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TOM TAT NOI DUNG

Sita 12 nhém san pham c6 gi4 tri dinh dudng cao va rat tot cho siic khoé. Tuy
nhién, & dai da s6 nguoi truong thanh va ngudsi gia thuong xuit hién hdi ching
thi€u niang chuyén hoa lactoza nén sé khong st dung dugc cdc san phdm sita
thudng, do trong stta von da chda nhi€u lactoza. Pong thoi, luong duong lactoza
trong nguyén liéu sita cao cao con anh hudng xau dé€n mot so chi tiéu chat lugng
san pham va gay kho khan cho cong nghé ché bién. Enym B-galactosidaza (B-D-
galactoside-galactohydrolase, E.C.3.2.1.23) 1a enzym c6 kha nang xuc tac phan
ting thuy phan dudng lactoza thanh hai dudng don dé chuyén hod la galactoza va
glucoza, trong khi nudc ta c6 nguon tai nguyén vi sinh vat vo cting phong phd; Véi
muc tiéu gidi quyét van dé lactoza bang phuong phdp vi sinh vat, dé tai Nghién ciu
phan lap tuyén chon va tao chung giong bing k¥ thuat di truyén d€ sinh téng hop

enzym B-galactosidaza c6 hiéu suat cao da dugc trién khai.

Trén co s& khai thdc nguén vi sinh vat tir mot s6 san pham thuc pham, dé tai
da tién hanh phan lap, tuyén chon, nghién cttu va xdc dinh nhiéu chi tiéu khoa hoc
va cong nghé khic nhau. Téng hop két qua nghién citu thu dugc cho phép rit ra

mot sO két luan sau:

1. Da phan lap va tuyén chon dugc 16 ching vi khuén va 4 chung ndm mdoc ¢6 kha
nang sinh tong hgp enzym B-galactozidaza cao tir hé sinh thdi Viét nam, trong
d6 hai chung vi khuén c6 hoat luc sinh téng hop cao hon ca la: Sphingomonas
paucimobilis BK16 va Aeromonas sobria BK41; hai chung ndim moc c¢6 hoat
luc cao dugc lua chon la Aspergillus aculeatus BK-M, va Penicillium
implicatum BK-M,,. Pa nghién cttu xac dinh dugc mot s6 dac tinh sinh 1y va
sinh hod clia cdc ching di tuyén chon va mot vai dic tinh enzym B-

galactozidaza dugc téng hop .



2. ba xay dung dugc quy trinh cong nghé lén men va quy trinh cong nghé tach
tinh ché thu ché€ phidm enzym B-galactozidaza, v6i céc thong s6 cong nghé
chinh la:

+ Sl dung chung vi khuén S. paucimobilis BK16 , 1én men hi€u khi trén moi
truong dich thai phomat bé xung thém dudng lactoza 15,4g/1; bé xung pepton
va NH,NO; (theo ti 1¢ 3:1,41) dé dat ham luong nito téng s6 3,022¢g/1 va diéu
chinh pH vé gi4 tri pH=7,; ti 1& cap gidng 5%, nhiét do 1én men 30°C va két thiic
qua trinh sau thoi gian 1én men 1a 36 gio. Hiéu qua tich tu enzym trong thuc t€
dat 6420 MU/ml va khé nang tich tu 1y thuyét c6 thé dat 7456 MU/ml.

+ Phuong trinh di€u chinh t6i wu cho qud trinh Ién men 1a:

Y = 5317,65 + 126,85.X, - 488,72.X, + 74,47.X,

Vei: Y la hoat ldp enzym tich tu, MI/ml
XI la ham luong lactoza bé xung vao dich thdi phomat, gll
X2 la ham luong pepton + NH,NO; ( ti 1¢ 3:1,41), g/l Ntong
X3 la pH moi truong

+ KEét thiic 1én men ly tam & 8000v/ph, trong 10 phut dé thu sinh khdi; nghién t&€
bao 10 pht, bang siéu am tan s6 14kHez, trong dém photphat pH=7 & 4°C; roi
ly tam thu dich trong; két tiia thu enzym biang (NH,),SO, 57,5%; loai muoi;
tach qua cot trao déi ion cellulose Hiprep® 16/10 DEAE; rita tich bing dung
dich mudi NaCl 2M véi gradient nong do bién thién tir 0,0-0,8M thu cac phan
doan tuong ting nong do mudi tach trong khoang 0,08-0,18M; loai mudi roi co
dac thu ch€ phdm enzym.

3. Dai thu duoc hai chung nam moc A. aculeatus BK-M, va P. implicatum BK-M ,,
c6 kha ning sinh téng hop enzym [-galactozidaza bén nhiét va da xdc dinh
dugc mot vai dac tinh cla chiing 1a: pH,, = 4,7-6,0, t,, = 55°C; bao ton >80%
hoat luc & di€u kién trén sau 7 gio va nong do galactoza cho phép dudi 3,0g/1.

4.  Dakét hop str dung kinh phi d¢ tai vao viéc dao tao 02 thac si va 4 ky su
cong nghé sinh hoc. Pong thoi da tao diéu kién ho trg tich cuc trong viéc thiét
lap va trién khai hop tc quoc té.



TOM TAT TIEN PO THUC HIEN DE TAI NHANH

Teén dé tai nhanh: Nghién cttu phan 1ap tuyén chon va tao ching giong bang k§
thuat di truyén dé sinh téng hop enzym B-galactosidaza c6 hiéu suét cao

Mai so dé tai :

KC- 04-07

Nam

Theo hgp dong

Vuot k& hoach

Chua hoan thanh

Nam
2001

. Pa phan 1ap duoc 5 chiung vi

khudn c6 hoat tinh B-
galactosidaza tur hé sinh thai vi
sinh vat trong nudc

. Budc dau nghién ctiu dac tinh

sinh 1y ctia 2 chung c6 hoat luc
cao nhit la KC-02-07-BKO1 va
KC-02-07-BKO05 vé: dac diém
hinh théi, dac diém vé su phat
trién trén moi trudng dac, dai
nhiét do phat trién thich hop

. DPa phan lap duoc 2 chung ndm

mdc c6 hoat tinh B-galactosidaza

Nam
2002

ba phan lap va tuyén chon dugc
7 ching vi khuén va 4 ching
nam moc c6 kha nang sinh téng
hop enzym [-galactozidaza cao
tir h¢ sinh thdi trong nudc.

Pa tuyén chon duoc 2 ching vi
khudn va 2 ching ndim moc c6
hoat tinh va dac tinh enzym cao
hon cho cac nghién cttu tiép.

. Da tién hanh nghién ciu vé diéu

kién lén men, t6c do phat trién
sinh khoi va toc do tich tu
enzym, cic yéu to anh hudéng dén
su phdt trién va ning luc sinh
tong hop enzym ctia ching nhu:
nhiét do, pH, hang loat nguén
dinh dudng cacbon va nito khac
nhau...

. ba xac dinh dugc mot s6 dac

tinh cua enzym [-galactosidaza
tir chung BK16

. Tuyén chon

chung vugt muc
dang ky

Pang trién khai
nghién ctu thir
nghiém trong
cong nghé san
xuat phomat theo
huéng khai théac
luong chat tan
trong nudc dich
va xu ly chat thai
bao vé moi
truong. Huéng
nghién cttu nay
budc dau cho két
qua kha quan va
da lén men dat
nong do enzym
7456 MU/ml.




Nam
2003

Nghién ctu vé diéu kién lén
men, t6c do phat trién sinh khoi
va toc do tich tu enzym, cac yéu
t0 anh hudng dén su phat trién va
nang luc sinh téng hop enzym
cia chung nhu: nhiét do, pH,
hang loat nguon dinh dudng
cacbon va nito khac nhau...(ti€p
theo ky trudc)

Nghién ctru thit nghiém trong
cong nghé san xuat phomat theo
huéng khai thac lugng chat tan
trong nudc dich va xtr 1y chat
thai bao vé moi truong. Hudng
nghién ctu nay budc dau cho
két qua kha quan va da 1én men
dat néng do enzym 7456 MU/ml.
ba nghién cttu, danh gid va lua
chon so bo vé cdc chung vi sinh
vat sinh téng hop enzym bén
nhiét cho cdc nghién citu sau
nay.

ba nghién cttu, xéc dinh dac tinh
va dinh tén 4 chlng vi sinh vat
BK16, BK41, M4 va M12. ba
trién khai nghién ctu tidch va
tinh ché thu ché phdm enzym va
xac dinh mot s dac tinh cha
enzym [3-galactosidaza

*#% PE tai da két hop sur dung kinh

phi dé dao tao 02 thac si khoa
hoc k¥ thuat, 4 sinh vién nghién
cttu khoa hoc va tao diéu kién
hop tic va giip d& cho 01
nghién ctu sinh Ph.D. nuéc
ngoai cung tham gia nghién ctu
vé enzym [-galactozidaza (trong
khuon kho thoa thuan hop téc
nghién citu va hd trg dao tao
song phuong giita truong Dai
hoc Bach khoa Ha noi va truong
bai hoc BOKU-Vienna, Cong
hoa 40).

ba nghién cittu, ddnh
gia va lua chon so bo
vé cdc chung vi sinh
vat sinh téng hop
enzym bén nhiét cho
cac nghién cttu sau
nay.




I. mo dau

Sita 12 nhém san phadm c6 gid tri dinh dudng cao, diy du cdc chat khoang va
c6 hoat tinh khang thé; Do vay, sita rat t6t cho stic khoé, nhat 1a cho tré em va cho
nguoi gia. Puong lactoza 1a mot thanh phan rat quan trong trong sita véi ham
lugng trong sita tuci dao dong trong khoang 4,5-5,0%. Tuy nhién, kha nang hip
thu va chuyén hod dudng lactoza & ngudi thay déi theo tudi tdc va ¢ su dao dong
ddng ké gifta cdc cong dong dan cu khéac nhau trén thé€ gidi. Tré so sinh ¢6 kha
nang dong hoa rat t6t lactoza nho hé enzym [B-galactozidaza duoc tong hop trén
thanh rudt non; Tuy nhién nang luc sinh tong hgp enzym nay s& bi mat dan khi tré
qua tudi cai sita. K&t qua & dai da s6 ngudi trudng thanh va ngudi gia khi st dung
nhiéu san pham sita, do bi suy giam hay khong con niang luc déng hod lactoza,
thuong bi xudt hién cac triéu chiing nhu: dau bung, day hoi, dau bung quan, di
ngoai dit doi....(hoi ching thiéu niang chuyén hoa lactoza, lactose maldigestion -
hay & muc trdm trong hon khong thé sitr dung duoc cac san phdm sita ¢6 chita
lactoza, lactose instolerance). Ngoai ra, trong cong nghé ché bién sita, luong
dudng lactoza cao con anh hudng x4u dén mot s6 chi tiéu chat lugng san pham nhu
lam sAm mau (lam tang cudng do caramen va cudng do melanoidin) hodc c6 thé tai
két tinh duong khi bdo quan san pham... Chinh vi vay, viéc tim ki€m giai phap
cong nghé dé 1am giam ham luong dudng lactoza trong sita 1a van dé c6 gid tri thuc
tién va kha nang tng dung trién khai cao; Dac biét 0 nudc ta, trong nhitng nam géin
day céc san pham sita c6 xu huéng duoc sitr dung ngay cang nhiéu va ngly cang

rong rai hon.

Enzym [-galactosidaza (p-D-galactoside-galactohydrolase, E.C.3.2.1.23) la
enzym c6 kha nang xtc tac phan tng thuy phan duong lactoza thanh hai duong don
galactoza va glucoza. Enzym B-galactosidaza c6 mat trong nhiéu t6 chifc ctia dong
vat, thuc vat va rat nhiéu loai vi sinh vat c¢6 kha nang sinh tong hop hé enzym nay.

Ul th€ to 16n ctia cong nghé tng dung vi sinh vat trong sinh tong hop enzym da



duogc khéng dinh trong thuc tién sdn xuét cong nghiép, trong khi nuéc ta c6 nguén
tai nguyén vi sinh vat vo cing phong phd, 12 tién dé thuan lgi dé trién khai nghién
ctu va san xuat nhém ché phdm enzym B-galactosidaza.

V6i luan diém da néu, ching toi da trién khai dé tai "Nghién cttu phan lap tuyén
chon va tao chiing giong bang k§ thuat di truyén dé sinh téng hop enzym p-
galactosidaza c6 hiéu sudt cao". Noi dung chinh ctia dé tai tap trung giai quyét bon
nhiém vu la:

+ Phan lap va tuyén chon céc chung vi sinh vat ¢6 kha niang sinh tong hop
enzym [-galactosidaza cao tir hé sinh thdi vi sinh vat trong nuéc; 4p dung
céac ky thuat tuyén chon va tao giong tién tién (bao gém ca viéc tach dong
gien B-galactosidaza va bién nap tao ching siéu tong hop enzym dé thu

chiing sinh tong hop B-galactosidaza hiéu suat cao.

+ Nghién citu dic tinh sinh 1y, sinh ho4 ching da tuyén chon, dic tinh enzym
B-galactosidaza cua ching va nghién cttu xay dung quy trinh cong nghé 1én

men thich tng dé san xuét ché phdm enzym B-galactosidaza.

+ Nghién citu thir nghiém kha nang ing dung ché phadm enzym [B-galactosidaza

thu dugc trong ché bién sita.

Diém riéng biét ctia dé tai 1a da dinh hudng nghién citu nhim san xuit nhém
ché& phdm enzym B-galactosidaza, 12 huéng nghién ctu dang dugc trién khai & mot
sO nudc tu ban cong nghiép; qua d6 md ra kha nang ti€p can xu thé nghién ctu
hién dai va két hop dao tao, bdi dudng ning luc cdn bo dé hoi nhap va hop tac

nghién cttu khoa hoc véi cac doi tic nudc ngoai.



Il. NGUYEN LIEU VA PHUONG PHAP NGHIEN cUU

2.1. NGUYEN VAT LIEU VA TRANG THIET BI

2.1.1. Ngudn phdn ldp va tuyén chon chung vi sinh vdt

Nguon phan 1ap va tuyén chon chling vi sinh vat 1a céc san pham thuc pham

luu hanh trén thi trudng nhu:

- Sita chua, san pham luu hanh trén thi trudng clia cac hang Vinamilk, Nestle' va
san phim sita chua 1én men tha cong.
- Sita tuoi, nem chua, twong luu hanh tén thi truong Ha noi

- Moéc tuong Ban (Hung yén), men ruou c6 truyén Van ha (Béc ninh), Chuong x4

(Hung yén) ...

2.1.2. Hoda chdt

+  Céc loai co chat sit dung dé pha ché moi trudng, bao gom: lactoza, glucoza,
saccaroza, fructoza, xyloza, NaNO,, (NH,),SO,, NH,NO;, pepton, cao nam

men 12 san pham tinh khiét ctia Trung quéc.

+ Thudc tht X-Gal (5-bromo-4-chloro-3-indolyl-B-D-galactoside) clia hang
USB™, Ttaly

+ Co chat oNPG (o-nitrophenyl-B-D-galactopyranoside) ctia Sigma Aldrich,

Germany

+ Enzym B-galactozidaza tinh khiét tit E. coli 1a san pham cta hang Fluka

Chemie GmbH va Sigma Aldrich GmbH, Germany

10



+ Mot vai nguyén liéu tu nhién khac: dich duong hoa malt, dich thai phomat cua
Trung tam nghién cttu tho va dé, Ba vi, Ha tay.

+ Cac hoa chat dung trong phan tich: Na,CO;, NaHCO,, Na,SO,, KNaC,H,O4,
SDS (sodium dodecyl sulfate)... déu la cac hod chat tinh khiét cua cic nudc tu

ban.

2.1.3. Trang thiét bi

Kinh hién vi huynh quang Nikon eclipse E800 (camera Fujix Digital HC-
300Z1), Japan

Tt nuoi lac 6n nhiét 1575R SL Shel Lab -Sheldon manufacturing inc, USA; tu

am B12 Heraeus - Kendo Laboratory Products

Thiét bi 1én men chim 5 lit New brunswish fermentor, USA

May ly tam eppendorf 1K15-Sigma laborzentrifuger, Germany; mdy ly tam
nhiét do thap Allegra TM 64R Centrifuge-Beckman, Germany; va mdy ly tam
thuong EBA 20-Hettich zentrifuger, Germany

- M4y so mau quang phé Ultrospec® 2000 UV/Visible Spectrophotometer -

Amersham pharmacia biotech, Germany

Thiét bi sac ky cot Pharmacia Biotech, Sweden

Thiét bi sic ky HPLC HP Agilent 1100 Series

Eppendorf AG Thermomixer comfort, Freezing drying, HICLAVE™ HV10-

Hirayama...

11



2.2.

*

PHUONG PHAP NGHIEN CUU

Thi nghiém phdn ldp va tuyén chon so bo ching vi sinh vdt sinh tong hop
enzym [-galactozidaza dugc thuc hién bang phuong phap pha loang va nuoi
trén hop thach, phan lap vi khudn st dung moi trudng lactoza-Broth, nuoi
phan 1ap nAm moéc bing moi trudng sapec thay thé€ glucoza bang lactoza, st
dung chi thi X-Gal; gieo cdy vi sinh vat va nuoi trong t6i & di€u kién nhiét do
thich hop, cdc khuan lac vi khudn duong tinh véi chi thi X-Gal s& xuat hién
mau xanh da troi dugc tich phan 1ap lai dén thuan khiét (Chi thi X-Gal trong
nghién ctu truée hét dugc pha thanh dung dich géc X-Gal 20mg/ml trong
demethylformamide, bdo quan & 4°C; khi stt dung b6 xung dung dich X-Gal
vao moi truong dén noéng do khoang 4ug/ml, & nhiét d6 moi truong khi bo
xung khoang 55°C).

Thi nghiém nghién citu ndng luc sinh tong hop va hoat tinh enzym [-
galactozidaza cia chung dugc thuc hién bang 1én men trén cdc diéu kién
nghién cttu twong ting (thay déi loai va néng do cdc ciu tir thic an, thoi gian

va diéu lién Ién men), nuoi trén mdy lac hay sur dung thiét bi 1én men chim.

Hod chdt va thiét bi st dung gom:

Dung dich dém Z: Na,HPO,.12H,0 0,06M (M=358,14¢g); NaH,PO,.2H,0
0,06M (M=156,01); KCl 0,01M va MgSO, 0,001M; pha trong nudc, bao
quan & 4°C; Khi stt dung bé sung 0,27ml 2-mercaptoetanol/100ml dung
dich dém

Dung dich dém photphat 0,1M, pH=7,0 (Na,HPO,.7H,0O 0,06M va
NaH,PO,.H,0 0,04M); diéu chinh vé pH=7,0 bing NaOH hay H,PO,; bao
quan & nhiét do phong

Dung dich co chiat oNPG (o-nitrophenyl-B-D-galactopyranoside)
Dung dich dém Na,CO; I1M. bao quan & nhiét d6 phong

12



- Thiét bi ly tam lanh siéu t6c, may so mau quang pho, thiét bi diéu nhiét va

céac dung cu khac

* Phuwong phdp xdc dinh hoat dé enzym B-galactozidaza noi bao vi khudn
tién hanh theo trinh tu sau: Dich 1én men dugc xtr 1y pha v t€ bao bang siéu
am & 18MHez thoi gian 5 phdt (siéu am gian doan 30", nging 30", dat mau
trong coc nudc da), ti€p theo ly tam thu dich trong, hoac s dung toan bd ca

thanh t€ bao dé x4c dinh phan ting enzym.

Nhém mau xtr 1y truc ti€p khong qua nghién phd vd t€ bao bang ly
tam & 6000v/ph & 4°C, trong 10 phiit; gan bo phan dich trong va hoa téi tao lai
huyén phil bang dung dich dém Z da lam lanh truéc; Do cudong do hip thu
OD & 600nm, stt dung méu trang 1a dung dich dém Z (Pha loang ti€p dich
huyén phu trén bang dém Z lanh dén do pha loang thich hgp, phu thudc vao

nong do enzym trong mau sao cho mat do quang nam trong dai do).

Lay Iml dich huyén phi da pha lodng roi b6 sung 100ul cloroforc
va 50ul dung dich SDS 0,1% 16i lic déu va dé 6n dinh & 28°C, trong 5 phiit.
B6 xung thém vao 0,2ml dung dich co chat oNPG vao mau, gitt hén hop phan
ung ¢ 28°C cho dén khi xuat hién mau vang rd quan sat dugc. Tinh thoi gian
va dinh chi phéan tng, bing bé xung thém vao ong 0,5ml dung dich Na,CO,
IM. Chuyén hén hop sang 6ng eppendorf va ly tam & téc do 8000v/phiit, sau
5 phiit roi thu dich trong. Do mat d6 quang & séng 420nm va 550nm, st dung
mau tring v6i thanh phan nhu trén nhung bo xung Na,CO; ngay tir diu dé
dinh chi phan ng enzym roi mdi bd sung co chidt oNPG. Hoat do enzym

trong mau dich phan tng duoc xé4c dinh bang biéu thic:

1000.(0OD 4, - 1,75.0D55)

E =
V.T.ODgy

Trong d6: - E la hoat do enzym trong mau (MU/ml)
- V Ia thé tich dich mau phan tng (ml),
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*

- T la thoi gian phan tng (phut)

- ODyy, ODss, va ODg, 12 mat do quang mau sau phan tng do
& cdc budc song tuong tng 420nm, 500nm (v6i mau tring
da vo hoat enzym) va 600nm (v6i miu trang 1a dung dich
dém Z)

Phuong phdp xdc dinh hoat dé enzym [-galactozidaza noi bao vi khudn

ti€n hanh tuong tu nhu trén, chi khac nhitng di€ém sau:

Chudn bi mau: st dung phan dich trong sau khi ly tam méu 10 phiit, véi toc
do 6000v/ph & 4°C; Pha loing mau bing dém Z (khong b6 sung cloroforc
va SDS); lac déu va dé on dinh & 28°C, sau 5 phiit

Thao tac phan tich tuong tu nhu trén, song chi do mat do quang & 420nm.

Hoat do enzym duoc xac dinh biang bi€u thiic sau:

1000. OD 4y
V.T

* Ham luong duong glucoza, lactoza trong mau nghién ctu duoc xac dinh
bang phuong phép siac ky 1ong cao 4p, sac ky 16p méng va trong dich thai
phomat bang phuong phép Nelson Somogyl.

* Ham luong nito téng so xac dinh bang phuong phép Kjeldahl.

* Po axit cuia dich dugc tinh theo dd Therner (°T : 1a s6 ml dung dich NaOH
0,1N, hoac KOH 0,1N, can thiét dé trung hoa luong axit c6 trong 100ml dich
mau, st dung chi thi phenolphtalein 1%).

* dp dung phuong phdp quy hoach todn hoc bac 1 dé xur 1y dit liéu xéac dinh

diéu kién 1én men téi uu.

14



IIT Két qud va thdo ludn

3.1. Phdn ldp, tuyén chon chiing vi khudn va nghién ciu xdy dung quy trinh

cong nghé lén men thu enzym [-galactzidaza

Tu cdc ngudn sita chua (San phadm cua cong ty Vinamilk, Nestle' va san pham
tht cong) va cac loai nem chua luu hanh trén thi truong Ha noi, phan 1ap so b trén
moi trudng Lactoza-broth da tach duge 64 dang khuén lac phan ting duong tinh 16
nét trén moi trudng chita chi thi X-Gal; tir cac khudn lac trén tuyén chon lai thu
dugc 16 chung vi khuin c6 kha nang sinh téng hop enzym B-galactosidaza. Gitta
c4c chiing su khdc nhau ding ké gifta cudng do mau va thoi gian xuat hién mau,
trong phan 16n khuan lac cdc ching hién mau rd nét trong khoang thoi gian 24-48
gi0, khuin lac mot vai ching hién mau sau 3-4 ngdy nuoi. Tl cdc ching trén da
lua chon ra 8 chling ¢6 khudn lac tao mau dam sau 48 gio dé ki€ém tra 1én men ti€p
trong moi trudng 16ng. Toéc do phat trién cta cic ching va hoat luc enzym f-

galactozidaza noi bao trén moi trudng co s& duoc biéu thi trén hinh 1 va 2.

Trén hinh 1va 2 cho thdy hiu hét cac chiing kiém tra déu phat trién manh trong
24 ¢io 1én men dau tién va hoat luc enzym noéi bao ciing tang manh mé trong giai
doan phat trién logarit va dat gid tri cao nhat vao dau dén giita giai doan phat trién
can bang, duong nhu déng bién v6i mat do t€ bao trong canh trudng trong thoi ky
nay. Két qua nghién citu ciing cho thady chung BK16 dugc xem ¢6 nhiéu uu thé hon
ca, tiép theo 1a chung BK41. Phan tich theo kit trén mdy dinh tén vi khuan Mini
API Bio Merieux (CH Phap; st dung cac chi tiéu phan loai theo: List of Bacterial
Names with Standing in Nomenclature - URL : http://www.bacterio.cict.fr/ hay

www.bacterio.net) da dinh danh duogc:

+ chung BK 16 dong nhat kha cao véi loai Sphingomonas paucimobilis nén

duoc dinh tén 1a S. paucimobilis BK16 va
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+ chung BK41 dong nhat rat cao véi loai Aeromonas sobria nén dugc dinh tén

1a A. sobria BK41.

—e— Chling BK2

=—- | |-—=—Chlng BK4
Chling BK41
Chling BK8

0.5 - —— Chlng BK15
' —e— Chling BK16
—+— Chling BK32
—=—Chling BK47

1.5 - - S—

Mat dé VSV (OD600nm)
|

0 I I I I I I I
0 6 12 24 36 48 60 72
Thai gian Ién men (gio)

Hinh 1: Su phdt trién ctia vi khudn trong moi truong lén men

~ 200

E —e— Chling BK2
S 150 —=— Chiing BK4
€ Chling BK41
E’ 100 ) J

o Chung BK8
S 50 —*— Chlng BK15
S —e— Chling BK16
I 0 -

—+— Chling BK32
—=— Chling BK47

0 6 12 24 36 48 60 72

Thdi gian 1én men (gid)

Hinh 2: Su bién doi hoat luc enzym ciia chung trong qud trinh lén men
Hai chung vi khuén trén duoc Iva chon 1am doi tugng cho phan nghién citu sau.

Dong thoi, thir nghiém kiém tra hoat luc enzym tu do trong dich lén men, & dich

nghién sinh khoi vi khuan da cho thay & tat ca cac chung ki€ém tra hoat luc enzym
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noi bao cao hon nhiéu so v6i enzym ngoai bao va hoat luc enzym tang khi kéo dai
thoi gian xtr ly siéu am. Tu két qua trén cho phép rit ra két kuan enzym [3-
galactosidaza 1a enzym noi bao lién két trong t&€ bao chat. Mot s6 thuc nghiém xir
1y tao bién chiing siéu tong hop bang tia cuc tim da duoc trién khai; tuy nhién chua

mang lai hiéu qua mong doi.

Kha nang phat trién sinh khoi va nang luc tich tu enzym trén cdc nguon thic an
cacbon di dugc xdc dinh bang viéc thay thé cdc co chat: fructoza, xyloza,
galactoza, xenlobioza, saccaroza, glucoza, lactoza va maltoza, v6i ham luong 20g/1,
trén nén moi truong co ban (pepton 3g/l; NaNO, 3,0g; KH,PO, 1g; FeSO,.7H,0
0,01g; ZnSO,.7H,0 0,01g; KCI 0,5g; MgS0O,.7H,0 0,5g va CuSO,.5H,0 0,05g/1).
Két qua thi nghiém cho thdy v6i cac ngudn thic an kiém tra (trir fructoza) su phat
trién sinh kh6i ctia ching xdy ra manh mé trong khoang tir 12-36 gid 1én men,
trong d6 sinh khoi tich tu tot hon trén co chat: galactoza, lactoza, xyloza va
maltoza (xem hinh 3). Thi nghiém x4c dinh nang luc sinh téng hgp enzym noi bao
clia chung, tuong ting véi di€u kién trén, ciing cho thay (xem hinh 4) kha nang sinh
tong hop enzym B-galactosidaza cao hon trén cac co chat; lactoza, xyloza, maltoza,
galactoza va xenlobioza, trong d6 trong moi trudng lactoza t6¢c do sinh tong hop
enzym xay ra manh mé hon ngay tr 12-24 gi¢ 1én men dau. Két qua trén, cing phu
hop v6i nhiéu cong trinh di cong bo, da khang dinh vai trd cam tng sinh tdng hop

-galactosidaza ctia co chat lactoza.

2 —e—MT véi fructoza
—=— MT vdéi xyloza
1.5 7 MT véi galactoza
MT véi D-xenlobioza
—%—MT véi Saccaroza
0.5 + —e—zMT véi glucoza

—+—MT vdéi lactoza

Mat do t& bao (ODs00nm)
|

0 I I I I I I I
0 6 12 24 36 48 60 72

Thaoi gian 1én men (gid)

—=—MT vd&i maltoza

Hinh 3: Su phdt trién cia S. paucimobilis BK16 trén nguon C khdc nhau
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400 —e— MT vdi fructoza
—=— MT véi xyloza
300 1 MT véi galactoza
200 4 MT véi D-xenlobioza
—*%— MT véi Saccaroza
—e— zMT vdéi glucoza
—+— MT véi lactoza

—=—MT véi maltoza

Hoat d6 enzym NB (OD600nm)

0 - o
0 6 12 24 36 48 60 72
Thdi gian Ién men (gid)

Hinh 4: Khd ndng tich tu enzym cua S. paucimobilis BK16 trong moi truong

Vi muc tiéu tim ki€ém kha nang san xuat cong nghiép cac thi nghiém ti€p duoc
dinh hudng trén nguon nguyén liéu tu nhién giau lactoza 1a nudc thai cong nghé
san xuédt phomat. Sir dung sira tuoi da loai cazein (bang cach sit dung HCI ha pH
xu6ng pH=4,8-4,9, gitt 30 phit & 10°C dé cazein dong tu, ly tam & 8000v/ph, trong
10 phit thu dich trong) ¢6 bé xung thém nguén thic an nito: pepton, NH,NO;,
(NH,),SO,, NaNO;, pepton, cao nim men ... dd xac dinh duogc kha nang dong hoa
rong rai cac nguon thic an nito khac nhau cua S. paucimobilis BK16 ; tuy nhién,
toc do phat trién sinh kh6i cao nhét khi st dung cao ndm men ph6i hop véi
(NH,),SO, va thap nhat trén moi trudng su dung NaNO;. Trong khi dé kha nang
tich tu enzym B-galactozidaza dao dong kh4 16n khi thay doi ngudn nito ndy, trong
d6 hoat do enzym cao nhat trén moi truong st dung phoi hop pepton va NH,NO,
(sau 24 gio 1én men dat 1938UI/ml, sau 60 gio dat 2046,9UI/ml). K&t qua nay
duoc 4p dung dé so sdnh nang luc tich tu enzym trén ba moi trudng sau: moi
trudng co ban (thay NaNO; bing NH,NO;), b6 xung nito trén vao moi trudng dich
sita trong va bo xung vao dich thai phomat cong nghiép. Két qua nghién ctu (trén
hinh 5) cho thdy dich thai phomat cé hiéu qua tich tu enzym cao hon han hai
trudong hop trén; Hién tuong nay c6 thé 1y gidi 1a chiing S. paucimobilis BK16 duoc
phan 1ap chinh tir moi truong sita, vi vay ching can cé cac yéu t6 thuan loi do qua

trinh 1én men sita tao ra dé vi khuén sinh tong hop enzym.
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Hoat do enz

Hinh 5: Ndng luc tich tu enzym cua S. paucimobilis BK16 trong moi truong

Két qua nghién citu nay rat tich cuc vi day chinh la nguon nguyén liéu ré
tién va hiéu qua dé dinh huéng lén men sian xuat ché phim enzym B-
galactozidaza (vira chi phi nguyén liéu ré, vira géop phan giam tai 6 nhiém moi
truong cho co sé ché bién sira). Qua trinh lén men tong hop enzym trong moi
truong long phu thuéc vao nhiéu yéu to: thanh phan méi truong lén men (ban
chat va nong do cau tir thicc an chinh), nhiét do , pH, thoi gian 1én men, ti l¢
cap giong... Theo mot so tac gia ti 1¢ giong cap giira 5%-10% hau nhu khong
anh hudéng dén qua trinh sinh téng hop B-galactozidaza cuia vi khuan va két
hop véi cac két qua nghién ctru da trinh bay trong phan trén, ap dung phuong
phap toi uu hoa, chiing toi da lua chon hoat do enzym tich tu lam ham muc

tiéu v6i cac bién thay doi:

Thanh phan moi truong co sd: dich thai phomat, tr trung tam nghién ctu dé

va tho, Ba vi, Ha tay

X, 1a nguén cacbon bé xung: lactoza, véi cac miic Og, 5g, 10g, 15g va 20g

X, 1a ngudn thic an nito bd xung: pepton két hop véi NH,NO,(1,41g/l = 3g
NaNO,); vé6i cac mic: khong bé xung thém, b6 xung thém 1, 2, 3 va 4
lan ham luong trén

X; 1a pH moi trudng thay déi theo miic pH=4, pH=5, pH=6 va pH=7
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D¢ tai da trién khai céc thi nghiém va xir 1y theo phuong phép quy hoach thuc

nghiém da thu dugc ham t6i uu la:

Y = 5317,65 + 126,85.X, - 488,72.X, + 74,47.X,

Voi: Y lahoat ldo enzym tich tu, MI/ml

XI la ham luong lactoza bé xung vao dich thdi phomat, g/l

X2 la ham luong pepton + NH,NO; ( t{ l¢ 3:1,41), g/l Ntong

X3 la pH moi truong

Theo két luan trén, hoat do enzym B-galactozidaza c6 thé dat gia tri cuc dai

7456MU/ml, tuong ung voi ché do 1én men st dung dich thai phomat, c6 b6
xung 15,4g/l lactoza, b6 xung pepton va NH,NO; (theo ti ¢ 3:1,41) dé€ dat ham
lugng nito tong s6 3,022¢g/1 va diéu chinh pH vé gid tri pH=7, ti 1& cdp giong 5%,

nhiét do 1én men 30°C va két thiic qua trinh sau thoi gian 1én men 1a 36 gio.

3.2. Nghién citu quy trinh tich tinh ché thu ché phdm enzym [

galactozidaza

Két thic qua trinh 1én men, dich 1én men dugc ly tam & 8000v/ph, sau 10
phut thu sinh khoi. Ti€p theo, hoa lai sinh khoi vao dung dich dém Z lanh ¢ 4°C,
pH=8,0; réi xir 1y t€ bao vi khuén theo 3 phuong 4n 1a: xir Iy hod chét (bé xung
cloroforc va SDS 0,1% dé lam tang tinh tham thanh t€ bao vi khu4n), nghién t&€ bao
bang siéu am 18MHez, thoi gian 7 phiit (trong d4 lanh, gidn doan nghién 30" lai
dimg nghién 30") r6i ly tam 8000v/ph thu dich trong va thu vo t&€ bao (& dang phan
can, hoa tan lai trong dém Z). Két qua thu duoc cho thdy hoat do enzym trong phan
dich trong ly tam sau khi nghién siéu am 16n nhat, tuy nhién van con luong ding
ké enzym lién két v6i xac t€ bao (khoang 30-40%), nghia 1a viéc tim ki€m cédc giai
phdp hé trg nhim I1am tiang hiéu qua thu héi enzym cén thiét phai dugc trién khai

thém trong cac nghién cttu ti€p theo.
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Hinh 6: Hiéu qud thu hoi enzym trong cdc diéu kién xit ly khdc nhau

Viéc thay déi thoi gian siéu am xUr ly phd vd t€ bao trong khoang 15 phut dau
c6 tac dung 1am tang ddng ké lugng enzym tu do trich ly duoc (dat t6i khoang

73%); tuy nhién néu thoi gian tang qué gia tri trén hau nhu khong cai thién thém

duoc hiéu qua khai thiac enzym.

Dich trong thu dugc sau ly tam dugc xir 1y két tha enzym bang sir dung
(NH,),SO,, v6i nong do thay déi trong khoang 30-70% da cho thdy kha ning két
thia enzym thuan loi trong khoang néng do 50-60% (xem hinh 7); thir nghiém kiém

tra lai trong dai nong do trén da xac dinh duoc nong do (NH,),SO, thich hop nhat

=

_F

12 47,5%.

£ 120

2 100

=

£ 80 |
g 60 |
$ 40 -
S 20 ]
S 0

I

30 40

Néng dd mudi amon (%)

50

60 70

Hinh 7: Hiéu qud thu hoi enzym khi két tiia bang sulphatamon
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Sau khi khi ly tam & 8000v/ph, 10 phit roi gan bd phan dich trong, phan can
duoc chuyén vao tdi xelophan, ngam trong dém photphat pH=7 & 4°C qua dém dé
loai muoi; ti€p theo hoa tan lai vao dém photphat pH=7, loc qua mang loc roi tach
sic ky qua cot trao d6i ion cellulose Hiprep® 16/10 DEAE; sir dung dung dich
dém Tris-HCI 10 mmol, pH=7,5, rira tich bang dung dich mudi NaCl 2M, véi
gradient nong do bién thién tir 0,0-0,8M. Két qua thu duoc cho thdy hoat do enzym
tap trung trong cac phan doan tich tuong tng véi truong nong do mudi NaCl trong
khoang 0,08-0,18M. Phan thi nghiém xac dinh dac tinh enzym duoc ti€n hanh theo
trinh tu: thu gom cac phan doan trén, c6 dac trén thi€t bi dong kho, loai mudi va co
dac lai d€ thu ché& pham long. Két qua nghién citu cho thay enzym B-galactozidaza
cta vi khuan S. paucimobilis BK16 c6 nhiét do t6i thich trong khoang 40-50°C, cao
nhit & 45°C; pH t6i vu quanh gia tri pH=7 va hoat luc enzym van dat >80% sau

thoi gian phan tng 60 phit.

3.3. Nghién citu phdn ldp, tuyén chon va st dung ndm moc dé lén men

thu nhdn enzym f-galactozidaza

Nam moc c6 kha nang sinh téng hop enzym B-galactozidaza dugc phan lap tir
mot s6 san phadm sita, tr moc twong va tir banh men ruou (st dung chi thi X-Gal;
trén moi truong gom: lactoza 30g/l; NaNO, 3,0g; KH,PO, 1,0g; MgSO,.H,0 0,5¢;
KCl 0,5g; FeSO, 0,01g va aga-agar 25g/1). Két qua phan lap so bd thu duoc 10
chung ndm mdc khac nhau phan tng duong tinh véi moi truong X-Gal. Tiép tuc
tuyén chon phan 1ap lai thu duoc 6 chiing, ky hiéu 1a M,, My, M;, Mg, M, va M,,
phan tng 16 nét véi chi thi. Vi muc tiéu tim ki€m nguén ndm moc sinh tong hop
enzym [-galactozidaza bén nhiét, dé tai ti€p tuc trién khai thir nghiém nuoi cay
trong moi trudng 1ong, & pH=6,0; 30°C va toc¢ do lac 200v/ph, sau 72 gid thu dich
léen men dé xdc dinh hoat Iuc enzym noi bao (ti€n hanh nhu trén doi tuong vi
khuén) ¢ hai ch€ do phan ting 1a 30°C va 60°C. Két qua nghién ciu thu dugc cho

thay c6 4 chung ndm moc M,, Mg, My va M,, sinh téng hop enzym B-galactozidaza
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bén nhiét, dic biét nguén enzym B-galactozidaza clia hai chiing M, vd M, van thé
hién hoat tinh sau thoi gian phan tng la 8 gio, trong d6 chiing M,, c6 hoat luc cao
hon. Két qua nghién citu hinh thdi va dic diém sinh 1y va 4p dung chi tiéu phan

loai Raper da cho phép phan loai dinh tén cho hai ching la:

+ Ching nam mdc M, dinh tén 1a Aspergillus aculeatus BK-M,

+ Ching nam mdc M,, dinh tén 1a Penicillium implicatum BK-M ,

Hai ching ndm moc trén da duoc 1én men hi€u khi trong moi truong 1ong
trong fermentor 5 lit (moi trudng 1én men gém dich duong hod malt 10,6°Bx 10%;
pepton 0,3% va lactoza 7%). Sau 3 ngay 1én men thu dich, ly tam 5000v/ph, trong
10 phiit d€ thu sinh khoi. Hoa lai sinh khoi ndm trong dém photphat pH=6,9 (60
mM NapHPO4, 40 mM NaH7POy4; 10 mM KCI; 1 mM MgSO4) va bé xung thém
vai giot SDS 0,1% r6i nghién siéu am & 14kHez trong ndi da lanh, trong 5 phiit,
sau d6 ly tam thu dich trong lam dung dich enzym. K&t qua tién hanh phan tng
trong nhitng di€u kién nhiét do khac nhau da cho thiy enzym tir ca hai doi tuong
trén déu ¢ nhiét do t6i thich & khoang 55°C (xem hinh 8).

120
g 100
% 80 -
< >
g_ 4618 // +aC:L:JIthﬁé BK-M4%
k3 ‘{/ —®— Ching P.
T 20 :\T1p2I|catum BK- >
0 '
30 50 55 60 65 70
Nhiét dd phan ing [°C]

Hinh 8: dnh huong cua nhiét do dén hoat tinh enzym f-galactozidaza ciia

nam
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Thir nghiém nghién cttu anh huéng cua pH dén hoat tinh enzym da cho thay
enzym [-galactozidaza cua P. implicatum BK-M12 c6é pH t6i thich trong khoang
pH=4,7-6,0 va dudng nhu ching rit bén trong di€u kién pH nay, dén miic hoat

tinh enzym gin nhu suy giam khong ddng ké sau 29 gio phan tng (hinh 9).

120
100 | n —
80 | A\ 3
~_ . 47
e\ N

20

e -8
0 T T T T x T ¢ T T T T

0 0.5 1.3 5.2 79 237 294
Chiing P. implicatum BK-M12 Thdi gian phan img (gio)

Hoat luc enzym (%
3
!

Hinh 9: dnh hudng cuia pH dén hoat tinh enzym [-galactozidaza ciia P. implicatum BK-
MIi2

anh hudng clia ndng do san phiam tao thanh da duoc ki€ém tra trén co chat
galactoza; két qua thi nghiém cung c¢6 thém két luan cho rang hoat tinh enzym bi
kim hdm do néong d0 galactoza cao trong moi truong; tuy nhién, & nong do

galactoza trong khoang 0-3,0g/l anh hudng trén & muc chap nhan dugc.

100 -

w0 |

60 -

40 -

Hoat luc enzym (%)

20 A

0

1 2 3 4 5 6 7 8 9
P. implicatum BK-M12 ndéng dé dudng galactoza [g /1]

Hinh 10: dnh hudng cia nong do sdn phdm cudi galactoza dén hoat tinh enzym [B-galactozidaza
cua P. implicatum BK-M12
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3.4. Nghién citu thit nghiém ing dung enzym B-galactozidaza dé thuy
phan duong lactoza trong sita

Kha niang tng dung ché phdm enzym B-galactozidaza dé thuy phan lactoza

trong sita duoc trién khai theo hai phuong 4n la:

Stt dung chang vi khuén S. paucimobilis BK16 1am tac nhan, 1én men & diéu
kién da xdc dinh dugc trong muc 3.1. dé thu sinh khéi vi khudn r6i dua di dong
kho. Thuc nghiém tir 1 lit dich Ién men v6i hoat do enzym 6420 MU/ml da thu
duoc 5,2g sinh khoi dong kho véi hoat @0 1012MU/mg; nghia 1a kha nang thu hoi
enzym khoang 82%. Sita twoi ¢4 dudng, sin phadm thuong mai clia cong ty
Vinamilk, duoc diéu chinh dén ham lugng dudng xdp xi 30g/l; r6i bé xung ché
phdm sinh khéi dong kho 0,5g/500ml sita (tuong tng néng do enzym xap xi
2000MU/ml). Giit hoén hop phan tng & 30°C, trong 1 gid; tién hanh xac dinh ham
luong dudng lactoza va glucoza tai hai thoi diém trudc va sau khi xtr 1y. Két qua
thu dugc cho thady ham luong dudng lactoza da giam dang ké (tir 12,81g xudng con
4,63g - tuong ung lam giam 63,86%; xem chromatogram 2 trong phan phu luc);
trong khi d6 ham lugng glucoza tang tir 11,75g/1 1én 13,61¢/1, nghia 1a ¢6 thé mot
phan lactoza khong bi thuy phan thanh glucoza va galactoza. Nguyén nhan cua
hién tugng suy giam trén can duoc nghién ciu ti€p, trong d6 mot kha nang mong
doi 1a ¢6 thé nguén enzym trén c6 hoat tinh galactozyl hoa ding ké, nén mot phan
duong lactoza di duoc chuyén hod theo huéng tao san phidm galacto-

oligosaccharide.

Str dung ché phdm enzym B-galactozidaza ti t6 hop c6 nguén goc tir vi khuidn
E. coli ATCC 11105 (do nhém tac gia Vién Cong nghé sinh hoc, Trung tam khoa
hoc tu nhién va Cong nghé quoc gia san xuét) dé xi 1y sita tuoi trong thdi gian 30
phit & 30°C, v6i nong do enzym khac nhau: 1, 2, 4, 6, 8 va 10 1an néng do co s&
tuong tng v6i nong do co chat trong sita tuoi, moi don vi nong do co s tuong Gng

vGi 1umol lactoza trong sita) da thu dugc két qua trong bang sau:
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Bang 1: Su bién déi ham luong dudng lactoza trong suaz khi xt 1y

enzym B-galactozidaza téi t6 hop tt E. coli ATCC 11105

Nong d¢ enzym X 2X 4X 6X 8X 10X
Ham luong lactoza con
lai sau xir Iy (%) 69,73 60,07 38,67 | 28,80 | 12,60 | 7,93

Nhu vay c6 thé ghi nhan hiéu qua tich cuc d6i v6i kha niang st dung enzym

B-galactozidaza tdi t6 hop dé 1am giam ham luong dudng lactoza trong sita; tuy

nhién van dé nay cin dugc nghién citu chi tiét hon.

26




IV. KET LUAN

Téng hop két qua nghién citu trén cho phép rit ra két luan sau:

1. Da phan lap va tuyén chon dugc 16 ching vi khuin va 4 ching nim mdoc c6
kha nang sinh t6ng hop enzym B-galactozidaza cao tir hé sinh thai Viét nam,
trong d6 hai ching vi khuin cé hoat luc sinh téng hop cao hon ca la:
Sphingomonas paucimobilis BK16 va Aeromonas sobria BK41; hai chung
ndm moc c¢6 hoat luc cao dugc lua chon 1a Aspergillus aculeatus BK-M, va
Penicillium implicatum BK-M,,. Pa nghién cttu xdc dinh dugc mot s6 dac
tinh sinh 1y va sinh hod ctia cdc chiing da tuyén chon va mot vai dic tinh

enzym [-galactozidaza dugc tong hop .

2. ba xay dung duoc quy trinh cong nghé 1én men va quy trinh cong nghé tach
tinh ché€ thu ch€ phdm enzym [B-galactozidaza, v6i cdc thong s6 cong nghé

chinh 1a;

+ S dung chiing vi khuén S. paucimobilis BKI16 , 1én men hi€u khi trén
moi truong dich thai phomat bé xung thém duodng lactoza 15,4g/l; bo
xung pepton va NH,NO; (theo ti 1& 3:1,41) dé dat hAam lugng nito tong
s6 3,022¢g/1 va di€u chinh pH vé gia tri pH=7; ti 1é cap giong 5%, nhiét
do 1én men 30°C va két thic qua trinh sau thoi gian 1én men 1a 36 gio.
Hiéu qua tich tu enzym trong thuc t& dat 6420 MU/ml va kha nang tich
tu Iy thuyét ¢6 thé dat 7456 MU/ml.

+ Phuong trinh diéu chinh t6i vu cho qua trinh 1én men la:

Y = 5317,65 + 126,85.X, - 488,72.X, + 74,47.X,

Voi: Y lahoat ldo enzym tich tu, MI/ml
XI la ham luong lactoza bo xung vao dich thdi phomat, g/l
X2 la ham luong pepton + NH,NO, ( t{ 1¢ 3:1,41), g/l Ntong
X3 la pH moi truong
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+ K&t thic 1én men ly tam & 8000v/ph, trong 10 phiit dé€ thu sinh khdi;
nghién t&€ bao 10 phut, bang siéu am tin s6 14kHez, trong dém photphat
pH=7 & 4°C; r6i ly tam thu dich trong; két tGa thu enzym bang
(NH,),SO, 57,5%; loai mudi; tich qua cot trao déi ion cellulose
Hiprep® 16/10 DEAE; rira tich bing dung dich musi NaCl 2M  véi
gradient nong do bién thién tir 0,0-0,8M thu cac phan doan tuong tGng
nong do mudi tach trong khoang 0,08-0,18M; loai mudi roi co dac thu

ché phdm enzym.

3. Dai thu duogc hai chung ndm moc A. aculeatus BK-M, va P. implicatum BK-
M, ¢6 kha nang sinh tong hop enzym [-galactozidaza bén nhiét va da xac
dinh dugc mot vai dac tinh cuia chiing 1a: pH,,, = 4,7-6,0, t,,, = 55°C; bdo ton
>80% hoat luc & diéu kién trén sau 7 gid va nong do galactoza cho phép duéi
3,0g/1.

4. Da thlr nghiém kiém tra stt dung ché phdm enzym B-galactozidaza dé 1am
giam ham lugng duong lactoza trong stta va thu dugc két qua t6t; tuy nhién

van dé nay can dugc nghién cttu chi tiét hon.
5. Da két hop sir dung kinh phi dé tai vao viéc dao tao 02 thac si va 4 k§ su cong

nghé sinh hoc. Pong thoi da tao di€u kién ho trg tich cuc trong viéc thiét 1ap

va trién khai hop tdc quoc t€ (c6 giai trinh bé xung trong phan phu luc).
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