzym sé
thuan loi hon.
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Mot thiét bi phan ng lién tuc cé khudy trén ly tuong s€ dam bdo su
ddo tror dong déu toan bo dich, va do vay nong dé co chat duge giit & muc
t6i thiéu con ndng do san phdm tao ra dat t6i 16i da. Hiéu suit chuyén hoa tai
moi diém trong thi€t bi 12 dong nhat. Thiét bi phan Ung lién tuc cé khudy
tron la thiét bi phan ing thich hgp cho cdc qua trinh chiu anh hudng cua hiéu
(ing ttc ché co chat hay hoat hod san pham. Ngoai ra, nhd su pha lodng co
chat trong dong phan img, thi€t bi nay con thich hgp khi dong co chat ¢
chita cdc chal kim hdm enzym. Diéu nay rat ¢ y nghia trong trudng hgp
nong do chét dc ché 1én hon K, vaty 1€ S/ K| thap trong trudng hop tc ché
canh tranh va cao hon trong truong hop tc ché khong canh tranh khi miic do
pha loang chat Gc ché 1dn hon sy pha lodng co chat. Bong hoc qud trinh
chuyén hoa trong thiét bi phan tmg lién tuc c6 khudy tron 1y tudng s& bi sai
lech khi khong ddm bao duge ch€ do khusdy ron dong déu. C6 thé cdi thién
dong hoc phan dng bing cich tang van t6c khudy, gidm d¢ nhdt, gizm néng
d6 co chét hoac tang hiéu qua canh khudy trong thiét bi.

Quad trinh truyén dong lugng, truyén nhiét va chuyén khéi la cic qua
trinh rit quan trong trong thiét bi lién tuc. N6 quyét dinh kha nang véin
chuyén céc phan tir, ddng chét léng trong thi€t bi va ché& d6 thuy dong cla
dung dich phan dng. Théng thudng, cic qud nay dugc biéu dién boi hang
loat cic m6i quan hé phic tap, trong dé ¢6 cac thdng s khéng phu thude
kich thudc thiét bi. Mot trong céc thong s6 d6 1a chi s6 Reynolds (Re), lién
quan 16i luc quén tinh gay bdi dong chit 16ng va lyc nhét chong lai dong
chdy. Gia trj Re thap mo 14 ch€ do chay dong ctia dong chay, gid tri Re cao
chi ra ch€ do chdy r6i chia dong chét léng. Tén tai tri s6 Re t6i han phu thudc
vao cau hinh thiét bi, tai dé dong chay chuyén tir chay d(‘)ng sang chay roi.

Re dugc xac dinh theo: : '

- Re=L.A, M (5.3)
hoac ~ Re=LfM (5.4)

Trong dé: L -chiéu dai dac trung cia h¢ théng (m);

f,, - van t6c chuyén khéi cha dong chay (g.m? s');
f - van t6c dong chat 16ng (m.s');

.1 - do nhét dong luc hoc (g.m“. sh;
v - do nhét dong hoc (m>. s™).
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Trong thi¢t bi phan dng enzym, chiéu dai diac trung cua hé théong la
dudng kinh cta thi€t bi. Gia tri L.f cda mot hé thong ¢6 khudy ¢6 thé tinh
bing (van toc khudy) x (dudmg kinh cdanh khuay)’. Trong cdc thiét bi ¢6
dong chay van toc cao va dg nhdt thap. chi sé Re thuong cao.

Bén canh chi s6 Re, chi s6 Goff (L,) duogc st dung dé mo ta va so sanh
cdc thiét bi enzym lién tuc. Chi s6 L; biéu dién hiéu suat ning lugng dong

chdy ding van chuyén vat liéu hoac
nhiét 16 cac be mat xic tac. Gia tri L,
thap moé ta hé thong can chi phi nang
luong Ion dé c6 thé dat 161 trang théi
xUc¢ tac cua bé mat cac enzym cd dinh
va co chal. Tri s L, cao thudng dat
t6i trong cdc thiét bi cé dp suat thap,
van t6c dong 16n va van t6c chuyén
hoa cao. Quan h¢ giita L; va Re trong
thiét bi lién tuc c¢6 khudy duge mo ta
trong hinh 5.4 phan 4nh nhu céu
khuay trén trong thi€t bi ngay ca ¢
van 18¢ dong thap.

Lt
1r

0,1 F

0

S OV A

1000 Re

L 1
0'00"0.1 1 10 100

Hinh 5.4. Quan hé giiva L, va Re trong
thiét bi lién tuc cé khudy tron

Van t6c phén tng trong thiét bj lién tuc c6 khudy tron duge tinh theo

cong thic:
: S
V= F(SU - S) = Vmax Km+s (55)
Do vay:
-S )
Yoo BB 450 56
(8-S X

Ve T =ETIX (5.7)

V. K. X
- '—I?u =S“X+(1'X) (5.8)

Nang suit phan img enzym thay ddi do tic dong cic diéu kién cha
g p 2 Y y
dong chay 16i phan mg enzym. Trong trudng hop phan {ng bi ¢ ch€ béi co

chat, nang suat phan iing duoc tinh theo:
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(5.9)
Truong hop phadn (ng bi Gc ché bdi sdn pham:
YR SoXFKmt— XYMt ) (5.10)

Trong trvdng hop bi tdc ddng cla phan &ng thuan nghich:

F = XS+KITx (5.11)

Thiét bi phan &ng lién tuc khudy tron ly tvdng tao ra sy dong déu tuyét
ddi vé ndng d6 co chdt enzym va cac sadn pham trong sudt thoi gian van hanh
nho sy dao tron hoan toan trong thiét bi. Tuy nhién, m6t vai phan tlr co chat
c6 thé bi 1y ra khoi thiét bi nhanh hon, mot vai phan tlr c6 thé co thoi gian
lvu lai trong thiét bi dai hon. M6 hinh phan bd thoi gian lvu cla cac phan ti

co chat trong dong co chdt dwgc trinh bay trong hinh 5.5.

2 3 4
Thoi gian luu tiéu chudn

Hinh 5.5. Phan bé th&i gian lwu trong thiét bj lién tuc c6 khudy trén.

N- s6 phan tlr co chét trong thiét bi tai thoi diém t, (- - -), thoi gian lwu cha co chat; (_..J
thoi gian lvu cla co chat khong phan &ng; ( ), thoi gian lwu cha san pham.
Thoi gian lwu tiéu chudn dwoc tinh bang t.FA/Ia thoi gian can thiét dé mot thé tich
co chét bang thé tich thiét bj di qua thiét bi.

M& hinh phan b6 thoi gian lwu cla cac phéan tlr co chat khong bi

chuyén hoa trong phéan ¥ng trong dong co chét tudn theo céng thic sau:
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M, = M,e ™" (5.12)
véi M, la ndng do phan tir co chat trong moi trwvong tai thoi diém t.

Thoi gian lvu ban phan cua cac phan t& co chéat trong thiét bi:
V .V
T=1In2.p =07.i (5.13)

Néu gia thiét moi phan tr co chat déu dugc chuyén hoa thanh san
pham, khi 4y cac phan I cé thoi gian lwu dai hon trong thiét bi clina duoc
chuyén hod. Do vay thoi lwu trung binh cta sdn phdm sé& I6n hon thoi fiian
Ivu trund hinh cda co chdt trong thiét bi. Thanh phén cla dong san phdm la
dong nhdt trong toan bd thiét bi va cé thé tinh toadn tir dién tich cla tac ving
trong do thi trén hinh 5.5, trén hinh 12 90%(P/$). Néu thiét bi van hanh lién

\Y
tuc (gia thiét trong thoi gian > 4 mp ), vé ly thuyét, thoi gian luu tri

clla cac phdn I& co chét trons thiéf bi |a¥ . Tuy nhién, hinh 5.5 cho thay
rang, thwc té chi c6 mot sé Il phan I c6 thoi gian lwu gan voi eia tri ren (7%

v . . ..
trong kloang 0,9 - 1,1 P ), con lai la co chal c6 thoi gian lvu hodc la it hon
v . v
(20% 0.1 P ) hoac la cao hon (2,3 P ).

ThontT thuong trong thiét bi phan ¢ng lién tuc c6 khudy tron, liéu Ung
tail” a4p nguoc hau nhu khong cé hodc cd nhung ¢ mic khong dang ké. Thiét
bi dana nay thwong khéne dugc st dung trong qué trinh yéu cau van toc
chuyén loéd cao. Cling c6 thé van hanh cac thiét bi ndi ti€p nhau tao thanh
mot chudi thiét bi lién tuc c6 hiéu sudt chuyén ho4 tédng thé cao. Chudi thiét
bi nay c thé bao gom tlr ba thiét bi tré I€n, Jién két theo tirng cdp hodc mot
binh phan &ng duoc chia thanh cac khoang c6é thé van hanh doc ip nham
tranh Inén twgng déo tron nguoc.

Cac thiét bi lién tuc c6 khudy tron cé the s dung dwoc véi enzym tu do
khi thiét bi c6 gén két mot mang siéu loc nham tach san pham O clkra ra clia
thiét bi. Khi d6 c6 thé gap mot so6 khé khan nhw ndng do enzym khong dong
déu trong thiét bi hodc c6 sw bat hoat en/ym trén bé mat mang. Tuy nhien
dang hé théng thiét bi nay thich hgp khi c6 nhu cau gan két phan (rng enzym
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va viéc phan tich san phim trong cling mot h¢ thong, hoac khi khong thuc
hién dugc phan img véi enzym ¢ dinh.

' 5.3. THIET BI PHAN UNG ENZYM DANG MANG

Thiét bi dang mang (membrane reactor — MR) dugc trang bi mot mang
ban tham cho phép cac phan tir sin pham di qua ma khong cho phép cdc
phan tir enzym di qua (hinh 5.6). Dang mang don gian va ré nhat I3 mang
ban tham selophan ding trong k¥ thuat tham tich enzym. Loai mang théng
dung st dung cho thiét bi mang duoc tao Déng sin prm
bdi hang tram sgi xOp nho c¢6 dudng —

] angcuohilvao‘ .
kinh 200um, dé day cua mang SOum.

Thiét bi phan ng dang mang cé J

thé hoat déng gian doan hay lién tuc. ' /"mdﬂgr' _
Sau phan ing, sin phdm dugc tich ra

khoi enzym va co chat du. Thiét bi dang [:»'d
mang c6 thé ding cho enzym tu do hoac-
c6 dinh. Thigt bi sir dung cho enzym hoa q)

tan gidp giam cac chi phi va cdc vdn dé  Hinh 5.6. Thiét bi phdn éng mang
thuong gap phai khi sir dung enzym ¢ dinh. Néu co chét cé thé khuéch tan
qua mang, ¢ thé dat co chdt va enzym & hai phia khdc nhau cla mang. Néu
co chdt khong khuéch tdn dugc qua mang, enzym va co chét phai dugce dat
trong cling mot khoang - cla thiét bi, khi dy cdn cé su kiém sodt chat ché vé
van tGc dong trong trudng ho‘p thiét bi van hanh lién tuc. Trong trudng hop
thiét bi st dung mang siéu loc nhim tach cdc san phdm phan (g, sir dung
enzym tu do 6 thé tranh duge cic khé khan nhu' su phﬁn cyc nong do hay
v6 hoat enzym trén bé mat mang.

Thiét bi dang mang dugc thiét 1ap mét céch dé d&ng nén thudng duge
s dung & quy mod nhé ¢ vai gam dén kg co chat/san phdm, dic biét cdc
truong hop phan ing nhiéu giai doan hoac cin téi tao CoE. Thiét bi phan iing
dang mang cho phép d& ding thay thé enzym, dic biét khi enzym khong
bén. Ngoai ra, thiét bi nay c6 thé dung trong cic phin imng hai pha. Tuy
nhién, thiét bi mang c6 gia thanh cao do mang dit va thuong phai thay thé
sau mot thoi gian hoat dong nhit dinh.’
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bong hoc phan ting enzym trong thi€t bi mang giéng nhu trong trudng
hop thiét bi gidn doan di mo ta d trén néu thi€t bi van hanh gidn doan (muc
5.1), hoac gioéng nhu trudong hop thi€t bi lién tuc néu thi€t bi van hanh lién
tuc {muc 5.2). Su khdc bi¢t clia dong hoc phan ng enzym trong thiét bi
mang vdi thi€t bi gidn doan hay lién tuc 12 do sy khuéch tdn han ché€ cia
enzym va clia cic san phdm qua mang ban tham. Nhu vdy, phan (ng enzym
trong thi€t bi dang mang s€ chiu anh huong cla hi¢u (ng Gc ché boi san
pham cudi hon so véi phan ing enzym trong cdc thiét bi khic.

5.4. THIET BI PHAN UNG DANG COT

Thiét bi phan ng dang cft (packed . Sinphdoa
bed reactor) c¢6 dang hinh try, duge 1ap day
chat mang cé. gin enzym bang mét trong

MR

cac nguyén tic ¢ dinh enzym. Dac diém .. Eﬁg/w hat ercym
cua thi€t bi phan tng dang c6t 1a ce chit AT ‘
chdy qua khoi enzym c6 dinh theo chidu tir o

trén xubng song.song véi tryc doc cia thiét . oA

bi va khong bi khudy tron nguoc, Trong  Cochdivio
diéu kién 1y tudng, dong co chit ¢d van téc
khong déi trong su6t chiéu cao cot. Co chat
tai moi khu vuc trong thiét bi déu c6 co hoi
tiép xiic v6i enzym nhu nhau, san phdm tai moi vi tri trong thiét bi déu cé
thoi gian luu nhu nhau. .

Hiéu qua chuyén hoa ca chdt coa thlét bi phan ng dang cot tuong
duong véi thiét bi gian doan c6 khudy ¢6 cling thoi gian luu. C6 thé xem méi
phan doan chiéu cao c6t thiét bi nhu mot thiét bi phan tng gidn doan (hkinh
5.1). Miiic do chuyén hod mong musn c6 thé dat dugc bang cich sir dung cot
phan iing c6 do cao thich hop. S

Van téc dong trong thiét bi phan iing dang cot tumlg duong vdi van t6c
dong trong thiét bi gidn doan tinh theo thé tich. Vi vay, phwong trinh 5.2 ¢6
thé chuyén ddi dé mé ta thiét bi phan ing dang cot Iy tuong khi gia dinh
khong c6 han ché vé khuéch tan (it khi gap trong thuc té):

YJI?“ =§,X - K,In(1 - X) (5.14)

Hinh 5.7. Thiét bi phdn ing dang cét
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DE cd thé tao ra ché do chay ly twéng trong thiét bi cot, chat long trong
thiét bi can gitt i ché do chay mang dé on dinh mic do dao tron va truyén
nhiét binh thuong cla dong chay, han ché sy ddo tron nguwgc clia dong chét
I6ng. Khé c6 thé dat dugc giad tri Re cao trong thiét bi do khé dat dwgc van

hi dang c6t thich hgp cho cac quéa trinh bi &nh hwéng cua sy Gc ché hoi san
pham cudi, béi sy hoat hod co chai va tinh thuan nghich cla phan @ng.
Trong thist bi dang cot ly twéng, 100% phan t& co chat cé thoi gian lwu hang
voi thoi eian lwu trung binh cla co chéat trons thiét bi. Bay la diém khac biét
Ién cua thiét bi dang cot so véi thiét bi lién tuc cé khudy.

Tai gia tri Re thap, van téc dong ty lé thuan véi sy eidm ap trong thiét
bi. Thong thuwdng sy aiam ap trong thiét bi ty 1€ thuan voi chiéu cao Gp chét
mang, van toc dong, do nhét dong hoc clia dong co chét va thé tich cla dung
dich choan trong thiét bi (tinh theo (1 - s)2/ s1v6i e la dd rong cla thiét bi)
va ty 18 nghich voi dién tich c&t ngano cta hat enzym cé' dinh. Théng thuong
thiét bi dang cot dwgc st dung véi cac hat enzym cd dinh trén chat mang co
doé ben twong doéi. kich thwéc 1- 3 mm. Sy tang van téc dong c6 thé dan dén
hién dang vat Iy va do chac cua cac hat enzym c6 dinh trén chat mang mém.
Si hién dung cac hat enzym c6 thé dan toi giam bé mat tiép xuc cla cac hat
en/.ym voéi dong co chat, gidm van tdc chuvén khoi, han ché dons chay va
gay giam &p I6n trong thiét bi. Anh huong néi tiép cla cac hiéu (ngidns ap
sudt nguoc, bién dang hat enzym, han ché dong chay c6 thé dan téi hoan
toan khong c6 dong chay trong thiét bi.

Thiet bi phan (ng dang c6t giéng nhu mot gid loc c6 dinh d6i voi dong
co chat. Do vay can s dung gia loc sao cho thiét bi khéno bi cac hat enzym
nho bit kin. Ngoai ra, can tinh dén kha nang I¢p loc bi bit kin béi sy tao keo
hodc két tla cua co chat. Cac thiét bi phan (rng dang cot c6 kich ihwic Ién
(dwong kinh 16n hon 15 cin) thuong gap khé khan trony kiém soéat nhiét do
va kiém soéat pH bang cach bd sung axit hav bazo.

Hién twgng dao tron nguoc trong thiét bi phan (ng dang cot lam sai
Iéch md hinh dong chay va lam cho thoi gian luw cla cu chét trong thiét bi
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thay doi. Trong nhitng trwong hop thiét bi chiu anh hwdng Ién cua hién tuwong
dao tron nguoc, co chat cé thé chay qua thiét bi nhanh hon & mot so' kénh
dugc tao ra do su dao tron. Nguoc lai, van téc dong chay lai lam giam & mot
s0’vi tri khac. Céac kénh nay chi dwgc tao ra trong trwong hgp c6 sy gidm ap
I6n, 16p dém khong dong déu, hodc dong chady co chat thay doi. tao ra van
toc dong khac nhau trong toan bd khéi dém. Khi d6, dong hoc phan Gnu
trong thiét bi phan (ng dang c6t cd dinh gidng v&i tron° truong hop thiét bi
lién tuc khudy, dan téi kho cé thé dat .dwoc mirc dd chuyén hoad co chat cao
trona thiét bi. Cac anh hutng ké trén cé thé dugc han ché néu s dung cac
hat en/ym c6 dinh c6 kich thuéc dong déu.

Nang sudt phan rng enzym thay ddi khi phan &ng enzym bi han ché' béi
co chét, sdn phdm hodc do tac ddng cla phan Gng thuan nghich. Trong
trvons hgp phan Gno bi tc ché bdi co chat, ndng sudt phan ¢ng dwoc tinh
theo:

= SIX - Knin(l - ) + > X - X2) (5.15)
F °= SIX - Knin (- 2Ks ‘
Trong treong hop phan tng bi e ché boi san pham:
(5.16)
1+K,,
Trong truong hop bi tac ddng cua phan ng thuan nghich:
yTi=XS-K>(l -X) m7)

Trong d6: X - ndng dé cac phan doan chuyén hoa trong phan (ng
thuan nghich va dwgc xac dinh béi:
S, - S,
X=g s (. 8)
ac cong thirc nay gilp tinh toan va so sanh nang sudt thiét bi dang cot
voi thiét bi phan (ng lién tuc trong viéc lwa chon thiét bi phan ¢ng t-n/ym.
Trwéc day, qua trinh san xudt mat tinh bot (sird fructose) tir tinh bot
duoc thuc hién bang céch thuv phén tinh bdt nho glucoamylase va buéc
izome hoa glucose thu dwgc thanh fructose dwoc thwc hién nho
glucoizomerase c6 dinh trong thiét bi phan (ng gian doan. Phuong phap nay
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¢6 chi phi cao do thai gian luu cia hén hop phan dng trong thi€t bi 16n, ham
Jugng san phdm phu cao. Ngoai ra, rat kho tach cdc ion Mg ** va Co ** (bd
sung dé én dinh hoat tinh enzyme) ciing nhu kb6 thu hdi enzyme sau phan
ing. Hién nay, dé giai quyét cic van dé ton tai, hau hét cdc qua trinh nay
dugc thue hién trong cdc thiét bi dang cét.

5.5. THIET BI PHAN UNG TANG SO1

Pidy Ia dang thiét bi trung gian gilia
thiét bt dang cot va thiét bi phan (g lién tuc
c6 khudy trén. Thiét bi nay bao gom mot 1op
hat enzyme ¢6 dinh dugc théi nguge 1én phia - -
trén nhd dong co chét, ¢6 hoac khong két
hop v6i dong khi*(oxy hay khi 1rs) -hoac cdc
chat can thiét cho phin {ng dién ra trong
thiét . bi phan tmng. Thudng thi dong khi
khong lam thay ddi néng d6 co chat va
enzyme trong thi€t bi. Trong sudt phin ing
enzym, cc hat enzym dugc giit & trang thai
lo limg trong dong co chét nhé vio van téc
cha dong co chat vé/{moac dong khi. Van téc Hinh 5.8, Thict b phan ing
dong nho nhét cia hon hop hat enzym va co  tdng s6i
chat dé duy tri trang théi tdng soi trong thist
bi phu thudc vao Kich thude, dang, d6 x6p va i trong cla hat enzym co dinh
cang nhu ti trong v& d¢ nhét coa dung dich phin tng. Van t6c t6i thiéu cha
dong s6i tuong doi nho, khoang 0,2-1 cm/s do hau hét céc enzym cé dinh
cé ti trong xap xi ti trong céc dich phan iing. Nhu vay, do phan tén cua céc
hat enzym ti 1¢ thudn vdi van t6¢c bé mat cha khi va ti ¢ nghich véi f d
la dudng kinh thiét bi). Khi bat ddu khéi dong thiét bi, cin cung cap mot lugng
nang luong lcm de tdo ‘trang théi s6i” chia cdc hat enzym. Nhung mot khl trang
théi ting soi duroc ‘thigt lap, chi cin mot luong nang lugng nhé dé duy tri thiét bi
hoat dong, trir khi can tang véan tc ddng co chat trong thiét bi.

- Déngcochftvao  Dongkhivao

Thiét bi c6 dudng kinh nhé va vin t6c dong lén thudng cé dic tinh cta
mot thiét bi tang so6i 1y tuéng. Con nhin chung, déng hoc phin g trong
thi€t bi dang nay thudng 1a dang trung gian giita thiét bi dang cot va thist bi
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lién tuc do van tdc dong nho trong thigt bi tao ra mot muc do ddo tron nguoc
cuc bd. Dang déng hoc qua trinh sé€ do hinh dang cuta 1hiét bi quyét dinh.
Thiét bi dang nay dac bi¢t phti hgp trong truong hop co chit sir dung hoac
san pham qua trinh & dang khi. Enzym c6 dinh st dung trong thiét bi dang
nay can cé kich thuéc hat nhd 20 - 40 pm, (va vi thé ¢6 bé mat tiép xic/
phan ing 16n) va can ¢é mat do hat enzym di I6n d€ khong bi rira tréi khoi
thi¢t bi. Trong trudng hO‘p mat doé hat enzyrn thap, kich thudc hat enzym cé
thé 16n hon. : : .

Dé thié€t bi hoat dong hiéu qua, cdc-hat enzym nén cd kich thuéec dong
déu tranh tao ra sy khéc biét vé ndng do enzym trong thiét bi. Thiét bi ting
s6i khong hoat déng dugc & van t6c dong 16n do ¢6 thé tao ra céc khu vuc
rdng trong thiét bi hoac ¢6é thé ria tréi enzym.

Nhuoc diém Ién nhét coa thiét bi ting soi 1d khd khan khi nang cdp
thiét bi do dac tinh thuy luc ddng chiy thay ddi rat 16n khi thay ddi kich
thude thiét bi. Hé s6 nang c4p thi€t bi trén thyc t€ chi cho phép 161 10-100
lan. Ngoai ra, sy thay déi dong co chat ciing tao ra sy thay ddi phuc tap
khong du dodn duoc ciia dong chay trong thlet bi, vi do vay ciing anh huédng
t6i van t6c chuyén hod enzym.

5.6. LUA CHON THIET BI PHAN UNG ENZYM -

Dé lua chon thiét bi phéan ting enzym, cdc yéu 16 quan trong cin quan
tam la dic tinh clta phan iing enzym-phan ng thuan nghich hay khoéng, cé.
bi tic ché bdi co chit hay cdc thanh phan clla co chat khong, c6 bi tc ché bai .
san pham cudi khong.. ., dac tinh san phdm, dang enzym si dung (tu do hay
c6 dinh), dong -hoc phin img enzym va céc tinh chit 1y-hod hoc clia cdc chat
mang (dém) trong trudng hgp sir dung c6 dinh. Ngoai ra, viéc lua chon thiét
bi phan img enzym con phu thudc vao nang suit va quy mo cda qud trinh,
mifc d¢ kiém sodt phan tng va khd nang ki€m sodt tw déng qud trinh phan
imng enzym nhu kiém sodt pH, nhiét o, nong do cd chat hay san phim. Cudi
ciing, viéc lira,chon thiét bi cho phan ing enzym phy thudc vao chi. phi cia
ban than thiét bi va phuong thite van hanh ching.
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CHUONG 6

UNG DUNG CHE PHAM ENZYM VA TR1EN VONG
CUA CONG NGHE ENZYM

Trong vai thap ky trd lai day, cune voi sv phat trién manh mé cua cong
nghé sinh hoc, cac ché phdm enzym duwgc san xudt ngay cang nhiéu va dugc
st dung hau hét trong cac Iinh vuyc kinh té. Enzym da dan tirng buéc Ium
thay dbi va nang cao mot sd cac qua trinh cong nghé trong ché bién thuc
pham, néng nghiép, chan nubi, y té... dap (’ng nhu cau ngay cang tang cla
xa hdi. Hang nam, lwgng enzym dwoc sdn xudt ra trén thé gi¢i dat khoansi
trén 300 000 tan véi tri gia trén 500 triéu USD dwgc phan bo trone cac Iinh
vic khac nhau.

Hién nay trén thi truong c6 khoana 12 hdng san suat enzym hinh voi
trén 60 nha cung cdp I6n. Chau Au véi hai hang san xudt Ion nhat Ihe uidi 1a
Novo Nordisk vaGist Brocades chiém Irén 60% lwgng eivym thi treon”, cac
ché pham enzym ctia My chi chiém 15% trong d6 2/3 luwng enzym duwgc sw
dung ndi dia, chi yéu cung cap cho qua trinh sdn xudt cén va dudrm nshich
ddo. Nhat ban véi cac ché phdm enzym kha da dang chiém khoan
15% thi trwong thé gidi. Trung quéc va Nga cac ché pham enzym duwgc san
xudt ra chu yéu dugc dung cho nhu cau trong nuéc.

Phan I6n enzym dugc s dung & mirc dd cong nghiép déu tiudc loai
cn/ym don cdu t&, xtc tac cho cac phan (ng phan huy. Khoan" 75% ché
pham la nhitng enzym thuy phan dwoc st duna cho viéc phan huv cac co
chat tw nhién.

Céc protease la cac enzym dugc st dung nhiéu nhat hién nay trong mot
s0 nganh san xudt nhv ché bién thyc pham (ddng tu sira lam pho mat, lam
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mém thit), san xudt cac chat tady rra, thudc da...Ti€ép dén la cac
hydratcacbonase dugc (ng dung nhiéu trong ky nghé ché bién thuc pham,
trong cong nghiép dét nhudém, céng nghiép gidy va bdt gidy, ché bién thirc
an gia stc nhw cac enzym amylase, glucoizomerase, cellulase, pectinase.

Mot s6 enzym kha phirc tap va dac hiéu cling dwgc dua ra st dung
trong Iinh vuc ihwc pham. phan tich, dét nhudm, trong chuan doan va diéu tri
bénh nhu glucooxydase, catalase, pepsin, trypsin, chimotrypxin

6.1. UNG DUNG p;nzym trong céng nghiép thuyc pham

6.1.1. Vai tro cla en/ym trong céng nghiép thyc pham

Trong céng nghiép thuc pham cac ché pham enzym duoc st dung véi

trinh chuyén hod, tlr d6 cho phép nhan cac san phdm méi hay san pham cé
chat lwgng cao hon. Ddc biét, enzym cling c6é thé can thiép vao chinh quéa
trinh ché bién va dong vai tro cong cu cong nghé. Nho tac dung cua enzym
chinu ta c6 thé nhan dwgc cac san phdm trung gian hay cudi cung khac
nhau.

Trong thuc té san xuét, cac ché pham dugc si dung nhiéu rong hay
cubi qua trinh ché bién ndng san nham nang cao chat lvgng san pham cudi
cung, ddc biét trén khia canh cam quan.

Doi voi mot s6 nguyén liéu néng san thwc pham, hoat do enzym trong
nguyén liéu dugc coi la mot trong nhitng chi tiéu danh gia chat lwgng chinh.

e En/ym - cong cu diéu chinh nhitng khiém khiuyét ty nliién cua

nguyén liéu

Nguyén liéu cua céng nghiép thyc phdm la cac san ph*
nguon gdc thuc vat va dong vat. Chldng dwgc hinh thanh q
tong vao
cac yéu té bén trong nhuw giérm loai, cac yéu td6 bén ngoai nhuw cac diéu kién
canh tac, khi hau trong thoi gian phat trién. Cac yéu t0 nay cothé lam thay
doi thanh phan chung clia nguyén liéu va chuyén hoa né. Cac chépham
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enzym c6 thé duoc sir dung nhu mét chat phu gia nham 1dp ddy nhimg thiéu
hut tu nhién.

Trong cong nghiép ch€ bién tinh bot, san xuat dudong, banh mi, bia,
ngudi ta thudng bé sung amylase vio cong thic dé bu lai hoat luc enzym
yéu clla nguyén liéu ngit coc. Trong cong nghiép san xuat phomat, cic ché
phdm enzym lipase va protease dugc sir dung thay thé céc enzym t nhién
~ cua sifa bi vo hoat bdi thanh tring. ‘

o Enzym - cong cu cong nghé ctia chuyén hoa

" Kha nang xic tic chuyén hoa ciia cdc enzym dugc khai thac trong
nhiéu qud trinh san xudt thyc phdm : banh bisqui, phomat, nudc uéng.

Protease cho phép ci thién tinh chat loc clia bia va tiang tinh én dinh
cha né & nhiét do thap. Amylase, pectinase va hemicellulase tao diéu kién
cho viéc tach chiét va loc nude qua. Pectinase cén thi€t cho qua trinh lén
men rugu vang & nhiét do cao dé lam trong ruou. Trong cong nghé san xudt
banh bisqui, protease trung tinh ding dé lam mém déo khung gluten cai
thién do6 nd cha bot nhao va do gidn cua banh bisqui. Trong cong nghé
phomat, sir dung pretease lam dong ty sita & giai doan ddu tién cta qud trinh
san xudt, con protease VA lipase ‘cho phép thic ddy qué trinh chin cua
phomat.

¢ Enzym - cong cu lam tang gia tri caa nguyén liéu tu nhién

Enzym c6 thé tham gia vao viéc da dang hod san phim nhan dugc tix
nguyen liéu ty nhién. ' ' A

Ti¢u biéu nhit 13 qud trinh dé polyme ho4 tinh bot. Cho t6i nhimg nam
70, sir6 glucoza nhén dugc tir ngii ¢6c d3 trd thanh san phdm quen thu6e. Su
phat tri€én ciia nginh Cong nghé enzym cho ra di mot loat cic ché phdm
enzym da cho. phép tao ra nhiéu san pham nhu : chit lam dac, tién chit va
dan suat cha chét thom, chat tao ngot acariogenes, chelatants, chét tao chua.
Chinh viéc cai thi¢n dac tinh cia enzym vé tinh dac hiéu va tinh chiu nhiét la
ngudn géc cla viéc san xuat cac,ch€ phdm enzym mdi. San xuét cdc chat
xtic tdc thich ing hon vdi céc diéu kién vat 1y ctia moi trudng (nhiét do, do
nhét moi rudng) va dac hiéu hon doi hoi phai kéo theo sur da dang cua cdc
san phim trung gian nhan dugc tir nguyén liéu ty nhién.
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e Enzym - cong cu cai thién chit lugng cua san pham

Trong trudng hop nay enzym phdi cé tic dong dé thay déi truc ti€p san
phdm cudi cling. Tdc dong cua né dac biét quan trong trén khia canh cam
quan clia thyc pham.

Ciac enzym duge si dung dé loai bo cic chat ty nhién ¢6 anh huong xau
161 chal lugng cam quan cia thuc phdm. Vi du naringinase, két hop véi
rhamnosidase va beta-glucosidase ¢6 thé thuy phan rhamno-giucozit cua tri-
hydroflavon, chét lam déng nudc agrumes.

Enzym ciing cho phép tao ra huong vi méi. Lipase duoc bé sung vio
giai doan dong tu sita bd cung vdi renin tham gia vao viéc tao huong cho
phomat. Huong vi dic tnmg ciia cdc san phdm phomat chii y&u nhd tac dung
cua nhém enzym nay. |

Vi bd sung ciing c¢6 thé nhan duge bdi enzym. Vi ngot ¢6 thé duge tao
nén trong sifa nhd tac dung cua enzym lactase, hay duoc ting lén nhd tac
dung d6ng phan hod glucose thanh fructose dudi tdc dung cia enzym
izomerase. ' '

Enzym ciing c6 thé tham gia vdo ci thién cdu tric cla sén phdm.
Colagenase va papain bang cdch thuy phan protein cia co bap [am tang o
mém ciia thit. Protease trung tmh lam yéu mang gluten nén tang duge do
gion ¢ia banh bnsqm

Enzym ciing c6 vai trd trong viéc tao ra mau séc ctia sin pham :
Pectinase gidp cho viéc tach chlét mau trong ruou vang do. '

Lipoxygenase oxy hoa cac chat mau caroten cua bot [am trang rudt banh mi.
Proteinase tao ra cc axit amin ty do tao di€u ki¢n cho phan tng Maillard,
déng vai trd chinh trong viéc tao mau cila cdc san pham nudng, banh bisqui,
thit ...

6.1.2. Tiéu chi chon enzym trong cong nghié¢p thue phim |

6.1.2.1. D6 hoat dong cuia enzym
MG6i quan hé giita cic diéu kién sir dung va dac tinh cila ché€ pham
enzym sir dung:
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- pH cta moi truong phéan (ng phai tvong ¢ng véi pH hoat dong cla
enzym.

- Anh huéng cta nhiét do toi hoat do clia enzym phai dwoc tinh dén
khi Iva chon enzvm. MGi lién quan gilta nhiét do va hoat lwc enzym duoc dat
ra phiec tap hon :

+ NEu thoi gian tac dung cua enzym nhanh, chat xdc tadc sé phan (ng
toi da v6i kha nang xdc tdc cla minh, sau dé phai nhanh chéne bi vé hoat.

+ Néu thoi gian tac dung lau nén s dung enzym c6 do bén hoat luc cao.

- Khéng duwoc bdé qua sw c6 mat cla cac chat hoat hod hay kim him
enzym trong mdi trwong phan &ng.

Chon lya enzym cling can phai tinh dén cac chét anh hwéng c6 thé st
dung trong qui trinh dé thic day hay dinh chi mot phan (ng xac dinh. Cac
chat nay can cd tinh dac hiéu va gia phai ré tién.
6.1.2.2. Tinh dac hiéu

Céac enzym duoc st dung trong cong nghiép thwc pham co6 t1€ cé tinh
dac hiCu chat ché hay nguoc lai rat rong, chinh vi vay dac trweng hoa truéc
hoat do enzym mong mu6n la van dé thiét yéu. Tinh dac hiéu la mot trong
cac ddc tinh xUc tac c6 thé dugc thay doi qua bién doi cla cac vi méi trwong,
Nén kiém tra lai tinh ddc hiéu cta enzym Irong cac moi trwong phan (ng gan
gidng véi moi trvong thuc té st dung vé thanh phan va tinh chat ly hoa hoc.

lon nita khdng nén bé qua cac hoat tinh phu cta cac ché pham enzym, vi
cac hoat tinh phu nay c6 thé khéng mong mudn hay nguoc lai rat coyia tri.

ong thyc té khdng c6 chién luvgc lya chon chung. Gidi phap duy nhat

hanh cac phép th so sanh nhiéu enzym trong céac diéu kién thuc cla

trinh céng nghé.

i. Diéu kién (rng dung enzym

ot khi mdt hay nhiéu chat xic tac dap ng duoc cac liéu tluian cla
phan Gng, thi can lya chon dua trén tinh chéat lwgng va s6 lugng cla ché
pham enzym. Néu viéc b6 sung enzym lam thay ddi Ién téi cong nghé san
xudt can phai xay dung cac nha may Ién thi viéc cung cép enzyrn thuong
xuyén va 6n dinh dong vai tro quan trong.
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Gia enzym tac dong rat it téi gia cua sdn pham. Do d6 t6t hon nén lay
ty | gitra gid/ chat lvgng la tiéu chudn can xem xét trong viéc lya chon nha
cung cap.

6.1.3. Cac en/ym duwoc duuwc phép st dung

St dung cac ché pham enzym phai tuan theo mot luat chung. Cac ché
pham cn/.yin chi dwoc st dung khi dd duuc cac chuvén gia xét nghiém va
cho phép. Danh sach cac ché pham enzyin dwgc phop khéng dirng lai mu
luon dugc bd sung. Lién quan tdi cac ché phdm enzym dlng trong san xuat
thirc &n M nwdc ubng cho nguoi, ludt quan trons nhét ra doi 5/ 9/ 1989 duoc
ban hanh tai Cong hoa phap (JORF, 1.10.89) ngoai ra con c6 cac luat khac
nhu:

- Luat 20/ 6/ 1985 (JORF, 13.07.85) cho phép st dung lactase dé
thuy phén lactoza.

_uat 21/ 12/ 1988 (JORF, 7.01.89) dwa ra mot  danh sach cacché
pham en/ym protease thwc vat, dong vat va vi sinh vat cho phép duwgc st
dung dé thuy phan protein dung lam thic an dac biét cho nguoi.

- Luat 24/ 3/ 1993 (JORF, 27.03.93) cho phép st dung /?-
cyclodextrin va cho phép st dung cyclodextrin - glycozyl- transferase cua
Bacillus maceran va cua Bacillus arculans.

I6t loat cac luat 15/6/1993 (JORF, 10.07.93); luat 27/8/1993
(JORF. 4.09.93); 1/2/1994 (JORF, 25.02.94) va 18/8/1994 (JORF. 11.09.94)
vira méi ban hanh bo sung cho luat 5/9/1989 cho phép sir dung mot loat

en/.ym mc

6.1.3.1. Luat5/911989 duwa ra cac tiéu chuén vé do tinh khiét
:hi tiéu tinh khiét hoa hoc, trong d6 chi yéu dé cdp den cac

dm loai nang:

Arsen <3 mg/ kg
Chi < 10 ma/ ko
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e Chi tiéu vi sinh vat

- Cdc mdm hiéu khi < 50000 /g

- Salmonelles khong co trong 25 g

- Coliformes < 30 trong 1 gam

- Cdc mam yém khi < 30trong | gam

- Staphylococcus aureus khong cé trong 1 gam

Sir ving mat cliia mycotoxin va hoat tinh khang sinh phai dugc dam bao

trong ché phdm.

6.1.3.2. Ludt 5/ 9/ 1989 dwa ra mét loat enzym dugc phép sit dung

Cic ché phdm enzym nay dugc x€p loai theo cic nhém sau :
- Enzym phén cit c4c lién két «¢-1,4 va a 1 6 glucozit (o -amilase va

enzym cit nhanh).

nay:

- Enzym phan cat cc lién ket §-1,3 va 8 -1.4 glucozit (8 -glucanase).
- Disacaridase (invectase va sacaraSe).‘

- Gluco-izomerase - |

- Pectinase

- Protease vi izozym ciohydrat.

Danh sich cdc¢ ch€ phdm enzym déu tién duoc b8 sung bdi cic luat sau

- a-amylase, pullulanase, gluco izomerase
- Cellulase va phitc hop cellulase — hemicellulase —beta-glucanase
- inulilase, 8-fructofuranosidase.

- Pentosidase. =

- Photpholipase A,. ,

- oeacetolactat decacboxylase. | .
B6n enzym tiép theo nhan dugc tir viéc téi té hop g‘én‘: |

- o -amilase ctia Bacillus licheniformis dugc bién déi bang cich t8 hgp

vdi chi thé twong tr.
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- « -amilase cua Bacillus licheniformis chita gen cla Bacillus
stearothermophilus.

- Mot enzym maltogenase cla Bacillus subtillis chita gen cla Bacillus
brevis.

Bang sau diy dua ra danh sich cdc ché€ pham enzym dugc phép si
dung. Trong danh sich nay enzym dugc x€p thanh cdc nhém hoat do 16n.
Khi cdn thiét phai kiém tra di€u kién hoat dong, vi gidy phép sit dung khong
phai tén tai vinh vién, né c6 thé duogc thay déi tuy theo yéu cau cha thuc té.

Bang 6.1. Cac enzym dugc phép sir dung theo luat caa Phap
{danh sach duoc dua ra thang 4 nam 1996)

Enzym Ngudn géc S(f dung Luat
o -amylase B. subltilis Thuy phan tinh bgt, bisqui, | 05.00.89
bia
B. licheniformis Nudc qlia, rau, banh ngot
A. niger Thuy phan tinh bgt 05.09.89
A. oryzae Bisqui, bia, nubc qia, rau,
banh ngot, banh mi
B. subtilis Banh mi dac bist 15.06.93
o -amylase B. ficheniformis Thuy phan tinh bét, bia, rugu 01.02.94
{8 hop vé&i déng :
dang)
B. licheniformis Nudc qaa, rdu, banh ngot
{Bacillus
stearothermophilus)
amyloglucosidase | A. niger Thuy phén tinh bot 05.09.89
A. oryzae Bisqui, bia, banh ngot
A. niger Nudce glia, rau . 18.8.94
maltogenasé . B, sublilis Béanh mi, sird maltoza 01.02.94
-| {Bacillusstearothermo
philus) ‘
Pullulanase B. acidopuliuiyticus Thuy phan tinh bot, bia, 05.09.89
banh mi dac biét 27.08.93
Klehsiella planticola Thuy phan tinh bét; bia 18.08.94
Gluco izomerase | Streptomyces Sird glucoza ¢6 ham Iugn 05.09.89
violaceaniger fructoza cao -
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Enzym Ngudn géc str dung Luat
S. olivochromogenes
S. rubiginosus

Actinoplanes
missouriensis

B. coagulens
Streptomyces
murinus
1i>.06.93
Invectase Saccharomyces Mt qua 0£5.09.89
cerevisiae
Lactase Kluyveromyces lactis  Lactoza thuy phan J.06.85
K fragilis
A. niger;A. oryzae
Cyclodextrin B. macerans /o-cyclodextrin 21i.03.93
glucozy! B. circulans
transfers
0-glucaniise B. sublilis; A.niger Bia j-09.89
Disporotrichum V-
dimorphosporum
Endoglucanase Humicola insolens Banh m i; bia 1ii.08.94
Pentozanase
Pectinasi A. uentii; A. niger Fructo-oligosacarit 0ij.06.93
Cellulase Trichoderna reesei Fructo-oligosacarit 0fj.06.93
Phtrc hop A. niger Fructo-oligosacarit 0ij.06.93
Xellulase
Xellobias
hemicenl ulase-
i3-glucand
Inulase A. niger Fructo-oligosacarit 1ji.06.93
0 A. niger Fructo-oligosacarit 2'm.08.93
fructofuranozidas
e
Hemicenlulase A. niger Bisqui, banh ngot, banh mi 1§108.94
Gf-cetolac at B. subtilis Bia, ruou 0'.02.94
decacbox (B hrpvi®)
Photpholipase A2 dich tuy lon nwéc sot dwoc tao nhili 15.08.94
Papain Cocica papaya Bia, dich thuy phan protein 05.09.89
Protease B. subtilis Bisqui, banh ngot, nwéc qud,  05.09.89
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Enzym Ngudn gbc str dung Luat

oryzae, A. Uentii rau
B. licheniformis Thuy phan protein 05.09.89
Protease axit Endothia parasitica Phomat 05.09.89
Mucor pusillus, M.
miehei
Protease Micrococcus Phomat 05.09.89

cazeolyticus

Pepxin,  trypxin,
chimotrypxin

tach chiét dich

tuy. Dich thuy phéan protein danh 21.12.88

papain cho cac thwc pham dic biét
protease xerin

protease kimloaij

protease axit

6.1.4. St dung cac ché pham en/.ym trong cong nghé thit ca

6.1.4.1. M6t sOochépham enzym thwong duoc st dung trong ché bién céac
san pham giau protein
M Cac chépham enzym c6 ngudn gdc thuc vat

* Papain va chymopapain

Hai loai ché pham enzym nay chitra chl yéu cac protease va déu nhan
dwoc tv nhya du du. Ham lwgng chymopapain trong nhya du dd cao hon
papain.

Ché pham papain cé hoat tinh cao trong phan giai amit va este. Papain
thrc hién thuy phan sau sic hon so voi nhitng protease clia VSV. So sanh véi
nhitng protease khac thi papain cé kh& nang chiu nhiét cao hon. Nhiét do
hoat dong t¢i han la 80"C.

Chymopapain xtc tac thuy phan cac moi lién két peptit va este. T6c dd
thuy phan hemoglobin va cazein cla enzym nay nhd hon papain 2 lan,
nhung 6n dinh & pH thap hon.

e Phyxin

Phvxin thu dwgc tr md nhuva qud sung. Trung binh qua xanh trong
lwvone tr 10 -15 g c6 thé chiét dwgc 100 - 200 mg phyxin. Tinh thé phyxin
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thu duge & pH = 5 va giit duge do bén hoat lyc trong thdi gian vai thang ¢ -
50°C. Phyxin tuong d6i gidng nhiéu véi papain nhu duge hoat hod bing hop
chat tiol va bat hoat bing tdc nhan sulfuahydrin. Phyxin dndinh s pH =6 - &.

e Bromelin

Enzym ndy c6 nhiéu trong 14 va vo dita. Enzym tach tir difa ciing thuy
phan cazein 16t nhu papain, nhung d6i véi hemoglobin téc do ting 1én 4 lan.

Khi tach bing sic ky thu dugc bromelin khong thudn khiét. Hén hop
bromelin gdm 5 phdn khdc nhau vé tinh chiu nhiét va khoang dich chuyén
trén dién di. Diém ding dién cla cac bromelin khong thudn khiét 1a 9,55.

Ché phdm khéng thuén khiét thuy phan dugc este cla arginin va amit,
nhung khéng thuy phén duge L-leucin. Bromelin durge hoat hod bing cystein
va KCl, cdn HgCl, c6 tic dung lam bt hoat.
bl Cdc ché phdm enzym c6 ngudn géc vi sinh vat

- Alcalase 2,41, ; Neutrase 0,5L ; Esperase 7,5L ; Protamex ;
Novozyme FM2.0L ching la céc ché phdm enzym chda chi yéu Ia endo-
peptidase thu nhan tir vi khudn. Cic ché€ phdm ndy duoc sir dung dé cai thién
céc tinh chat cong nghé, dinh dudng va huong vi clia protein.

- Flavourzyme MG ; Kojizyme day 1a hén hgp cha enzym exo- va
endo- peptidase thu nhan tir ndm méc. Céc ché€ phdm nay dung dé tang
cuong thuy phan protein.

6.1.4.2 Sit dung céc ché phdm enzym trong cong nghé ché bién thit
Cic ché phdm enzym ¢6 thé duge bé sung dudi nhiéu dang Mugi [am
mém, tiém vao gia siic tnrcc hay sau khi gi€t mé.

al Mudi lam mém . A , ‘

Mu6i lam mém chita 30g papain trong 1 kg mugi &n. Sy cé mat cua
NaCl cho phép khuéch tin t6t hon enzym va phéan giai mot phan cdu tric
protein, do dé lam cho co chat lai gan protease hon. Hoat d6 xiic téc cia
protease dua tir ngoai vio bj han ché khi bio quan thit & nhlét d¢ thap, nhung

trd nén cuc dai vao giai doan dau khi nau. Hiéu qua cha ching cang cao khi
ning nhiét d6 cham. D6i v6i papain hoat d¢ t6i da ¢ 40 - 50°C, va bi v hoat
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boi nhiét ¢ nhiét dd vuot qua 75 - 80°C. Mudi lam mém thit dugc dua vao
ngay tru6e khi ndu bang céc phuong phdp :

- Ngam thit vao dung dich c¢é chta hon hop protease, gitr & pH va nhiét
do xac dinh. Hién nay, phuong phdp nay dugc ding phé bién va thuan loi
hon ca.

- Tam bot lam mém thit (protease, mudi, mi chinh) trén bé mat thit.

3
Bang 6.2. Ché phim enzym protease sir dung trong cong nghé ché bién thit

Enzym Ngudn géc Higu :ﬂ% phan Higu qua lam mém
. Ca bdp giauté | Cic dangco
Sgico | Colagen | . chie ning | - bip khac
. Thisc vat v . .

Papain cay du di ++++ £ - ++4

Phyxin qua sung e+ t - ++

Bromelin dia + + ++ +
Vi khudn

Colagenase | Clostridium .- +444 B A S

Colagenase histoliticum - Forey Furarers

Protomesen | @cfomobacter

terin iophagus

Prot . | Bacillus . ‘

osubtilin mesentericus A ++

Bacillus subtilis ++ : +
Nim méc

Protease aspergifius e+ - . ++

asp oryzae ,
Cac dong vat .

Trypsin khac +++ + . ++4

Pancreatin Dich vi da day - ++ + . ' 44+
Dich tyy . A

bl Tiém ché phdm enzym vao tridc khi giét mé

- Dung dich dam dac clia papain dugc tiém vao ven tinh mach clia dong
vat 10 - 30 phdt truoc khi gi€t mé dé né c6 thé theo mau vao cic t€ bao co
bap (dam bao chéc chan sy phan b6 dong déu trong cac bo phan con vat)
Dung dich 5% enzym duoc tiém vao ¢ dang khong hoat dong, trong enzym
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nay mach bén Cys-25 bi oxy hod t6i dang dan sudt disulfit. Papain tén tai
duéi dang bi oxy hod nay trong dong vt song. Néu dong vat khong bi giét
enzym s& bj thai ra. Sau khi giét mé su phan huy glucose véan ti€p tuc nén
loai bd céc co chita oxygen, do vay cdc chat luu huynh va cdc tic nhan kha
khdc tich ty vd papain tré nén hoat dong. Qua trinh hoat hod xdy ra chdm &
thit uép lanh, nhung nhanh & thit Am. Tién hanh v6 hoat enzym bang suf oxy
hod truée khi tiém vao vit 1a hét sic cdn thiét, vi enzym hoat dong s€ gay
s6c thdn kinh nghiém trong trong ho hip. Lugng papain dugc tiém vao dao
dong tir 1 — 3mg/ kg vat séng tuy theo do tinh khiét cha ch€ pham. Sau khi
giét con vat duge xir Iy binh thudmg, nhung thdi gian chin cua thit giam di 2
14n (5 ngay thay cho 10 — 12 ngay déi véi thit bo).

Tiém enzym vho 1inh mach truéc khi mé cho phép tang dugc d6 mém
va ty 1¢ thit st dung lam bit tét hay quay, nhung né cling [am tich tu enzym
trong gan va than, diéu nay gy ra mui khé chiu.

c/ Tiém ché phdm enzym vao sau khi giét mé

Tiém dung dich enzym vio sau khi mé ciing rat hiéu qua dé 1am mém
miéng thit. Cong nghé nay hda hen mét tuong lai tét hon vi né duge ngudi
tiéu thu dé chap nhan hon. Tuy nhién sy khuéch tdn enzym trong t& bao co
bap sau khi dong vat chét ddi hoi phdi ¢é xir 1¥ kém theo (lAm mém cd hoc
hay xir 1y bdi muéi). Mat kKhdc phai sir dung ch€ phdm enzym tinh khiét dé
kiém tra duge lugng enzym thuc t€ tiém vao, do dé gid thanh cao hon. Liéu
luong sir dung thay déi tuy theo loai dong vat (ga, ciru, bd ...) va cong nghé
st dung enzym. Céc co bip c6 thé dugc tiém hay nhiing chim trong thiing
chifa dung dich enzym véi néng d¢ 0,1 — 0,001% tuy theo kich thudc cua
miéng thit, thoi gian ti€p xdc va hiéu qua ciia enzym.

d/ Sit dung enzym dé lam 1dng gid tri cdc sdn phdm phy cia thit

e San phim thuy phan 1am chat dén giong thit

Sir dung céc loai protein dong vat c6 gia tri thap dé thuy phan thanh céc
san phdm c6 gia tri cao. Khi céc chat thuy phan nay duoc dua vio khéi thit
thi hinh dang va vi cla cdc san pham da trén tuong ty nhu loai chUa tron
(thit lon mudi, bit tét, thit xay, glo xiic xich). Viéc lmg dung nay cla enzym
protease ngoai 10i ich vé kmh té, no con mang lai ‘mot s6 cdi thién vé mat
cong nghé nhu sau :

244



- Truong hop protein khéng duge phan bd dong déu trong thit, viéc dua
them chat thuy phan vio s€ nhan duoc loai thit ¢c6 ham lugng protein dong
nhét hon, ddp (ng dugc yéu cdu cua khach hang.

~ Nho dac tinh keo dinh ctia chat thuy phan, sau khi phéi tron thit nhan
dugc s& khong tiét nudc, chic hon, dé cit miéng hon.

— Viéc phan bd huong vao thit dd ngam tdm sé tot hon.

Trong tng dung nly ngudi ta thudng ding ché pham enzym protamex.
Nguyén liéu ban ddu 1a cdc san pham phu cia thit, xuong gia siic, gia cam
trong cdc 16 md. Nguyén liéu tho phai dugc nghién trudc khi thuy phan trong
thoi gian khoang 30 phut tdi 4 git tuy thudc vao lugng enzym su dung va
mitc d¢ thuy phan yéu cdu. Hén hgp sau thuy phan gém 3 phén : md, dich
16ng va protein khong hoa tan. Chiing s& dugc tich ra bing phuong phap ly
tam hay gan loc. Dich thuy phan thu dwoc phal bao quan bang mudi, thanh
phin ctia n6 bao gém :

Protein : 66%
Muséi, tro 1 33%
Ma 1 1%

Chat thuy phan dang long c6 chita 33% protein duogc cho thém vao thit,
ty 1 b3 sung 1a 6 - 10%. Chat thuy phan cd thé b4 sung vao cling véi céc
chat ngam t4m khic, do dé khong doi hoi phai thay déi qui trinh san xuat.

¢ San phim thuy phan nhyw nuée ham xuong thit

Nu6c ham xuong thit ducc sir dung cling vdi céc loai rau thom dé tang
huong vi ctia céc loai nuéc sip say kho, déng hop, cic loai nudc sot, cic san
phdm déng lo, cic sin phdm thuc phdm dong lanh c4c san pham thuc phdm
cao cap.

Nhim muc dich sir dung nay thudng dung ch€ phim enzym
flavouzyme vi n6 ¢6 nhitng wu diém sau :

'~ Hieu suat thuy phan cao hon ché phdm enzym protamex.

~' Huong va vj clia san phdm t6t hon.

~ C6 thé ning cao ham luong chat kho clia san phdm. Cic loai
nudc him nay dic sdnh ham lugng chat khé dat t&i 80% (thong
thudmg 35 - 40%).
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» Tang gia tri ca mau

Mdu 12 mét san phdm giét mé. Nguge vdi cac san phdm khdc tir dong
vat, mau rat on dinh vé thanh phan, n6 chi thay ddi tuy theo timg loai. Trong
thuc t€ chi cé 73% méu duoc sit dung, trong d6 chi khoang 12% thuc su cé
gid tri do su hu hong clia n6 dién ra nhanh, gid thanh bao quan dat. Mdu tir
dong vat nuéi 1a nguén gay 6 nhiém 16n BOD > 67 g/l d6i véi bo, > 207 g/l
d6i véi lon con.

Thuy phan hemoglobin bdi enzym cho phép nhan ducc cic peptit ¢
gid tri cao hon. Protease lua chon 1a pepxin, bai vi pH phan img 1a 1,8, do dé
han ché ddng ké nguy co nhiém tap vi sinh vat. Cic thuc nghiém trong thiét
bi phan img cho phép nhan dugc 6n dinh peptit. Cic peptit kich thudc
< 10kDa khéng ¢6 mau, con peptit hem do ¢é trong lugng phan tlr gan 20
kDa nén c6 mau rd rét. X Iy khir mau véi magié néng do 40 g/l 6 50°C
trong 1h30 12 cdn thiét. San phdm sau dé duge loai muéi bang dién di réi co
dic va sy kho. :

Cic peptit nhan dugc c6 thé sit dung lam moi trudng nudi cdy VSV
nhiém tap cia thuc phdm, 1am giau sita me. Hon nita mot so peptit thé hién
hoat tinh sinh hoc. :

6.4.1.3. Stz dung cdc ché phdm enzym trong sdn xudt protein thuc vt
thuy phdn |
al/ San pham thuy phan ding thay cho sita me
Sit dung ché phim enzym Flavouzyme dé thuy phan cazein va protein
cia lda mi véi miic thuy phan trén 50% protein thudng dugc dua vao cong
thitc sita dac biét cho tré em. ' |
bl Sdn xudt meoc chdm magi

Nguyeén liéu duoc st dung 1a dau tuong tach chét béo, gluten cua lia
mi va ngd. Cic san phdm thuy phan ¢é huong vi thit vi ¢6 mau nau sim. Si
dung enzym Flavouzyme, Alkalaza va Protamex, thuy phan qua 2 budc
trung tinh va axit. Protein thyc vat thuy phan bang cnzym dat hon so véi
phuong phap thuy phan bang ax1t rﬂnmg cé cac uu dlém sau
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- Tao ra cdc san phdm mudi thdp hoic khong mudi. Diéu nay rdt khé
thuc hién khi sit dung phuong phap axit. Sin pham nudc chdm dau tuong
chira 12 - 14% mudi, do d6 thudng nudc cham dau twong dugc pha ché vai
protein thuc vat thuy phan 10% protein theo ty 1& | : 1 d€ dat nuéc chadm d4u
tuong ¢6 chita 6% muoi. '

- Tao ra san pham phu c6 gid tri cao.

Flavourzyme va Kojizyme dugc b8 sung vdo giai doan 1én men véi cdc
thdng s6 cong nghé:

Théng s& Flavourzyme | Kojizjfme
Nhigt 86 (°C) 30-60. 3060
pH 57 - 4,565
Liu Wgng (% protein) | 1-2 1-2

V6 hoat enzym: Chi cén tién hanh thanh trung }a‘a dt loai bo su ¢6 mit
clia enzym trong san phidm cudi cling.

Sir dung ché phdm enzym mang lai nhiéu uu diém : Thdi gian Ién men
ngén nén tang dugc nang sudt. San xudt duge nuée sot c6 ham lugng mudi
thdp. C6 thé kiém tra dugc mitc dé thuy phan, do vay tranh dugc nguy co tao
thanh cdc san ph&m phu (vi ding). D¢ thuy phan 5% protein hay gy ra vi
dang va vi ding s€ mat khi do thuy phan dat trén 40%. St dung Flavourzyme
va Kojizyme c6 thé dat dugc do thuy phan 1a 55%. Tang dwoc ham lugng
nito téng s trong san phdm cudi cing 20%.

¢/ Chdt thom t6ng hop tix thuy phén ddu twong bdng enzym

Téng hop enzym céc sin phdm thuy phan dau tiong 44 duge phit trién.
" Hén hop céc protease dic hiéu khac nhau da dugc sir dung dé cho phép phan
‘huy manh protem Phuong phap bao gém 3 giai doan : ‘

- Ddu tién endoprotease duoc st dung & 60°C va pH 8. Cic protcase
vkiém tinh ctia vi khudn khong duoc sit dung trong giai doan nay dé tranh tao
nén céc i)eptit ding. pH khong duge didu chinh vA gidm xudng ti pH = 5,
d4u tién tao ra céc"peptit déng, sau d6 ching dugc thuy phan.
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- Hén hop endoprotease — exopeptidase hoan chinh viéc thuy phan
protein.

- Cu6i cung hén hgp exopeptidase cung cip nhimg co chat can thiét
cho phan img Maillard.

Miic do thuy phan protein khoing 40%. B sung NaCl. dudng, lipit vao
hén hop nhan dugc, sau dé sdy phun. Mot s6 chat thom c6 thé duge tao
thanh tuy thudc vao lugng dudng va sin pham thuy phan lipit bo sung.

6.4.1.4. Stk dung cdc ché phdm enzym trong cong nghé ché bién cd

Trong phédn nay chiing t6i dé cap t6i viéc sir dung enzym lam phu trg
trong ché bién thyc pham ngudn géc bién.

al Cdc sdn phdm thuy phdn ctia cd va 10m cua

Phin 16n cdc san phdm cd duge tiéu thy tryc ti€p, chi ¢ maot lugng nhod
duge ché bién thanh dang bot. Khoang 50% lugng cd bi mat di dudi dang
chat thai (pho tang, ddu, vun cd) t6i 70% d6i vdi tom. Bot cd thd 1a nhimg
san phdm phu c6 trit luong protein 16n ¢6 thé duge tieu thu sau khi thuy phan
bang enzym. Cic dang san phim duoc chuyén hod, mot phdn la san phdm
truyén thong (tu phan tir nhién), hay tr phan cong nghiép ma muc dich cla
n6 12 bién déi cac chét protein c6 sén nham tang thém gid tri dinh dudng va
kinh t€. Trén thi trudng nhiéu nhat la san phidm thuy phan enzym cd.

¢ Calén men truyén thﬁng

Ky thuat 1én men céc san phdm bién da dugc biét dén tir lau nhu [a mot
phuong tién bao quén ci. O cdc mrdc Dong nam A, hang tram triéu it nudc
mam va mim 6m dugc sdn xuat ra hang nam. Hiu hét t4t ¢ cic loai cd va
tom cua déu c6 thé duge sir dung lam nguyén liéu. Phuong phip sin xuat
nuéc méam rat don gian : ci duge tron v6i 20 — 40% mudi va bao quan &

. nhiét d§ mai trudng trong thisi gian 6 — 12 thang. Dich thuy phan protein thu
dugc c6 mau sim dugc ldy ra, loc va déng chai. Néi chung mét nira nito
amin ¢6 mat ban déu trong nguyén li¢éu nim trong phdn dich long nay

Trong qué trinh ché bién cé truyén théng, phin 16m chuyén hoa la do
enzym noi bao, cdc protease tiéu hod. Luong va hoat d¢ ctia enzym cin thiét
cho su chin ctia sdn phdm phu lhuoc vao nhleu yéu t6: mia thu hoach ché
do nudi, diéu kién 1én men.
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Dua thém protease ngoai bao ¢6 nguon goc vi sinh vat tir ngoal vao sé
lam tang o rét qua trinh thuy phan, nit ngan thoi gian ché bién. Mic do thuy
phan phai dugc theo ddi chat ché dé tranh tao thinh peptit qud nho, 13
nguyén nhan gy ra vi ding.

¢ San xuat nudc mam

Sén xudt nuéc mam theo phuong phdp 1én men tu nhién mat rat nhiéu
thoi gian, tir 6 thadng dén 1 nam. Néu bd sung mot luong rat nho protease vao
qua trinh U chugp thi thoi gian 1am nuéc mam s€ rit lai cOn rdt ngan chi tir
15 dén 30 ngay. Hiéu qua kinh t€ nhat cta viéc bd sung enzym 1a cdy mot
luong vi khudn ¢6 kha ning sinh 10ng hgp protease ¢6 hoat d6 cao va chéng
chiu duge cic diéu kién bat lgi vio nguyén liéu trong qud trinh O chugp
(NaCl 4M). Céc loai vi khudn c6 kha nang sinh tdng hgp protease gém cé
Bacillus subnlis, B. Megaterium, B. Cereus, Pseudomonas aeruginosa,
Clostridium sporogenes, Halobacterium... Nu6c mam Thai lan tir hén hop
¢4 v6i mudi theo ty 1& 3 : 2, sdn phdm cuéi ciing nhan dugc sau 6 — 12 thdng.
Viéc sir dung 3 loai enzym thuc vét (bromelin, papain, phyxin) cho san
phdm nuéc mam cé huong vi nhe, c6 thé bd sung vao nuéc mam sdn xuat
theo phuong phép truyén thong.

Bromelin (néng dé 0,8%, cofacto xystein 0,025M, 33°C) cho két qua
16t nhat va san phdm c6 chat lugng duge chap nhén thu duge sau 21 ngay. Sir
dung bromelin cho phép nhan dugc sin phdm thuy phan it c6 vi déng. Sir
dung hén hoep trypsin: chymotrypxin (50 : 50) ; néng d6 0,3% ; 37°C cho
phép giam thdi gian i chin 2 thing ma van giir dugc huong vi theo yéu cu
ciia nudc mam sin xuat theo phuong phdp truyén thong..

b/ Bot ca

-Ca duoc nghlen sau. do 1roén véi nude 60°C theo ty 1€ l l (g/v) Truwong
hop c4 nhidu md, bd sung hén hop etoxyquin va galatte etyl (1:1, 0,01%
theo chat béo) nhu 1a chat chéng oxy hod. Papain dugc bé sung vao theo ty
1¢ 0,05%. Han hop duge giit véi sy khuay tron trong thoi gian 30 phiit, sau
dé phan img duge dimg lai bang cich dun néng t6i 100°C trong thoi gian 10
phat de lam bién tinh enzym. Sau khi loc, san pham thuy phan duoc sdy kho.
’,Bol cd nhan duoc chua 93% chat kho, trong d6 82% protem 2% lipit va

6% tro
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¢/ Céc img dung khdc cia enzym

e Panb viy ca

Pénh vy cé bing enzym dugc sir dung trong trudng hop xir 1y co hoc
khong thé ddp tng dugc. Ky thuit dua trén co s st dung mét hon hop
protease cha cd dé phan huy 1€ bao cdu tric lien ket véi vdy ca.

T& bao ndy chii yéu chda colagen, ma tinh dn dinh cta né dao dong tuy
theo kich thudc va loai cd. Do d6, diéu kién thuy phan phai dugc xac dinh
déi vdi timg truong hop.

Trong thuc 1€, dung dich enzym duge hod tan trong axit axetic 0,5%,
sau d6é cd dugc gilt & nhiét do di dinh trong khoang thdi gian thich hop. -
Phuong phdp ndy thudng khong cho két qua t&t d6i vdi céc loai cd nhiéu
chét béo, da ctia nd thudng bi tuot ra khi rira.

Bang 6.3. Cac diéu kién thuc hién ddnh vy bing enzym

~ Nhiét dg (°C) Théi gian tac dung - Nhén xét
2 3-11gi¢ phu thudc vao kich thude ca
10 . 1-5gis
15-20 15 phat véi may déng hoa déi vdi ca nudc
néng 25 - 30°C

e Lam mém cdu triic thit

Sir dung enzym d€ 1dam mém md thit duge sir dung tir 14u & céc nudc
nhi¢t ddi. S, Sc duge rdn véi qua du dit bam nhd dé duge 1am mém. Papain
tu nhién c6 mat trong qua lam mém thit boi sy thuy phan mot - phan protein.

e Bio quin cd bing enzym

Phun dung dich glucose, gluco-oxydase va catalase 1én bé mat clia cd
cho phép tao ra axit gluconic va H,0, lam giam pH va han ché phat trién clia
vi khudn. K&t qua nhan duge bing phuong phép niy thap hon lysozym.

Lysozym 14 enzym cé kha nang xic tdc thuy phan pcptidbglucan cha
mang vi khudn. Lysozym duoc sit dung & Nhat Ban dé bao quin céc sin
phém bién lanh doéng nhu trai hay tom.

Lactoperoxydase duoc tich chiét tL‘r sifa vA Xiic tac oxy hoa thiocyanat

(SCN"). ion hypotiocyanat duoc tao nén (OSCN'), hop chét trung gian cta su
oxy hod, cé hoat tinh khang khuin.
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6.1.5. Sir dung cic ché phdm enzym trong cong nghé sira

6.1.5.1. Enzym déng tu cila sita

San xuat phomat can mét giai doan dong tu sifa, giai doan nay cho
phép ddy ra mot phan nudc va cic chit hoa tan, do d6 ngudi ta nhan dugc
vdy sita hay goi 1a phomat khong tinh ché. Mot s6 cac enzym dong tu ciia
sita dugc phan ra nhu sau ;

—~ Dich vi : tich chiét nhan dugc tir da day ctia bo sifa va ¢S ty 1é
khéi luong chymosin hoat dong/ khoi lugng pepxin hoat dong
=1,38.

—  Pepsin bd : tach chiét 16ng nhan dugc tir da day bo trudng thanh

" ¢6 ty 1é khéi lugng chymosm hoat dong/ khéi lugng pepxin bo
hoat dong <0,154.

~ Hén hgp cua dich vi va pepsin bo cho phép véi ty 1€ 2/ 2 hay 3/
1 tuy theo do giau vé chymosin. |

Hién nay gen ctia chymosin dd dugc tich dong trong nhi€u vi sinh vat
dé c6 thé san xudt enzym nay bang phuong phdp lén men. Enzym vi sinh vat
thé hién 13 mot chdt dong tu thay the tuyét voi bai tinh chat cda né khéng
khdc xa vdi tic dung cia dich vi bo sita.

~ Protease axit c6 ngudn géc ndm mdc : protease axit sit dung trong
cong nghiép phomat nhan dugc tir nudi cdy ndm méc Endothia parasitica,
Mucor pusilius hay Mucor michei.

— Ché phdm cé ngudn g6c thyc vat : tdch chiét tir hoa cia Cynara
cardunculus, hién chung dang dudc stt dung rOng rdi d6i véi mot s6 phomat
truyén théng. ,
al Cdc tinh chdt chung clia enzym dongtu

Dich vi (hén hgp ciia chymosin va pepsm) 1a cac protease thu nhéan
duoc tir dich da day. Cic enzym nay duoc tiét ra duéi dang khéng hoat dong
(hay zymogen). NG phai trai qua mot giai doan chuyén hoé thanh enzym
hoat dong & diéu kién axit cla dich da day. Day 1a cdc enzym protease axit

“dac hiéu mang 2 goc aspartic trong tAm xdc tic ctia chiing. Céc enzym dong
tu tao nén mdt nhém tuong doi déng nhit, bdi vi né thich t4n céng nhimg
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lién ket peptit dugc tao nén tir cdc axit amin kéng kénh va néi chung chiing
ky nudc nhu phenylalanin, leucin hay tyrosin.

Tén tai su giong nhau tuong doi 1o rét giita pepsin cua bo, chymosin va
protease cla mucor. Cac enzym dong tu sita c6 cdc tinh chat chung sau:

- Hoat tinh déng tu sita :Trong s6 cac protein cla sita, 1dt ca casein déu
chita 1 duéi don vi casein K déng vai trd chdt bao vé keo toan bd cc chudi
protein trong sifa bing cach duy tri d trang thai phan tdn va én dinh. Enzym
dong tu c¢6 kha nang xtic tac chuyén hod céc casein K qua 3 giai doan tao ra
hién tugng déng tu sifa. ‘

- Hoat dé thuy phan protein chung.

Protease cla Endothia parasitica 1a enzym c6 hoat d¢ thuy phan
protein manh nhat doi véi casein hoan chinh ciing nhu casein ¢, casein
va casein K.

Pudng cong thuy phin protein cha casein hoan chinh va casein K béi
protease Mucor pussilus c6 tinh chét tuong tu tinh chdt cia thuy phan
protein bdi chymosin, do casein ¢, va casein K it bi thuy phan.

Cic casein o, va casein 8 dugc thuy phan nhiéu hon bai protease clia
Mucor miehei so véi Mucor pussilus. |

o Cac yéu td anh hudng téi thuy phan casein K

pH: pH t6i wu d6i véi chymosin va pepsin bd 1én cdc peptit nho chita
phemet la 4,7 va 5,3 —~ 5,5 1én doan His-98-Lys-111 cla casein K hay lén
chinh casein K. pH t8i wu d6i véi tic dung cla dich vi giai doan dau trong
sifa 14 6,0. Déi v6i hau hét cac loai phomat sita dugc dich vi hod & pH = 6,5.

_ Lutc ion: ting lyc ion (0,01 - 0,11) gidm ty 1& thuy phan peptit His 98 —
Lys 112, 4nh hudng tr& nén ding ké khi pH phan ing tang lén & 1mM CaCl,,
NaCl va MgCl, kich thich thuy phan casein K. |

Nhiét dp: Nhiét do t6i wu cho dong tu sita bdi dich vi 3 pH = 6,6 la
45°C. o

Xi Iy nhiét siza: x\t 1§ nhiét sita c6 anh hudng nghich t6i dong tu dich vi
& T > 65°C va bj can tré bdi xir Iy nhiét > 90°C trong 10 phit. Anh hudng
nghich clia nhiét c6 thé duge dao nguoc lai nhb viéc axit hod truéc hay sau
khi xir I§ nhiét hoic bdi bd sung CaCl,.
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bl Vai 1ré ciia cdc tdc nhdn dong tu trong qud trinh 1t chin phomat

- Luong tdc nhan dong tu dugc giir trong vdy sita: trong qua trinh tich
nude, mét phan tdc nhan dong tu di theo dich sira, phdn khdc ndm lai trong
vdy sifa. Tuy thugc vao céc diéu kién cong nghé lugng enzym niy nam trong
khoang 6 — 40%. D6i véi dich vi bd thi su phin bd gilta vdy sita va dich
trong phu thudc nhiéu vao pH, néu pH cang thdp thi luong dich vi dugc giir
lai cang 16n. Trong khi d6 cac enzym caa Mucor lai it chiu anh hudng hon.
Ngudi ta thdy protease dong tu tt ndm méc Mucor duge git lai trong vdy
sifa it hon chymoxin.

- Phan huy protein trong qué trinh G chin phomat: mét phan (tham chi
1a rdt nhd) enzym déng tu dugc giir trong vdy sita thudng {a nhén 6 thuy
phan protein d4u tién nim trong co ché€ chung thuy phan casein trong qué
trinh & chin phomat. Sy thuy phan protein nay cai thién cdu tric cta vdy sita
va chuidn bi cho tdc dong cha enzym vi sinh vat. Thudng sit dung céc ché
phdm enzym dich vi va mot s6 protease vi sinh vat tir Mucor va Asp.
Candidus. Dich vi thwong mai giai phéng chu y&€u cic peptit cé trong luong
phan tif 16n va thuc t&€ khéng can thiép vao giai phéng cdc peptit rat ngan va
cic axit amin s do. Viéc giai phong cdg peptit boi dich vi thuong mai chi du
d€ dat cdc gia tri nito hoa tan & pH = 4,6 giong nhu nhan duoc trong phuong
phdp truyén théng.

Enzym dong tu ciia mucor mang tinh chat gin gidng dich vi bd, con
enzym cla endothia parasitica thuy phan protein t6t hon va duge tinh nhu
mot enzym u chin. :

- Vin dé ding: trong qua trinh u chin phomat cidc enzym dong tu cé
thé tao ra cic peptit ¢6 vi dang, dac biét 12 enzym cla endothia parasitica.
tat ca cac yéu 16 tao diéu kién cho viéc gilt manh hon téc nhan dong tu trong
vay sira déu kéo theo xu huéng tao vi dang nhiéu. Nhung thuc t€ vi ding
khong phai hoan toan chi do enzym dong tu, ma mot phﬁn do chiing vi
khudn lactic cé hoat dong manh ctia protease thanh t& bao. '

6.1.5.2. Enzym Glucooxydase (beta-D glucoza : O, - oxydoreductase,
EC1.134)
Glucooxydase 12 enzym xiic tac sur oxy hod glucose thanh axit gluconic
theo so d6 phan ting:

253



GD
Glucose ______ , glucono-d-lacton + FADH,

Lactonase 0, lgluco oxydase
hay phan
(g titc thi N
" FAD + H,0,
v ~
l catalase
Axit gliconic HO +1/2 0

Glucooxydase duoc sit dung nhu mot chat .chdng oxy hoa d6i véi céc
san phdm giau chat béo nhu bo, bt sita. Sir dung glucooxydase cho phép tao
ra H,0, d€ hoat hod hé théng khdng khuén (Lactoperoxydase- Thioxyanat-
Hydroperoxyt, LTP)...

6.1.5.3. Mot 56 ché phim enzym dugc sit dung trong céng nghé ché bién sita
Ngoai nuéc chua lam dong tu sita, nhiéu hoat dong enzym ciing duogc
dua vao trong sita va dich sita. Trong giai doan déu tién, enzym lactase dugc
dua vao dé€ thuy phan lactose tao thanh glucose. C6 3 loai lactase hay diing
trong cong nghé sita :
Lactase tir Aspergillus niger dugc ¢6 dinh dé dang va ¢6 pH,, ¢ vung
axit, thich hop cho lam dich sifa. '

ml

Lactase tir Aspe g:llus oryzae kém 6én dinh hon, thich hop trong diéu
kién axit yéu.. S

Lactase tir Kluyveromyces fragilis, ¢6 pH,, «n £4n 6,0, duoc sit dung trong
sn xuat sifa tuoi dé- tang vi ngot va cai thién dugc do hdp thuy lactose.

Tac dong 14n llfti»t’cﬁh lactase va glucooxydase Ién siia tuoi, tao ra axit
glucomc, kéo theo su giam pH, do d6 gay nén su két tia dang dlén casein.
Cudi cling cho ta mot san phdm ngot déc ciia sifa chua.

Trong san -xuft dich sifa, ngudi ta cé thé két hop hoat dong cia
glucoizomerase v&i hoat dong cha lactase dé thu dugc san phim ngot hon.
Thudng sif dung 2 enzym nay & dang c6 dinh.
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Sira i

Dich sira Sira déng
- Lactase Esterase
lipase
Sita ngot Dich thuy phén
c6 vi ngot
Phomat ¢6 vi "Tralie”
Glucooxydase _ | Glucoizomerase
Stra chua ¢6 vi ngot Dich thuy phan ngot cinta
50% galactose + 26% glucase
+ 24% fructose

Hinh 6.1. So d& ché bién cac san pham tir sira tuoi.

b/ Cong nghiép sdn xudt phomat

B& sung enzym tir ngoai vao cho phép ta c6 su bién ddi dac hiéu hon &
nhiét d6 cao thic ddy cdc phan ng tao huong vi trong qud trinh & chin
phomat. Mot s6 két qua nghién ctiu cho thdy : B3 sung hén hop enzym
(protease axit, protease trung tinh, lipase, decachoxylase va lactase) thiic ddy
dugc qua trinh G chin phomat. Protease axit tit VSV thudng gdy ra vi dang,
nhung protease trung tinh v3 peptidase lai tang huong vi cla phomat sau 1
thing 0 & 20°C. X{r 1y sita diing dé san xuat phomat bing beta-galactosidase
cho phép ta giam thdi gian sin xudt, qud trinh @ chin phomat dwoc thic ddy
161 50%, cai thjén huong thom va cdu triic cta phomat thu duoc

o Su dung protease ngoai bao ,

C6 3 phuong phap bd. sung enzym, mdi phucng phap déu cd nhung tu
va nhuge diém riéng. . . :

1. BG sung enzym tric tiép vao sita dé san xudt phomat

Phuong phdp ndy dam bao dugc su phan bd dong déu enzym trong qua
trinh tao vdy, nhung.dat ra it nhat 3 vin dé :

Protease thudng hoa tan trong nuéc va phin 16n enzym bé sung nam lai
trong sifa trong.
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Sira trong bi nhiém enzym phai dugc x& ly nhiét sém nhéat cé thé duoc,
néu sita trong dwgc st clung lam ngudn protein thuc pham tao cau trac, do dé
viéc lya chon enzym bi han ché vi né phai bi vd hoat b&i nhiét do x& ly cta
stra trong.

Trong thuc té bd sung protease vao sita dé sdn xudt phomat tao ra sw
thuy phan protein sém va dot ngét, day la nguyén nhén tao ra nito hoa lan
vGi néng do I6n trong dich sita trong va ciing tao ra peptit dang trong qua
trinh G chin phomat, peptit va axit amin gay ra nhiéu cdm vi. Tinh ky nuwéc
c6 ban chét tao vi dang.

2. BOsung enzym truc tiép vao phomat vay

Phuwong phap nay gap mot khé khan 16n trong quéa trinh phdi tron dam
bao s phan b6 enzym déng déu trong toan khéi phomat vay.

3. B0 sung enzym dwgc bao boc vao sita dé san xuat phomat

Protease dwgc goi trong liposom, vi vay casein cla sita dugc bdo vé
khoi thuy phan protein sém, qua trinh thuy phan nay sé dwoc thic day dan
dan theo s gidi phong protease nho sw thuy phan céac liposom trong vay stra.
Céac bao enzym phai di Ién dé co thé di vao vay stta va phai dvgc nha ra
hoan toan sau khi tao thanh vay stta. Brong kinh cla bao thwong vao khoang
0,2 - 4.5 um, v6i kich thuéc nay co t6i 90% bao enzym dugc gilr lai trong
vay sita (thanh phan ctia bao enzym la phosphatidyicholin va colesterol). Céc
bao nay bi pha v& cling c6 thé do s6c tham thdu vé néng do mudi hay hoat
doéng cla phospholipase.

e Sk dung lipase ngoai bao

Lipase chu yéu duwoc st dung dé san xudt phomat c6 hwong vi ltaly.
Nguon lipase dwgc ldy tr dong vat (da day bo, ctru, dé non), tr ndm méc (A.
nigér ; mucor miehéi). Cac axit béo tv do dvoc giai phdéng ra tir sy thuy phan
c6 thanh phan rat khac nhau tuy theo nguén enzym duoc st dung.

Lipase ngudn g6c dong vat gidi phdng chu yéu axit béo bay hoi (C4 : 0
va C6 : 0).

Lipase ngudn goc vi sinh vat (penicillinm camembert va penicillins
roqueforti) l1a lipase kiém tinh pH)Y = 9,0 ¢ T = 30"C, nhung n6 van hoat
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dong toéi pH = 4,5, d6 bén hoat lyc dwgc tang Ién nho Ca+2 Cac axit béo duoc
giai phong ra c6 phan ti lugng thap, dwgc chuyén hoa tao thanh chat thom.

bi Sr dung p-galactozidase

P -galactosidase (/?-D-galactozit galactohydrolase, EC 3.2.1.23):
Enzym thanh glucose va galactose. Do dd, enzym
c6 tac dung gidm duoc mic do két tinh va lam tdng dd ngot cua sira cd ndng
dod cao. Viéc st dung /? -galactozidase trong cdng nghiép stta d& mé ra nhiéu
trién vong. LTnh vuc ap dung chi yéu la : san xudt sita va san pham stta c6
nong do actose thdp cho nguti bénh thi€u p -galactozidase. San xuat sita
chua va phomat. Bién d6i cac san pham stta dung dé san xudt kem va sta
chua. X ly sira trvéc khi lanh dong. San xudt stro va nhirng chéat lam ngot
diing cho thuc pham.

St dung o -galactosidase mang lai nhiéu wu diém nhv : thuy phéan
lactose trong sita dé lam sira chua nhdm muc dich ting dd ngot ma nang
lvgng khéng tang, hwvong vi cla sita chua thu dwgc khong thay déi. Thoi gian
s&n xudt phomat dugc gidam xudng, chat lvgng dwgc cai thién. Chdng két tinh
dwong la wu diém chinh trong san xudt cac san pham bao quan lanh, stta co
dac va siro lactose (glucose - galactose). P& ngot cua siro glucose -
galactose c6 thé dugc cai thién bang cach ddng phan hoa glucose bdi gluco-
izomcrase.

6.1.6. Enzym trong cong nghiép ché bién tinh bot

6.1.6.1. M6t s6 chépham enzym thwong mai

al Termumyl 120L

Puoc sir dung trong qua trinh dich hoa tinh bot dé dat mic do thuy
phan can thiét cho qua trinh tiép theo. Qua trinh dich hoa tinh bdt duoc tién
hanh trong nbi hoi hoac trong nhitng thiét bi twong ty hoat dong & nhiét do
105 - 110 C, do d6 lgi dung duwoc tinh 6n dinh nhiét do cao cla enzym.

Enzym thwong dwoc st dung dé dat mirc do thuy phan DE = 8 - 12,
hodc cac mic do DE cao hon can thiét cho san xudt maltodextrin. Do thuy
phan t6i da dat duoc khi st dung Termamyl la DE = 40.

257



Trong mot s6 trudng hgp enzym phai duge khir hoat tinh mét cach
tuyét d6i sau khi hoan thanh dich hod, a8 hoat tinh khéng con lai trong san
phdm cudi ciing, maltodextrin.

Piéu kién khir hoat tinh dung dich DE = 20 tai 30% chat kho

pH=3,5 T=95C ©=0,5 phiit
pH=40 - T=95C =5 phit
bl Fungamyl 800L

Enzym o- amylase it nam mdéc xic tic chuyén hoé tinh bot va cic
dextrin thanh chi yé&u 12 dudng maltose. Dugc sit dung d€ sin xuit siré
maltose néng d6 cao 40 - 60% maltose (2 - 7% glucbse) hay sird c6 do-
chuyén hod cao DE = 60 - 70 ; 35 - 43% glucose ; 30 - 37% maltose.

Ch& phdm enzym a-amylase ndy c6 nhiét d¢ t6i wu T, = 60 - 65°C.
San phim nhan dugc sau thuy phan chia nhiéu maltose. Enzym_ c6 thé chiu
dugc pH xudng t6i 4,5 va khong bi dnh huéng gi n€u thém ion Ca*?,

¢/ Promozyme 200L

Promozyme 200L 12 mét ché phém chtra chii ye'u enzym phan nhdnh
pullulanase (EC.3.2.1.41, pullulan 6-glucano-hydrolase). Pay 13 enzym chiu
nhié¢t nhin duge tir mét chiing ndm mdc cha loai Bacillus acidopullulyticus.

Promozyme xic tic thuy phan lien két o- 1,6 glucozit cla cic
amilopectin di dugc thuy phan mot phin bdi enzym a- amylase va clia cic
pullulan e6 it nhat 2 don vi glucose trong chudi mach bén. Do dé
Promozyme thich hop cho viéc phan gidi cidc mach nhanh ciia tinh bot sau
khi dich ho4, do d6 gidm ducc him luong céc ohgosacant trong dich dudng
glucose

Trong san xudt dudng dextrin, promozyme dirqc sir dljﬂg ‘trong giai
doan dutmg hos cling véi glucoamylase. Sir dung promozyme tang ty 1¢
dextrin bang cich glém ham luong ohgosacant va cho phép glam dugc ham
lugng glucoamylase sir dung.
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Trong san xudt dudng maltose, promozyme dugc sit dung déng thoi vdi
fungamyl. Nho d6 tang dugc ty 1€ maltose va giam dugc lugng oligosacarit
nhénh trong san phdm. .

Lugng enzym st dung phu thudc chit y€u vao thoi gian phan ing, d6
chuyén hod mong muén ciing nhu diéu kién nhi¢t do va pH. Thuong liéu
lugng sit dung thich hop 1a 0,25 - 3 kg/ tin tinh bot kho.

D9 6n dinh hoat do : pH va nhiét do 12 yéu t& c6 anh huong ddng thoi
téi hoat do cha promozyme.

T =62,5°C pH,, = 5.0
T=60°C . pH,, = 4,5
T=57,5°C pH,,=4,5-5,5

So sanh d6 6n dinh clia promozyme, cila glucoamylase AMG va ctia -
amylase cho thdy dudng cong hoat d¢ cla chiing rit gdn nhau. Nhu vay
fromozyme cé thé sir dung déng thdi ciing véi cic enzym dudng hod.

Khi dich dudng hod duge xi 1§ qua trao ddi ion hay than hoat tinh s&
loai bb dugc hoat dong cia promozyme. Hoat do ciia n6 ciing cé thé ducc
loai bo khi dun néng dich tdi 85°C trong thoi gian 5 phat hay 80°C trong 40
phit.

e AMG 300L ‘

Enzym glucoamylase xic tdc thuy phan dextrin thanh _duErng glucose.

s Dextrozyme 75

Day Ia hén hop can bing clia AMG va promozyme ding d€ san xust
duong glucose cé ham lugng cao, nhd ti€n hanh song song 2 quﬁ trinh phén
giai nhanh va tao glucose.

e BAN 240L

Ch€ phdm chita chii yéu enzym a-amylase duge tich chiét tir vi khudn.
Enzym thudng duoc sit dung dé dich hoa tinh bot thanh cdc dextrin phan tir
lugng thép & nhiét do 90°C. ‘
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* Sweetzyme 350T

Ché pham chttra chi yéu enzym glucoizomerase xlc tadc chuyén hoa
glucose thanh fructose. Do d6 enzym thwong duoc st dung trong cdng
nghiép san xuat duwong fructose.

6.1.6.2. Cong nghiép san xudt cac loai duong va cac loai mat tinh bot
e San xudt duong glucoza va cac loai mat tinh bot

Khi thuy phan tinh bot bdng enzym cla vi sinh vat khong xay ra s
phan huy dwong béi axit va bdi nhiét va khdng xay ra sy phan huy cac tap
chat co lan trong tinh bot (protein, cellulose...) 1am cho chéat lwgng cda dich
thuy phan t6t hon. Dé dang tinh ché hon.

Trong nhitng nam gan day & nhiéu nuwéc trén thé gidi nguoi ta da su
dung amylase cla vi sinh vat véi qui mo 16n dé san xudt glucose tinh thé,
glucose khan, glucose nwée va cac loai mat tinh bot khac. Khi d6 hiéu suat
thu hoi glucose tang 1én nhiéu cé thé Ién téi 106 - 109% so voi trong luong
tinh bot. Hiéu suét chuyén héa cao (>95%), dd phan cat chinh xac, nang cao
do tinh khiét cha sdn pham va gidm gia thanh san phdm mot cach dang ké.
Méat khac dung phwong phap enzym tién loi trong viéc st dung céac trang
thi€t bi cho san xuét, gidm tién dau tv thiét bi, do d6 cling giam dugc gia
thanh san pham.

St dung enzym con cho phép tdng gdp doi, gap ba nong dd tinh bot
dem thuy phan (t¢i néng dé 30 -40%) va don gian hoa quy trinh xt& ly dich
thuy phan. Ngoai ra cho phép khéng cén tach tinh bot so bo trwéc ma céd thé
chuyén hoa truc ti€p nguyén liéu chira tinh b6t thanh glucose.

Thuong st dung cac enzym amylase va glucoamylase dé san xudt mat
tinh bot va glucose. Transglucosilase lam gidm hiéu sudat thu hoi glucose nén
muon c6 hiéu suat glucose cao pham
glucoamylase. Trong cac ché phdm amylase ciing khéng duoc lan protease
vi enzym nay sé lam ban dich thuy phan tinh bot bdi cac sdn pham thuy
phan cla protein.
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rng dung cac san pham thuy phan

San pham thuy phan Linh vuc &p dung chinh

Dich glucose va malto-dextrin M@t qud, thirc an tré em, thirc an kiéng, céng nghé
Ién men

Dich thay phan c6 DE 97 Cong nghé dwong glucose, cong nghé én men,
sorbitol, isogiucose

Glucose két tinh nghiép Mit qud, siro va rugu mui, cdbng nghé én men,
sorbitol-mannitol, fructose

Siro fructose D6 udng, thirc &n nhanh, banh mi va do h(sp

Isoglucose Nudc gidi khat, nudc qud, mut qud, fructose

Siro maltose Cdng nghé bia, siro, mit qua

« S&n xuét duong fructose

Fructose la duong cé dd ngot cao nhat, ngot gdp 2,5 ian glucose. Dé
mé& rong khd nang st dung cac dan sudt cé vi ngot tir tinh bot, ngudi ta tim
cach chuyén hoa duong glucose thanh fructose. Cé thé thuc hién qué trinh
nay bang phuong phap hoa hoc, tuy nhién do thiéu tinh dac hiéu cling nhw
do thiéu cac digu kién tién hanh phan (ng khdc nghiét vé pH va nhiét do,
nén mot phan san pham tao thanh bi phan huy lam cho hiéu suat thu hoi
thap.

Do6ng phan hoa bang phwong phap enzym thwdng cho ta két qua kha
quan hon. Khi dich glucose dua sang cdng doan dong phan hoa can phai
tuan tha mot s6' nguyén tc sau :

Dich duwong glucose phai dwgc lam sach dé gitt dwoc hoat lyc cla
enzym (loc, tdy bang than hoat tinh, trao ddi ion).

- Dich sau khi lam sach phai c6 [Cat] < 10'6M, vi cation nay sé lam
mat hoat luc cta glucoisomerase.

- B0 sung Mg+2vao dich glucose: [Mg+J * 5.10'4M, vi cation nay co
tac dunpdrh tang do bén cla isomerase.

- pH duoc chinh téi pH =7,5 - 8,2.

- Nhiét do thich hgp la 60°C.

- Téch fructose c6 thé st dung phuong phép trao ddi ion Ca+2
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6.1.6.3. Mot 56’ cong nghé san xudt céc loai duong tic tinh bét co su dung
ché phdm enzym
SO PO DICH HOA CAO AP KET HOP SUDUNG TERMAMYL

Sita tinh bt hda H6 héa dich héa Dudng héa

Termamyl

h 4

Maltodextrin <« | Tinhché, co dac

Pidu kién HS héa Dich héa
Ham lugng tinh bt (%CK)
30-40% hay 17-22 Bome .
pH loai 120L (Joai LS) 6,0-6,5 57-6.2
Nhiét d6 (°C) 105 95
Thdi glan gilr 5 phut 1-2 gid
Ham lugng Canxi 30-60ppm
Termamyl 120L (kg/t CK) ' 0,507
Termamyl LS (kg/t CK) 0,35-0,5
DE cudi cling dat duoc 8-16

SO PO DUONG HOA

o Duong hod sdn xudt maltodextrin; siré glucose

Dich bot sau dichhod ~—5— Dudnghod — Tinh ch€, c6 dic

AMG ! b !
DE30 DE42 Loaikitfc
Diéu kién
Do DE cia tinh bot dich héa 12 20
Néng do chat khé (%CK) 35 35
pH 6.0 4,5
Nhiét d6 (°C) 75 58-60
Thoi gian ddng héa (gid) 6 6
BAN 120L (kg/tan CK) 1,5
AMG 300L (ml/tan CK) , 150
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Do thiy phian cui cing nhan dugc 30 42
(DE)

Glucose (%) 5 18
Maltose (%) 15 14

o Duong hod san xudt siré dextrose néng do cao
Dich bot sau dichhod —— Putng hoé ——— Tinh ché. co dac

Dextrozyme
Duong inhbyt  ____ Sdy sird dextrose Déng
: néngddcao — . phan hoi
Tinh thédextrin =~ Két tinh -
Diéu kién

Do DE ciia tinh bot dich héa - 8-16
Néng do chat kho (%CK) 30-35
pH v : ' 4,3-4,5
Nhiét do (°C) | 58-60
Thdi gian dudng héa (gid) 40-70
Dextrozyme 225/75 (1/tdn CK) 0,7-1,1
D¢ thity phan cudi ciing nhin duogc (DE) 97-98
Dextroza cudi ciing nhan duge (%) 95-97

e Duomg hod sdn xudt sird glucose néng do cao

Dich bot san dichhod ~——= Puimg hod — Tinh ché, co dic

Fungamyl
AMG 1 . 1 ' l
30745 30/30 céc thanh
phén khéc
Diéu kién . ‘
b6 DE ciia tinh b6t dich héa 12 52
Néng 46 chat kho (%CK) 35 45
pH 5,0 55
Nhiét do (°C) 55 55
Thoi gian duong héa (gio) 21 21
AMG 300L (mi/tdn CK) 150
Fungamyl 800L (g/tan CK) 300 200
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Do thay phan cudi cung nhan dugc (DE) 62 60
Glucose (%) 30 30
Maltose (%) 45 30

'Puong hoa san xudat sird maltose

Dich bot sau dichhoa  --—--TF—* Buong hoa Tinh che, co dac
Fungamyl
Maltoeenase
promozyme
55% m&lt-gse ‘1‘0% l'na-lzose 1 cae t'ﬁlih I
phan khac
Dbiéu kién
D06 DE cua tinh bdt dich hoa 12-20 12-20
Nong do chét khd (% CK) 35 30
pH 55 55
Nhiét do (°C) 55 55
Thoi gian duong hoa (gio) 42 42
Fungamyl 800L (g/ tdn CK) 300
Maltogenase 4000L (kg/tdn CK) 2
Promozyme 200L (kg/tdn CK) 2
Glucose (%) 4 8
Maltose (%) 55 70
Maltotriose (%) 20 3

Pong phéan hoé san xudt dwong fructose
(theo phuwong phap lién tuc va c6 dinh enzym)

Stroco Xir ly Cot c6 dinh Tinh ché, cd dic
)Ecao 'bandau  * enzym Sweetzyme'

55% fructose  «- 42% fructose

90% fructose Hé thdns phén tach



biéu kién

Nong do chat kho (%CK) 35-45
Ham luvgng dextrose (%) 94-97

pH (tai 25"C) 7,3-7,5
Nong d6 Mg trong siro (ppm) 40-50
Sweetzyme (kg/tdn CK) 0,09-0,14
Thanh phéan san phdm dién hinh

Fructose (%CK) 42
Dextrose (%CK) 53
Oligosacarit (%CK) 5

6.1.6.4. Mot s¢'cac san pham khac

Cac enzym thudc nhém nay xudc tac qua trinh chuyén mot phan phan t
goi la chat cho 1én mot phan ti goi la chat nhan (transferase). Sy ao thanh
cyclodexuin la vi du dién hinh nhét trong treong hop cda tinh bot.

Cac enzym cyclodextrin glucantransferase (CGTase) va cylodextrin
glucosyl-transferase 1a cac enzym c6 kha nang chuyén hoa cac mach thang
cla tinh bot thanh phan t& mach vong quen biét dudi tén cyclodextrin. Tac
dong cta enzym nay rat phirc tap, bdi vi dudng nhry né xdc tac it a 3 phan
(ng vOi qua trinh tao vong, néi mach va thuy phan.

Tao vong tlr cac phan tir mach dai
G, ¥ = £ Ggq.y + CycloGx

n =

« NOi mach hay lién két cac oligosacarit
CycloGn+ A 7 Gn+A

e Tao sv khdng can xirng
Gn; Gm ~= ¢ Nm+x
Nhiet do t6i wu cho hoat dong cla cac enzym CGTase ndm trong
khoang 50 - 70°c, pH t6i wu nam gitra 5,0 - 7,0. Trong lwgng phan ti cla
enzym dao dong tir 67000 dén 88000. pH t6i wu san xuét ra cac cyclodextrin
nam trong khoang rong 4,5 - 9,0.
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B. Macerans san xuat chi yéu B-cyclodextrin. Lic ddu tac ra f-
cyclodextrin, ti€p sau la a-cyclodextrin va y-cyclodetrin. Ty 1¢ cudi cling dat
duoc 42, 44 va 14 ddi vai a, P va y-cyclodextrin.

B. magaterium san xudt chu yéu p-cyclodextrin

Thuy phén tinh bot bang enzym CGTase thudng cho ta hén hop a-, B-
va y-cyclodextrin, cling véi ca maltose va cac oligosacarit khac. N6i chung
a, p-cyclodextrin duge tao thanh nhiéu nhat.

St dung cyclodexirin cho phép dn dinh dugc sin phdm, chuyén hod tir
dang 16ng sang dang rin, gidm dugc bao bi. |

- Trong cong nghiép dugc ding cyclodextrin dé san xudt steroit, thudc
lam diu dau, thudc chdng nhiém tring.

- Trong néng nghiép : cac cyclodextrin Iam tang nang suit clia ngii cdc
khi mam duoc xit 1y bing B-cyclodextrin.

Trong cong nghiép thyc phdm : sir dung cyclodextrin dé sin xust ddu
an, md, chat thom, chﬁt mau.... f-cyclodextrin dugc ding dé loai chét béo
ciia sifa. '

6.1.7. Cong nghi¢p san xuft binh mi va binh keo

6.1.7.1. Cong nghiép sdn xudt banh mi va bénh bisqui

A/ Ung dung mot s6 ché€ phdm amylase

Trong san xudt banh mi dutng khong chi c6 ¥ nghia d6i véi qué trinh
len men, ma cdn c6 vai trd quan trong trong tao thanh ch4t mui va vi clia
banh mi. :

Mot d6i tugng khdc déng vai trd rEt quan trong trong cong nghe chudn
bi bot nhao dé sin xust banh mi 13 cdc chat protein trong bot. Céc protein va
s bién di do enzym cla ching c6 tic dung quyét dinh dén tinh chat vat Iy
ctia bot nhao, diac biét 1a dén kha néng gii¥ khi. Do v4y anh hudng téi do nd,
dd x8p va céu tnic clia ruét banh. DY x6p clia banh phu thuéc vao sir tao khi
CO, trong qua trinh 1én men bot nhao va kha nang gii¥ khi nay cla bot. Cu
thé hon, d6 x6p phu thudc vao ham luong dudmg, hoat d0ng amllaza ham
luong va tinh chét cha gluten trong bot.
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Trong bot mi thong thudng ham luong dudng thdp khong di dé ndm
men tao ra d6 x6p cho banh. Vi viy da tir 1du ngudi ta quan tam 161 viéc cho
thém amilase vao bot nhao.

Céc ché phdm amilase diing trong cong nghiép banh mi dugc san xuat
tir canh truong n&m moéc A.oryzae, A. awamori hoic tir vi khudn. Trong dé
amylase ciia nAm mdc 1a t6t hon ca, do a-amylase clia ndim mdc nhay cam
v&i nhiét hon amylase cla vi khudn va malt nén dé bi v6 hoat khi nang nhiét
do 1én t6i 65 - 80°C. Mat khic a-amylase ndm mdc chiu dugec moi truong
axit 16t hon, phit hgp véi didu kién hoat dong cia nim men trong bét nhio,
sau d6 vo hoat ngay trong thoi gian nudng banh, nén cé cho du ciing khong
s¢ tinh bot bi thuy phan quid mic cdn thiét. Mac di vay & nhiéu nudc
amylase cha vi khudn vin ducc nghién ciru dé gii¥ cho banh mi dugc "twoi”
lau nhd d6 thuy phan sau sdc cla né. Cic ché phdm enzym thudng duge sit
dung l1a :

- AMG : enzym lam ting ham lugng glucose, tic 12 tang kha nang lén
men cla bot nhao, ting do ngot cho banh mi va cdi thién mau sic cia vo
bénh.

- Fungamyl : 1am né bénh, cai thién cdu tric clia rudt banh.

- Novamyl : chng 130 hod tinh bdt, gidp lwu trit banh 1au hon véi hinh
dang nhu méi.

- Pentosan : enzym Pentosanase/ Xylanase giup ting cumg do no, do
6n dinh cha bot 0. :

B/ Ung dung mot s6 ché phdm protease

Vé nguyén tac chung, hoat d6 cla protease ndi bao cha lda mi rét thap
néu khong ¢6 sy ndy mdm. Do vay, hoat dong cia né khong dugc chd ¥ i
trong cong nghe ché bi€n bot. Nguoc lai ngudi ta rdt quan tdm tdi protease
ngoai bao c6 ngudn goc vi khudn va thue vat. Sir dung protease trung tinh
(neutrase) phan gidi protein trong bot mi cho phép thay déi tinh chat dan héi
clia gluten, do né 1am mém déo mang luéi gluten, nhyng thuy phan kéo dai
c6 thé ph4 huy né. Nh& nhing bién ddi cha pH trong thdi gian san xust binh
protease trung tinh hay kiém s& hoat dong manh hon vio thdi diém nhao bot
va c4c protease axit vio thdi diém len men.
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B0 sung dong thoi amylase va protease tao thuan lgi cho protease hoat
dong, b&i vi cac tdm hoat dong cla enzym tré nén dé ti€p xdc vai tinh bot
sau khi thuy phan so bd.

NG6i chung v&i mic do thuy phan thdp (<10%) ngudi ta nhan thdy sw
tdng do xdp (thé tich 16 xBp tao nén). Tuy nhién né kéo theo sy giam Ion cia
st 8n dinh 18 x6p. Do vay, can lva chon loai enzym protease va méc do thuy
phén cho thich hop.

Chat lvgng clia banh mi quyét dinh chi yéu do huong va vi cla banh.
Tao thanh mau cla vé va chat thom cta banh mi la do cac phdn ¢ng amin.
K&t qua la tao thanh cac san pham trung gian - furfurol va oxymetilfurfurol.
con tir axit amin - aldehyt twong (ng trong d6 it hon 1 nguyén t& cacbon so
vOi axit amin ban dau.

Qua nghién ctu nguoi ta thay khi st dung ché phdm enzym, thi luong
dvong khr va cac dang nito hoa tan tang 1én kha nhiéu. Pay la ngudn tao
hanh chat mau va chét thom clta banh mi.

Khi san xudt banh mi, thvong cho vao b6t dau 0,002% (so vGi khoi
lvgng bot) ché pham sach cd dac tir A Oryzae. Cho thém ché phdm enzym da
lam tang ham lwgng axetal dehyt trong rudt banh va trong vé banh

6.1.7.2. Cong nghiép san xuat keo
Enzym déng vai trdo chuyén hoa chinh la invertase hay con goi la
saccarase, enzym nay xUc tac thuy phan saccarose thanh glucose va fructose.
Ngoai ra né con c6 khad nang phéan gidi mot so trisacarit va tetrasacarit khac,
ching tach cac phan t& glucose va fructose & dau va cu6i mach ra.
Nuéc
Saccarose Glucose + Fructose
Inverla.se

Sv thuy phan saccarose véi sv ¢c6 mat clia invertase hinh thanh glucose
mach vong va fructose mach vong.

Invertase bén trong khoang pH = 3,5 J 5;5 hoat dong tét 6-pH = 4,5.
Nhiét do toi thich clia enzym nay kho xac dinh vi ché phdm chua tinh khiét
cé tinh 6n dinh cao hon. Nong dd dwong trong dung dich anh hwdng 16n toi
tinh 6n dinh cta né, & ndong dé dwong lodng nhiét do thich hop cho invertase
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khodng 55"C, con khi nhiét d6 1én téi 65 - 70"C thi ndng d6 dudng phai cao
hon. Nhiét do t¢i han cla enzym la 59”C, & nhiét d6 nay enzym sé bi pha
huy nhanh chéng khi ndng d6 duong loang.

Thuy phan saccarose dat toc do toi da khi nong do dich duwong 2 - 8%,
khi ndng d6 dich dwong dat 70 - 80% thi téc dd chi con 1/4 téc dd cuc dai &
pH=45. MMEMMQUIMH H M H j

Invertase cla ndm men rat nhay cam véi ion kim loai nhu Cu2 Cd2
Hg2+., dac biét la ion Ag+ NO hoan toan mat hoat luc khi c6 7 - 8 AgVmol
invertase, c6 thé do ion Ag+lién két vai histidin bén trong phan tl enzym,
nhwng khong lién két véi nhom -SH.

Invectase rdt nhay cdm véi anh sang. Khi c6 su tham gia clia oxy né dé
dang bi pha huy, ngay cd trong béng t6i dwéi tdc dung cla tia tl ngoai
invectase bi pha huy nhanh chong. Ngoai ra invectase con bi gidm hoat luc
dui tdc dung cla dong dién xoay chiéu va séng siéu am.

6.1.8. *ng dung enzym trong ché bién qué va rau

6.1.8.1. M6t s6'chépham enzym duwoc st dung trong chébién rau va qua

St dung cac ché pham enzym cé thé coi la mét trong nhitng phuwong
hwéng ti€n bd co trién vong nhat clia san xuat nuwdc qua va nudc udng khong
con. Khi d6 can phai lva chon cac ché pham enzym cé chira mot lwong nhat
dinh cac phirc hop enzym. Trong nhiéu treong hop can c6 cac ché pham cua
cac enzym riéng ré. Ngoai ra, ché pham enzym can phai thod méan céac yéu
cau cong nghé san xuét tirng loai san pham cu thé, khdng nhi*rng chi vé dang
phan (rng xuc tac, ma ca diéu kién tac dung tkc la pH, nhiét do, dé on dinh
va mot sd yéu t6 khac, quyét dinh hiéu qua tac dung cla ché phadm trong moi
truong da cho. V&i mot ché pham enzym khong nén dung dé ché bién nhiéu
loai qua khac nhau hodc dung ché hién cac san phdm khac nhau tlr cac loai
qua ay.

Ché pham enzyme nay duoc san xudt tlr A. niger, & dang dung dich, co
mau thdm, mui thom nhe dic trwung cla san phdm Ién men,chita chi yéu
pectinase va c6 hoat tinh nhat dinh ctia hemicellulase. N6 c6 kha nang phan
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huy mang t€ bao thyc vat. Ngudi ta thudng sir dung ché phdm enzym nay dé
XUt 1 qua nghién v ngam mo t€ bao thuc vat. Pectin hoa tan va khong hoa
tan ciing nhu cdc polysaccarit lam duc nudc qué déu bi phan huy.

e Pectinex 3XL va Pectinex AR

Ché phdm enzym dugc sin xudt tir mot chung chon loc ctla Aspergillus
niger. Ch& phdm enzym & dang dung dich mau thdm, c6 mdi thom nhe dic
tnmg cha san phim lén men chia chii yéu pectinase. N6 ¢6 kha nang phan
huy hoan toan araban thanh arabinose, dong thoi thuy phan nhanh va hoan
toan polyssacarit. Ngudi ta thudng sit dung ché phdm enzym ndy dé xir ly
1am trong nudc qua, vi trong nudc ép qua c6 dic thuémg chia nhiéu araban
1am védn duc. :

o Viscozymel20L

Ché€ phdm enzym duoc sin xuét tir mét chang chon loc clta Aspergillus
niger. Ché& phim énzym & dang dung dich mau nau, ¢é ty trong d = 1,2 g/ml
chita chu yéu pectinase va mot lugng l6n cacbohydrolase bao goém
arabanase, glucanase, beta-gludanase va hemicellulase. Ngudi ta thudng sit
dung ché phdm enzym nay d€ xir 1§ phd v& mang t€ bao d4u tuong.

6.1.8.2. Ung dung cdc ché phdm enzym

o Ep chiét dich qua

Dé nhan duoc dich qua phai ti€n hanh nhiéu cng doan : nghién, ép, ly
tam hay loc, sau d6 tuy theo dang san phdm mong mu6n ma tién hanh lam
trong, co dic va thanh trdng. Nghién kéo theo hoa tan mot phdn pectin va
thit qua, moi trudng phifc tap ma trong d6 pha long rét nhét. Pha rén tao nén
mot khéi nira déo c6 kha nang giif nudc 16n ngdn cin thoat dich qué khi ép.
B3 sung enzym pectinolytic vao kh6i thit qua nghién 1am ting hiéu suat thu
héi dich qua. Thém vao dé, sy phan huy mét phin t& bio qua béi enzym tao
thuan lgi cho viéc tich chiét cdc chat mau, chit thom va gép phén vao cai
thién chat lugng cdm quan clia dich qua: Dich qua tir dau, dau tay, nho rét
gidu pectin, do dé dich qua rat nhét va khéng thé loc. hay ly tam dugc véi
nang sudt I6n. :
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Hién nay st dung enzym hé tro cho qua trinh ép ngay cang dugc mé
rong ra cdc [inh virc san xudt khic, dic biét 1a ché bién tdo. Thuc vy nhu
cdu ngay cang tang vé cic san phdm san xut tir tio (nudc tdo 1én men, nudc
qua tdo...) doi hoi phai kéo dai thoi gian thu hoach. Mac di di sir dung cic
bién phap bao quan lanh nhung vin chua ddp ing dugc yéu cdu dit ra. Viéc
ché bién tdo c6 do chin cao cdn thiét phai duge hd trg bing tic dung cia
enzym d€ tang hiéu sudt thu héi khi ép. Nguoc lai dich qua thu dwoc sau khi
ép chita nhiéu pectin hon nén duc hon va doi hoi phéi cé téc dung hd trg cla
enzym khéc 1am tang do trong cho san phdm thu dugc.

Nphin ; _ A : pectinase hd trg ép;
- B : pectinase hd trg chiét
B Thitqua A rit;
C : pectinase + cellulase
Ray Ep gidm dQ nhét;
' D : pectinase lam trong.
Iy tam
ac b
C l.__lc
Dich qué tho
D ——bO Lam trong
Dich qua trong

Hinh 6.1. ST dyng enzym phéan huy cic polysacarit trong ché bién qua va rau.

Bing 6.4. Tic dung xit Iy thit qué bang enzym t6i hiéu sufit thu héi dich qua

Xir Iy thit qua Tho tuol | Tho duge bdo quan lanh
Khong xu ly enzym 80 - 82% 70 - 74%
X{ 'y enzym khi nghién 83 -85% 81-83%
X ly enzym dich hoa 93 - 96% 93 - 95%

Hoat d6ng chinh cla enzym gitip qué trinh ép la thuy phan cdc khung
xuong chinh cla pectin, tic 1a endo-polygalacturonase, pectinmetylesterase
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va pectinlyase. Mtc dd tac dung cha moi loai enzym phai duoc kiém soat
k¥, vi endo-polygalacturonase, pectinmetylesterase tdc dung dong thoi, trong
khi d6 du thra pectinmetylesterase kim h@m hoat ddng cla pectinlyase.
Thanh phan cia cac polysaccarit thuc vat cta té bao can thuy phan anh
hwédng trwc ti€p té¢i hiéu sudt x ly enzym. Kha ndng phan huy cla mang té
bao khéng nhitrng phu thudc vao loai thuc vt ma con phu thudéc vao céac loai
té bao clia cing mat loai thuc vat. Cac didu kién bdo quan cling lam thay déi
it nhiéu té¢i kha ndng phan huy cla té bao do né thay d6i mot phan thanh
phan té bao.

Tuy nhién, cdc ché phdm enizm pectin ban trén thi trvdng thuvong duoc
san xudt tr Aspergillus va n6 c6 nhiing hoat dong cua arabinase va
galactanase. Do d6, ching cling tham gia vao viéc tang hiéu sudt thu hoi
dich qua. Piéu nay cho thdy lgi ich 16n cla viéc tai t6 hop gen sinh tdng hup
enzym /?-(1-4) galactanase clla aspergillus aculeatus, tdch dong va biéu hién
gen ¢ Aspergillus oryzae. Vi sinh vat tai t6 hop sé c6 thé cho ta ché phim
enzym giau hoat do galactanase, diéu nay cai thién dang ké qua trinh ép.

Liéu lvogng enzym duwoc st dung dwoc tao lap tuy theo loai qua va diéu
kién cong nghé (nhiét dd, thdi gian tac dung, loai hinh ép). Thuwdns ching
duwoc dung véi lieu lvgng 100 - 150 g/ tdn thit qua. Thwong dich quéa thu
dugc c¢6 ham lugng cac chat kho va tro cao hon, mau dam hon va pH thép

hon mau ddi chi*rng (cardt, muwdp, khoai tdy, hanh, mo, dta, man).

Bang 6.5. Enzym can bd sung khi x ly tdo phl hop véi phwong phap céng njjhé

B0 pectin hod/ l1am trong XU ly enzym khi ép x& ly enzym dich hoa

Pectin lyiise Pectin lyase Pectin lyase

Pectin es erase Pectin esterase Pectin esterase

Polygala<,turonase Polygalacturonase Polygalacturonase

Arabinas'i Arabinase Arabinase
Rhamnogalacturonase Rhamnogalacturonase
Galactanase Galactanase

Xyloglucanase
Endoglucanase
Celllobiohydrolase
Glucozidase
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Enzym hod trudc khi nghién cling lam giam dd nhét clda dich qua tao
diéu kién thuan lgi cho qué trinh lgc, diéu nay cho phép gidm dwgc thoi gian
loc cling nhuv thoi gian lam trong dich qud, chinh vi vay gidm duoc thoi gian
co dac dich qua.

* Ngam dam va 6n dinh neciar

Nectar la cadc loai nuéc udng, ma nudéc qud nhét chira mot lwong lon
cac chdt & dang huyén phu. D06 duc nay chu yéu la do cac té bao duoc chiét
ra va cac tap hop té bao. Suv phan tan té bao nay nhan dvogc do sy phan huy
pectin c¢c6 dd metoxy hoa thadp cua cac la&t moéng trung binh béi
endogalacturonase. Tuy theo qua xt ly va dac biét doi véi cam quyt, nectar
tao ra d6 duc nhiéu khi rdt khéng 6n dinh. Tinh khéng 6n dinh nay lién quan
trec ti€p téi ham luong pectimetylesterase clia qua : pectimetylesterase cla
quéa dé este ho& cac pectin hoa tan, n6 sé phan (¥ng véi canxi cia moi trwong
dé tao nén gei pectatcanxi khéng hoa tan, lam két tla cac phan tr gay duc.
Chinh vi vay cdc ché phdm enzym tao duc phai khong dwoc chira hoat do cla
enzym pectimetylesterase. Nguoc lai, hoat d6 clla enzym endopolygalacturonase
phai d0 Ién dé thuy phan cac pectin hoa tan dwgc & dang oligomer cé kich
thudc phan tir qua nho dé tao nén cac gel.

Dé tranh tao thanh gel pectat, pectin hoa tan phai c6 d6 metoxy hoa
cao. VAan dé dat ra la khong c6 mot ché phdm enzym thwong mai nao, khong
c6 mot loai qua nao khdong chira pectimetylesterase.

 Dich hoa

Nguwgc véi ngdm dam, dich hoad ddi hoéi cé6 sy phan huy hoan toan cla
mang té bao. Sy pha huy hoan toan mang té bao doi hoi tdc dung dong thoi
cla cadc enzym pectinase va cellulase. Tuy nhién, ty Ié hoat d6 cla chling cé
dnh huwdng téi hiéu suadt dich hoa va thanh phan polysacarit cla dich qua.
Thuc vay, dich hoa enzym ca rot tao ra nhiéu pectin hon va nhét hon khi
dung ché phdm enzym chita nhiéu endoglucanase. Enzym nay la diém méu
ch6t cdi thién hiéu sudt dich hoa.

Cac enzym pectinesterase, hemicellulase va cellulase lai la nhing
enzym quyét dinh hiéu qua tdc dung cta ché phadm, vi chling lam cho do
dong thé cla nwdc qua co6 thit té6t hon. Trong tredng hgp nay ché pham
khong dwgc phép c¢6 enzym polygalacturonase, ddac biét la endo-
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polygalacturonase, vi chiing lam giam d¢ nhét cla dich qua, gay ket tua
pectin.

Hiéu sudt tich chiét t6t nhat 1am thay d6i dic tinh cam quan cua san
phdm. Chinh vi vay, dich tdo nhan duoc bang xir 1y enzym nhiéu khi c6
huong vi khéng thich hop v6i ngudi tiéu thu va thuong the thé hay axit va
biéu hién thiéu hut v& mii vi. Vi the thé lién quan truc ti€p véi sy giam pH
ctia dich qua do thuy phéan pectin.

Nhitng nam gén diy v6i su phét trién cla cong nghé enzym da cé nhiéu
ch€ phdm enzym hoat luc cao nén da giam dugc thoi gian tic dung va hoat
dong & khoang nhiét do xdc dinh tao dicu kién cho cdc phan ing mong
muén va kim ham cic phan ing c6 hai khéc.

e Lam trong

Qua trinh ép c6 duge sit dung hay khong ché phdm enzym, thi dich qud
thu duoc ddu 1A dich qua tho, ma do nhét va do duc cla né rit cao. Lam
trong la loai bé cdc phin tik gay duc. Loai bd cdc chat pectin cé thé dugc
thuc hién bang céch két tha hay thuy phan. Trudng hop két tha, enzym thuin
khiét pectimetylesterase dugc sit dung ké't'hc_rp v6i viec bd sung ion canxi
kéo theo su tao thanh cdc gel pectat canxi, tao nén céi bdy d€ kéo theo céc
phén tir gay duc. Céc gel nay co lai va ling trong dich qua, hay nguogc lai
ching ndi 1én bé mat khi 1én men do tdc dung ciia CO, : day Ia truomg hop
san xuat nudc qua 1én men d6 ruou thap. Lam trong bang tic dung két hop
gilta enzym pectimetylesterase va polygalacturonase. Cic phédn tir duc dugc
tao nén tir protein lién két vdi cac pectin thudng cé mach bén giau arabinan
va galactan, G pH clia dich qua c4c protein nay tich dién duong va bao
quanh né 1a cac I6p pectin tich dién 4m. Phan huy pectin s& giai phong ra
mot phdn protein tich dién duong va pectin tich dién am. Chinh vi vy c4c phdn
11 nay két lang bdi twong tdc tinh dién véi nhau va dich qua duoc 1am trong.

Hoat d6 cia enzym pectimetylesterase thé hién nhuoc diém 16n 1a giai
phéng ra metanol trong dich qua. Sir dung enzym pectinlyase dé dé polyme
hoa khong c6 d€ metyl hod da dugc thir nghiem. Két qua nhan duge dép ing
yéu cau trong truong hop clia cam, téo, nhung chua 1am trong duoc hoan
toan trong trudng hop chia nho. Su khéc nhau nay 13 do mic d6 metyl hod
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thap clia pectin nho. Thuc vy, di lyc cha pectintyase gidm xudng theo mirc
d6 metyl hod ctia co chat.

Trén khia canh cong nghé, lam trong cé thé tién hanh gisn doan hoac
lién tuc. Phuong phép lién tuc ¢6 vu diém dung hoa phan Gng enzym lién tuc
va phan tach dong thoi san phidm va enzym ma ching cé thé dugc tdi su
dung. Mic du cai thién tinh chat loc coa dich qua bang sir dung enzym vio
cac giai doan khic nhau ciia qua trinh ch€ bién thyc vat, nhung phuong phip
siéu loc dé phén tich 1am cho phuong phédp nay khéng ¢6 kha ning ap dung
doi véi dich qua nhét nhat nhu dio.

v —p Siéu lgc
* Téi sir dung enzym
—
Thing chia
v
Loc
—
Thiet b| phan Bom

irng diéu nhiét

Hinh 6.3. S dd clia mot thidt b phan tmg lién tuc dé lam trong
(Alkorta et al, 1995). '

o Ung dung ciia mét s enzym khac

Cic enzym phan huy polysacarit thuc vat duge sit dung trong cong
nghe san xuat qua va rau.

Sit dung qua khong dat do chin dé san xudt cdc san phﬁm ¢ dac dé bi
duc bdi tinh bot. Chiing c6 thé dugc loai ra bang viéc sir dung amylase.

* C4c proteasé doi khi ciing duge b3 sung vao enzym pectiolytic, hoac dé
cai thién hiéu suat ép, hodac dé tranh tao thanh duc protein khi dun néng,
hoic dé tham gia vao cai thién viéc tich chiét chat mau trong san xuat ruqu
vang do."
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Vi dang chia mot s6 dich qua, cam va budi lién quan 16i sy ¢6 mat cila
naringin (trihydroxyflavanon 7-rhamnoglucozit). Chat nay c6 thé bi thuy
phan boi naringinase giai phong ra phan ozidic cua phén tif va naringenin
Jam giam vi dang.

Cap gluco-oxydase/ catalase c6 thé dugc sit dung d€ loai bo oxygen va
bao vé dich qua khoi sy oxy hod.

6.1.8.3. Ung dung enzym dé tdng gid tri cua cdc sdn phdm phu thuc vt

o Thitc an gia sic

Thic an gia cdm dugc ché bién tir céc loai ngii cdc. Glucan, thanh phan
cta ngii céc khong tiéu hoa duge lam tang do nhét cla dich da day, do dé
han ché su hap thu lai cdc chat dinh dudng, lam giam kha nang tiéu hod cba
dong vat. B sung beta-glucanase vao thic in cho phép tang kha nang hap
thu va chuyén hod thic 4n ciia dong vat. Sit dung lGa mi 1am thic an cho ga
ciing bi han ché€ boi su ¢6 mat ctia cic polysacarit thyc vat : arabinoxylan.
Nhimg chat ndy lam tang do nhét cua dich da day, do d6 lam giam kha ning
tiéu hod tinh bot vA protein. B4 sung xylanase vao thdc an cho phép ting
ning lugng chuyén hod.

o San xuit etanol sinh hoc

San xuét etanol sinh hoc st dung hé enzym ligno-cellulase ( cellulase,
hemicellulase, laccase,lignin-peroxydase,Mn-peroxydase dé thiy phan sinh
kh6i lignocellululose (sian phim phu ndng san, réc thai sinh hoat) tao
glucose cho phan iing lén men tiép theo. Céc vat liéu nay rdt bén vdi tic
dong thuy phan, do d6 can phai c¢é xir 1§ hod hoc hay vat 1y tnedc gidp enzym
tan cong co chit dé dang hon. Nhiéu phuong phap san xuét duge dat ra:

- Phuong phép thuy phan va 1én men riéng biét, thuc hién trong 2 giat
doan khic nhau : dich hod enzym, sau dé lén men b&i ndm men.

- Chuyén ho4 sinh hoc truc tiép : thuc hién toan bo chuyén hod chi
trong mét giai doan, ma & d6 vi sinh vat sit dung ¢6 kha nang vira thuy phéan
toan bg cellulose va 1én men cdc dudng tao thanh.

.- Dudng hoi va 1&¢n men dong thdi 1a con dudng hay duocc sir dung
nhat. N6 ciing dién ra chi trong mot giai doan véi su c6 mat déng thdi cla
enzym va nim men chiu trich nhiém 1én men. Cellulase bj kim hdam bdi
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glucose ma nd giai phong ra, nén su chuyén hod né ngay lap tiic s& tao diéu
kién nang cao hiéu suat chuyén hod.

Can phidi thay ring trong thuc t€ thuy phan cellulose thanh monome rat
khé khan, trong khi d6 lai ¢ rat nhiéu vi sinh vat ¢6 kha nang chuyén hod
monome nay thanh etanol. Nhung cdc san phdm phu giau heteroxylan (gd,
c0) rat dé dang phan huy thanh cic monome, nhung lai it VSV ¢é kha nang
1én men rugu tir cic pentoza. :

6.1.9. Enzym trong cong nghé rugu con va bia

6.1.9.1. Enzym trong cong nghé ruou con

al Mot s6 ché phdm enzym thwong dige sit dung

- Termamyl 120L

- Neutrase 0,5L : Ché phdm enzym chita chii yéu protease dugc sin
xudt tir vi khudn Bacillus subtillis. Day 13 protease kiém tinh, protease kim
loai (Zn) durge 6n dinh béng Ca®* va bi (ic ché€ bdi EDTA. Ngoai ra ché phdm
con chita mot lugng nhd B-glucanase.

Diéu kién hoat dong t6i vu cho protease 13 T =45 - 55°CvapH =55 -
7.5. Neutrase c6 thé bi mat hoat tinh bang xir 1y nhiét T = 55°C trong thdi
gian t = 2 phiit.

- Sansuper 240L: Ché€ phim enzym dugc sin xudt tir ndm mdc
Asperillus niger, chira glucoamylase, ngoai ra cdn c¢é a-amylase, protease.
Ché phfm enzym & dang chat 16ng mau ndu, d = 1,25g/ml, hoat tinh 240
AGU/ml.

b 1Ung dung mét s6 ché phdm enzym

Dung ché phdm cdc enzym amylase vi sinh vat cho phép tang cao néng
d6 enzym trong moi trudng 1én men, do d6 cho phép thuy phan sau sic tinh
bot thanh dudng 1en men trong mot thii gian ngén (chi cdn 30 - 40 phit).

Trong ché phém amylase ding trong cong nghé rugu, ngoai enzym
amylase ra con c6 cdc enzym dong hanh khédc nita nhu protease va céc
enzym phan hu§' thanh t& bao. Nhu vay khi ding ché phidm enzym amylase
khéng chi c6 tinh bot bi thuy phan ma c4 thanh t& bho nguyén liéu thuc va,
méhg, v ciing bi thuy phan gitip cho tinh bot ti€p xic véi amylase t6t hon.
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Hiéu suat thu hdi rugu tang lén trung binh 1a 1,5% nhd céac duong lén men
dugc tao thém tir cdc polysacarit khdc (hemicellulose, cellulose). Trong qud
trinh dudng hod, dich hoa tinh bot trong cong nghi¢p rugu con. Sansuper
thuomg duoc st dung véi qud trinh ndu khong ap suat. Lieu luong la 1 iy}
tan tinh bot.

Mat khic enzym protease c6 trong cdc ché phdm s& thuy phén protein,
polypeptit ctia nguyén liéu 1ao ra cac axit amin lam nguén dam dinh dudng
cho nam men.

Nguyen lidn cinda tinh bot
Hoi - :
Hohea | —
Y | con g doan niu
Enzym dich héa Dichhéa | |
Enzymduwng hod —
" | Dunghéa | |
Nam men _ [lenmen
Hoi Chimg cit
: J chung cit |
g SR
1
Bay hoi
Thie an gia stic

Hinh 6.4. Nhimg cdng doan chinh trong san xuit rugu cén cé sir dung enzym.
Ché phdm amylase khong nhitng chi ducc diing trong giai doan dudng
hod ma con & ca giai doan hé hod nita. Ch€ phim a-amylaSe cha vi khudn
ding cho giai doan nay rat thich hop vi kha nang chiu nhiét do cao cia
enzym. Nho sir dung ch€ phdm enzym & giai doan nay ma hoat dong cla
thiét bi dé dang hon (do do nhét ciia dlCh bot gxam xuo’ng) chi phi hoi giam,
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hi¢u sudt ruou tang, dic biét dugc sir dung dé dich hod tinh bot trong phuong
phdp nau lién tuc. Viéc dung a-amylse vi khudn dé dich hod dich bot khi
nadu dén 85 - 90°C cho phép c6 thé hoan toan chi diing hoi thit cap cho dun
néng so bo va 1am diu ch€ dé nau. Diéu nay lam giam chi phi hoi trong gia
nhiét v Iam gidm tdn that tinh bot.

Trong qud trinh dudng hod, dung ché phim glucoamylase hoat dong
manh, giam thoi gian lén men tir 73 gi xudng 48 gid, tham chi 36 gid, ting
nang suat phin xudng lén men tit 1,5 dén 2 l4n.

Tém lai, dp dung enzym trong san Xuat rugu cdn tit ngii céc ¢6 nhiéu
uu diém nhu : nang cao hiéu suat thu hdi con. Nau nguyén liéu ngii coc bot
tai nhi¢t d6 thdp. Khong sir dung axit (khong lam hu thiing ndu), khong gay
nguy hiém cho ngudi phu trich céng doan nfu. Thiét bi ndu don gian.

6.1.9.2. Enzym trong cong nghé bia

Trong san xuat bia c6 thé dung ché phdm enzym amylase vi sinh vat &
cac cong doan khic nhau nhim thay th€ mdt phdn hay tham chi hoan toan
malt bing céc nguyen liéu khong nidy mam khi dung cdc ch€ phdm enzym
cha ndm mdc va vi khuén. Nguyén liéu khong ndy mam thudng dung 1a ngo,
gao, lia mi, tiéu mach.

Bang 6.6. Cac enzym sir dung trong san xuét bia (Slaughter, 1994)

Enzym Chirc ning Ap dung
a-amylase Thuy phan tinh bt t8i | S¢ dung khi malt chat lugng
glucose va olygosacarit kém, hoac sif dung nguyén liéu
thay th& khéng ndy mam
B-glucanase Thuy phan mét phan céac | Lam ldng bé sung
o phan tlf trong lugng cao B- | | o¢ dich duing
. | glucan o
Protease Thuy phan cac lién két | Tang kha nang |&n men
L pepit Tang kha nang bot clia bia
Amylogiucosidase Thuy phan hoan toan tinh | San xudt bia nhe 43
h bét va dextrin tdi glucose
a-axetolactat Pé cacboxyl hoa «- | Qué trinh d bia
decacboxylase axetolactat tdi exetoin :
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Sit dung ché phdm enzym dé nang cao hi¢u suat thu héi san pham, sit
dung nguyén liéu thay thé, tang kha nang loc dich dudng, tang d6 hoa tan
clia cic hop chét nito, ting kha nang gir bot va do bén vitng cha bia.

Bang 6.7. Cac ché pham a-amylase vi sinh vat diing trong san xuat bia

Ngudn ché pham $dn phéim Ngiéét H Ca™ Apd
gu e pna phan img o P {ppm) p dung
(°C)

Fungamyl chi yéu la| 5560 | 456 |50 Néng cao kha

asp. oryzae maltose ndng lén men

Ceremix 2X L dextrin hoa | 60-80 | 5-7 250-500 | Tang kha nang

B. amyloliquefaciens | 13N ) lgc dich dudng
olygosacarit

Termamyl loai L dextrin hoa 85- 6-7 50-150 Lam loang dich

B. Licheniformis tan, _ 100 hé hoa
olygosacarit

Bing 6.8. Cic ché phdm enzym B-glucanase sir dung trong san xuit bia

2 Nhiét
- o & Sénpham g Tém hogt
Nguon ché pham bhan img ?6 pH dong
c) |

Cereflo 200L Olygosacarit 50-60 | 6-7,5 | a-Amylase
B. amyloliquefaciens khong 1en  men

duge
Finizym 200L Glucose, - | <60 | 44,5 | Cellulase -
A. niger cellobiose,

olygosaccarit

Céc ché phdm enzym amylase, glucanase va protease da duoc sir dung
trong cong nghe san xudt bia tir rét lau, nhung tix 5 nam tré lai day mot ché
phdm enzym méi dugc dua vio sir dung ngay cang nhiéu, dé 12 ch€ phim
Maturex. Maturex chifa chii yéu 12 enzym o- axetolactat decacboxylase xtc
tic qué trinh dé cacboxyl hod a-axetolactat téi axetoin. Ché phdm enzym
dugc san xudt tir vi khudn Bacillus subtilis va Enterobacter aerogenese. NG
dugc sir dung trong qué trinh 1én men dé ngan chan su tao thanh diaxetyl, do
d6 giam lugng diaxetyl duoc tao thanh, it ngén duoc thdi gian can thiét dé
0 bia.
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Decacboxyl héa

O NH. O oxy hod O O
CH-C- ¢ -~ C~0O —  H,-C¢-¢-m,
OH (phan tmg chim)
¢-axetolactat Diaxery]

a-axetolactat Nam men
decacboxylase khu
Matre™ L
v
Q ¥
CH,- C~- ¢ ~CH,
OH
axetoin

Hinh 6.5, Chuyén ho4 diacety!l.

6.2. UNG DUNG ENZYM TRONG MOT SO NGANH CONG NGHIEP
KHAC

6.2.1. Cong nghiép dét, nhudém

Trong cong nghiép dét, viéc sit dung enzym di dugce dp dung tir nhiing
nam 50 ciia th€ ky nay. Trong ky thuat dét vai, dé 1am tang d6 bén doi véi
cdc tac dong kéo va mai mon, cdc soi vai thudng duge hé hod trude vdi cdc
chdt cao phan ti c6 kha nang két dinh véi cellulose. Cic chat két dinh
thudng dugc dung 1a tinh bot, gelatin, cacboxyimetyl cellulose hodc ruqu
polyvinyl. Trong d6 tinh bot dudi dang tu nhién hodc bi€n tinh la chat két
dinh dugc diing nhiéu va phd bién hon ca.

Tuy nhién trudc khi tdy tring va nhudém, vai méc phax duoc loai bd cdc
chat két dinh nhung yéu cdu khdng xam hai dén cic soi vai. Véi cic soi vai
duoc hé hod bing tinh bot, trude kia ngudn enzym tir nudc chiét malt dai
mach hoic pancrease dugc sit dung dé rii hé, tuy nhién hai loai enzym nay
thudng kém bén vét nhiét. Nam 1917, Boidin va Effront sit dung amylase
cha Bacillus subtilis dé rii hé & nhiét do 80-90°C trong thdi gian tir 5 dén 15
phiit, mit ngin dugc thdi gian ril hd vai so véi phuong phép truyén théng. T
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d6 dén nay. a-amylase ti vi khudn déng mot vai trd quan trong trong cong
nghiép dét. Enzym chiu nhiét tir Bacillus licheniformis dugc su dung rong
rdi trong linh vuc ndy c6 1én thuong mai la termamyl, che phdm & dang long,
chiu duge nhiét do cao, 14 mot endo-amylase c6 tic dung thuy phan lién két
o 1-4 glucozit cia tinh bot tao ra cdc san phdm dextrin va oligosacarit tan
trong nuéc. Trén thi trudng hién nay ciing xuét hién mot s6 ché phdm a-
amylase dang 1ong tir Bacillus subtilis voi tén 1a Tinozym L40 hodc Tinczym
ADC c6 phé pH hoat déng rong tir 5-9,5 va chiu duge nhiét do cao téi 95°C
dén 120'C tuong img véi lugng ding trung binh tir 2-4 ml/kg, x{ Iy trong
thoi gian tir 1-2 gid tuy timg qua trinh.

Véi nhimg loai sgi dugc hd hod bing gelatin (thudng la nhing loai soi
nhan tao nhu acetat, rayonne, visco...) ngudi ta thudng sir dung cic protease
trung tinh t Bacillus subtilis hodc tit protease kiém tinh tir Bacillus
licheniformis. v

Protease trung tinh tir Bacillus subtilis cling dugc img dung trong san
xuat 10 thm Jam tang hiéu suat kéo kén déng thdi 1am cho soi to mém mai va
béng muot hon. Soi to tim gém hai soi fibroin so cdp dinh lai véi nhau nhd
16p v6 bang xerixin. Luong cerixin chi€m khoang 30% soi to va duge tach ra
bang cach ndu v6i dung dich xa phong trong khoang tir 1,5 dén 2 giv. Chi
sau khi c6 st gia cong niy to méi dutge kéo chi. Mét lugng nhd cerixin ndm
lai trén lua s& lam giam do dan héi clia lua, 1am cho lua bat mau khéng déng
déu va gdy kh6 cho khau trang tri lua sau nay. Luong cerixin con lai sau
khau n&u thudng duge tach ra bdi cdc ché phdm protease. -

D€ nhuom dugc vai, sgi’ bong va soi pha (polyeste/bong,
polyeste/visco) cén ti€n hanh xir Iy trudc, trong d6é ndu 1a mot céng doan
quan trong nhim loai bd céc thanh phin khéng phéi cellulose ra ngoai nhu
pectin, protein, cdc chat sap, ddu méy... Soi va vai sau khi ndu ¢6 d¢ ngdm
thau cao, c6 kha nang hiit nudc nhanh ddm bao nhudm dat chéit luong tot.
Véi cong nghé truyén théng thudng sit dung cic chat nhu xit (NaOH),
cacbonatnatri (Na,CO,), them mot s6 chat trg khac nbu chat ngdm théu,
khuéch tdn, nhii hod, cang hod dé ndu trong diéu kién nhiét do cao (100 °C)
s€ loai b6 dugc hoan toan cédc tap chdt khong mong muén. Tuy nhién. vdi
cdch xir I ndy s€ san sinh ra oxycellulose 1am gidm cudng luc clia soi vai
. hon nifa nuéc thai sau khi ndu ¢6 cdc chi s6 COD, BOD kh4 cao.
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Nhieu cong trinh nghién ciu di cho thay viéc xit ly trude soi va vai
bang enzym c6 tinh k¥ thuat kha thi hon han. Cdc enzym cé thé duoc sir
dung nhu glucanase, pectinase, esterase, protease, trong dé pectinase (&
enzym quan trong nhét trong qud trinh nau. Pectin nim & bén ngoai cla xo
bong, né 12 moét chit keo chita cac axit poligalacturonic va thuong duoc
chuyén sang cic dang mudi canxi, magie, st va cd nhdm trong qud trinh
phat trién cta xo béng. Cdc muéi pectin khong tan trong nudc nay két dinh
vdi sdp va protein tao ra “tdm chdn” bao vé xo trong qué trinh trudng thanh.
Thuy phan pectin bang cdc pectinase, bién cdc muoi khéng tan thanh cic san
phdm hoa tan trong nudc, nhu vy pha v c6 hiéu qua “tdm chin”, dat duoc
muc dé hit nudc cao ma khéng cé hiéu (ng phu bat loi phan giai cellulose.
Hién nay trén thi truong da c6 ban logi enzym kiém tinh véi tén thuong mai
Ja BioPrep 3000L (Novozymes AS, Pan mach) va Baysolex VP-SP 20022
(Bayer, Diic).

Bang 6.9 cho két qua so sanh xi 1y vai dét kim bong truéc nhudm giita
cong nghé ndu truyén thong bang xidt v6i cong nghé nau bang pectinase
kiém BioPrep 3000L. Két qua cho thay xir ly bing enzym ¢ nhi€u uu diém
hon so véi xiit, vira dam bao chat fugng vai, vira ti€t kiém duoc nang luong
va nudc. |

Bang 6.9. So sanh xir Iy vai dét kim béng trirée nhuém bang enzym va bing xut

Céc chi tisu ’;‘; 3':::: X0 1y bing xut

PH 8-9 13-14

Nhiét d 60°C 95-100 °C

Tdn that trong iugng <3% 5-10%

D6 ngam thdu (phép thit nho giot) <1 giay ‘ < 1 giay

P& bén dét pha (% so véi ban dau) 95-100 90-97

Do cling sd tay Mém Cimg

Tiéu thu nuédc giat S 40-50% 100%

BOD 33-45% 100%
o CoD: o B 36-45% 100%

Nguon: (Pdng Trdn Phong-2002)
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Ngoai pectinase, hién nay mét s6 enzym ciing dugc sir dung trong mot
s6 khau khéc clia qud trinh nhudm nhu catalase (Tinozym 7678~ CL heonc)
dé loai cic gdc peroxit sau qué trinh tdy trdng soi vai nham tang hiéu suat
bal mau.

6.2.2. Cong nghiép san xudt gidy va bot gidy

Trong nhitng nam gin day s6 lugng nhilng tng dung enzym trong cong
nghiép san xudt bot gidy va gidy da ting lén déng ké. Céc qua trinh chinh
trong nganh cong nghiép nay la nghién bot, tdy trang va xeo giay. Vi qud
trinh san xudt gidy tai sinh thi viéc phan loai, 1am sach va khir myc cho gidy
1ai ché€ ciling chi€m mot phdn quan trong trong qua trinh san xuat (hinh 6.6).

Bang 6.10. Vai trd tic dong ciia enzym lén mét so thanh phan cua gé

Thanh phén Enzym Thay ddi hoa ly Lgi ich ky thuéat
Cellulose Cellobiohydrolase Lam nhd sgi Tiét kiém nang
(CBH) Kh tinh tring hop qung trong qua
Endoglucanase (EG) Khir tinh triing hap trinh loc bét gidy.
Hén hgp CBH va EG Ba  dang san
pham. Loai muc
Xylan Endo xylanase Khtr tinh tring hgp | Tach chiét lignin
Glucomanan Endomannanase Khi tinh triing hap. | Tach chiét lignin
Axetyl glucomannan - | DO bénkéttugiam. | Tang hieu  xust
esterase Kha nang hoa tan | nghién bét va cac
giam thudc tinh bén
Pectin polygalacturonase Khirtinh tring hgp | Tiét  kiém nang |
lugng trong cdng
doan tude vo.
Giam lugng cation
yéu clu trong san
Xuat.
Lignin Laccase Khir tinh tring hgp | Tang dé sang mau
Mn-peroxydase Tring hgp hoa Trung hgp lignin
Cécchdtkhac | lipase Tang tinh hdo nudc | CAi thign thudc tinh
bén. Tang db kéo
cha gidy.
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Trong qué trinh nghién bt cdc sot g dugc tach riéng khoi nhau bang
qua trinh co hoc hodc hod hgc dé chuyén thanh bot giay chita cac soi va cic
bot min. Khi nghién hod hoc thi phdn 16n lignin trong soi va mot phdn
hemicellulose dugc hoa tan va loai bo. Qué trinh tdy trdng nham muc dich
khir hodc lam sdng mau cdc cau tlr mang mau cé ngudn gdc chinh tir lignin
con t6n dong trong bot gidy sau khi nau. Trong qué trinh xeo gidy, bot gidy
dugc chuyén thanh gidy véi si thém vao clia mot s& chat hod hoc, cdc chat
phu gia.

Vi qué trinh san xudt gidy 13 mot phic hop cdc phan ttng hod hoc nén
ngly nay mot s& 16n enzym c6 thé duge sir dung dé cai tién cdc qua trinh
truyén théng nham nhiéu muc dich khdc nhau. Bang 6.10 tom tit mot s
enzym dugc sir dung trong qué trinh san xu4t glay '

\ 4
Phan loai

r

Nighién bot

Tuéc vo Khir muc
Nghién bot Xeo gily | Gidy
co hoc .

Dap dap , Tay trdng

Nghién bot
hod hoc

Hinh 6.6. Cac céng doan chinh trong qua trinh san xuét gidy.
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Enzym cellobiohydrolase dugc bd sung vao cong doan nghién bét giay
s& lam thay déi nhe ciu hinh cha sgi cellulose tang kha nang nghién va tiét
kiem khoang 20% ning lugng cho qua trinh nghién bot gidy ¢o hoc. Trong
qua trinh nghién bot hoa hoc, néu gb dugce xi ly trude véi mét s6 enzym nhu
hemicellulase, pectinase va cellulase 1am cho 16p vo ngoai cia gb bi phd v&
tang kha nang khuéch tan cdc hod chat vao phia trong gd, tang hiéu qua khir
lignin. '

Trong qua trinh tdy tring, enzym c6 thé dugc sir dung dé nang cao hiéu
sudt cla qué trinh. Trong phuong phép gidn tiép qua trinh tdy tring bot gidy
duoc cai thvié:n:théng qua hoat dong clia xylanase hoac mannanase nham loai
bd lignin con trong phuong phdp truc tiép sit dung he théng “laccase-chat
" trung gian” dé phan huy lignin (bang 6.11). '

Bang 6.11. Cic enzym diing trong qué trinh tdy tring bot gidy hoa hoc

Enzym Caché Lgi ich va han ché

Xylanase. Ph&n huy xylan va phic | Tiét kiém 10-20% hoa chét

hop lignin-hydratcachon Tang d6 sang
Mannanase Phan huy glucomannan Lgi ich phu thude vao loai bt gidy
Laccase (k& hgp | Phan huy lignin Thay thé hoan toan cac hoa chat clo
V?i cac chét trung ) Co tinh dac hiéu
gian) Kha nang quay vang con han ché va

» N gia cla cac chit trung gian con cao

Mn- peroxydase Phan huy fignin Hiéu qua cao
(v0i cac chat phu : Gia clia enzym va cac chat phu trg
trg) . o cao
Lignin- peroxydase | Phan huy tignin Hidu qua cao
{vdi chat phu trg) . Gia ca con cao

Xylanase thuy phan mét phan xylan hoic loai bé xylan khoi phic hop
lignin-hydratcacbon, ci hai co ché nay déu lam tang kha nang tich lignin
khoi 16p thanh ngoai cha sgi gb. Cic két qua thir nghiém cho thay xylanase
c6 kha nang tac dong lén moi loai sgi va chiing khéng phu thudc vao ngudn
gdc cha enzym tir nim méc hay vi khudn. Gan day khodng 20 nha mdy giay
va bot gidy & mién nam nuéc My da sir dung enzym nay trong céng doan tdy
trang bot gidy va so vdi cang nghe truyén théng da lam gidm dwoc luong hod
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chat sir dung (khodng 25% lugng clo va 15% lugng axit hexenuronic), cdi
thién dugc do tréng, duy tr tinh bén cia soi va gid thanh san phdm giam.
Ché phim xylanase bén nhiét ding cho tdy tring bot gidy da xuat hién trén
thi trudng tir nam 1995 va khoang vai nam trd lai day mot s6 ché phdm méi
c6 kha nang chiu dugc ca nhiét do va pH cao (90°C va pH 10) da dugc dua ra
thi truong. Gid trung binh tinh cho xylanase 1a nho hon 2 USD cho 1 tdn bot
gidy (1999).

Laccase thuoc nhém enzym phenoloxydase ciing méi duge nghién ciu
tng dung cho qua trinh tdy tring bot gidy. Laccase cing véi mot sé chét
khéc tao thanh mot chudi oxyhod khir dé€ oxy hod hoan toan mét sé co chét
nhu polyphenol, amin thom, lignin... dén O, va nudc. Qua trinh nay dugc so
d6 hoa nhu sau: - |

chit trung gian:(_)xy '

H.0 * chit trung gian -

Nguén thu laccase chil y&u tir ndm méc, mét s6 thyc vat va con tring
cling c6 chita enzym niy, & vi khuén méi chi phét hién dugc & mot vai loai.
Céc chét trung gian tham gia vao chudi v4n chuyén dién tir trén 12 2,2’azino-
bls(3 ethylbenzot}uazolone-6-sulfomc axu) di amonium (ABII' S), 1-hydroxy
benzomazole (HBT), hodc mét s6 chét chita nhém chic N-OH c6 kha nang
khir nhanh llgmn nhiung khong gay bi€n dong téi cdu triic cha cellulose méi
dugc cong b6 phu axit violuric (VIO), N:hydroxy-N-phenylacetamide
(NHA).

So véi cong nghé tdy tring bing oxy va ozon truyén théng, bot gb dugc
xir 1y bling hé théng laccase c¢6 ciing do tring nhung do nhét va hiéu suat dat
cao hon (bang 6.12).
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Bang 6.12. So sanh hiéu qua cla hai cong doan tdy trang bdt go thong Kraft
(kappa = 24,7) bang hé laccase va bang oxy hodc azon

s - Do trang Chi so Do nhét Hiéu suét
ua trinh xu |
Q s (%) kappa (mg/g) (%)
OQPZ/QP 84,1 2,5 720 42,0
LQPZ/QP 83,2 2,4 730 42,6
00Qzp 85,6 2,3 670 42,1
OOLQP 87,6 3,0 790 42,9

* O: oxy; Q: chat cang hoa; P: peroxyt; Z: ozon; L: hé thdng laccase.

Trong céng nghiép gidy, a-amylase tlr vi khuén ciing dwoc s dung phé
bién v&i muc dich dich hoa ho tinh bot & nong d6 cao dé thu dwoc keo hd cé
d6é nhét can thiét dung trong san xudt cac loai gidy tot.

Trong nhigéu ndm qua viéc st dung cac sgi tai ché tu cac loai gidy thai
loai dé san xudt b6t gidy va xeo gidy da tdng lén dang ké. Cac loai gidy béo
cli trwvdec khi ding dé san xudt gidy in, gidy viét cdn phai duoc tdy muec.
Trong cbéng nghé tdy muc truyén théng phai bd sung cadc tdc nhan kiém va
hoa chéat tdy & cong doan nghién bot. Gan day phic hop enzym cellulase va
hemicellulase d& duoc dua ra &ng dung va la mdt trong nhitng &ng dung
cdng nghé sinh hoc hi*ra hen nhét trong nganh cdong nghiép gidy va bot gidy.
Co ché& khi* muc bidng enzym dwa trén hai huéng chinh: thé nhét 12 muc duoc
tdch khoi bé mat sgi boéi cac enzym thuy phan hydratcacbon nhuw cellulase,
hemicellulase hodc pectinase, tht hai la enzym thuy phan cac chdt mang

muc hodc I&p phd bé mat gidy nhuw dau dau twvong, lignin, tinh bot (hinh 6.7).

T rm W rrrrrfn n

Enzym

Lép phu

Hinh 6.7. Co ché kh&r muc bdi enzym.
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6.2.3. Céng nghiép thubc da

Trong cdng nghiép thudéc da cé hai qua trinh si dung enzym la téach
Iong va lam mém da. Thong thvong da tvoi nhap vé dugc rira sach sau dé
duoc bédo quan bing mudi NaCl véi ty 18 300kg mudi/tdin da séng. Trudc khi
thudc, da duoc itta, hdi tvoi khoang 12 gio tuy theo nhiét d6 méyivdng dé
da 1dy lai lvong nwdc dd mat do bao quan. Sau céng doan nay da dugc tay

ldong, ngdm voi chitra sulfua natri (Na2) dé lam ldong chan l6ng hodc hoa tan

; . — LK , - . . JJeim |
c}u’mg tjhgnh d‘ang nhéo ng mé& cdu trdc sgi cla da. Hinh 6.8 minh hoa so doo

lat cét n«ang cla da va soi ldng.

ALGp stiiEv
Lop Mk :/l:)y | Lom;
Jifp day Ao nUtL\J”. ’
Cci ctwne long
Ao lien ké

Tuyét) ba
Ao lrony ré Id.
Tuyén rud hoi
Ao rjlialIct”
Nhu 1011U

Cltid néll.

Hinh 6.8. So d6 lat cat ngang cda da va sgi 16ng.

Thanh phan chinh cia da la colagen va dwgc xép vao nhém cac protein
cirng dang soi, hoan toan khéng tan trong nuéc, trong dung moi, trong dung
dich muéi trung tinh, trong cdc pH khéac nhau kiém cling nhv axit va tvong
d6i tro tac:dung C&ENcAc- erizyrrr -iihti &6Tagenase,
trypsin, chymotrypsin va cacboxypeptidase cac chat nhon bi tach ra va mot
sO lién két trong soi colagen bi pha huy. Két qua léng dwoc tach khoi da va

da thu dvogc c6 d6 mém nhat dinh.
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Kha nang diing protease dé€ khr long ctia da thi da dugc biét dén tir ddu
thé ky véi viéc loi dung hoat dong ciia céc vi khudn gy thdi rita tron trong
nudc bot mi phét trén da ching s& 1am rd cic protein cia I6p bao phtt da.
Tiép dén 1 cac ché€ phdm enzym thu dugc tir dudmg tiéu hod clia dong vat
(tripsin tuyén tuy hoat dong thich hop & pH 7-9) dugc sit dung d€ 1am mém
va khir cic vét sit trén da sau khi x& 1y bang voi. Hién nay cdc ch€ phidm
protease tif vi khudn, nim méc da duge sit dung dé thay thé cho enzym tuyén
tuy. Céc ché phim enzym nay thudng dugc s dung dudi dang ché phdm tho
(nudc chiét canh trudng nudi cdy) chit khong cin doi héi phai tinh ché cin
than. Da thii thudng duge xit Iy & 30-35°C bang protease tit B.licheniformis
v6i sy bd sung sulfit & céc gia tri pH kiém trung binh rdi sau dé méi xu ly
bang kiém. Hién nay véi sy phédt hién cdc loai protease kiém cao trong
Bacillus da cho phép ddy nhanh qud trinh ndy. Qud trinh bao gdm viéc xir 1y
da thii bang dung dich chita 8% voi va 1% enzym khir 16ng, trong thdi gian
18-24 gity & 20-30 °C va pH 12-12,5. Véi quy trinh xir Iy ndy cdc sic td cha
da bi pha huy, dién tich b8 mit cia da ting lén, da trd nén mém hon, thoi
gian ngam voi thudc da riit ngdn hoidc duge loai bd, ham lugng Na,S st dung
cling giam. Hién tai hang Novo thudng xuyén cung c4p hai ché€ phim NU.EQ
6MPX vi Aquaderm dung cho cong nghiép da.

Muc dich clia cong doan thugc da 1a 1am cho da mém va dan hdi, cé
kha nang ngdm thiu sau cdc chat thuéc vao da dé da khong bi phan huy hay
thdi rifa trong diéu ki¢n méi trudng binh thudng hay néng 4m. Truéc day da
thudng duoc 1am mém bing vd cAy hay bing chat “pomet” chita cdc enzym
va vi khufn ldy tir Sng thuc quéan cha chim hay ché. Ngay nay dé lam mém
da ngudi ta thudmg sit dung cdc protease thu dugc tir mot s6 ching ndm mdc
va vi khudn nhu A. oryzae, A. flavus, A. parasitucus, Bacillus subtilus,
B.licheniformis Atinomyces fradiae, Streptomyces rimosus. Hinh 6.9 minh

hoa mdt mau da trau tru6e va-sau khi xir 1§ bing ché phﬂm protcase kiém tir
B.brevis Bl.
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g7 Bz . 4
Da trau sau cong doan rii long Da triu sau cong doan lam mém

Hinh 6.9. Miu da trau dugc xif Iy bing protease kiém tir B.brevis 871
{Nguyén Liéu Ba-2001).

6.2.4. Cong nghiép san xuat bot giat va cac chat tdy ria

Theo cac s6 liéu thdng ke, nganh céng nghiép nay sir dung mét lugng
enzym l6n nhat so v6i cac nganh céng nghiép khic (45%), chiém khoang
30% 1¢i nhuan thu dugc tir cac enzym bdn trén thi trudng. V&i cac chat tdy
rifa thong thudng khong thé tdy sach mot s6 cdc vét bdn ¢ ngudn géc
protein do6i khi cdn lam chiing bdm chat thém vao qudn do. Nhung khi
protease kiém tinh dugc thém vao cdc chat tdy rira thi chiing c6 khi ning
lam sach mot cach cé hiéu qua cic vét bin trén vi protease thuy phan protein
thanh céc dang hoa tan. Hién nay khoang 80-85% cdc loai bot giat trén thi
trudbng cé chifa enzym trong dé chii yéu la céc protease va mot s6 enzym
khdc nhu lipase, cellulase, amylase, oxydoreductase dé tang t6c d6 va hieu
qua cho qud trinh tdy rira.

Nam 1971, doanh s6& cha thi trudng th€ gidi vé protease di gidm tir {50
triéu USD xuéng chi con 1/3 do nhiéu nguai bi di tng khi sir dung bot giat
chita protease. Pén khi k¥ thuat bao géi vi thé ra ddi thi trudng enzym trong
nghanh cong.nghiép bot gidt méi phat trién trd lai. Mac du ty 1& protease bd
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sung vao bot gidt khéng cao (lg ché phdm/kg) nhwng hang nam lwong
enzym st dung cho nganh cdng nghiép nay ciing Ién t&¢i 50-60 ngan tén.

Cac ché phdm enzym c6 thé thu nhan tir nhiéu ngubn, nhiéu ching va
nhiéu cach khac nhau nhung dé cé thé (¢ng dung mot cach c6 hiéu qua trong
qué trinh tdy rlra, ching déu phadi mang madt s6 thudc tinh chung sau:

- Bén vitng trong qua trinh bdo quan b0t gidt va thé hién hoat tinh
x(c tac trong cac dung dich tdy rira thwdng cé dd pH kha cao (9-10) va sy cé
madt clla mot sd chdat tao phtrc, chadt hoat dong bé mdt, cac tdc nhan ndi lién
két nhv photphat, EDTA...

6 tinh bén nhiét cao phu hop véi cac ché dd nhiét cla qua trinh giat.

- C6 tinh dac hiéu rong ddm bdo thuy phan dugc nhiéu loai protein.

- Ton tai trong bot giat du¢i dang khdong béc bui, giam kha nang di
*ng cho nguoi st dung.

Y &il cAu doi vdi d6 bén nhiét cho cdc ché phdm protease ¢ cac nudc
chau Au va & M la khac nhau. O chau Au, trong qué trinh giat téc do ting
nhiét do tr nhiét do phong Ién dén 100“C la gan 2"C /phat do vay doi hdi
enzym plidi lam viéc cé hiéu qua trong vong 15-20 phat dau trwéc khi nhiét
do dat téi 60"C, trén khoang nhiét d0 nay enzym bi madt hoat tinh nhanh
chéng. Con & M tiéu chudn nhiét dd cho céc protease hoat dong chi nam
trong khoadng 45-55(C trong th¢i gian tr 10-15 ph(t dau cla quéa trinh giat.
Tuy nhién, cdc nha san xult déu khuyén cao nén ngam quan ao trwdc khi
gidt s& nang cao dang ké kha ndng tdy bd cac chédt ban (Novoenzym).

Dé cb thé hoat dong trong mdi truong pH cao, protease kiém tinh la
thich hop hon ca so véi cac loai protease khac, ching thuong dugc t IU tir cac

vi khudn, liép dén la ndm va mot it t pancreatin (trypsin). Hién nay hau hét

Nhiéu phueong phap lam gidm bui cho cac bot enzym va cac chéat tdy
rta dd dwoc nghién ctu. Vi du cac ché phdm enzym dugc goi trong cac chét

hoat dong bé mat khéng ion hoa (polyethylenglycol) tao thanh céc hat nho
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hodc dung dich enzym duwoc tron véi cac chat tdy rra khoéng ion hoa da dwogc
nghién nho rdi phun thanh bui mud trong khi quvén lanh, khi dé cac giot nho
li ti s& ceng lai, hinh thanh cac hat, cac hat dé sé khong bi thay d6i khi trén
ching v6i nhitng chat tdy rira khac trong bot giat.

Ngoai viéc dugc st dung dé b6 sung vao cdc chat tdy rlra, xa phong
giadt, ngay nay mot sé enzym con dwgc ding dé b6 sung vao cac loai xa
phong tdm, kem boi mat dudng da, thudc danh ridng nhu Dromelin,
colagenase, lipase...cic enzym nay cé tdc dung tdy hoi, tdy cac vél ban bam

trcn da kha tot, hon ni*a né con lam min va ting d6 dan héi cho da.

6.2.5. Cong nghiép dugc vay té

Vai tro cla enzym trong diéu tri cing nhw chudn doan mot s bénh da
dugc biét dén tir kha lau trong ITnh vyc y-dwrgc va ngay cang dugc phat trién.
Madc du lvong enzym s dung cho Iinh vuc nay chi chiém 1% so véi cac
nganh c6ng nghiép khac nhung né da dem lai khodng 8% Ilgi nhuan tir céac
en/.vm ban trén thi trudng.

Ngay nay cdc nha khoa hoc déi khi cling lgi dung “tin hiéu enzym’
lam chi tiéu danh gia tinh trang co thé bi bénh. Vi du hoat d6 aldolase tdng
trong huyét thanh la tin hiéu cta viém gan, lvgng creatinkinase huyét tang
vot vai gio dau sau khi bi nhéi méau co tim. Cac nghién ctu gan day cho thay
khi hoat d6 methemoglobin reductase & hdong cau tang cao la triéu chrng cla
bénh thiéu mau do suy tuy (thwong cao hon gan gédp doi so véi ngudi khoe
manh binh thwdng). Bic diém chung cda thiéu mau trong suy tuy xwong la
thiéu mau nang, thiéu hemoglobin (Hb) mot protein ciia hong cdu &m nhan
chtc ndng van chuyén va cung cdp oxy cho toan co thé. Lwvgng hemoglobin
cé khi chi con dwéi 20g/l nhwng bénh nhan van thich nghi dugc véi cudc
song thi€éu oxy cla té bao. Su thich nghi trén la nho suv tdng hoat dd cla
methemoglobin reductase hong cau, enzym nay xlc tac cho phan &¥ng khe
MetHb (dang Hb d& gdn oxy) thanh Hb.

Wem~Amfrypsin va
chimotrypsin. Do dic diém chi phan giai cac protein bi hoai, cdc enzym nay
thwong dwoc st dung dé lam thu6c tiéu viém, lam lanh vét thwvong, vét bdng,

lam gidn va tiéu bién niém mac bi hoai trong mot sd' bénh viém phdi, viém
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khi quan. Trypsin diing trong chita bénh viém finh mach huy€t khoi (trypsin,
chimotrypsin, peptitdase, lipase va amylase), viém phoi (xong khi dung bao
gdm trypsin va dezoxyribonuclease). Chimotrypsin diing dé chita bénh loét
da day, 1oét két trang. Mot s6 enzym tiéu hod cling da duge nghién ciu va sit
dung gbp phin khic phuc tinh trang suy dinh dudng & tré em, ngudi gia va
ngudi bénh. Vi du pepsin (tit da day lgn) dugc sir dung d€ nang cao hi¢u qua
chuyén hod protein clia co thé, nhdt 1a d6i vi tré em vi ¢ Ifa tudi nay hé
enzym tiéu hod clla chiing chua hoan chinh. Sy tiéu hod protein bét dau xdy
ra & da day, giai doan tiéu hod protein & day gii vai trd dic biét quan trong.
& d6 cdc phan tir protein duge phan cat chi y&u thanh cdc peptit chita tir 5-8
axit amin nh@ tac dung cla pepsin, cdc peptit nay s€ tiép tuc dwrge phan cit &
rudt non nhd tac dung ciia hé protease ctia dich riot va dich tuy. Néu o da
day protein khong duoc tiéu hod tSt s€ anh hudng xau dén su tiéu hod
protein chung, 1am gidm hiéu qua sir dung protein chung cdia co thé, gay nén
hién tugng rdi loan tiéu hod, dé lai nhimg hau qua nguy hai.

Ngay nay mot s6 thudc dugc tdng hgp bing con dudng hod hoc da dn
dugc thay thé€ bing cic qua trinh enzym nhé nhitng vu diém von ¢6 cha nd.
Mot vi du dién hinh [a sdn xust cic penicillin bén tdng hop, bing viéc sir
dung penicillin acylase dé sin xuft ra hai ddn xu4t ban ddu la 6 APA va
TADCA va tir d6 tOng hop nén hang loat khang sinh th& he thi IT, 111, IV, V
dong gép khong nhé vao thu nhap cila nganh céng nghé khang sinh.

Tat ca cic penicillin déu chia géc 6 aminopenicillin axit (6-APA) gin
v6i cdc canh bén R khédc nhau. Do vay cédu tric clia cic canh bén s& quyét
dinh cdc thudc tinh quan trong cho méi loai peniciilin nhr phé khang sinh,
dic tinh gin két thanh € bao, lidu luong trong méu, tinh bén axit.... Trong
thuc t&€ chi ¢6 hai loai khang sinh penicillin -V va penicillin - G 13 duoc tng
hop véi hi¢u suét cao bing phuong phap 1én men (hinh 6.10).

Tuy nhién, trong tr nhién von t6n tai va ngdy cang xuat hién thém
nhiéu bién ching vi sinh vat khang lai duoc hai loai khéng sinh nay. Dé tang
cudng hiéu qua khang sinh ctia penicillin d6i véi nhitg chiing bén nay, cic
chudi bén clia penicillin V va G dugc loai bd khdi géc 6-APA va thay béng
céc chudi bén khic, 120 ra cdc loai penicillin khac. Mot vai loai penicillin
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ban tong hop theo ki€u ndy d3 té ra khd hiéu qua, dac biét 1a ampicillin va
amoxycillin.

Penicillin Cephalosperin
H S ,CH, H S
R—NH-— HC-C” \?/\~ R —NH—CH-CH"C H;
c-N—=cH Ch L—N__ .C-CH,
g | 0 S
COOH COOH
Canh bén R
6-APA H- 7-ADCA
G-penicillin C4H;-CH, - CO - ;
V-penicillin C¢H;-O- CH,-CO- (V-ADCA)
Ancpicillin CH.- CH (NH,) - CO - Cephalexin
Amoxyciltin (OH) CH; - CH (NH,) - CO - ;

Hinh 6.10. Cdu tao canh bén R clia mdt vai loai penicillin.

Céc canh bén V va G ciia penicillin c6 thé dugc loai bd béng con dudng
hod hoc va bang enzym (hinh 6.11). Theo con dudng hod hoc, budc ddu tién
phai bdo vé nhém cacboxyl, ti€p dén tao ra iminoether nhu 12 budc trung
gian trong dung moéi butanol & - 40 °C. Hiéu sudt ciia qua trinh dat cao tuy
nhién gid thanh cha sdn phdm ciling rét cao do gid thanh cia dung moi si
dung cao v phan ting phai duy tri & nhiét do thép.

Tit ndm 1960, qu4 trinh chuyén hod trén duge thi_rc hién‘nhb cdc enzym
penicillin acylase (EC.3.5.1.11) thu tit mét s6 chiing vi khudn, xa khudn,
ndm men, nim m&c. Khoang nam 1966, Penicillin-G-Acylase c6 dinh ra déi,
g6p phdn cai thién qué trinh mot cich ddng ké. Ngay nay con dudmg chuyén
hoa bing enzym da duge sir dung mot cich rOng rdi trong cong nghiép, véi
san lugng hang nam khoang trén 3000 tén 6-APA. Qué trinh dién ra trong
moéi trudng nudc, & nhiét d6 35°C. Nang xudt cia ché phdm "Novo
Semacylase” dat khoang 250-500 kg 6-APA cho 1 kg enzym cd dinh.

295



SiMe. ClI, PCu/Kiém

Qua triiih hod hoc K-PenV  —--memmmomeeeee “m (Pen-V-COO) 2 SiMe,
n-BuOH/- 40 °C .thuy phéan
Imid clorit = -------m--memme- “m InGnoether ---------------- *» 6-APA

Pen-V -acylase/35°C. pH 8

Qua vinh enzym PenV 6-APA + axit phenoxyaceiic

Pen-V-acylase
V-ADCA -» 7-ADCA +PAA

Hinh 6.11. Chuyén hoa Penicillin - Vthanh 6-APA.

cuang v6i sy phat trién cia k¥ thuat gen va lai té€ bao voi sy hé tro déc
Iyc clia cac enzym nguoi ta c6 thé san xudt trén qui moé cong ngh ép nhirng
chdt ma co thé séng chi c6 thé tdng hop véi lwong cuc nhd nhu interferon,
hocmon sinh tredng ngudi, mot s6 khang thé, vacxin... Insulin nguei, mot
hocmon dau tién dwoc tdng hop theo k§ thuat gen vao ndam 1978, nay di
dwoc hdilig EIi Lilly va Genetech Inc cla M§ sdn xudt va ban rong rdi trén thi
truong. nterferon téng hop theo con dwong sinh hoc ra dodi @ Aillen nam
1985 (hiang Schering-Plough). Bing k§ thuat lai soma gitta mot té bao B v6i
mot té b'ao ung thw, ndm 1975 Kohler va Milster da tim ra phuong phap sail
xuét cac khang thé don dong. Do c6 tinh didc hiéu cao nén ngay nay cac
khang thd don dong da duoc st dung rong rdi trong diéu tri cling nhv dé tao
ra nhinf bd kit th dung dé chudn doan mot s6' bénh nhiém khinn, nhiém

virus, chudn doén thai nghén (phwong phap mién dich gén enzym ELISA).

6.2.6. Ché bién thtrc an cho gia suc

Vai tro cGa enzym trong Iinh vuc nay cling da duogc biét dén va khai
thac tir trat ti€p mot
s6 enzym vao khdu phan an cla gia slc, gia cam nhdm tdng nhanh quéa trinh
trao d6i chdt trong co thé .ching, déng thoi lam tdng trong rdt nhanh. Hai I3,

str dung cac ché phdm enzym dé x& ly cdc mo6n &n "cong kénh" kho tiéu, co
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giad tri dinh duéng thdp nhw chét bot, chat xo, chat béo... thanh cac moén an
dé tiéu, c6 gia tri dinh du&ng cao hon nhw cac axit amin, protein, cac loai
dwong tan, vi tamin, hocmon... lam tadng hiéu sudt tiéu hoa va cudi cung la
tdng ndng sudt vat nudi.

Vidu, protease dwgc st dung dé thuy phan phé liéu bt ca, thit ca, tron
vao thic &n gia sic, san xudt dich thuy phan giau dam bd sung thitrc an cho
lgn va gia cam. Amylase két hgp véi mot s6 enzym khac cGa ndm men
thuong duoc dung dé xt ly so bd thirc an twoi nhu ngd, khoai, sdn chuvén
mot phan tinh bot thanh duong, ruou, axit hitu co... kich thich ngon miéngyva
tdng kh& nang hép thu cho vat nubi. Viéc &¢ng dung phtrc hé cellule se trong
phan gidi cac ngudn phé liéu giau cellulose nhu rom, ra, bd khoai, ba sén.
bd mia... dd va dang dugc trién khai & nhiéu nwéc véi téc dd nhanh chong
trong moi Iinh vuc, nhat Ia trong x& Iy 6 nhiém méi trwong, sinh téng hop
protein don bao, san xudt dugc phdm, san xudt con cdng nghiép, axit hiru
co... Trong Iinh vuc san xudt protein don bao (Single Cell Protein -SCP) lam
thitc &n cho gia sGc, ndm sgi thuong dwoc s dung dé 1én men rdn truc tiép
trén cac ngudn phé liéu giau cellulose, do ching c6 kha ndng phéat trién dé
dang trén céc co chdt rdn, nghéo dinh dudng, c6 kha ndng dam xuyén lén tao
ra sinh khéi c6 chira ham lwgng protein cao véi ti 1é axit amin can ddi, it axit
nucleic, khong chira doc td ngoai ra chling con chtra cd cac vitamin, cac chat
kich thich sinh trudng va cadc hwong thom c6 lgi cho tiéu hoa cla vat nudi.
Vi du, cic nha khoa hoc Philipine da st dung chang Aspergillus nigcr 3104
dé 1én men bAd sin va sau 72 giv 1én men di nang dugc ham lwong protein
trong bad tr 2,5% lén t6i 40%. & Cuba ching Cellulomonas dwoc st dung
dé chuyén hod hang triéu tdn ba mia thai ra tr cong nghiép sdn xudt duong
lam ngudn thtc an cho gia stc c6 hiéu qua, cé ham lvgng protein cao t&i 30-

40% (tredc khi 1én men, bd mia dugc x& ly bdng kiém & 140 "C).

6.2.7. San xudt cac dwong chirc nang (prebiotic)

Sy lat trién manh mé cua khoa hoc co ban, khoa hoc ng dung, cla
cong nghé thwc phdm, dinh dwdng hoc, cla y hoc diéu tri va cham soéc slic
khée cong dong trong nhitng nam cudi thé ky XX da khdng dinh stc khoe
con ngudi ludn gén két chat ché vai viéc duy tri sy phat trién can déi va can
bang hé sinh thai cac vi sinh vat c6 ich sinh séng trong mdi co thé do. Luan
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cit khoa hoc nay di tré thanh nén tang ra ddi cho mét hudng nghién ciu vé:
“ Sdn phdm chita vi sinh vdt lanh hinu ich cho co thé va cdc thanh 16 cdn
thiét dé duy tri s phdt trién cdan bdng cia chiing”- (Probiotic and
prebiotic), méi xudt hién va thu hit ngay dugc su quan tam va né luc tap
trung nghién ciru & nhiéu qudc gia trén thé gidi, dac biét 1a ¢ cic nudc cong
nghiép phét trién trong khoang hai chuc nam gin day.

Probiotic 1 cdc dang thuc phdm (hodc cdc dang ché phdm ditng d€ an
uéng) c6 chia vi sinh vat s6ng, ¢é kha nang gép phan lam cai thién chat
luong va duy tri trang thdi can bang hé sinh thdi khoe manh. Dai biéu dién
hinh cho nhém vi sinh vat c¢é lgi nay 1a cic gidng Lactobaccilius,
Bifidobacterium.. Khi con ngudi st dung, cdc vi sinh vat ndy c¢d kha ning
song s6t qua qué trinh tiéu héa thifc an & da diy va rudt non, réi chiing khu
tni va phét trién & dai tring, két qué s& 1am thay ddi hé sinh théi vi sinh vat
dudng rudt theo hudng ¢6 1gi cho sirc khoe.

Prebiotic 13 nhém oligosaccarit chic nang, st dung trong san phim
thuc phdm (hay san phdm 4n uéng) véi muc dich chinh d€ cung cap thic 4n
cho he vi sinh vit c6 l¢i trong dudng ti€u héa, dac bidt 1a hé vi sinh vat cé lgi
khu trd trong dai trang. Diém méu chét quan trong clia cic c4u t prebiotic
chifc nang nay la chiing khong bj phan gii & da day va khéong bi hap thu &
ru6t non, ma t6n tai & cubi dudng tiéu héa (rudt két) va trd thanh nguén dinh
dudng cho hé vi sinh vat dudng rudt phét trién can bing. Viéc duy tri can
bang sinh thdi 6n dinh ndy da ngin chan hitu hiéu su phét trién cla céc loai
vi sinh vat ¢ hai khéc; qua d6, gép phén tang sitc dé khing cho co thé chi,
tranh bi tdo bén, han ch€ béo phi, ki€m sodt 16t hon qud trinh ldo héa va
giam nguy co xo vita ddng mach... '

Ngay nay, khoa hoc da x4c dinh duoc cdc c4u tir chirc nﬁng'cé hiéu qua
tac dung prebiotic dién hinh la cdc loai dudng chiic nang (oligosaccarit) nhu:
galactooligosaccasrit (GOS), mannooligosaccarit (MOS), fructooligosaccarit
(FOS), rafinoseoligosaccarit (ROS), xyloseoligosaccarit (XOS)....

Nbi¢u cong trinh nghién ciu khoa hoc lién quan dén vi¢c‘t6ng hop
ciing nhu vai trd chic nang cila céc loai dudng trén da duge cong ba. Ngudi
ta da phdt hién dugc vai trd ciia phan ing transgalactosyl héa tfong viéc hinh
thanh c4c galactooligosaccarit tir vai trd clta phan (ng thiy phén mannan dé
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tao mannooligosaccarit hay hiéu qua cam ing phdt trién 16t cla
fructooligosaccarit d6i véi vi kiwdn Lactobacilius trong dai trang...Co ché
cho viéc tao ra galactooligosaccarit GOS dugc minh hoa theo so dé duéi
day:

Glu Gal

g
E +lac = Elac 1, EGal
R GalNu

Enzym (E) tham gia phan tng thudng la B-galactosidase hodc 8-
glucosidasae s€ két hop véi lactose (Lac), giai phéng ra glucose (Glu) va
phiic enym-galactose (E-Gal). M&i lien két giita E-Gal dé dang bi chuyén
héa bdi cic chét 4i nhan (Nu) nhur 13 lactose, glucose hodc galactose dé tao
oligosaccarit hon 12 nuéc dé tao galactose tu do. Hiéu sust téng hop
oligosaccarit ctia phan ving transgalactosyl phu thu¢c nhiéu vao diéu kién
phan (ing nhu pH, nhiét d6 va c¢6 1€ quan trong hon 13 phu thudc vao ndng do
co chat ban ddu, hoat d9 enym va thdi gian phan ing. Bang cédch sir dung cdc
ché phim enzym bén nhiét s& 13 gidm ddng ké cdc chung nhiém tap vao san
pham va tang hiéu suft tdng hop 1én nhiéu.

Trén day chi 12 mot s6 linh vuc minh hoa vé tng dung enym, ciing véi
nhilng ti€n bo ciia khoa hoc k¥ thuat enzym da, dang va sé thAm nhap nhiéu
hon vao moi linh vue cha cudc séng con ngudi. Riéng trong linh vuc noéng
nghiép, enym dang 1a mét trong nhimg cong cu déc lyc cho viée lai tao cac
giong cay, con méi shch bénh va c6 nhitng dac tinh di truyén qui gid. Hay
trong linh vuc béo vé moi trudng, cic phuong phép xit 1y sinh hoc than thién
véi moi trudng dang d4n chiém t the. Thuc chat ciia cdc phuong phap nay
déu 12 qua trinh bién d8i sinh héa dugc diéu khién bdi su hoat dong cta céc
vi sinh vat chua cdc phirc hé enzym khic nhau phu thuéc vao timg nguén
thai. Trong th vuc khoa hoc vat lidu, véi su trg giiip ciia enzym, cdc nha
khoa hoc ciling da ch¢ tic ra dugc nhiéu loai polyme sinh hoc mang nhiing
thuoce tinh' tuong hop sinh hoc cao... dugc ting dung trong héu hét cic finh
vuc kinh t€ quéc dan nhu hang khong, xay ding, khai thic...
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6.3. TRIEN VONG CUA CONG NGHE ENZYM

6.3.1. Phan (rng chia enzym trong hé hai pha léng

6.3.1.1. Phan (rng emzym trong hé hai pha ldng khdng tron 1an: pha hitu
CO - nwoc

Trong qua trinh s dung enzym. nguwoi ta nhan thdy rang dung moi ly
tvdng cho nhiéu phan &ng cla cac chat hitu co khdong phai la nwéc. Nhiéu
co chédt nhv oxy, steroit, chit béo... cling nhu sdn phdm phan ¥ng hoa tan
tot trong dung mai hitu co hon la trong dung moi nuéc. Cac phan &¢ng nhu
vay néu duoc thuc hién trong dung moi hitu co c6 thé dién ra hoan toan véi
hoat tinh enzym cao hom nhiéu so v&i phan (¢ng dién ra trong moi trudng
nvéc. Ngoai ra, néu phan &¢ng dugc thyc hién trong moi tredng hiru co. sy
nhiém vi sinh vat con c6 thé duvoc han ché, didu nay dac biét c6 y nghia d6i vai
cac phéan tng nhay cam véi tac dong cua protease cla vi sinh vat nhiém tap.

S dung enzym trong hé dung méi hitu co dan t&¢i phan G¢rm enzym
trong hé hai pha do cac phan tlr enzym cé ai lyc cao véi cac phanty nuvoc va
duwgc bao boc bdi mot Iép cac phan tlr nuéc ngay ca khi enzym & trang thai
kho. Khi dé, enzym ton tai & wang thai huyén phu trong dung moi hiru co
dugc bao boc béi Iép phan chia pha hodc boi cdu tric micell tao boi (4c chét cé

hoat tinh b& mat khi c6 hodc khéng c6 cac chdt hd trg bé méat (hinh 6. 2).

Dung mdi hitu co Enzym

Chaét hoat déng bé mat

«Chéai hd trg bé ma!

Bé méat phan chia pha
a) b)

Hinh 6.12. Trang thai ton tai cGa enzym trong dung modi hiru co:
a) enzym voi vo nwéc / hodc vat liéu cd dinh bao quanh;
b) enzym v6i vo micell tao boi cac chat bé mal /chat hd tro bé mat
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. D6 6n dinh cta enzym trong hé hai pha hitu co - nuéc

Van dé co ban khi st dung enzym trong hé hai pha la n dinh trang
thai enzym trong moi treong dung mdoi hi*ru co. Tinh 6n dinh nay cla céac
enzym wa nwdc rat khac voi cac enzym ky nwéc. Tinh 6n dinh va kha ndng
gén két & trang thai hoat dong clia enzym wa nwéc phu thudc vao sy c6 mat
cta lép mong cac phan tl niréc (khoang 50 - 500 phan tl nwéde/ phan ti
enzym) trong vi mdi tredng phan ¢ng. Khi dy, enzym c6 thé hoat dong &
tranu thai ngam nuéc. Cac enzym ky nwéc (nhw lipase) chi can rat it cac
phan tir nuéc dé 6n dinh cdu hinh cla trung tdm hoat déng cla enzym.
Enzym c6 thé bi vé hoat néu dung mdi hitu co st dung la dung méi hoa tan
nwéc, khi dy l6p nudc bao quanh phan tk enzym sé bi hoa tan, dan téi sv
khéng On dinh cla trung tdm hoat dong va cudi cung la enzym bi vd hoat.

Mot van dé khac gap phai la trong mdi truong dung moi hiru co cé rat
it phan tlr nwdc, va do vay rat it ion H+. Khi 4y rat khé va khéng thé kiém tra
va kiém soat giad tri pH cla moi trvong phan ¢ng. Dwong nhuv enzym con
“leu lai" gia tri pH cla dung dich nwéc cla n6 trwdc dé va thé hién phan
tng tai gia tri pH dé.

M6i treong dung moi hitu co cé hoat dd nwdc thap, vi thé dd 6n nhiét
cla enzym trong mdi treong dung moi hitu co dwgc tdng cwong. Hiéu qua
on dinh nhiét nay c6 tac dung d6i véi moi enzym. C6 thé 1dy vi du lipase dé
xem xét. Trong mdi trwong tributyl ch*ra 0,02% nuéc, chu ky ban hdy clda
lipase & 100°c la 12h, khi mdi trwdng chra 0,8% nwéc, chu ky ban hidy cla
lipase giana xuéng con 12 phit va enzym bi vd hoat ngay tic khdc & méi
truong 100% nuéc.

Ngoai ra, trong dung mdi hiru co, diém ddéng bdng cia nudc giam
xudng cho phép st dung cac enzym nhay cam nhiét & nhiét do thap, Hoat do
nuwéc thdp c6 xu huéng lam cac phan ti enzym ran lai. Pigu d6 c6 thé anh
hwernu t6i Kmva Vmax clia phan ¢’ng enzym va tham chi c6 thé dan tgi.thay
d6i tinh chdt x0c tdc cla enzym. Lipase tuy tang cua logn la mdt truong hop
dién hinh”ikswthtyddiidia rrarig xiic tac 0 méi trwong c6 hoat do nuéc
thdp. Khi phdn &ng trong hé phadn &¢ng hai pha c6 awthdp, enzym nay khorig
thé hién hoat tinh xdc tac phan ¥ng chuyén este héa dan téi sy bung né cac

ruou bac cao.
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Yéu tb quan trong nhét kiém soat su can bang gitra d6 on dinh va kha
ning vd hoat enzym trong mdi trudmg hiru co 1a d§ phén cuc cua dung moi.

Dung méi c6 d6 phan cuc thdp (tinh ky nudc cao) it co kha ning pha
v céu tric cua cac phan tir nudc gin chit xung quanh enzym. D§ phan cuc
c6 thé biéu thi bing logP (P 14 hé sb phén bd) cua dung dich hitu co trong n-
octanol va nuéc:

logP =log (6.1)

Trong 46 N wcune 12 ndng do chét tan phin b trong octanol, n 0 14
néng dd chét tan phan bd trong mréc. Gid trj logP cang 16n, dd phén cuc cia
dung méi cang nho. LogP ting 0,52 lan khi c6 thém mét nhém -CH,- gan
thém vao mach cacbon ciia dung méi. Vi dy, logP cua butanol 1a 0,8. LogP
ciia hexanol (thém hai nhém -CH,-) ¢é thé tinh duoc 14 0,8 + 2 x 0,52
(1,84). Hoat tinh cia enzym trong hé hai pha phu thudc vao logP (hinh
6.13). C6 thé thdy ring enzym thudng bj vd hoat khi logP < 2. Khi logP > 4
(dung méi it phin cyc hon), enzym it bj anh hudéng hon. Cic dung méi
théng dung thudng c6 logP nam trong khoang tir 2 — 4 (bang 6.13).

Noctanol
20

1001
S
g 80} |
.§ ’
2 ﬁl)r N
’ [
b 40 :
§ »
S .
» 1 | I . L i
-2 0 2 6 8 10 12
LogP ,

Hinh 6.13. Sy phy thu¢c hoat tinh ctia enzyme trong hé hai pha vao gia tr] logP
cua pha hiru co;

~ enzyme tur do, --- enzym cd dinh trén cht mang k)," nude.
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Bang 6.13. Gi4 tri logP cia m§t s6 dung méi hiru co' théng dung

Dung mdi logP Dung moi logP
Butan 03 1,1,1 — Tricloetan 28
Etylacetat 0.7 Cacbon tetraclorua 28
Butanol 0.8 Dibutyl ete 29
Dietyl ete 038 Cyclohexan 3.1
Metylen clorua 1.4 Hexan 3.5
Butylacetat 1,7 Petroleum ete (60-80) 35
Diizopropyi ete . 20 Petroleum ete (80-100) 3.8
Benzen 20 Dipentyl ete ' ‘ 39
Cloroform 2.2 Heptan 4,0
Tetracloroetylen 23 Petrcleum ete (100-120) 43
Toluen 2,7 Hexan decan 8,7

Tinh tan cia mét sb co chit hodc san phim phan img ¢6 thé [am thay
dbi logP. Nhiéu phan tir khong phan cuc c6 chira cc viing céu triic phin
cyc lam cho phén tir loai ndy kém hoa tan trong dung m6i khong phan cuc.
Viéc lya chon dung méi hitu co con phu thudc vao céc yéu té khic nhu gia
¢a, kha ning thu hdi, dac tinh d& chdy, bay hoi hodc cac dic tinh ¢ ché
khac.

Viée ¢§ dinh enzym trén cac chit mang ph4n cyc manh cé thé lam
dudng cong phu thudc logP va hoat tinh enzym léch vé trai. Co thé dat duoc
didu d6 bing cach cb dinh enzym trén cc chit mang cao phén tir nhu
agarose, sephadex, sau d6 ngam ngap khéi enzym cb dinh trong pha hitu co.
Néu dudng cong 1éch trai, kha ning lya chon dung méi hiru co thich hop
dugc mé rdng. Ngodi ra, khbi enzym c¢b dinh nay con c6 cic wu diém nhu:
1) bio vé enzym trong chit mang chéng lai su bién dbi ciia bé mat phan chia
pha léng — 16ng trong dong khufy manh; 2) d& thu hdi enzym; 3) c6 thé sir
dung cung véi ciac coenzym trong lugmg phén tr thdp wa nuéc nhu
NAD(P)+ khi ¢6 hé théng tai sinh coenzym; 4) cho phép sir dung lién tuc va
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hiéu qua thiét bi phan &¥ng hai pha dang cd dinh, pha dong la dung mdi hiiu
cuw c6 thé bao hoa nwéc. Ngay ca trong treong hop dung méi hitu co cé logP
thdp va tan trong nwéc, viec mat hoat dd6 enzym c6 thé dirgc by ddp bang suw
thay d6i hang s6 can bang. Vi du glucoisomerase dwoc st dung trong dung

moi etanol dé san xudt mat tinh bot c6 ham lvgng fructose cao do phan doan

sudt kinh té thu dugc trong trudrm hgp st dung dung madi hiru co cao hon
m&c du hoat tinh enzym gidm con 10% so v@&i trvdnu hop s dung dung mai
nuéc.

- Trang thai can bang trong hé hai pha hirii co —nuwéc

Trong phan &¢ng enzym thong thvong, déi véi phan ¢ng don p lan, ludn
ludon ton tai trang thai can bang gitta co chdt A va san phdm B nodng qua
hang s6 oan bang Kntrong pha nuwoc:

Knu
' B ©2)

Trong hé hai pha, A va B sé phan bd vao ca hai pha v&i hé s6 phan bo

PA va PB va trang thai can bang dvoc thiét 1ap nhd hdng s6 can bang khe

trong pha hiru co:

Pha nuéc
Kn
A N— B
4 , 1k»
(6.3)
Pha hitu co
vGi =[Bn]/[A.], (6.4)
= [Bhc] / [Ahc], (6.5)
=[AR]/[AnN] (6.6)

va

trong do, chi cé ba thdng s6 la doc lap véi nhau, con mot thong sé con lai
phai phu thudc vao ba théng sd kia. Hang s6 can béng trong hé hai pha duoc
tinh theo:
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Khai pha [Bténg] / [Atdng] (6.8)
v&i [Biang] va [Atdng] la ndng d6 hoa tan t6ng s6 clia A va B. Twong ty bién

d6i cac biéu thirc sau cho phép tinh duvgc Khaipha:

[Atdng]. Vtdng = [An]. Vn+ [Ahc]. Vhe (6.9)
va [Bidno]. Btong = [Bp]. v n+ [Bhc]. Vhc (6.10)
V tong —V n + Vhe
K [Bn]-Vn + [Bh uh,
hapha [a J-U aJ .vZ (611)

KEét hgp (6.6) va (6.7):

K =K,, i 117is | (6.12)
v&i ty 16 thé tich hai pha hiru co va nuéc:
a=vhdvn (6.13)

Néu a co tri s6 nho, thé tich pha nwéc rdt Ién hon pha hiru co, Khai pna
tién gan té¢i Kn, néu a du lén, thé tich pha htu co 16n, Khaipha tién dén Khe-
Co thé thay rd diéu nay khi bién d6i Khaipha nhw sau: khi a dd Ién, cong thirc
(6.12) tré thanh:

Khai pha=KnPBPA (6-14)
Khai pha= [Bhc J/[Ahc] = Khe (6-15)

Doi véi cac phan ng nhi phan, hé hai pha d&nh hwdng dén phan Gng

phttc tap hon ddi v6éi cac phan &ng don phan. Trong tredng hop nay, quéa

trinh dugc don gidn hoa theo md hinh sau:

Pha nuéc A+ B —e c + 11,0

r, ‘4 K
Pha htu Co A + B c + H:0 (6.16)
/\=[C h/[C] (6.17)
PD= [Dh]/[Dn] (6.18)

Bang cach twong ty, Ki®, ph, dwge tinh bang:

k _ K fl +aPc H\ +aPD) (6 19)
** hai phu n N +Q_PA)(| +an|')

305



Khi thé tich pha hitu co du 16n, Kig pha tién t6i Kie nhu trong trudmg
hop phan tng don phin. Tuy nhién, do Ky pha phu thude béic 4 vao ¢, do
vy, tai cac gia tri trung gian cua o, Ky pra S€ nhéin céc gia tri cuc dai hodic
cuc tidu khac véi K, va Kie. Nhu vay, Kiai pra €6 thé ¢6 gid tri 16n hom céc
phan {ing tuong tu xay ra trong hé mét pha hiru co hodc nudc. Trong trudmg
hop ndy, van tbc phan tng trong hé hai pha c6 thé 1on hon nhiéu so véi phan
img trong hé mét pha.

Mot truomg hgp déic biét cia phan tmg nhi phan trong hé¢ hai pha la
mot trong cic ciu tir cua phan img 13 nude. Khi 4y, qua trinh (6.16) sé trd
thanh:

Pha nuSe A+B é C-+ H,0 (6.20)
PAﬂ Py Kh‘, Pcﬂ Py

Phahiuco A + B === C + H,0O (6.21)
Pn = [HQO hc] / { Hzo n]

Théng thudmg trong hé dung mdi nude, phan img thiy phin sé xay ra,
nghia 13 theo chidu tir phai sang trai. Tuy nhién trong hé hai pha, hing sb
can bang cia phan ng thay ddi nhu da mé ta & trén, cho phép enzym thuy
phén hoat dong theo chiéu tir trai qua phai. Didu nay rét ¢6 y nghia béi vi
phan img tdng hop rit khé Xay ra trong cdc phan (mg hda hoc hitu co thong
thuomg do d6i héi cac viing dic hiéu va lua chon céc nhém phan img.

Cé hai yéu té anh huong téi ning suét thu nhan san phim C, d6 1a: 1)
su thay ddi cla Ky phas VA 2) nong dd ([Hz0)y). Nong 4o mrac tong cong
dugc tinh theo phuong trinh can bing vit liéu:

[H20]: (Vn + Vie) = [H0]0.Va + [HoOhe Vie (6.22)
[H20], 14 ndng 46 phin mol ctia nude tinh khiét, [H,0], = 1000/18 = 55,5M

55,5(1+aP, )
140

vei K. = AJB]
™ " [Ct].[H,0]

[H,0], = (6.23)
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Va (6.19), thay P, cho Pp. duoc:
1+aP).(1+a).[A ][B
1ok (P00 IA LB]
555.(1+aP,).(1+aP,)

(6.24)

Néu C it phan cuc hon A va B, hiéu suét phan Umg s€ ting lén cling
ndng do pha hitu co. Vi du hinh 6.14 vé& sy tdng hop este tir axit va ruou
trong hé hai pha cho thdy khi ndng dé pha hiru co ting 1én, hidu suit phan
{mg ¢ thé tiang tir 0% I&n 100%.

Pé dat dugc hiéu suit chuyén héa cao, cin loai bé luong nude tao
thanh trong hé hai pha dé tranh giam c. Tuy nhién loai bé nude trong hé hai
pha la khéng dé dat dugc. C6 thé bd sung déu dian enzym hodc mét thé tich
nhét dinh pha hitu co dé giit cho hing sé can bing pha cua hé khong thay
di. - |

- IogKhmw ,"_--‘----T---
------- hiéu sust (%) 7

Hinh 6.13. Téong hop etyl este N-benzoyl-L-phenylalanin tic N-benzoyl-L-
phenylalanin va ruou etylic trong hé hai pha cloroform - nudc

- Déng hoc enzym trong hé hai pha hitu co - nuoc.

- Trong hé hai pha, ludn c6 mdt lugng nhét dinh cac chat phan img tan
trong 6p nuée bao quanh enzym. Thuong thi i6p nudc ndy khdng bj khudy
tron cho du-pha hir co duge khudy déu dan trong sudt qua trinh phéan (mg.
Néu chiéu day 16p nudc nay 1a 16n, van tbc phan ing enzym bj kiém sodt
béi van td¢ khuéch tan cua co chét-qua 16p nuéc do do hoa tan thép cua co
chit trong. pha nuée. Trong trudng hop enzym hda tan tbt trong nude, top
nrde nay thuong rét mong,:va vén tdc phan img phu thude vao van téc
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khuéch tan co chdt & ndng dd cao trong pha hifu co qua 16p phin chia bé
mat tdi vi mdi trudng bao quanh enzym cé ndng d6 co chét rat thap. Trong
trudmg hop enzym cb dinh, vén téc dong co chét t&i bé mat xic tac va higu
sut clia phan (mg phy thudc vao bé mit riéng cla hat enzym. Trong trudmg
hop hé mdt pha, bé mat riéng nay 12 bé mit cua hat enzym tiép xitc v&i mdi
truong phan img. Trong hé hat pha, bé mat riéng la bé mat phdn chia hai
pha. Trong céc truomg hop théng thudng, bé mit phan chia pha phu thude
vao thé tich ctia giot nudc bao quanh hat enzym. Néu thé tich pha hitu co
tang 1én, thé tich giot nudc nay giam di, 1am giam nang suat thé tich phan
irng. Khi phéan 1ing tao thanh nuéc, cin tach nudc ra do ham lugng nuac tich
tu khéng nhimg lam chuyén dich cin bing ctia hé thdng ma con lam giam
van tdc phan mg Cac nguyén tic cho phép téi wu héa phan (mg enzym
trong hé hai pha cha yéu phu thudc vao logP:

— Giam t5i da s khac biét giita logP cua co chit va bé mit phan chia
pha. LogP cua dung méi hitu co cdn I6n hon logP cta co chit rdt nhiéu dé
dam bao néng dd co chit cao trong khu vuc phén chia pha va nho dé co thé
dat dugc van toc khuéeh tan cao ciia ¢o chit tir pha hitu co vao pha nde.

~ Su khac biét clia logP cia san pham va pha hitu co cén phai rét nhé,
dong thoi logP cuia sén phdm phai 16m hon logP ciia bé mat phan chia pha.
Nho d6 ¢6 thé dat dugc van tée chuyén dich 16n clia san phim sau phan img
tir pha nudc qua bé mit phan chia vao pha hiru co.

— C6 thé thay ddi logP cita bé mat phén chia pha déc lap véi pha hiru
co nhd bd sung cac chét hoat dong bé mit hodc cac chét hiép tro thich hep.
Tuy nhién trong thue té, viée sir dung va lua chon cac chét hoat déng bé mat
phirc tap hon nhiéu. Dac biét khi phan img tao ra nudc, cic chit hoat dong
bé mit s& tao ra cic 16p mang kép cua chit hoat dong bé mit bao quanh giot
nuée. C6 thé han ché ndng 46 nudc xung quanh hat enzym bang cach st
dung cac mang loc phan tir (K-Al-silicagel) d& hip thu nude trong pha hiru
co. Néu dung mdi hitu co c6 nhiét d6 séi cao, c6 thé tach nude bing chung
cét chan khong (vi dy, trong phan tmg este hda céc axit béo va cic rugu Ky
nroc nh lypase trong cdng nghé san xudt cac loai sap).
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6.3.1.2. Ptdn itrng enzym trong hé hai pha Iéng tan lin: pha nwéc — nuwéc

Hé hai pha nuéc cho phép chuyén dich can bing phan img vé phia tao
ra sin pham béng cach dim bao co chit va enzym phan bé chi yéu vao mét
pha, san phim phan bd chii yéu trong pha con lai. Ly thuyét ciia hé hai pha
hifu co — nr6c hoan toan c6 thé ap dung trong truong hop hai pha nuéc. Cé
thé minh hoa hé théng nay théng qua vi du thity phan tinh bdt nhe o
amylase va gluco-amylase trong h¢ hai pha nuéc tao béi nudce (pha trén) va
nuée — propyenglycol (PFG 20000) (pha dudt). Tinh bot va phén lén enzym
phin bd trong pha dudi, glucose phan bb chu yéu trong pha trén. Mét luong
nhé glucoamylase phan b trong pha trén givip chuyén héa ologosaccarit
trong pha nay thanh glucose nang néng do sén.phém to1 140 g/l trong pha
trén. Hé thong ndy cho phép enzym va co chét tdn tai trong cing mét pha,
do vdy tranh duoc han ché cta hién tuc_mg‘chuyén khdi qua bé mat phén
chia pha nhu trong truémg hop hé hai pha khong tan 1in. Ngodi ra, khéng
can tach san phim khéi co chét chua duge chuyén hoa va giam dugc mét
mat enzym.

- Phan ting tong hop do enzym xiic tdic

Céc phan tmg tdng hop nhi enzym dang 13 mbi quan tim cta céc nha
cdng nghé sinh hoc do viéc tdng hop céc chit nhé con dudmg hoéa hoc la rét
khé khin, tao ra nhidu san phidm phu va gia thanh san phdm cao. Viéc st
dung enzym vd&i tinh ddc hiéu nhém, dic hiéu mach bén hodc dic hiéu
quang hoc cao trong didu kién cin bing phan tng chuyén dich theo chiéu tur
phai sang trai (tdng hop) c6 thé thu dugc cic san phim sach v&i gid thinh
thdp hon nhidu so véi phuong phap héa hoc. Chiing ta xem xét cac vi du sur
dung protease trong phan tmg plastein, glycozidase trong phan.ing téng hop
cdc oligosaccarit va hpase trong phan ing chuyén vj este.

Phdn ing plastein

Su dung protease trc')ng'dung dich protein, axit amin va peptit ¢6 ndng
d% cao c6 thé téng hop ngdu nhién cic polyme. Phin tmg nay thudmg duoc
sir dung dé cai bién ¢ac chit dinh dudng, cam quan khéng hip din cha cac
protein, vi du nhu t4o ra cic protein c6 mui, vi hojc' mau sac hip d&n hon so
véi protein nguyén thiy. Phan ang ndy ciing cé thé sir-dung dé gin thém
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vao cac protein mét thanh phén axit amin nao do nhim néng cao gia tri dinh
dudng hoic bién ddi cdu tric bac 1 cua protein nhim cai bién tinh chit chirc
nang cua protein.

Hau nhu cac protease phan ¢t protein & céc lién két dc hidu, vi thé co
thé sit dung cac enzym ndy theo chiéu phan img téng hop dé téng hop cac
lién két peptit dinh trude. Yéu té ting cudng qua trinh téng hop bao gom
pH, c4c nhém cacboxyl hosic nhém amin dugc lua chon dé bao vé, kha nang
két tha san pham, phan g trong hé hai pha long. Cac yéu tb nay dat dugc
bing cach kiém soat cén bang phan (mg. Mot cach khic dé téng hop céc
peptit 14 dua vio qué trinh dugc kiém soat dong thai khi qua trinh téng hop
¢6 van téc tao san phém (k,) cao hon qua trinh thity phan (k). Qua trinh nay
dugc md ta nhur sau (X c6 thé 13 este, amit hoic cacboxyl):

H” H _ 0
R—C-X + enzym [R— -X: enzym —*R-—C X-~enzym + HX
HzolkH kplkwnz

? o K
R-C-OH R-—C-N-FR’

Vién tbc tao thanh san phim phu thudc vao ty sb kp / kn, va km ciing
nhu néng 9 cia nudce va hop chit amin. Hiéu sudt qué trinh nay duoc ning
cao néu gidm hoat d nuéc cha méi truomg phan (mg.

Cé thé kéo dai mdt peptit bing cach thém vao peptit d6 timg axit amin
hoic bang cich ngung ty cic peptit. Phan tmg ngung ty cic peptit dugce thuc
hién bing qué trinh kiém so4t dgng thai, phan tmg kéo dai peptit duge thyc
hién t6t nhat trong hé hai pha rén — long (théng qua viéc két tia) hodc qué
trinh kiém soat dong thii trong hé hai pha long ~ Iong. D& kiém soét ddng
thai cua phan iing, cin c6 enzym hoat d6 cao, va do viy gia thanh san pham
cao. Dé glam chi phi, c6 thé sir dyng enzym cb dinh.

Téng hgp chét ngot thay thé aspartam 1a mét vi dy don gian cua phan
ung plastein. Aspartam 14 m{t dipeptit o-L-asparty-L-phenylalanyl-O-
metyl-?.ste. tao bdi L-aspartic va metyl este cia phenylamin. Trong phuong
phép tong hop aspartam bing con dudmg hoa hoc, can bao vé ca hai nhom S-
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cacboxyl va a-amin ciia L-aspartic. Néu nhém S-cacboxyl khong dugc bao
vé, phan (g s& tao ra ca dang S-izome ma dé loai bo no, gia thanh san
phim s ting 1én 30%. Hiéu suit tdng hop theo con duomg nay rat thap, gia
thanh san phém cao. Néu sir dung protease thermolysin, chi cin bao vé
nhém « —amin cia L-aspartic nh¢ phan tmg véi benzyl chloroformat dé tao
thanh din xudt clia benzyloxy-cacbonyl-BOC (BOC-L-aspartic), tranh tao
thanh poly L-aspartic. Cé thé sit dung hdn hop racemic cua L-aspartic dé
tong hop aspartam do tinh dic hiéu quang hoc ciia enzym.

Viéc tdng hop isulin ngudi tir isulin ctia lon doi hoi thay thé alanin &
dAu cacbon cta mach peptit lon bing threonin. C6 thé thyre hién dugc phan
tmg ndy nho phan tmg chuyén peptit do trypsin xic tic véi sw tham gia ciia
threonin c6 nhém cacboxyl dirgc bao vé. Phan ting xay ra trong pha nuéc
véi dung méi hiru co tan trong nudc. San phim tao thanh duoc thiy phén
nhe ¢4 tach nhém cacboxyl ciia threonin dé tao ra insulin ngui.

- Phan tmg tong hop sir dung glycozidase

Bén canh vigc su dung protease trong cac phan u'ng plastein,
glycozidase ciing duoc sir dung kha rong rdi hién nay dé tong hop cic
oligosaccarit khir hoic khéng khir tir cac duong khir quen thudc nhu
glucose, fructose... trong viéc phat trién céc thuc pham chirc néng. B-
galactosidase c6 thé sir dung trong phan g tong hop N- acctyllactosamm tir
lactose va N-acetylglucosamin dé loai bo lactose trong sira trong sin xudt
cac ché phdm sita cho ngudi tiéu duong hoic bénh nhdn man cam véi
lactose. | | ‘

Phan teng chuyén vj este |

Vj tri va ban cht cic gbc cacboxyl trong ciu tao céc lipit tao nén céc
lipit ¢6 tinh chét vat 1y hodc cam quan hoan toan khéc nhau. Mét sb lipit c6
gi4 tri thuong mai l6n, vi dy nhu bo cacao. B cacao ¢ gid tri rit cao do
nhigt 4 néng chay dac biét cia n6 (ndm gifra nhiét & méi truomg va nhiét
do co thé ngudi). Trong thanh phén céu tao cia bo cacao, 80% triglycerit c6
thanh phén axit palmitic va stearic & vj tri | va 3, axit oleic & vj tri 2. C6 thé
san’ xudt cAc lipit cé gid tri ¢do tir c4c lipit thdng thudmg hodc ré nho cdc
phin {mg chuyén vi este hoc thay thé cac géc cacboxyl hoic gbe rugu
trong lipit dudi tac dung cua lipase.
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Dé san xuét bo cacao tir ddu co, cac gbe axit trong déu co can dugc
thay thé bang gdc strearic. Phan tmg duoc thye hién trong hexan chira mét
lugng vira dii nudc cho hoat héa lipase. Ciing c6 thé nang cao chét lugng
ciia diu oliu bing cach thay cic gdc oleic & vi tri 1,3 bang cac gdc palmitic,
chét lugng diu co hodc dau huéng duong bing cach tang ty 1& géc oleic
trong dau. Ngoai ra, lipase con duge sir dung trong cic phan mg tong hop
cac chat thom tr nhién trong hé hai pha (vi du tong hop isoamyl acetat va
ruou isoamylic). Cac phan vmg tong hop nay co thé thuc hién dugc chi khi
sir dung lipase ¢6 tinh dic higu pht hop va diéu kién phan (g thich img sao
cho qué trinh hop wu thé hon qua trinh thiy phan. Ddi véi cic lipase cong
nghiép, théng thudmg hoat tinh thity phan cao hon hoat tinh tong hgp 10 - 15
lan. C6 thé han ché phén {mg thiy phén bing cach lam giam ham luong
nudce cia hé théng phan tmg hoic sir dung phan {mg trong hé hai pha hiru co
— nuoc.

6.3.2. Trién vong tuong lai cia cong nghé enzym

Hién tai, méi ¢6 mdt s it enzym dugce san xuét & quy mé Iém va thich
{mg v6i san xudt cdng nghiép. Nganh céng nghiép enzym hién nay phat
trién dya trén nhimg hudng sau: kiém tim ngudn enzym mdi; thiét 1ap va sir
dung da nang héa enzym cdng nghiép; sir dung cong cu k¥ thuit di truyén
dé thiét ké va san xuét cac chit xic tic hitu co tuong ty enzym va sir dung
cac hé enzym phirc tap. D& dép (g yéu ciu cia phat trién cdng nghiép
enzym, cén c6 s phéi hop cia cdc nha enzym hoc, céc nha di truyén va cic
nha héa hoc.

6.3.2.1. Co chdt phi tw nhién

R4t nhiu enzym khéng thé hién tinh dic hidu véi co chét tu nhién
hozc d6i khi trong diéu kién phan {mg thay ddi cic enzym thé hién hoat tinh
hoan toan khéc véi cac hoat tinh biét trude ciia chiing. Nhé cic phan tmg
nay, ¢6 thé thue hién duge céc phan img enzym véi van tdc cao hon nhiéu
14n so voi sit dung co chét thong thudng cita chiing ho#ic c6 thé tao ra cach
thirc moi dé san suit mdt san phim nio dé. C6 thé minh hea céc kha ning
nay cia enzym trong cac trudng hop sau:
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Enzym glucooxydase ddc hi€u trong phan tng oxy héa dudmg khir véi
co chét dic hiéu D-glucose nhung khéng dic hiéu voi chit nhin electron
cha phan mg oxy hoa. Thong thuong, oxy déng vai tro chit nhén electron
cua phan img oxy hoéa D- glucose bing enzym glucooxydase. Benzoquinon
ciing c6 thé déng vai trd chit nhan dién tir thay thé cho oxy, khi 4 ay phan (mg
dién ra nhu sau:

CHZOH | CHzOH

D-Glucose Benzoqumon D-Glucono-1,5-lacton Hydroqumon

* Hydroquinon 13 hop chét hitu co quy sir dung nhidu trong ky thust
nhiép anh. Phan img nay xay ra voi higu suét g?m 100%, enzym khong bj vd
hoat béi peroxyt nhu trong phin {mg v6i oxy. Van tdc phan \mg gitra
glucooxydase véi benzoquinon cao hon vén tdc phan tng clia enzym véi
oxy do tinh tan ctia benzoquinon trong pha nudc cao hon oxy.

Acetylcholinesterase 13 enzym xuc tac s thity phan acetylcholin, mt
chét din truyén thin kinh cia ddng vét cé xuong sbng, tao thanh cholin va
acetic. Enzym nay ciing c6 thé xtc tic dic hidu viéc thiy phén acetyl-D-
camitin va khong cé hoat tinh déi véi acetyl-L-camitin. L-camitin c¢6 hoat
tinh vitamin va dugc sir dung rat him ich trong diéu trj, trong khi &6, dang
D-carnitin lai khdng ¢6 gia trj ndy. Vi thé, enzym acetylcholinesterase c6 thé
stt dung d¢é phan tach hdn hop racemic cda hai hop chét nay. Nguoi ta tdng
hop hdn hop racemic L,D-camitin bing con dudng héa hoc, sau d6 acetylat
héa hdn hop bing acetyl clorua dé tao ra acetyl-L,D-camnitin. Cho hén hop
ndy qua cft phan ing vi acetylcholinesteraza, thu dugc acetyl-L-carnitin va
D-camitin. Tach hén hop bing sic ky trao déi ion, thu duge acetyl-L-
carnitin, chat nay c6 thc dung tuong tyr L-carnitin.

6.3.2.2. Bién do6i edu tric enzym %
" ‘Mt xu huémg rit ‘phét trién trong nhing nim vira qua trong linh vyc
enzym 14 4p dung k¥ thuft di truyén lam bién d6i c6 dinh huéng cu tric
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enzym, lam thay déi hoat tinh, hiéu sudt phan tmg hodc dong hoc enzym,
hodc 1am cho qua trinh thu hdi enzym tré nén hién thyc hon. Mot khia canh
nita trong san xuit enzym ciing dugc tinh dén 1a gin cac gen chju trich
nhiém tdng hop enzym c¢6 ngudn gdc tir cic ngudn khong an toan vao cac co
thé cha an toan va tong hep ching véi ning suét cao nh& viée chira nhiéu
ban sao ciia gen d6. Trong tuong lai, enzym co thé duge thao téc sao cho dé
dang phi hop véi cac diéu kién trong san xuét nhu didu kién nhiét do, cac
ion, kiém hozic pH...

Mét xu hudng ciing rit hira hen trong céng nghé enzym la sir dung
céng nghé protein tn;ng cai bién trung tim hoat dong ciia enzym, nhr d6 c6
thé thu duoc enzym co hoat tinh rét cao hodic c6 hoat tinh méi. Mét trong
cac ky thuat dugc xem 12 tridn vong 13 ddt bién diém cho protein enzym.
Diém méu chét cia k¥ thuit nay 13 chi thay dbi mot hodic vai axit amin
trong cAu tao protein cila enzym, ¢6 thé din t6i thay ddi rdt lon vé cdu hinh
cua protein, va do vay hoat tinh hodc tinh chét clia enzym sé thay dbi theo.
Dé k¥ thuat ndy c6 thé phat trién dwgc, cin cé mdt hé dir ligu da chi tiét va
c4c phdn mém hd tro, cong thém cic ky thuat dot bién diém bing cic
phuong phap truyén théng, héa hoc ciing nhu phan tir ca vé 1y thuyét cling
nhur thye nghiém. |

6.3.2.3. Tong hop enzym nhan rao

Cac chét ¢6 hoat tinh tuorng tir enzym (synzym) c6 thé duge tdng hop
bing con dudng nhan tao. D& tdng hop céc synzym, cin thiét ké va téng hop
trung t&m gin co chat va trung tam xic tac. Thuc t& cho thz‘iy: viée thiét ké

trung tim gén co chét kha don gian con thiét k& trung tim xuc tdc, gap rat -

nhiéu khé khin. Nhin chng cac synzym ciing tuén thit m6 hinh-Michaelis-
Menten, co ché phan mg trong tu nhur phan tmg do enzym xuc tic.

Cho téi nay, cac enzym nhan tao chua'thé duqc thiét k& tir c4c protein
do chua c6 diy du théng tin va nguyén tic vé cdu hinh khérig gian tir cau
tric bdc mt cia protein. Hon thé nira, enzym duoc tao nén tiy protein ciing

s& gdp phai cac nhuge diém cua enzym - nhién 13 g€ bién tinh, d& bj oxy
héa va thuy phan.
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M0t vai enzym nhén tao da dugc sir dung thanh cong, vi du nhu truong
hop axit polyglutamic v6i tinh chét tuong tu esteraza, hoat dong & pH rat
hep, t6i wu & pH = 5,3; K;n=2mM va Vo = 10 = 107 57" d6i véi phan img
thity phan co chét 4-nitrophenyl acetat.

6.2.3.4. Hé théng tdi tao coenzym

Pbi voi cac enzym sir dung coenzym, viéc tai tao coenzym la vo cling
quan trong do gia thanh cao cua cac coenzym va kho khin trong téi tao
coenzym. Cé thé giai quyét van dé ndy néu cb dinh coenzym cung cac
enzym trén chit mang thich hpp. Mt trong céc bién phap nhu vay la hé
thong b dinh té bao. Tuy nhién hé théng nay lam viéc voi hiéu subt thip va
tinh 6n nhiét khong cao. C6 thé thyc hién phan {mg enzym trong thiét bj
phan \ng mang vo6i kich thuéc 16 mang loc phai nhé hon kich thuéc
coenzym. Hodc cic coenzym dugc c¢b dinh trén cic chit mang. Thong
thudng cin din xudt hoa coenzym dé d& dang ¢ dinh chung trén chit mang
nhung khdng anh hudng téi chirc ning hd trg xvc tic cia ching. Cac chit
phan tir hrong cao hoa tan trong nudc thudng duge sir dung lam chét mang
coenzym do it anh huéng t6i sy khuéch tdn cita coenzym so véi cac chat
mang khong tan trong nuéc. Cic chét hay sir dung 13 dextran,
propylenglycol, polyetylenimin. Thuémg coenzym chi nén gin & mirc d6
thip tranh lam giam kha ning chuyén dong va khuéch tin ciing nhu anh
hudng (e ché ciia ching toi phén {mg enzym. Pong théi cia cic phan ing
enzym nay thay dbi theo tu'ng hé thong, tuy nhién ching déu tun theo mé
hinh Michaelis-Menten v6i K cao hon va Vi, thap hon trong trudmg hqp
khong ch dmh coenzym. Hién nay, d3 cé mét sb hé thong tdi tao coenzym
dua trén nguyen tac hoa hoc, dién héa va nguyén tic enzym. Téi tao
coenzym theo nguyen thc enzym 14 wru diém hon ca do tmh dic hleu cao cua
n6, nhung phurong phap dién héa lai c6 tinh canh tranh hon.

Dui day 12 hai vi dy v tdi tao coenzym theo nguyén thc enzym. Pé c6
thé thyc hién duoc nguyén tic ndy, co chét enzym phai ré va cic enzym hd
trg qué trinh phai d& kiém, san phdm cin tach.ra d& dang, co chét ciing nhu
san phim clia phan tmg t4i tao coenzym khong anh huémg téi hé thong,
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Co chit (A=O) oxydoreductasc  _ can pham (AHOH)

TN
N~

CO, (khi) HCOOH

formal dehydrogenase

Polyethylen glycol-NADH + H° polyetvien glycol-NAD"

, kinase o . i
Co chat (AOH) > san pham (AQPO:T)

Dextran—ATP v dextran-ADP

AXit acetic - _ acetyl phosphat
acetat kinase

6.3.2.5. St dung enzym trong phin tich, chin dodn vd diéu tri

Mot linh vire phat trién quan trong ctia c¢dng nghé enzym la sir dung
enzym trong phan tich — chén do&n va diéu tri. Trong nhimg nim gin day,
k¥ thuat enzym da tiép cin cic phan tich trong chin nudi, tréng trot, trong
nghién ciru sinh thai hoc va cong nghiép thuc phim va dac biét viéc sir dung
c4c céng cy enzym trong chin doén y t€ va vé sinh méi trudmg.

Vige sir dung enzym trong y hoc hién méi chi dat duge cac thanh cong
kha han ché, chii yéu 14 céc phan tich va chin doan. Viée sit dung enzym
nhu la mdt tin higu canh bao hoic dleu tri hlen dang gap nhiéu khé khin,
chi yéu 1a: :

- Céc enzym 14 cac polyme 1ém, khé cé the dua vao trong cac té bao
cla co thé. Day 1a ly do co ban han che kha niang khai thac viéc sir dung
enzym trong chin trj céc bénh d1 truyén. Nhidu phuong phap da dugc phat
trién va 4p dung d& giai quyét vin d& nay bing céach sir dn,mg enzym hudng
dich. Vi du nhur enzym véi lién két cong héa tri gén vao gbe galactose c6 tic
dyng huémg dich t& bio gan, enzym véi lign két cong hoa trj gin khang thé
don dong dic hidu dugc sir ding dé tranh cac hiéu (ng phu do tinh khong
déc hiéu gy nén.
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— Do ¢6 ban chét protein, cac enzym khi vao co thé co thé dong vai trd
mét khang nguyén va cam ung phan tmg mién dich cia co thé. Piéu nay cé
thé gdy nén cic phan tmg di (mg dac biét khi sir dung trong thoi gian dai.
Trong mét vai truémg hop co thé giai quyét vin d& nay bang cach bién déi
enzym thanh chit khéng con ban chét protein nhd cac lién két cong hoa tri.
Khi 4y, enzym nay thé hién hoat tinh chéng khéi u va khong gay nén bét cir
mot dap {mg mién dich nao. Tuy nhién viéc sir dung enzym cin dam bao
khong kém theo doc td. Chinh vi thé ma cac enzym dong vit dugc st dung
phé bién hon enzym vi sinh vat cho du gi4 thanh cua ching cao hon
enzymvi sinh vét.

— Cac enzym c6 thé dugc kéo dai thoi gian ban hiy nho cic phuong
phap khac nhau: tao ra cac lién két cong héa tri, bao enzym bdi mét lép vo
nhén tao. Tuy thoi gian hoat ddng cia cac enzym dugc cai thién song ciing
c6 thé gy nén céac phan {ng mién dich hoic tao ra cac cuc mau dong.

Céac enzym str dung trong chin doén, didu tri cdn c6 d6 tinh sach va
ddc hiéu cao. Cac gia tri Ky, phai thip va Ve, cao dé dat dugc hidu qua sir
dung ngay c4 & ndng d6 enzym va co chét thip. Gia thanh cua cac ché phdm
enzym nay tuy cao nhung vin c6 thé canh tranh dugc voi cac hoa tri dat
tién.

6.3.2.6. Bdo v¢ méi truong

Viéc sir dung enzym quan trong nhét trong céng tac bao vé mdi trudng
1a sir dung enzym trong “céng nghé cudi dudng ng”- trong xir ly chét thai,
chuyén cac chét thai thanh cdc san phim cé ich, hoic trong cong nghé tai sir
dung phé thai, chuyén cac phé thai thanh cac san pham c6 ich. Trong truong
h¢p nay, cac enzym dugc sir dung dudi dang cac ché phfim k¥ thuat. Ngoai
1a, do trong méi trudmg con chira rit nhiéu cac thanh phan khac nén doi hoi
cac enzym phai c¢6 dd dic hiéu cao. Chinh yéu cau nay dat ra thach thirc 16n
cho viéc sir dung enzym trong cdng tic bao vé méi trudng. Mét trong cac xu
huémg bao vé modi truong 14 sir dyung enzym vi myc dich phét trién cong
nghiép bén vitng. Ngudi ta hy vong enzym sé& gitip phat trién chién luoc san
xut sir dung nguyén li¢u téi ché, thay thé céc ky thudt sir dung héa chét
bing cac vit liéu va qua trinh sinh hoc.
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Coéng nghé enzym hién dang & giai doan chin mii dé phat trién. Ly
thuyét vé enzym di va dang duoc tich lily. Viéc sit dung enzym di va dang
duoc nhén rong trong nghién cifu, trong cong nghiép va ngay cang tim thay
cac tmg dung dic bidt khong thé thay thé dwoc. Tuy vay, van con rét nhiéu
khoang trng trong kién thirc vé enzym ca vé phuong dién ly thuyét ciing
nhu thye nghiém. Viéc phat hién cidc enzym ty nhién mdéi trong hé sinh thai
ciing nhur thiét ké cac enzym con déu dang & phia trudc.
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