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MO DPAU

Phytase 14 enzyme phan giai axit phytic (mudi phytate) dwoc phat hién vao nim
1907 va tré thanh san phidm thwong mai nim 1994. Phytase thity phan mubi phytate, giai
phoéng phospho vo co va cac yéu td lién két voi né nhu Ca, cac ion Fe, Zn, Mg [Simell va
CS, 1989]

O céc dong vat nhai lai, axit phytic dugc phan giai boi cac phytase do khu hé vi sinh
vat (vi khuén, ném) séng trong da cd tiét ra. Nhung ¢ dong vat da day don (lon, gia cam,
c4) khong co phytase hoat dong trong b mdy tiéu hoa nén khong thé sir dung cac khoang
chat co trong thirc an hiéu qua, dic biét 1a nguyén t6 phospho. Chinh vi viy phospho vo
co thuong duoc bd sung trong thirc n nham dap ung nhu cau phospho cho co thé vat
nudi. Viéc bd sung phospho v co vao thirc dn gy 6 nhim méi trudng khu vuc chin
nudi do du thira lwong phospho thai ra phan dong vat. Nhiéu cong trinh nghién ctiru cho
thdy viéc bo sung phytase vi sinh vat vao thirc an chin nudi lon va gia cAm lam ting hiéu
qua st dung phospho va giam luong phospho bai tiét trong phan dong vat. Nhu vay
phytase 14 enzyme ngoai gitp ting trong vat nudi con gop phan ting tinh than thién véi
mdi truong trong nganh chdn nudi, do gidm lugng phospho v6 co thai vao mdi truong
[Wodzinski va Ullah, 1996].

Xu hudng méi cua thi truong cho thiy ngay cang nhiéu loai enzym dugc bod
sung vao thic an chan nuo6i. Cac enzym dugc s dung nhu protease, xylanlase,
phytase, amylase, déu 1a nhiing san pham dinh dudng rit méi trén thi trudng thirc an
chan nuoi, va thi phﬁn nay dang phat trién manh m&. Hién nay chi c6 mdt lugng nho
phytase cong nghiép duoc st dung trong chan nudi vi gia thanh cao trong san xuét.
Van dé 1am thé nao dé giam duoc gia thanh trong san xuét phytase ciing nhu céc loai
enzym khac dang 13 trong tdm cta nhiéu nghién ctru cong nghé vi sinh hién nay
[Janne Kerovuo, 2000].

Mot giai phap cho van dé nang cao ning suat san sinh enzym 14 sit dung vi sinh vat
bién d6i gen. Viéc tach dong, nhan dong va biéu hién gen phytase di dugc dé cap tir lau
nhung mot dang phytase tdi vu ding trong san xuat cong nghiép dang trong qua trinh
nghién ctru. Gen phytase dugc ting dung dé san xuat phytase trong céng nghiép dau tién
1a tir A. niger. Hién nay nhiéu gen phytase tir Escherichia coli, Bacillus sp., Aspergillus
niger, Emericella nidulans, Talaromyces thermophilus, Aspergillus terreus,

Myceliophthora thermophila da duoc tach dong va biéu hién.



Nham khai thac hiéu qua ngudn gene da dang va qui hiém, c6 trong bd suu tap
gidng thuéc Bo mon Vi sinh, Vién Cong nghiép Thuc pham, hudng t6i san xudt enzyme
phytase phuc vu nganh chan nudi trong nudc. Ching t61 da thuc hién hudng nghién cuu
nay tir nim 2007 va budc dau di dat duge mot s6 két qua day trién vong.

Phat trién nhitng nghién ctru da dat duoc trong nim 2008 dé tién dén muc tiéu san
xudt phytase tai t6 hop. Nam 2009, chung t6i nghién ciru phat trién ngudn gene vi sinh
vat voi nhitng nhi€ém vu nhu sau:

- Tach dong va gidi trinh ty 05 gen ma hoa phyA tr Aspergillus niger

- X4c dinh s luong copy cua vector tai to hop ¢ 03 dong Pichia pastoris c¢6 hoat
luc phytase cao dugc bién nap trong nam 2008

- Xéc dinh diéu kién 1én men sinh phytase tai to hop

- Lén men va thu hdi phytase tai t6 hop & quy mé phong thi nghiém va xéac dinh

hoat luc
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KY HIEU VA VIET TAT
AOX - Alcohol Oxidase
BSA - Bovine Serum Albumin
cDNA — Copy DNA
CNTP — Suu tap giéng vi sinh vat Vién Cong nghi¢p Thuc phém
CS — Cong su
FIRI — Food Industries Research Institute (Vién Cong nghiép Thuc pham)
ITS — Internal Transcribed Spacer
JCM — Japan Collection of Microorganisms (Béo tang giéng Vi sinh vat Nhat Ban)
JICA - Japan International Cooperation Agency
kDa — Kilo Dalton

MALDI-TOF — Matrix-Assisted Laser Desorption/lonization-Time of Flight (ky thuat
khdi pho peptid dua trén sy ion héa bang tia laser)

MW — Molecular weight (trong lugng phan tir)
NMR - Nuclear Magnetic Resonance (cong hudng tir hat nhan)

NRRL - Northern Regional Research Laboratory (hién 1a National Center For
Agricultural Utilization Research) (Bao tang giéng Bo Nong nghiép Hoa Ky)

OD - Optical Density (mat d§ quang)

PAGE - Polyacrylamide Gel Electrophoresis (di¢n di polyacrylamide)
PCR - Polymerase Chain Reaction (phan tng trung hop chudi)

PDA - Potato Dextrose Agar

P, — Phospho v0 co

RT-PCR - Realtime PCR

SDS- Sodium Dodecyl Sulfate

TCA - Trichloroacetic Acid

U - Unit (don vi)



TOM TAT NHIEM VU

STT N¢i dung cong viéc Két qua dat dwoc
| Tach dong va gidi trinh ty 05 gen ma hoa | Cé vector mang 05 gen phyA da
' phyA t Aspergillus niger gidi trinh ty
Xac dinh so lugng copy cuia vector téi to h
, ' . . g' py cu V ] P Xay dung dugc phuong phéap va
2. 0 03 dong Pichia pastoris c6 hoat luc| |~ . z
2 . xac dinh dugc s6 lugng copy
phytase cao dugc bién nap trong nam 2008
; Xac dinh diéu kién 1én men sinh phytase tai | Xac dinh dugc diéu kién 1én
" | t6 hop men
4 Lén men va thu hdi phytase tai t6 hop ¢ quy | C6 200 g san pham phytase tai

mo phong thi nghiém va xéac dinh hoat luc

to hop, hoat luc >2000 IU/g




Chuong 1. TONG QUAN TAI LIEU

1.1. Axit phytic

Axit phytic (myo-inositol 1,2,3,4,5,6 - hexakis dihydrogen phosphate; cong thirc hoa
hoc C4H;30,4P¢; phan tr lugng 659,86) 1a dang du tri phét pho chu yéu O cac cay ngil
cbe, cay ho dau va cac loai hat chtra dau. Axit phytic trong thuc vat khong ton tai tu do
ma thuong tao mudi phytate vi mot sé nguyén té khoang nhu Mg, K, Ca, ciing nhu tham
gia lién két v6i cac protein.

i
'o—b;oﬁl,m.(:.(:.lrwﬂ.

Hinh 1. Mudi phytate va cac lién két v6i ion kim loai va protein.

Trong hat cdy, axit phytic c6 thé c6 nhimng vai tro sinh 1y nhu: (1) Ngudn du trit phét
pho; (2) Nguén dy trit nang lugng; (3) Ngudn cac ion dwong (cation); (4) Ngudn cung
cap myo-inositol. Ngoai ra, axit phytic c6 thé con c6 mot vai chic nang khac nhu 1a chat
chéng oxy hoa trong giai doan nghi ciia hat [Graf va CS., 1987].

Axit phytic v& cin ban ton tai dudi dang mudi cua cation hoa tri mot hay cation hoa
tri hai (vi du nhu mubi K-Mg phytate c6 trong gao va mudi Ca-K-Mg phytate trong dau
tuong). Axit phytic thong thuong duoc tong hop trong qua trinh chin ctia hat va xay ra
dong thoi v6i sy tong hop cac hop chat tich trir khac nhu tinh bot va lipid. Trong ngii coc
va cay ho dau, axit phytic duoc téng hop trong hat Aloron (Aleurone) va tinh thé hinh
cau [Reddy va CS., 1989]. Phytate hau nhu khong c¢6 mit trong ndi nhii ctia lda my va
lda nudc ma tap trung trong mam va trong 16p vo Aloron cua té bao hat. O dau Ha
Lan, 99% phytate cia hat tim duoc trong 14 mam va 1% trong phoi mam. Ngé 1a loai
ngil céc ¢6 ham lugng phytate cao nhéat (chiém 0,83 — 2,22% khbi luong hat). Trong
sb cac cdy ho dau, dau dolique (dolique beans) c6 ham luong phytate cao nhit (5,92
—9,15% khéi luong hat) [Reddy va CS., 1989].

Axit phytic ¢6 hiéu tng khang dinh dudng rdt manh d6i v6i dong vat. Do céu
trac phéan tir dac biét (Hinh 1), axit phytic c6 thé lién két chit ché véi protein, cac
nguyén t6 khoang va tao thanh phirc hop khong tan trong dudng tiéu hoéa. Hiéu tng
nay dan dén @rc ché qua trinh tiéu hod protein va han ché kha nang hap thu céac ion
khoang nhu Ca, Mg, Zn...[Davies, 1982; Reddy va CS., 1989]. Kém la mdt nguyén
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t6 vi luong ma hoat tinh sinh hoc cta nd bi anh huéng 16n nhat boi axit phytic.
Tha nghiém trén chudt cho thiy axit phytic bo sung vao thtric dn lam giam manh
kha nang hép thu ion Zn*" va trong lugng cia chudt [Rimbach va Pallauf, 1992].

Axit phytic co thé twong tac v&i protein trong dai pH rong dé tao thanh phuc hop
phytate-protein. Duéi diéu kién pH thip, axit phytic lién két chit ché voi nhitng protein
thuc vat khi diém dang dién ciia nhiing protein nay dao dong trong khoang pH 4,0 — 5,0.
Trong khoang pH 6,0 - 8,0, axit phytic va phﬁn 16n protein thyc vat tich dién am. Tuy
vay, trong diéu kién niy, sy tao thanh phirc hop gitra axit phytic va protein van kha phd
bién [Cheryan, 1980]. Lién két giira protein thuc vat véi axit phytic lam giam d6 hoa tan,
kha nang bi phan cit ciia protein va do vay lam giam gia tri dinh dudng cta ching. Hon
nita, khi lién két véi mudi khoang, protein, axit phytic van tiép tuc tuong tac véi cac
enzyme ti€éu hod nhu trypsin, pepsin, a-amylase va B-galactosidase, lam gidm hoat tinh
cua nhirng enzyme nay [Deshp va Cheryan, 1984; Singh va Krikorian, 1982; Inagawa va
CS., 1987].

1.2. Enzyme phén giai phytate (phytase)

Phytase (myo-inositol hexakisphosphate phosphohydrolase) xtic tdc phan ung thuy
phan myo-inositol hexakisphosphate (axit phytic) thanh nhimg gdc phdt phat don vo co
va nhitng dan xuét don gian hon cta myo-inositol phosphate. Trong mdt vai trudng hop

phan tng c6 thé giai phong myo-inositol ty do (Hinh 2).
B

H ! OPOSH
H0P0-— OPOSI
/T~ "
/
\'\H,OI’O% /,/—\;k..m\/ HO- OH Ca
\ - OPOE o Phytase ~—
. 0RO, Y f H
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T~ e \f oA
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- H
"H;OPO, f,..-—\h-%,_.____%%
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Hinh 2. Phan rng xuc tac cua enzyme phytase.

Uy ban danh phap enzyme thudc Hiép hoi Héa sinh Qubc té (The Enzyme
Nomenclature Committee of the International Union of Biochemistry) phéan loai phytase
thanh hai dang la:

Dang 1: ki hiéu (EC 3.1.3.8)
Tén dé xudt: 3-phytase

Tén phan logi: myo-inositol-hexakisphosphate 3 phosphohydrolase
T én khac: phytase; phytate-3-phosphatase

Dang 2: ki hiéu (EC 3.1.3.26)




Tén dé xudt: 6-phytase
Tén phan logi: myo-inositol-hexakisphosphate 6 phosphohydrolase
Tén khac: phytase; phytate-6-phosphatase

Su phén loai nay dya trén co s& vi tri nhom phét phat du tién bi phytase tn cong.
Enzyme 3-phytase (EC 3.1.3.8) tdn cong vao nhom phdt phat ¢ vi tri thir 3; day 1a dang
phytase dién hinh ciia vi sinh vt va enzyme 6-phytase (EC 3.1.3.26) tan cong dau tién
vao nhom phdt phat sé 6; day 1a dang dién hinh cho phytase tir thuc vt [Ashima, 2000].
1.2.1. Nguén phytase

Phytase rat phé bién trong tu nhién, n6 da dugc tim théy tor mo thyc vat, dong vat va
rat nhiéu loai vi sinh vat.

Phytase tur vi sinh vdt

Hoat tinh phytase tir vi sinh vat thuong thiy nhit ¢ ndm mdc dic biét & cac loai
thudc chi Aspergillus. Shiech va Ware (1968) di phan lap va tuyén chon tir dat hon 2000
loai vi sinh vat dé san xut phytase. Hau hét cac chung san sinh phytase ndi bao, chi c6
30 ching sinh phytase ngoai bao va chung déu 1a nim soi, trong d6 28 chung thudc vé
chi Aspergillus, 1 thudc vé chi Penicillum va 1 thudc vé Mucor. Trong 28 chung ciia chi
Aspergillus san sinh phytase, ¢6 21 ching thudc vé loai 4. niger. Nhing nhom nghién
ctru khac nhu Howson va Davis (1983), Volfova va CS. (1994) da khang dinh rang A.
niger 13 10ai c6 kha ning san sinh phytase ngoai bao t6t nhit.

Phytase ciing dd dugc tim thay trong cic nhom vi khuan nhu: Aerobacter aerogenes
[Greaves va CS., 1967], Pseudomonas sp. [Irving va Cosgrove, 1971], Bacillus subtilis
[Powar va Jagannathan, 1982], Klebsiella sp. [Shah va Parekh, 1990], B. subtilis
[Shimizu, 1992], Escherichia coli [Greiner va CS., 1993], Enterobacter sp. [Yoon va
CS., 1996] va B. amyloliquefaciens [Kim va CS. 1998]. Nhitng vi khudn sinh phytase
ngoai bao 1a nhitng chung thudc vé chi Bacillus va Enterobacter. Con phytase tir E. coli
lai 12 enzyme ndi bao (periplasmic enzyme). Mot sé ndm men nhu Saccharomyces
cerevisiae, Candida tropicalis, Torulopsis candida, Debaryomyces castelii,
Debaryomyces occidentalis, Kluyveromyces fragilis va Schwanniomyces castelii, cling co
kha nang san sinh phytase [Nayini va Markakis, 1984; Sequeilha CS., 1992; Mochizuki
va Takahashi, 1999].

Phytase tur thue vat

Phytase dugc tim thdy rong rai trong gidi thuc vat. Phytase tir mot s& cdy ngil coc
(lha my, ngd, lua mach, laa...), cay ho dau (cay dau xanh, dau lun, dau tréng. ..) da duoc
tinh sach va mo ta. Ngoai ra, phytase ciing dugc tim thay trong cidy mu tac tring, khoai
tay, cu cai, rau diép, rau bina, hat phan hoa hué tdy [Dvorakova, 1998].
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Phytase twr dong vat

Céc nha khoa hoc da chung minh c6 sy ton tai phytase trong co thé dong vat da
day don [Bitar va Reinhold, 1972; Copper va Gowing, 1983; Yang va CS., 1991; Chi
va CS., 1999]. Tuy nhién, phytase nay trong rudt non dong vat da day don khong cé
vai tro rd rang trong viéc phan giai mudi phytate tir thic an [Williams va Taylor,
1985]. Mot enzyme giéng nhu phytase ciing dd dugc tim thiy trong dong vat nguyén
sinh Paramecium [Freund va CS., 1992]. Ngudn gbc ciia mot sd phytase duoc thé
hién trong bang 1.

1.2.2. Pic diém phytase

Ddc diém phdn tir

Hau hét cac loai phytase dugc biét déu 1a enzyme monome, dién hinh nhu phytase tir
nam [Wyss va CS., 1999; Wodzinski vaf CS., 1996; Dvorakova va CS., 1997], tr E. coli va
K. terrigena [Greiner va CS., 1993; Greiner va CS, 1997] va tur B. subtilis [Shimizu, 1992].
Tuy vay, mot ) phytase tir thuc vat va dong vat dugc tao thanh tur nhiéu tiéu don vi. Mot
loai phytase dugc tong hop & hat ngd trong giai doan nay mam 1a enzyme dime bao gém hai
tiéu don vi kich ¢& 38 kDa [Laboure va CS., 1993]. Trong khi d6, phytase tinh sach tir rugt
non cua chudt thé hién hai bang (band) protein trén SDS-PAGE véi trong lwong phén tir woc
tinh 1a 70 va 90 kDa [Yang va CS., 1991]. Tuy vay, chi co tiéu don vi 90 kDa c6 hoat tinh
thuy phan axit phytic, co thé hai bang protein & dai dién cho hai enzyme khac nhau
(phosphatase kiém va phytase). Dic biét enzyme tir dong vat nguyén sinh Paramecium co
cAu trac hexame [Freund va CS., 1992].

Phytase vi khuan thuong nho hon phytase tir ndm. Két qua thuc nghiém cho thiy,
phytase nim c6 khdi lwong khoang 65 va 70 kDa va da duoc glycosyl hoa (glycosylation).
Phytase tir 4. niger NRRL 3135 duoc glycosyl hoa 27%. N6 ¢6 dau N lién két véi chudi
manose va galactose [Ullah, 1988]. Wyss va CS. (1999) nghién ctru chi ra rang muc do
glycosyl ctia phytase tai to hop 1a khong 6n dinh. O Hansenula polymorpha va S. cerevisiae
qua trinh glycosyl hoa rat hay thay d6i. Nguoc lai, qua trinh nay cta enzyme trong A. niger
khé 6n dinh. Piém dang chu ¥ 13, su glycosyl hoa khong chi khac nhau gitta céc loai ma con
khéc nhau giita nhimg 1an 1én men khac nhau cta cting mét ching.

Nhin chung, mirc d6 glycosyl hoa co thé co vai tac dong 1én dic tinh cua enzyme.
Pau tién, n6 co thé anh hudng dén dic tinh xuc tac hodc tac dong dén su 6n dinh cua
enzyme. Tht hai, n6 ¢ thé anh huong dén diém dang dién cta protein (pI). Thir ba, nd
c6 thé 1am giam mirc do biéu hién cia protein thong qua su chi phdi ning luong trao doi
[Wyss va CS., 1999].

Ddc tinh nhiét do va pH
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Nhiét d6 t6i wu cho hoat dong cua cac phytase dao dong tir 45 dén 75°C. Wyss va CS.
(1998) nghién ctru sy 6n dinh nhiét do ctia ba phosphatase c6 ngudn gdc tir nam va da két
ludn rang phytase tir 4. niger khong bén voi nhiét 6 hodc khong c6 kha nang hoi lai hoat
tinh sau khi dun néng gy bién tinh. Tai nhiét d6 50 va 55°C n6 mét khoang 70-80% hoat
tinh. Phytase tir A. fumigatus cling khéng bén véi nhiét d6 nhung c6 mot dic tinh dang
quy 1a c6 kha ning hdi lai hoat tinh ban dau sau 20 phat 1am bién tinh & 90°C. So véi hai
phytase trén thi axit phosphatase tir A. niger pH 2,5 ¢6 kha ning 6n dinh voi nhiét do rat
cao; ¢ nhiét do td1 80°C enzyme chua bi bién tinh. Tuy nhién khi & 90°C, no6 méat hoan
toan hoat tinh.

Phytase tur chung Bacillus sp. DS11 c6 nhiét do tdi wu & 70°C, cao hon nhiét do t6i
vu cua nhiing phytase thong thuong. Phytase nay ciing rat bén véi nhiét: 100% hoat tinh
con lai sau 10 phut u tai 70°C (vdi sy c¢6 mat cia CaCly). Khi khong c6 CaCl, kha nang
bén v&i nhiét cua phytase tir Bacillus sp. DS11 gidm manh, hoat tinh bi mét khi nhiét do
trén 60°C. Nguoc lai khi ¢6 mit ciia CaCl, n6 c6 thé bén véi nhiét do 1én t6i 90°C, sau 10
phiit luong enzyme mat di khoang 50% hoat tinh. Nghién ctru nay chi ra rang ion Ca*" ¢6
kha nang gitup phytase 6n dinh chéng chiu véi nhiét do cao [Kim va CS., 1998].

pH t6i wu cta phytase dao dong tir 2,2 dén 8. Hau hét cac phytase tir vi sinh vat, dién
hinh phytase c6 ngudn gdc tir ndm c6 pH t6i wu ¢ khoang 4,5 - 5,6. Pic biét, khac véi
hau hét phytase tir ndm, phytase tir A. fumigatus c6 dai pH t6i thich tir 4,0 - 7,3 (con giit
dugc it nhat 80% hoat tinh). Trong khi d6 phytase tir 4. niger NRRL 3135 va tir
Citrobacter freundii mang dic diém khac biét 1a ¢ hai gi tri pH toi wu. Mot vai phytase
ttr vi khudn, ddc biét tir cac loai Bacillus c6 pH t6i uu tir 6,5 - 7,5. pH ti thich cua
enzyme tach ra tir hat thyc vat dao dong tir 4,0 - 7, con hau hét c6 pH tdi thich ¢ 4,0 - 5,6.
Hai phytase kiém tir thuc vat co pH tdi wu vao khoang 8,0 da dugc nghién ctru tir hat ngii
cde [Scott, 1999] va ¢ hat phan hoa hué tiy [Hara va CS., 1985]

1.2.3. Ung dung ciia phytase

Ung dung trong chin nudi

Pong vat nhai lai tiéu hoa dugc mubdi phytate 1a nhd phytase do hé vi sinh vét song
trong da co tiét ra. Phot phét vo co giai phong trong da cé s€ dugc khu h¢ vi sinh vat & do
va ban than dong vat chu sir dung. Tuy nhién, dong vat da day don nhu lgn, gia cAm va
cé khong c6 kha ning tiéu hoa axit phytic vi ching khong c6 hodc co rét it phytase trong
dudng tiéu hoa. Do dé, dé dap tng nhu ciu phdt pho cho co thé vat nudi, ngudi ta di bd
sung phét pho vo co vao thirc an. Didu nay s& lam ting chi phi thirc an va gy ra moi
truong bi 6 nhiém phdt phat, dic biét ddi v6i nganh nudi tréng thuy san. Phét phat du
thtra trong thirc an danh cho tom ca sé nhanh chéng hoa tan vao moi trudng nude, cong
v6i mudi phytate khong duoce tiéu hoa thai qua phan dong vat s& bi vi sinh vat sdng trong
dat phan giai thanh phdt phat vo co. Day 1a diéu kién hét strc thuan loi cho céc loai tao vi
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phét pho 1a nhan té rat phu hop cho su sinh truong va phat trién cia sinh vat nay. Tao
phat trién qua mirc s& gay hién twong "nudc nd hoa", khi d6 tao sir dung hau hét oxy hoa
tan trong nudc khién céc sinh vat thuy sinh (dong vat va thuc vat) chét hang loat [Vl Duy
Giang, 2004]. Khi b6 sung vao thtrc dn chin nudi, phytase 1am ting kha ning dong hoa
phét phét ngay trong chinh thanh phan cta thirc dn, dong thoi lam giam lugng phdt phat
thai qua phan tir d6 s& c6 nhimg dong gop tich cuc cho méi trudng sinh thai [PS Hitu
Phuong, 2004]. Pang chi y, & Viét Nam da bat diu c¢6 nhitng cong trinh nghién ctru anh
hudng cua phytase dén sinh truong cia vat nudi. Tran Qudc Viét va Ninh Thi Len (Vién
Chan nudi) da nghién ciru sir dung ché pham phytase thuong mai (Natuphos, BASF) dén
nang suét va hiéu qua st dung thurc an cta lon con cai sita va lgn nudi thit. Theo céc tac
gia, sir dung phytase gitup lon tang trong 16,4% va gitp giam chi phi thirc an dugc 8% so
voi 16 ddi chimg. Tuwong tu nhu vay, nim 2002, Nguyén Thi Hoai TrAim va CS (Vién
Coéng nghiép Thyc pham) dd khao sat kha ning tng dung enzyme phytase thuong pham
trong chan nudi ga va cho thiy viéc sir dung phytase lam ting 2% ty 1¢ dé trung, lam
giam 8,4 -11,6% chi phi thirc dn cho ga con [Nguyén Thi Hoai Tram va CS., 2002].

Nguoi ta du tinh, néu phytase dugc st dung cho chin nudi dong vat da day don & My
thi enzyme nay sé& giai phong lugng phdt phat c6 trong thirc an véi gia tri trong dwong
168 triéu USD va tranh duoc 8,23 x 10" tdn phét phat du thira thai ra méi truong hang
niam. Viéc ung dung phytase trong chin nudi di dugc 22 qudc gia thyc hién. T6 chirc
FDA (The Food and Drug Administration) da coi phytase la enzyme an toan GRAS
(Generally Regarded As Safe) [Wodzinski va Ullah, 1996]. Enzyme Finase” phytase da
dugc bod sung vao thire dn chin nudi lon c6 thanh phan 1a ngd va déu twong da gitip cai
thién 1/3 lwong phdt phat kho tiéu trong thire an thanh luong phdt phat dé tiéu [Cromwell
va CS., 1995]. Thi nghiém tuong ty véi Allzyme Phytase® va Natuphos® phytase bd sung
vao khau phén an cho lon va ga, két qua thu dugc ciing chi ra rang phytase cai thién duoc
gi4 tri sinh hoc ctia mudi phytate dbi v6i lon va ga thit [Cromwell va CS., 1995; Yi va
CS., 1996; O’Quinn va CS., 1997]. Mot vai thi nghiém khéc ciing khang dinh rang co thé
thay thé phdt phat v co bing cach bd sung phytase tir vi sinh vét vao thanh phan cua
thirc an cho dong vat da day don. O Ha Lan, phytase tir 4. niger da dugc thtr nghi¢m
thanh cong vao thirc dn chin nudi va lam giam tir 30 - 40% luong phét phat thai qua phan
ra moi truong [Jongbloed va CS., 1992].

Ung dung trong céng nghé thuc pham

Khau phan an hang ngdy ciia ngudi chira nhiéu thanh phan c6 ngudn gbc tir cic cay
ngii coe va cdy ho dau. Nhitng ngudi an chay thudng gip phai van dé mat can bang dinh
dudng do an qua nhiéu ngii cdc. Nhing cu din & cac qubc gia kém phat trién thudng an
banh my chay (loai banh my khong duoc bd sung ndm men) va tré em thuong hay st
dung nhiéu san phdm tir dau nanh. Nhiing thirc phdm nay déu c6 chira mot luong 16n
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mudi phytate [Simell va CS., 1989]. Mubi phytate khong nhitng khong thé tiéu héa duogc
trong duong tiéu hoa clia ngudi ma con giy can trd sy hap thu cic nguyén té khoang nhu:
kém, caxi, magié va sit. N6 ciing lam giam kha ning tiéu hoa protein trong khau phan
cling nhu &re ché cac enzyme tiéu hoa khac.

Anno va CS. (1985) di loai boé mudi phytate trong sita ddu nanh bang cach su
dung phytase tir lia my. B6 sung phytase tir nAm mdc 4. niger vao bot my co chua
cam lta my di 1am ting kha ning hép thu sit & ngudi [Sandberg va CS., 1996]. Nhu
vdy, vai trd quan trong cta phytase véi thuc pham danh cho con nguoi di kha rd rang.
Phytase khong nhiing 1am tiang kha nang tiéu hoa protein ma con ting hap thy khoang.
C6 18 trong twong lai khong xa enzyme nay s& dugc dung phd bién nhu mot chéat phu
gia cho thuc pham.

Ung dung trong téng hop cdc déan xudt myo-inositol phosphate

Céc dan xudt myo-inositol phosphate dugc tng dung rong rii trong y hoc. Inositol
phosphate va phospholipid c6 vai trd nong ¢t trong viéc truyén tin hiéu qua mang va huy
dong ngudn canxi du trir trong té bao [Billington, 1993]. Mot s6 inositol triphosphate
dugc st dung dé phong tranh viém khép, bénh hen, hodc 1am thubc giam dau [Siren,
1995]. Este cua inositol triphosphate dwoc st dung 1am chat (rc ché chéng lai sy lay
nhiém céc bénh do nhom Retrovirus gy ra bao gdm ca HIV [Siren, 1998].

Nhing tmg dung dugc hoc ctia mot sb myo-inositol phosphate dic hiéu ngdy cang ting
1én. Tuy nhién, viéc tong hop bang con duong hoa hoc cac myo-inositol phosphate niy gap rét
nhiéu kho6 khin, vi qui trinh dugc thyc hién ¢ didu kién nhiét do va ap suat rét cao [Billington,
1993]. Tur khi phytase duoc phat hi¢n cé hoat tinh thity phan cac myo-inositol hexaphosphate
thanh cac dan xuat khac nhau thi viéc san xuat myo-inositol tu do tir myo-inositol phosphate
duoc thyc hién bang con duong sinh hoc dé thay thé phuong phap tong hop hoa hoc. Tong
hop béing con dudng sinh hoc mang tinh dic hiéu, cho san pham c¢6 do tinh khiét cao, phan
{mg dién ra trong diéu kién "6n hoa" hon. Viéc san xuat D-myo-inositol 1,2,6-trisphosphate, D-
myo-mositol 1,2,5-trisphosphate, L-myo-inositol 1,3,4-trisphosphate va myo-inositol 1,2,3-
trisphosphate bang con duong thily phan axit phytic nhd phytase tir ndm men S. cerevisiae da
duogc Siren nghién ctru va thyc hién ti nam 1986. Phytase ¢b dinh d3 duoc st dung dé san xuét
cac dan xuat myo-inositol phosphate khac nhau [Ullah va CS., 1988; Greiner va CS., 1996].

Ung dung trong céng nghiép gidy

Viéc loai bo axit phytic rat quan trong trong nganh cong nghiép gidy. Cach loai bo
axit phytic trong thuc vat bang enzyme s& khong tao ra nhitng chét c6 kha ning gy ung
thu va nhiing chat thai c6 d6 doc cao, gilp cai thién moi truong cling nhu gop phﬁn vao
su phat trién cua cong ngh¢ sach [Liu va CS., 1998]. Nhitng enzyme bén & nhiét do cao
thudng duoc sir dung dé phén giai axit phytic trong qué trinh ché bién gidy.
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Ung dung trong cdi tao dat

O mot s6 ving, axit phytic va din xuit ctia né chiém téi 50% tong luong phét pho
hitu co trong dat [Nakamori, 1997]. Nghién ctru cua Findenegg va Nelemans (1993) cho
thiy kha ning sinh truong ctia ngd ty 1¢ thuan véi mic d6 phan giai axit phytic khi bd
sung phytase vao dat trong. Nghién ctru ndy ciing mé ra mot hudng trong tuong lai c6 thé
chuyén va biéu hién gene phytase vao ré cdy thyc vat nham lam ting gia tri ph6t pho dé
tan trong dat.

1.3. Nghién ctru chuyén gene ma héa phytase

Trong nhitng nim qua, tiém ning tmg dung to 1on cua phytase trong nhiéu linh
vuc da thu hut dugc sy quan tdm cua cac cong ty cong nghé sinh hoc va cac nha khoa
hoc. Doanh thu tir phytase nim 2002 dat 135 triéu USD, con sé nay di ting gap doi
chi trong vong hai nam. Nam 2006, doanh thu tr phytase dat 500 tri¢u USD va udc
tinh trong mdi nim t&i s& ting thém 30% [Casey va Walsh, 2004]. Pé thu duoc
phytase phul hop véi muyc dich ing dung, cdc nghién ctru mot mit tap trung tuyén chon
nguén sinh phytase manh, tinh sach va nghién ctru cac dac tinh cua phytase; mat khac
mg dung k¥ thuat ADN tai t6 hop dé chuyén gene ma hoa phytase vao sinh vét biéu
hién phu hop.

Nham muc dich thu duoc luong 16n phytase véi hoat tinh cao, da c6 rat nhiéu nghién ctru
nhan dong va biéu hién gene phytase thanh cong trong cac vat chi biéu hién khac nhau.

1.3.1. Gene ma hod phytase

Trong nhitng nim gan ddy, cac nha khoa hoc dd giai ma trinh tu gene phytase cua
mdt s6 ching nim. Gene ma hod phytase tir 4. niger var. awamori c6 ti hon 97% twong
ddng voi phytase gene tir A. niger NRRL 3135 (phyA). Trinh ty phyA nay c6 d6 tuong
dong 65% véi phytase gene ctia A. fumigatus, 62% cta A. terrus, 62% cua E. nidulans,
61% cua T. thermophilus va 46% cia M. thermophila. Gene phyB cia A. niger NRRL
3135 ¢6 99% trinh tu twong ddng véi gene mad hoa protein twong tng ciia A. niger var.
awamori. Diéu tha vi 1a gene ma hoa hai loai phytase cta 4. niger NRRL 3135 (phyA va
phyB) lai chi ¢6 25% d6 twong dong [Ashok, 2001]

Gene phytase cua E. coli va cua chudt khong c6 nhiéu trinh ty twong dong véi gene
cua A. niger. Tuy nhién, ching lai c6 cung trinh ty bdo thit ma hoa cho trung tam hoat
dong cua enzyme [Ullah va CS., 1991]. Thém vao d6, chiing cuing ma ho4 histidine va
axit aspartic & dau C (C-terminal), nhitng axit amin nay tham gia truc tiép vao phan tng
enzyme. Nhiing phytase nay dugc xép vao nhom histidine acid phosphatase.

Hai doan gene ma hod phytase cta ngd 1a PHYTI va PHYTII c6 trinh ty gan gidng
nhau nhung lai rat khac biét véi cac gene phytase khac. Tuy nhién, khi phén tich ving
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gene ma hod 33 axit amin cua PHYTI va PHYTII, Maugenest va CS. (1997) cling tim
duogc sy tvong dong v6i phytase clia 4. niger. Ving gene nay co 18 1a diém nhan biét vi
tri cit phét pho trong axit phytic.

David va CS. (1997) di phan 1ap hai doan gene mi hoa phytase tir hai loai nAm khac
nhau 1a A. terreus va Myceliophthora thermophila. So sanh v&1 gene phyA cia A. niger,
chung tuong dong tdi 60% v&i A. terreus va 48% v6i M. thermophila. Gene ma hoa
phytase cta B. amyloliquefaciens twong ddng 72% véi ving ORF (md doc md) ¢ B.
subtilis. Gene phytase cta Enterobacter sp. c6 4o twong dong 30-38% véi
Chryseobacterium meningosepticum va Streptococcus equisimilis, dac bi¢t ¢ vi tri ma
hoéa lysine va tryptophan [Ashok, 2001].

Phytase tir B. subtilis VIT E-68013 (phyC) khong co diém twong ddng voi cac
phytase khac, n6 cting khong chura trinh ty bao tht RHGXRXP, ma hoa trung tam hoat
dong cua cac phytase di duoc cong bd. Tuy nhién, enzyme nay thé hién hoat tinh phan
cét lién két phét pho trong axit phytic. Co thé day 1a mot loai enzyme mai [Janne va CS.,
1998].

1.3.2. Mjt 56 thanh twu chuyén gene ma héa phytase

Laboure va CS. (1993) da tinh sach, mé ta dic diém cua phytase tir hat ngd dang nay
mam va gene ma héa ciing da duoc tich dong tir cDNA. Nhom nghién ctru ciia Vién
Khoa hoc Nong nghiép Pan Mach d lai tao thanh cong lta my bién doi gene voi phytase
bén nhiét, bang cach dwa gene phytase tir A. fumigatus. Phytase ¢ loi cho tiéu héa do
kha ning phan giai Fe-phytate, Zn-phytate, tuy nhién, phytase ctia laa my bi mat tac dung
khi dun nau & nhiét do cao. Phytase cua ching lia my bién d6i gene bén nhiét hon va co
ham luong ting gip 6 1an so véi giéng chua bién d6i gene. Mot s nghién ciru twong tur
cling duoc tién hanh trén lua v6i nguon gene phytase ciia vi khuan [Ashok Pandey,
2001], hodc trong khoai tdy véi gene phyA tir nam [Ullah va CS., 2003]. Gene ma hoa
phytate tir B. subtilis duoc chuyén vao ciy thude 14 dé ting kha ning sinh truéng, ra hoa,
tang s6 luong qua khi sdng trong diéu kién thiéu phdt pho [Wingkin Yip va CS., 2003].
Ciing trong dong nghién ctru ndy gene phyAl ctia A. ficuum AS3.324 dugc chuyén vao té
bao Nicotiana tabacum. Luong phytase tao ra chiém toi 17,6% protein tong sb tir 1a cay
thudc 14 nay [Linghua Zhang va CS., 2003].

Craxton va CS. (1997) da tach dong va biéu hién mot inositol polyphosphate
phosphatase phtrc tap tir gan chudt (MIPP) c6 hoat tinh phytase. mARN cua enzyme
MIPP nay c6 mit trong tat ca cac md ciia chudt, nhung né chi biéu hién rd nhat ¢ gan va
than. Eric Rodriguez va CS. (1999) da phan lap gene appA ma hoa phytase cua vi khuin
E. coli phan lap tir rudt két ctia lon va biéu hién trong P. pastoris. Té bao P. pastoris tai
t6 hop c6 kha ning tao phytase véi hoat tinh 130 IU/ml dich nuéi ciy.
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Han va CS. (1999) da nghién ctru biéu hién ctia gene méa hoa phytase (phyd) tir A.
niger trong S. cerevisiae. Ong cho rang qua trinh glycosyl hod c6 anh huong dén hoat
tinh ciing nhu d6 bén nhiét ciia phytase. Poan gene ma hoa phytase c¢6 kich thudc khoang
1,4 kb duoc gén vao vector pYES2 va biéu hién trong S. cerevisiae. Hoat tinh cua
phytase tai to hop dat gia tri t6i wu & hai diém pH 2,0 - 2,5 va 5,0 - 5,5; nhiét do ti uu tir
55°C - 60°C. Khéi luong phan tir cia enzyme nay khoang 120 kDa. Viéc loai cac goc
duong (De-glycosylation) ciia phytase s& 1am mat 9% hoat tinh va 40% do bén nhiét cua
enzyme ndy. Gene phyA mi hoa cho phytase cta A. niger (v6i hai diém pH ti wu 13 5,5
va 2,2) cling da duogc biéu hién trong E. coli dudi su kiém soat cua promoter T7lac
[Phillippy va Mullaney, 1997]. Han va Lei (1999) d3 nghién ctru biéu hién gene phyA cia
A. niger trong P. pastoris. Poan gene véi kich thude khoang 1,4 kb dugce gin vao vector
biéu hién pPICZaoA véi tin hi¢u tiét a-factor va su kiém soéat cua promoter AOXI.
Plasmid tai t6 hop dwoc bién nap vao hai chung P. pastoris X-33 va KM71H. Ca hai
chung nay déu sinh mot lugng 16n phytase véi hoat tinh cao (25-65 IU/ml).

Xiong va CS. (2004) da chuyén gene c6 kich thudc 1347 bp cua A niger SK-57 vio
P. pastoris va thu dugc 6,1 g protein tinh khiét, voi hoat tinh 865 IU/ml, trén 1 lit méi
truong nudi cdy. Do qua trinh glycosyl hoa nén phytase tai t6 hop thu duoc c6 kich thudc
khac nhau (64, 67, 87, 110 va 120 kDa). Nhitng phan tich hoa sinh cho thiy enzyme nay
hoat dong tbi thich & pH 2,5 va 5,5; nhiét do 60°C [Xiong va CS., 2004]. Tuong ty nhu
vay, doan gene dugc ky hiu 1a phyll phan 1ap tir chung A. niger 113 c6 dd tuong déng
90% v6i phyA tir A. niger NRRL3135 va 89% v6i gene phyA tir A. niger SK-57. Biéu
hién gene phyll trong P. pastoris, thu duoc 4,2 g protein tai t6 hop, hoat tinh 9,5 IU/mg,
trén 1 lit moéi trudng nudi cdy. Cac protein tao ra ciing co nhiéu kich thudc khac nhau
(120, 95, 85, va 64 kDa), hoat dong téi thich & pH 2,0 va 5,0; nhiét do tdi wu ciing la
60°C [Xiong va CS., 2005].

Phytase tir A. fumigatus 1a enzyme chiu duoc nhiét do cao, c6 tiém niang tmg dung
16n. Gene ma hoa enzyme nay di duoc biéu hién thanh cong trong A. niger, Hansenula
polymorpha, S. cerevisiae va P. pastoris [Eric va CS., 2000]. Trudc khi chuyén vao P.
pastoris, doan gene ndy dugc gin vao vector pPICZoA. Rodriguez va CS. (2000) da thu
dugc 729 mg protein tinh sach v4i hoat tinh 43 IU/mg ¢ pH 5,5 trén 1 1it m6i trudng nuodi
cAy. Véi nhiét do 90°C trong 20 phuat, enzyme tai to hop con gitr dugc 20-39% hoat tinh.
Enzyme nay bén véi pepsin nhung lai bi phan huy trrong diéu kién néng do trypsin cao.
Phytase thu dugc tir chiing A. niger tai to hop rat bén voi nhiét do, chi mat 10% hoat tinh
khi dun & 100°C trong 20 phat. Gene phyd tir ching ndm ua nhiét Thermomyces
lanuginosus ciing da dugc tach dong va biéu hién trong Fusarium venenatum. Phytase tai
t6 hop hoat dong tot trong khoang pH rong tir 3-7,5; duy tri hoat tinh khi nang nhiét do
1€n t&1 75°C [Berka, 1998].
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Tai Viét Nam trong nhitng nim gan day ciing di c6 mot sé nghién ciru tach dong va
tao phytase tai t6 hop. Nam 2007 DS Thi Ngoc Huyén da tich dong va thé hién phyC tai
t6 hop tir Bacillus subtilis trén E. coli va thu dugc lugng enzyme tai to hop ¢ ndng do
288 mg/l, gip 48 lan phytase tir ching tu nhién [DS Thi Ngoc Huyén, 2007]. Nam 2008
Nguyén Vin Viét thé hién phyC tai to hop tir Bacillus subtilis trén E. coli BL21(DE3) dat
tong nang suat phytase ndi bao va ngoai bao 1a 92 IU/ml.

1.4. H¢ biéu hién

1.4.1. Cdc h¢ biéu hign phé bién

Nhirng hé biéu hién pho bién nhat hién nay bao gom E. coli, B. subtilis, S. cerevisiae,
P. pastoris, A. niger, va té bao dong vat. Mdi hé biéu hién c6 nhirng uu diém va han ché
riéng, tuy thudc san phém protein ma can lya chon hé biéu hién phu hop. B. subtilis co
kha ning biéu hién va bai tiét rat tot protein c6 ngudn gbc vi khuan ra ngoai moi trudng
nudi cy. E. coli c¢6 thé biéu hién hau hét cac protein co kich thudc vira phai, khéng quéa
ky nudc hay chitra nhiéu gdc cystein. Tuy nhién, con dudng bai tiét protein cua E. coli ¢6
nhiéu han ché. Hé biéu hién E. coli va B. subtilis déu c6 chung mot nhuoc diém 13 mac
du c6 kha ning san xuét protein ctia sinh vt nhian chuan & mutc do cao, nhung nhiing
protein nay thuong khong mang hoat tinh hodc khong hoa tan [Joseph Fernandez va CS.,
1999]. Hé biéu hién trong té bao dong vat co thé biéu hién cac nhém protein khac nhau
va c6 y nghia déc biét trong y dugc hoc, tuy nhién qua trinh chon loc, nhan dong va nudi
céy té bao phuc tap hon nhiéu so véi cac hé su dung vi sinh vat. H¢ biéu hién trong nam
men 1a mot giai phap hiru hiéu khac phuc nhiing han ché trén.

NAm men la hé biéu hién dang dugc st dung rong rai hién nay bdi nd co rat nhiéu wu
diém. Ching 1a sinh vat nhan chuan duoc nghién ctru rat k§ vé mat di truyén, c6 kha
nang tich hop cac gene la cua céc sinh vat nhan thyc khac vao genome cua minh. Ngoai
ra, chung la sinh vat nhan chuén duy nhét co kha nang thyc hién duoc cac thao tac ky
thuat di truyén phéan tor dé dang nhu & E. coli va c¢6 kha ning phat trién rat manh trong
moi trudong nuodi céy. Dic biét, & nAm men co qua trinh stra d6i sau dich ma hoan thién dé
trd thanh dang protein hoat dong va c6 kha ning tiét protein ra ngoai méi truong hiéu qua
[Invitrogen, 2005]. S. cerevisiae 1a ching ndm men dau tién dugc st dung dé biéu hién
gene. Tuy vay, S. cerevisiae cling c6 mot s6 han ché do chua c6 hé vector biéu hién hiru
hiéu, cac plasmid dung dé biéu hién thuong 13 dang da phién ban (multi-copy) nén rat dé
bi dao thai [Joseph Fernandez va CS., 1999]. Tir nhiing hiéu biét ki ludng vé hé biéu
hién S. cerevisiae, hé biéu hién P. pastoris da ra doi va khéc phuc dugc nhiing nhugc
diém trén.
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1.4.2. Dic diém ciia h¢ biéu hi¢n P. pastoris

P. pastoris 1a mot trong s6 khong nhiéu ndm men c6 kha ning str dung methanol nhu
ngudn cacbon duy nhat. Ung dung ciia P. pastoris trong biéu hién xuat phat tir viéc khai
thiac promoter AOX, mdt promoter lién quan téi qua trinh ddng hoa methanol. Gene
ngoai lai chira trong plasmid tai t6 hop c6 kha ning tich hop vao hé gene ctia P. pastoris
nhd qua trinh tiép hop va trao ddi chéo, do vay, 1am ting tinh 6n dinh ctia gene niy trong
té bao chu

P. pastoris c6 kha ning tiét protein ngoai bao 16n va da duoc sir dung dé tao ra nhiéu
protein ciia ngudi, dong vat va thuc vat. P. pastoris c6 thé sinh truong trong diéu kién
nudi cay lién tuc trong mot thoi gian dai va c6 kha ning 1én men véi mat do té bao cao.
Moi truong nudi cdy khong dit tién, chi bao gdm ngudn cacbon nhu glycerol va
methanol, biotin, mubi, H,O. Chung c6 thé sinh truéng trén moi truong pH tuong ddi
thap va sir dung ngudn cacbon 1a methanol ma hau hét cac vi sinh vat khac khong s
dung duogc. Do viy, P. pastoris nudi cdy it man cam voi sy nhidém ban ctia méi trudng,. P.
pastoris ¢6 kha ning tong hop lugng 16n protein ngoai lai trong peroxisom, thuin tién
cho viéc van chuyén va tiét protein. Ngoai ra, P. pastoris khong 1a tac nhan gy bénh,
khong chira virus trong t& bao va con c6 mot promoter manh co thé kiém soat chit ché
duoc bing ngudn cacbon. Chinh vi vy, P. pastoris thuong duoc chon dé san xuét cac
protein tai to hop tmg dung trong y hoc va cong nghiép thuc pham.

1.5. Céu triic ciia vector pTZ57R

Vector pTZ57R hay con goi 1a TA vector 1a 1 loai vector gitip tdch dong nhanh tir san
phim PCR ma khéng can thiét sir dung enzyme cat gidi han. Uu diém cua phuong phap
nay 1 loai bo duoc nhiing tac dong ctia enzyme cét gioi han dén san pham PCR. Ngoai ra
khong can thiét sir dung mdi ¢6 chira diém cit cua enzyme giéi han. Nguyén 1y cua
phuong phap nay khi polymerase hoat dong trong phan ting PCR s€ tao ra san phém
PCR ¢6 mdt deoxyadenosine (A) & dau 3. Vector TA dang thang s& c6 chira mot
deoxythymidine (T) tu do & déu 3’, chinh vi vdy san pham PCR s& dé dang dugc gin véi
vector. Cu tric ciia vector pTZ57R duoc mé ta qua hinh 3.

pdil 127
/ Adel, Ppu2il 230

Pdml 2564
Hin1l 2505,

pTZ57RIT
2886 bp

Gsul 2054
Eco31l 2036~
Eam1105] 1984~

Loul 53", Bspl20l 661

N Hinell 667
Sall 867
Xmil B67
Pstl 72
T N, A 674
[ \Bsev) 1380 E‘;‘;; an 2783
Icail 1487 S Hindll 690

T7 promoter
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Hinh 3. Céu truc cua vector pTZ57R.

Trinh tw cdc nucleotit trong ving hé tro tach dong (Multiple Cloning Site)

Mph11031
e Ecl13611 Aot Mva12691
615 Eeafl Sacl Kpnl Bsptdil
GA A'.I".I' CG\R GCT CGG '.I'AC CTC GCG MT GC&
LacZ « Val Val Ala Leu Ser nsn Ssr Ser Pru Ual Elu lrg Ile l:ys
Ciral
EcoB8l Bsm‘ Hé’:;:l —_—
_)(h:nl Gl 651 Bapt _Smal —PRUE_ ol e
TCT AGA TddT| PCR [ AT falel) ATC CCG G:;c: cc:: 'rcc m:T GCA
. \ @ produst | oot TA GoC TA . FET
mssf IIePrnhsle]MahmmSﬂE\rs
A
—_ Ecolan Pael Hindin_635

GAG GCC TGC A'I‘G CM GCT TTC CCT ATA GTG AGT CGT ATT AGA GO

".UWTATQ\CTHGGKTMT
Yoo

s ACG TAC CGA

Lew Gly Ala His Leu Ser Elu Arg Tyr His Thr an ﬁusn Ser Ser Pro Thr

\cA GTA TOG ACA A
lle Met Thr Met

>Vector pTZ57R
GACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGC
CCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATC
GGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCA
CGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTT
GTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCT
ATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGCTTACAATTTCCATT
CGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGG
GGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGA
ATTCGAGCTCGGTACCTCGCGAATGCATCTAGATLATCGGATCCCGGGCCCGTCGACTGCAGAGGCCTGCATGCAAG
CTTTCCCTATAGTGAGTCGTATTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGC
TCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACA
TTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACG
CGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGC
TGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAAC
ATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCC
CCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT
TTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCT
TCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGG
CTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAA
GACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAG
TTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTAC
CTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGC
AGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAAC
GAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATG
AAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTA
TCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGC
TTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCA
GCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGG
AAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGC
TCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAA
AAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGG
CAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCA
TTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAG
AACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCA
GTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAA
ACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCA
ATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAA
TAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCT

Ghi chii
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GTAAAACGACGGCCAGT — Vi tri bAm mdi M13 forward
GTCATAGCTGTTTCCTG — Vi tri bAm mdi M13 reverse
L — Vi tri chén cta san pham PCR
Dua trén so dd vé cu tric cua vector pTZ57R, cap mdi M13 forward va M13
reverse dugc dung dé gidi trinh ty cua doan gene dich dugc cheén vao vector.

1.6. Cong nghé san xuit enzyme tai t6 hop

San xudt enzyme cong nghiép hién nay phan 16n dya trén cac ching tai to hop. Tuy
theo timg truong hop cu thé, enzyme c6 thé 13 ndi bao hodc ngoai bao. Tuy nhién, cong
nghé duoc Iya chon cht yéu van 13 enzyme ngoai bao do gia thanh tinh ché thap. Cac giai
doan chinh trong san xuat enzyme tai to hop duoc trinh bay trong hinh dudi.

Lén men
A 4
Vi sinh vat
No6i bao Ngoai bao
Pha té bao
\ A 4
Loc/ly tdm
A 4
Cé/lam giau
\ 4
Tinh ché
A
Pinh dang

!

Thanh pham

Hinh 4. Céc cong doan chinh trong san xuat enzyme tai t6 hop tir vi sinh vat.
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1.6.1. Lén men sinh enzyme

Trong san xuit enzyme cong nghiép tir vi sinh vat, cong nghé chu dao hién nay 1a st
dung ching sinh enzyme ngoai bao, sir dung thiét bi 1én men chim, hiéu khi va c6 canh
khudy. Chung giéng sinh enzyme ndi bao it khi duge sir dung vi gia thanh tinh ché cao.
V&i ndm mbc, doi khi cong nghé 1én men bé mit cling dugc st dung, tuy nhién cong
nghé nay ciing gip nhiéu han ché do nhiing khé khin trong ty dong hoa va kiém soat qua
trinh. Nhitng cong doan chu yéu trong 1én men dugc trinh bay trong hinh 5.

.4 Bo phan ké& hoach

&
Giw gibng
v \ 4
Chuan bj gibng Chuan bj madi trwdng
y A
Gidng khéi dong Thanh triing
R Bao dwéng
\
Phan tich P Lén men < Phu tro
'
v
Thu hdi

Hinh 5. Cac cong doan trong 1én men sinh enzyme tai to hop.

Thiét ké qué trinh 1én men 1a sy két hop cua nhiéu nganh khoa hoc trong d6 c6 héa
cong va sinh 1y vi sinh vat. Dé dua san xuit enzyme tir quy mo phong thi nghiém Ién quy
mo cong nghiép, cac thong sd can dwoc diéu chinh va tinh toan. Mic du cac thong sb
thich hop cta san xuit cong nghiép c6 thé duogc tinh toan dua trén thong sd phong thi
nghiém, théng thudng qua trinh van duoc kiém nghiém & quy mé pilot. Qué trinh chuyén
chét va truyén nhiét phy thudc rat 1on vao quy mé cta ndi 1én men va do vy can duoc
tinh toan va thiét ké phu hop & mdi quy mé. San xuét enzyme coéng nghiép thuong duoc
thuc hién & quy m6 20-200 m’. Trong qué trinh 1én men, céc thong s6 chii chdt can duoc
kiém soat bao gém: ap suét, nhiét dg, pH, néng do oxy hoa tan, thé oxy hoa khu, lugng
bot, tbc do truyén nhiét, toc d6 ho hap (CO,, O,), hé sb truyén khdi va truyén nhiét (hinh
6). Thiét bi 1én men c6 thé dugc gin két voi thiét bi khoi phd dé xac dinh thanh phan khi
thoat dé tir do tinh toan toc do sir dung oxy, dao thai CO, va can bang ngudn carbon.
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Thiét bi 1én men & céc thé tich khac nhau va mirc do tu dong hoa khac nhau hién nay
dugc cung cap rong rdi trén thi trudng. Trong sd d6 phai ké toi cac nha san xuat nhu
Hitachi (Nhat), Marubishi (Nhat), B-Braun (Satorius) (Puc), New Brunswick
(M¥)...Ngoai ra mot s6 hé thong 1én men ty dong khac cé chi phi thip hon cta Bio Top
(Pai Loan), Hanson Biotech (Han Qudc).

Céng suit
khudly

Cip dinh Cip acid/kiém

dudng chét phét bot
Ap sudt/ Y %

Thinh ph:
M bou 7 hitodt
Thé tich dich
T o
Thé [ Néng d6
oxy héa - khit o 0 oxy hda tan
o]
e o
: =£=1°
C#p lanh o Nhiét dé dich
Q
. — o]
(= =
3 e} TO
Cap khi o pH

Hinh 6. Cac thong sb can kiém soat trong thiét bi 1én men.
1.6.2. Thu héi enzyme

Sau khi 1én men, enzyme tai t6 hop can duoc thu hdi. So dd thu hdi chung dugc trinh
bay trong hinh dudi.

Lén men
| | '
TB dong vat Vi khuén NAm men
Ngoai bao Nb6i bao Ngoai bao
\ 4 A 4 \ 4
Téach ly tam Pha té bao Ly tam l1an 1
Phan ran Phan I6ng
\ 4 A A 4
Loc sach Ly tam IB Ly tdm dich Ly tam lan 2
A 4 A
Rera IB Ly tam/loc
v A4 l A4
Enzyme tho

Hinh 7. Céac cong doan thu hdi enzyme tai t6 hop dang tho.
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Pha té bao (voi enzyme noi bao)

Sau khi 1én men, cong doan tiép theo trong san xut enzyme 1a thu hdi enzyme. Trong
truong hop enzyme 13 ndi bao, dé thu hdi enzyme té bao vi sinh vat phai duoc phéa va. Co
nhiéu phuong phap pha v té bao hién dugc ap dung & quy md cong nghiép. Pong hoa ap
suét cao 1a cong nghé pho bién nhat dé pha v té bao vi sinh vat. Sinh khéi nén & ap suat
cao duogc thoat ra va dap vao khuyén va cham (vi du may dong hoa Manton-Gaulin). Té
bao vi sinh vat bi pha v& boi lyc xé va su thay doi ap suat dot ngdt. Cong suit cta hé
thdng c6 thé dat tir 50-5000 lit/gid. Ap suat can thiét dé pha v té bao vi khuan vao
khoang 55 MPa. Ap suit cao hon c6 thé dan téi sy gia nhiét (2.2 °C véi mdi 10 MPa) va
bat hoat enzyme. Trong trudng hop nhu vy viéc bd tri hé thong lam lanh 1a can thiét.
Nghién bi ciing 12 mot cong nghé khé hiéu qua dé pha v té bao vi sinh vat. Trong trudng
hop nay cac vién bi thiy tinh kich thudc 0.2 dén 1 mm duogc st dung. Hiéu qua cua
phuong phap phu thudc nhiéu vao cdu trac ciia hé thong khudy. Thong thudng hé thong
v6i cac dia tron b tri dbi xtimg dem lai hiéu qua tot hon so véi hé thong bat dbi xung.
Khi céc thong sé nhu kich thude bi, tbe do dong, va mat do té bao dugc tdi vu hoa, hiéu
sut pha té bao c6 thé dat 90% cho mot mé pha. Ngoai phuong phap co hoc, mot sb tac
nhan khac cling dugc st dung vi du nhu st dung si€u am, enzyme, chét hoat dong bé
mat. ..tuy nhién nhiing tdc nhan nay chi co thé ap dung cho nhiing trudng hop cu thé.

Tdch pha rin

Cong doan tiép theo sau khi c6 enzyme trong dich huyén phu 1a tach dung dich
enzyme khoi pha rin. DPay 1a mot cong doan khong don gian do kich thudc rat nho cua té
bao vi sinh vét va ty trong ciia té bao va dich 1én men khong c6 khac biét 16n. Cac cong
ngh¢ tach sinh khéi vi sinh vat hién dang trng dung trong cong nghiép bao g6m loc lién
tuc, gan chat (voi té bao 16n, c6 kha nang két dinh va két léng), va ly tam.

Phwong phap loc
C6 3 k¥ thuat loc 13 loc ap suat, loc chin khong va loc dong chay chéo (cross-flow).

(a) Loc ap suét: Thuong duogc dung dé loc dung tich dich nhé hoac dé loai bo két tua
trong qua trinh tinh ché. Nhuoc diém cta phuong phap 14 khong thé st dung ddi voi
dung dich c6 luong chét ran 16n, tuy nhién loc 4p suat lai rit phu hop dé dung dich
enzyme & nhitng khau cudi qua trinh tinh ché.

(b) Loc chan khong: Phuong phap loc chan khong duoc sir dung tuong d6i phd bién.
Loc chan khéng theo phwong phép loc 1dng quay c6 thé duoc ap dung dé loc lién tuc mot
thé tich dich 16n. Thong thuong dich trude khi loc dugce tron voi bot trg loc va ban than
tréng loc cting dugc phu mdt 16p mong bot tro loc. Tréng duoc chia thanh cac phﬁn riéng
1& phuc vu cac muc dich rira, 1am kho sinh khéi trén bé mit. Sinh khdi dang banh cudi
cung duogc tach khoi mang tréng boi mot dao gat.
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Hinh 8. Nguyén 1y cia mot sé cong nghé loc co ban. (A) - Loc tréng; (B) — Loc thong
thuong (dead end); (C) — Loc dong chay chéo (cross-flow).

(¢) Loc dong chay chéo (cross-flow): Trong cong nghé loc truyén thdng dich loc di
vudng goc v6i bé mit loc (hinh 8 b), nguoc lai, trong phuong phap loc dong chay chéo
dich loc chuyén dong song song voi bé mit loc va do vay co thé loai dugc hién tuong tich
tu sinh khéi va vét chit khong tan trén bé mit va tranh duoc hién tuong bit tic. Ty theo
kich thudc mang loc ma ngudi ta co thé Gmg dung cong nghé loc trong viée tach sinh
khdi, ¢6 dic enzyme... Cong nghé loc dong chiy chéo hién da dugc ap dung & quy mod
cong nghiép, mot trong nhimg vi du dién hinh 1a c6ng nghé loc bia cua Alfa Laval.
Phuwong phap ly tam

Ly tdm 1a mot phuong phéap kinh dién va kha hiéu qua vé mit kinh té. Trong s
nhitng dang ly tam phé bién c6 dang st dung thanh dac dé luu gilt san phém va thanh
rang ray (ludi) cho phép dung dich lot qua. Céc thiét ké ly tdm rat phong pht nham dam
bao nhu ciu khac nhau ctia cong nghé. Dang ly tdm tng dung phu thudc vao kich thudc

hat va ham luong chét rin (bang 1, hinh 9).

Bing 1. Ung dung ciia mot s6 dang thiét bi ly tam.

Loai thiét bi ly tAm Ham lugng chit Kich thwéce hat,
ran pm

Ly tim da budng (multichamber 0-5 0.5-500

separator)

Ly tdm voi (nozzle separator) 5-25 0.5-500

Ly tam ray (sieve centrifuge) 5-60 5-10 000

Ly tim day (pusher centrifuge) 20-75 100-50 000
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dich cdp
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Hinh 9. Mot s6 dang ly tam thanh dic pho bién. (A) — Ly tdm 6ng; (B) — Ly tdm da
budng; (C) — Ly tdm dia; (D) — Nguyén Iy hoat dong cua ly tim dia.

100% Dich cép

90.6% thu hdi

— 3

L 99.85%

o7
S8.4%x.4% Téng thu héi
A

=9.25%

1.56%x9.4%=0.15% thit thodt

Hinh 10. Céc cong doan va hiéu suat thu hdi enzyme téi t6 hop dang tho tir nAm men.

Dbi v6i enzyme tai to hop ma vat chu 1a ndm men, budc dau tién cua qua trinh thu
héi 1a tach dung dich protein tai t6 hop khoi té bao ndm men sir dung phuong phap ly
tam. Budc ly tam tiép theo nham dam bao do trong can thiét cua dung dich protein. Té
bao nidm men c6 kich thudc trung binh khoang 4-10 pm. Ca hai loai loai ly tdm dia chong
(disk stack) va ly tdim 6ng (tubular) déu co6 thé sir dung. Hinh 10 1a mot vi du vé céac
budc ly tim va hiéu suét thu hoi dich enzyme trong san xuat enzyme tai to hop tir nAm
men & quy mo cong nghiép.

1.6.3. Co ddc enzyme

Nong d6 enzyme trong canh truong sau khi loai bo té bao thudong khong cao. Dung
tich dung dich can xir Iy 1a kha 16n va thém vao d6 1a nhiing tap chat can loai bo. Nhu
vay, dé qué trinh tinh ché duoc hiéu qua vé mat kinh té, dung dich enzyme can duoc cd
dic. Chi nhitng bién phap 6n hoa khong 1am bat hoat protein méi duoc sir dung. Nhiing

-26 -



bién phap nay bao gdom xur 1y nhiét (bay hoi), két tiia, va bién phap gan day ngay cang
pho bién hon 1 loc méang.

Xur Iy nhiét (bay hoi)

Phuong phap xtr Iy nhiét lam bay hoi dung dich chi 4p dung & nhiét d6 thap do nguy
co bién tinh enzyme. Cac thiét bi ¢6 quay chan khong c6 thé dugc sir dung. Tuy nhién
day khong phai 1a k§ thuat thuc sy phd bién trong san xuit enzyme ¢ quy mo cong
nghiép.

Két tia

Phuong phap két tia 13 mot phuong phap twong ddi don gian dé co6 dic enzyme. Cac
tac nhan két tha c6 thé 1a mudi, phd bién nhat 1a (NH,),SO4. Enzyme c6 thé duoc phan
tach tiy theo timg ndng d6 mudi bd sung. Nhuoc diém ciia (NH,),SO, 14 gy han ri thiét
bi va phirc tap trong xt 1y chat thai. Mudi Na,SO, ciing ¢ thé dugc str dung tuy nhién
tinh tan cia mudi nay khong cao va nhiét do két tua thuong phai duy tri & 35-40°C.
Ngoai ra, dung moéi hita co nhu ethanol hoac acetone ciing thuong dugc xtir dung. Trong
truong hop nay cac yéu td nhu nhiét d6 va ndng d6 dung méi can duoc kiém soat chit
ché nham trdnh bat hoat enzyme. Polyethylen glycols hodc polyethylenimine 1a hai
polimer phd bién dugc sir dung trong két tia protein va enzyme. Nong do sur dung
thudng trong khoang 15-20%. Mot phuong phap két tiia enzyme kha hiéu qua vé mit
kinh t& 1a dua pH dung dich vé diém dang dién cta enzyme. Qué trinh két tia thudng
dugc thuc hién & quy mo6 nhé. Viéc mo rdng quy mo cod thé gdp mot s6 tro ngai lién quan
t6i thoi gian khudy va tc do khudy. Hai yéu td nay két hop tuong dbi kho khan ¢ quy mo
16n va déu c6 thé anh huong té1 sy hinh thanh két ta cling nhu hoat d§ ctia enzyme.

Loc mang

Viéce str dung mang loc véi céc kich ¢& 16 khac nhau trong viéc co dic enzyme ngay
cang phd bién trong cong nghiép. Tuy theo cac kich ¢& hat ma mang cho phép di qua c6
thé chia lam cac nhom nhu vi loc (microfiltration) (ddi véi hat >1000 Kda hodc manh té
bao), siéu loc (ultrafiltration) (>10 Kda, cao phdn tir) va thdm thiu nguoc (reverse
osmosis) (>200 Da). Cac ky thuat mdi nhu loc dong chdy chéo (cross-flow filtration)
phat trién gan day da han ché dugc nhimg nhugce diém cia phuong phap loc mang nhu
hién tugng tao gel trén bé mat, hién tugng bam tac va bit 16. Cac yéu tb trong qué trinh
1én men nhu viée st dung chit pha bot can duoc quan tim vi chung c6 thé twong tac va
gdy can trd qua trinh tham thiu qua mang. Két cdu cua mang loc hién nay rt da dang
nham dap Gmg quy mé ciing nhu yéu cau cu thé ctia cong nghé.
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1.6.4. Tinh ché enzyme

Trong nhiéu Gng dung coéng nghiép enzyme thd co thé duoc truc tiép sir dung. Tuy
nhién enzyme phuc vu cac muyc dich y hoc, phan tich hodc trong cac phan ung téng hop
cao cap can dugc tinh ché. Tinh ché enzyme 14 cong doan kha phirc tap va tén kém trong
san xudt enzyme. Cac cong nghé tinh ché hién hanh bao gdm két tinh, dién di va sic ky.

Két tinh

Két tinh 12 mot trong nhitng bién phap truyén thdng va ré nhat dé tinh ché enzyme.
Pé enzyme két tinh can tao thuc day tuong tic protein-protein bang cach tao diéu kién
dung méi & trang thai qua bio hoa enzyme. Céc tic nhan anh hudng toi qua trinh két tinh
bao gém néng do va loai mudi, pH, nhiét do, néng do va dang tap chét. Khuéy tron va
viéc dua vao cac tinh thé mam ciing tac dong manh t6i qua trinh tao tinh thé.
Dién di

Pién di 1a cong nghé phd bién dé tinh ché protein & quy mé phong thi nghiém. Su gia
nhiét trong qua trinh dién di gy anh hudng t1 kha nang phan giai 1a mét trong nhiing tré
ngai khi nang quy mé ctia cong nghé. Dién di & quy mé cong nghiép duoc thyc hién bang
qua trinh lién tyc va dién truong dugc duy tri 6n dinh bang phuong phap quay.
Sdc ky

K¥ thuat sic ky duoc st dung & quy md cong nghiép trong tinh ché enzyme tir nhiing
nim 1960. Nhitng loai gel sic ky dau tién duoc sir dung 1a Sephadex G-25 va DEAE
Sephadex A-50. Nhitng thong sb quan trong trong sic ky cong nghiép 1a chiéu cao cua
cot, sy tuyén tinh ctia dong chay va ti 1é giita dung tich mau va dung tich gel. Sy can ddi
gifta nhu cau ting cong suit, toc d6 dong chay va do6 phan giai cling can tim duoc cong
thirc thoa hiép. Nham tranh hién tugng giam ap trong cot, hién nay trong san xuat cong
nghiép cac loai cft gian doan dugc su dung. Cac loai vat li¢u nhu thiy tinh, nhya, hodc
inox déu duoc tmg dung trong sic ky cong nghiép. Cac loai cot c6 thé duoc két gin bang
Viton hodc Polytetrafluoroethylene (PTFE). Cac dng nbi ¢ kich thudc 16n hon 4 mm can
dugc 1am bang thép khong gi va khong ¢ cac dau chét nham chiu ap va chéng nhiém
khuan.

Cac dang sic ky hién hanh bao gdm sic ky hap phu (adsorption), phan phdi
(distribution), trao ddi ion (ion exchange), loc gel (gel filtration), ai lyc (affinity), tuong
tac ky nudc (hydrophobic), dong hoa tri (covalent), phirc kim loai (metal chelate). Ngoai
nhitng dang sic ky dua trén ban chit ciia enzyme nguyén gbc, bang viéc tao ra cic
enzyme tai t6 hop nguoi ta co thé dua thém cac doan protein hodc peptid ngoai lai dé hd
tro tinh ché. Nhimg hé théng enzyme ngoai lai hd tro tinh ché phd bién nhat bao gdm
glutathione-S-transferase (GST), protein A (SPA), maltose binding protein (MBP), va
thioredoxin (TR). Mét s6 doan peptide ngén thuong dugc dua vao phuc vu tinh ché chon
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loc bao gdm poly-histidine, poly-arginine va tryptophan. Xu thé hién nay 1a dua vao
nhiing protein, peptide c6 kich thudc nho hon dé tang ty 18 protein dich voi protein hd
trg. Ché do rira giai cho protein cling la mdt van dé dang dugc cai tién nham lua chon
nhiing tac nhan it doc hai va ndng do thip. Ngoai ra, trong nhiéu truong hop viéc loai bo
cac protein/peptide hd trg ciing can thiét va phuong phéap loai bo chung bang hoa hoc
hodc phan ting enzyme ciing 13 van dé duoc quan tam.

1.6.5. Dinh dang sdan phim

Enzyme thuong pham trén thi truong dugc ban dudi dang dung dich 6n dinh hodc dang
hat. Vi¢c dinh dang san phém nham giam thiéu that thoat vé hoat tinh cta enzyme trong qua
trinh van chuyén, tang trit va st dung. Céc tac nhan anh huong bao gém d6 4m, nhiét, chét oxi
hoa. Phan 16n cong viéc cai thién do bén can duoc thuc hién tir khau sang loc tuyén chon
enzyme c6 ciu tric bén vimg, chiu nhiét. Cac hoa chat 6n dinh enzyme trong qua trinh dinh
dang chi mang tinh chat hd tro. Chat 6n dinh c6 thé dong vai trd giam thiéu cac tic nhan bién
tinh, bat hoat tim hoat dong, va phan htity. Qua trinh bién tinh enzyme dién ra khi cAu triic bac
ba mét di do tac dung cta céc tac nhan vat Iy hodc hoa hoc. Khi phén tir enzyme bét dau dudi
ra n6 trd nén rit man cam véi cac tac nhan bat hoat va thiy phan. Dé dam giam thiéu diéu nay
tac nhan 6n dinh can tao ra mdi truong hd trg ciu triic nhd gon ciia protein. Diu nay co thé
dugc thuc hién mot cach hi¢u qua thong qua viée loai bd chon loc cac phan tir nudc khoi bé
mit phan tir protein bang cach dua vao cac chat lién két nudc nhu dudng, rugu bac cao, cac
mudi hinh thanh tinh thé 1ong (lyotropic salts). Cach tot nhat dé giam thiéu su bat hoat tim
hoat dong 1a dam bao du néng d6 cofactor can thiét, dwa vao chat c ché thuan nghich va loai

bd cac tdc nhan oxy hoa khdi san pham.

Ngoai viéc dam bao on dinh hoat tinh enzyme, cong thirc dinh dang can dap tmg mot
) yéu cau phu nhu chéng nhiém khuén, chéng két tua, chéng duc, ddm bao mau sic, mui vi
can thiét. Mot sb dic tinh nhu mau sic mui vi ¢6 thé phai dugc xac dinh tir khau chon nguyén
liéu 1én men va ky thuat loc. Dé dam béo tranh két tia co thé dinh dang san phém o gﬁn diém
dang dién cua enzyme trong dung méi wa nudc nhu glycerol, propylene glycol. Mot s6 loai

mudi c¢6 do solvate cao co thé dugc st dung &
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Chwong 2. THUC NGHIEM
2.1. Nguyén liéu

2.1.1. Chung vi sinh vit

Chang nAim mdc phuc vu nghién ctru tich dong duogc tiép nhan tir Suu tip gidng Vi
sinh vat Cong nghiép Thuc pham, Vién Cong nghiép Thuc phdm (CNTP). Ching vi
khuén E. coli DH50. nhan duoc tir Suu tap gié)ng Vién CNTP str dung trong cong doan nhan dong
gene. Thé bién nap nim men P. pastoris X-33 c¢6 kha ning sinh phytase ngoai bao cao
duoc tuyén chon tr nam 2008 thudc bd suu tap giéng Vién CNTP, str dung nghién ctru 1én
men va x4c dinh sb copy.

2.1.2. Plasmid
Vector pTZ57R/T (Fermentas) dugc st dung cho tdch dong gene phytase.

2.1.3. Héa chit

Céc hoa chat dung trong nghién ctru déu thudc loai tinh khiét & mirc d6 phan tich.
Phan 16n chiing c¢6 ngudn gbc tir cac hang nhu Sigma (M¥), Merck (Pirc), Difco (M¥),
Invitrogen (M¥), Fermentas (Dirc), Roth (Pirc). Ngudn gdc ciia mot sé hoa chit quan
trong c6 thé anh huong t6i két qua thi nghiém duogc liét ké cung két qua thi nghiém.
Trong nghién ctru ciing sir dung mot sd loai kit chuyén dung nhu: Kit tinh sach ADN
(QIAEX II Gel Extraction Kit - Puc), kit tach chiét plasmid (NucleoSpin Plasmid
extraction kit - Macherey-Nagel, Duc), kit tach chiét san phdm PCR (Wizard® SV Gel
and PCR Clean-Up System — Promega, mang si€u loc Amicon ultrafiltration Unit
(Millipore, M¥). Cac cap mdi str dung cho PCR dugc trinh bay qua bang 2

Bing 2. Cac cap mdi sir dung trong nghién ciru.

Moi Trinh ty 5°-3’
PhyA-primer F gaggaattAAGTCCCCGCCTCGAGATCAATCCAG
PhyA-primer R aggtagaaAAGCAAAACACTCCGCCCAATC
PhyB-primer F gaggaat I TTCTCCTACGGCGCTGCCATTCCTCAG
PhyB-Primer R ggtagaa AGTCCATAGCATCACCCTCCTGGCA
MET2-F GGCGAAACTTTGCACAATGTTC
MET2-R AACCCGTTAAAGCATGGCAGAT
Ble-F CGTGACCCTGTTCATCAGC
Ble-R CACTCGGCGTACAGCTCGT
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2.1.4. Méi trwong nuéi cdy va dung dich dém

2.1.4.1. Méi trwong nudi cdy

YM: 0,3% malt extract; 0,3% yeast extract; 0,5% peptone; 1% glucose
LB: 0,5% yeast extract; 1% tryptone; 1% NaCl, pH 7

LB-Ampicillin: LB ¢ bd sung 100 mg/l ampicillin

LB low salt: 0,5% yeast extract; 1% tryptone; 0,5% NaCl, pH 7
LB-Zeocin: LB low salt bd sung 25 - 100 mg/I zeocin

YPD: 1% yeast extract, 2% Bacto pepton, 2% glucose

YPDS: 1% yeast extract, 2% Bacto pepton, 2% Glucoza, 1M Sorbitol
YPDS-Zeocin: YPDS c6 bo sung 100 mg/l zeocin

BMM: Bém K - P 100 mM, pH 6; 1,34% YNB; 0,5% methanol

BMMY: 1% Methanol, 1% cao nidm men , 2% peptone, 0.34% YNB, 1% (NH,4),SO,

(w/v) va 4 x107% biotin, pha trong dém phét phat 0,1M, pH 6,0.

mBMMHY: 1% methanol, 0.1% cao ndm men , 1% (NH4),SO4 (W/v) va 4 x10°% biotin,

0.004% histidine, pha trong dém phét phat 0,1M, pH 6.0.

FBSH: 1% Glycerol ; 26.7 ml/l H;PO4 (85% stock), 0.93 g/l CaSQO,, 18.2 g/l K,SO,, 14.9
g/l MgSO47H,0, 4.13 g/l KOH, chinh vé pH 5.0 bang NH,OH. Thém 0.004% histidine
va 0.435 ml PTM1 dung dich vi chat (6 g/l CuSO,45H,0, 0.08 g/l KI, 3 g/l MgSO,H,0,
0.2 g/l Na,MoQ,, 0.02 g/l H;BO;, 0.5 g/l CoCl,, 20 g/l ZnCl,, 65 g/l FeSO, 7H,0, 0.2 g/l

biotin va 5ml H2$O4)

2.1.4.2. Dung dich dém

2xSSC: 0,3 M NacCl; 0,03 M CH;COONa; pH 7

Sol I Tris-HCI1 25 mM, pH §; EDTA 10 mM, pH 8; glucose 50 mM
Sol II: NaOH 0,2M; SDS 1%

Sol I1I: CH;COOK 3M; axit axetic 11,5%; CH;COONa 3 M

Phenol/chloroform: 50 ml phenol, 49 ml chloroform, 1 ml isoamylalcohol, 0,1 g

hydroxyquinonline, bdo hoa trong 100 ml TE
TE: Tris-HCI 1M, pH 8; EDTA 0,5 M, pH 8

x50 TAE: 24,2 g Tris-bazo; 5,71 ml axit axetic; 10 ml EDTA 0,5 M, pH 8; dan nuéc

cat @én 100 ml

Loading dye: 0,25% bromophenol blue; 0,25% xylen cyanol FF; 30% glycerol
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2.1.5. Thiét bi

Céc thiét bi, may moc dung trong nghién ctru thugc BO moén Vi sinh, Vién Cong
nghiép thuc pham, bao gém: May lic 6n nhiét OSI (Phap), mdy lic On nhiét
Thermocomfort (Pirc), ta 4m, ti sdy (Anh), may do pH MP200R (Thuy Si), can dién
Shimadzu (Nhat Ban), can phan tich Precisa XT 320M (Thuy Si), ndi khir tring uét
Tommy (Nhat), ndi khir tring khé (Anh), box cdy (Phap), may lam d4 Brema (Italia),
may vortex (Puc), may PCR 9700 Applied biosystems (M¥), bd dién di Bio Rad (My),
may soi ADN (M), may anh s6 Olympus 4000Z (Nhat), méy li tim lanh cao téc Sorwall
(M¥), may pha té bao Biospec (M¥).

2.2. Phuwong phap nghién ciru
2.2.1. Tach chiét ADN

2.2.1.1. Tach chiét ADN genome ciia Aspergillus va Pichia

N4m méc duoc nudi ciy trén Malt agar 2% trong 3-5 ngay & 30°C. Bao tir duoc thu
béng 2 ml Tween 80 0,1%. Sau do, 0,5 ml dich bao tir duoc chuyén vao binh tam giac
chtra 10 ml YM va nudi cdy lic 200 vong/phut & 30°C trong khoang 8-16 gior (dam bao
bao tir m&i chi nht mam, chua moc dai thanh soi va két vao nhau). Sau do chuyén 1 ml
mam bao tir vao dng Eppendorf 1,5 ml va ly tam ¢ 12000 vong/phiit trong 1 phat. Sinh
khéi duoc rira bang nude cat thanh tring va bd sung 0,75 ml x2 SSC, vortex rdi u & 99°C
trong 20 phut. Chuyén toan bd dich va té bao sang éng Eppendorf méi va ly tim & 12000
vong/phut trong 1 phit, loai bo dich phia trén. Sinh khéi duoc rira bang nude cit, sau d6
bd sung 100 pul phenol/chloroform, 100 pl hat thuy tinh va 100 pl nude. Sinh khéi duoc
ddng hoa trén may pha té bao Biospec ¢ ché do tdi da trong 2 phut. Hon hop duoc ly tim
& 12000 vong/phut trong 10 phat. Dich ndi phia trén dugc dung truc tiép lam khudn cho
PCR. Trong trudong hop ndm men, viéc tach chiét ADN duoc thuc hién tuong tu nhu trén
nhung bo qua qua giai doan kich hoat nay mam bao tir.

2.2.1.2. Tach chiét plasmid

Viéc tach chiét plasmid tir E. coli dugc thuc hién theo Sambrook (2001):

- Cay chuyén mot khuan lac E. coli vao 6ng nghiém chtra 2 ml LB-Ampicillin (hodc
LB-Zeocin), nudi lic qua dém & 37°C, 200 vong/phut

- Chuyén 1 ml dich nudi cdy vao éng Eppendorf, ly tdm 5000 vong/phut trong 5
phut

- Hoa tua té bao vao 100 pl Sol I bang may vortex, dé & nhiét do phong trong 5 phut

- B0 sung 200 ul Sol II, ddo dau éng Eppendorf nhanh nhung nhe nhang dé tranh
dut gdy ADN. Hon hop s& tré nén trong sudt va quanh. Dé yén trong da 7 phut

- B sung tiép 150 pl Sol III, dao nhanh rdi U trong da 5 phut, hdn dich s& két tua
trang
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Ly tam v&i toc d6 13000 vong/phit trong 10 phit ¢ 4°C

Thu dich ndi va chuyén sang éng Eppendorf 1,5 méi. Sau d6 bd sung 600 ml dung
dich phenol/chloroform, tron déu va ly tdm ¢ tbc dd 13000 vong/phut trong 10
phiit dé loai protein va ADN nhiém sic thé

Hut pha dich 16ng & bén trén chuyén sang ng eppendorf 1,5 ml méi va lap lai
budc trén v6i 450 ml hdn hop chloroform/isoamylacohol (24:1).

Taa dich thu dugce véi 2 1an thé tich cdn lanh 99,5%, dé dung dich két tua trong
khoang 20 phut

Thu tia ADN bang cach ly tim 13000 vong/phiit trong 10 phut

Phén két tua duoc ria lai bang con lanh 70% va thu lai bang cach ly tam 13000
vong/phut trong 10 phut

Sau d6 1am kho tiia con bang may Speed Vac

Hoa tan ADN plasmid vao 30 - 40 ml dung dich TE

ARN 14n trong san pham tach chiét ADN duogc loai bo bang cach bd sung RNase
(100 pg/ml), o hon hop trong 30 phut & 37°C

ADN plasmid da tich chiét dugc kiém tra bang cach chay dién di trén gel agarose 0,8%

2.2.2. PCR

Trong nghién ciru nay, tiy thudc vao thi nghiém, thanh phan phan tng PCR c6 thé

thay d6i tir diéu kién gdc nhu sau:

x10 Buffer KCI (Fermentas) S5ul
MgCl, (25 mM) (Fermentas) S5ul
Mbi xudi 10 mM 1 ul
Mdi ngugc 10 mM I ul
dNTP 20 mM 1 ul
Taq polymerase (5 unit/ul) 0,25 pl
ADN khudn Il
H,0O 36 ul
Téng thé tich 50 pl

San pham PCR duoc kiém tra bang dién di trén gel agarose 1,5 %, nhudm ban gel véi

ethidium bromit va quan sat bang dén cuc tim.

2.2.3. Xac dinh trinh tu gene

Trinh ty ADN duoc doc bang phuong phap “dideoxy chain termination” véi viéc sir

dung kit AmpliTaq (Amersham) theo huéng din ctia hing véi cac mdi twong Gng. May
doc trinh tw, model 377 ctia hing Applied Biosystem dugc str dung. Cac chudi ADN
duogc so sanh véi GeneBank thong qua giao dién tim kiém BLAST nucleotide-nucleotide
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dit tai trung tam tin sinh hoc qudc gia (National Center for Biotechnology Information),

Bethesda, My. Cac chudi lién quan dugc chuyén tai vé sau d6 xir Iy bang phan mém
BioEdit [Hall, 1999] va so sanh bang ClustalX [Thompson va CS., 1997]. Cay tién hoa
duoc hién thi bang phan mém TreeExplorer.

2.2.4. Ghép néi plasmid

Ghép noi: Poan ADN sau khi cat bang enzyme han ché dugc noi vao vector cling da

duogc xtr Iy cling mot enzyme tuwong tng theo ty 1¢ ndng do 3:1. Thanh phan cta phan tng

trong tong thé tich 10 ml nhu sau:

Dbém 10x ctia T4 ADN ligase 1l
T4 ADN ligase 400 U/ml 1l
Vector 24 ul
ADN 24l

Hon hop phan tng duge u & 22°C trong 16 gid.

2.2.5. Bién nap ADN vao E. coli biang séc nhiét
Tao té bao E. coli DH5a. kha bién [Sambrook, 2001]

Céy chuyén mét khuan lac E. coli DH5a vao 5 ml moi truong LB, lac 200
vong/phut ¢ 37°C qua dém

Chuyén 0,5 ml dich té bao sang 50 ml méi truong LB, tiép tuc cay lic & 200
vong/phit & 37°C cho t6i khi dat ODgo tir 0,4 - 0,6. Sau d6 1dy mau ra va dat 1én
da khoang 1 gio. Tir budc nay tat ca cac thao tic déu phai tién hanh & 4°C

Ly tdm 5000 vong/phit trong 10 phut. Hoa t& bao thu duogc trong 50 ml CaCl, 100
mM (v6 tring). U mau 15 phiit va ly tim thu t& bao & 3500 vong/phiit trong 10 phut
Hoa tia trong 25 ml CaCl, 100 mM, u mau trong 60 phut trén da

Ly tam 4000 vong/phut trong 10 phut ¢ 4°C

Hoa té bao trong 0,5 ml CaCl, 100 mM, bo sung 15% glycerol

Hut 0,1 ml dich té bao trén vao mdi éng Eppendorf va bao quan & - 75°C hodc sir
dung truc tiép

Bién nap bang séc nhiét [Sambrook, 2001]

Té bao kha bién dugc 14y ra tir ti - 75°C, 1am tan trén da trong khoang 15 phut. Sau
d6 b sung vao mdi ong té bao kha bién 10-100 ng ADN, dao nhe nhang dé ADN
phan bb déu trong dich té bao kha bién. Sau d6 dé miu trén d4 trong thoi gian 30
phut

Mau duoc chuyén sang bé 6n nhiét ¢ nhiét d6 42°C va u trong 90 gidy Sau d6
mau duoc lay ra va dat trén d4 trong 2 phat

B6 sung 1 ml LB, lic hdn hop té bao ¢ 37°C trong 60 phut

Huat 100ml dich t& bao cdy trai trén dia méi truong LB-Ampicillin hoic LB-
Zeocin, u dia ¢ 37°C qua dém
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2.2.6. Tuyén chon dong mang gene bién nap

Déi véi thé bién nap la E. coli DHS5a.

Thyc hién PCR tryc tiép khong thong qua tach chiét ADN (colony PCR). Dung dau
tip chdm khuan lac, chuyén vao dng PCR (15 pl/phan ung). Chuong trinh chay nhu
chuong trinh nhan gene phy4 nhung bd sung thém giai doan dun 95°C trong 10 phit
trudc phan ung.

2.2.7. Xac dinh hoat tinh phytase

Hoat tinh phytase dugc xac dinh theo phuong phdp cua Shimizu va cong su dé xuit
nim 1992. Luong P, giai phong dudi tac dong cua phytase dugc xac dinh bang dung
dich thir mau.

Dung dich thir mau

La dung dich c6 chia 4 lan thé tich dung dich A (1,5% amoniummolypdate -
((NH4)sM070,), + 5,5% H,SO4) va 1 1an thé tich dung dich B (2,7% FeS0,.7H,0). Dung
dich thr mau dugc pha va st dung trong ngay.

Cdch pha dung dich thudc thir

- Pha dung dich A: D& pha 240 ml dung dich A can 14 ml dung dich H,SO, 95% va
226 ml nudc cat. Do tir tir H,SO,4 vao nude cat, sau do dé nguoi ta thu dugc dung

dich H,S0, 5,5%. B6 sung vao 240 ml dung dich axit trén 3,823 g mudi amonium
molypdate, hoa tan hoan toan sé dugc dung dich A.

- Pha dung dich B: Can chinh xac 0,494 g FeS0O,.7H,0 hoa tan vao 10 ml nudc sé&
thu dugc dung dich B ¢6 chtra FeSO,.7H,0 2,7%. (Luu y: dung dich B chi duogc
pha trudc khi sir dung vi dé 1au Fe* s& bi oxy hod thanh Fe™).

- Sau khi ¢6 dung dich A va dung dich B, tron déu 4 1an thé tich A + 1 lan thé tich
B. Sau d6 dé hdn hop 6n dinh sau khoang 1 gio khi dung dich trong sudt khong
mau thi sir dung duoc.

Dung dich co chit

La dung dich c6 chtta 3 mM phytate-Na trong dém axetate-Na 0,1M pH 5,5.

Cdch pha dung dich co chat
- Can 0,277 g mudi phytate-Na pha trong 10 ml nudc cat ta thu duge dung dich goc
phytate-Na c6 ndng d6 30 mM. Tir dung dich nay pha lodng 10 1an v6i dung dich
dém axetate-Na 0.1M (pH 5.,5) dé thu duoc dung dich co chat mong mubn.

Cdch tién hanh phdn ting enzyme thuee hién nhu sau

- Madu thi nghiém: 0,2 ml dich enzyme + 0,2 ml dich co chit (3 mM phytate-Na trong
dém Na-axetate 0,1M pH 5,5) i 50°C trong 20 phut, sau d6 bd sung 0,4 ml TCA
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(trichloroacetic acid) 15% dé dimg phan tmg, tiép theo bd sung 0,8 ml thudc thir, dé
phéan g mau bén sau 5 phut rdi xac dinh OD & budc séng 700 nm.

- Mau doi chung: 0,2 ml dich enzyme + 0,4 ml TCA 15% nham bat hoat enzyme,
sau d6 + 0,2 ml dich co chit (3 mM phytate-Na trong dém axetate-Na 0,1M pH
5,5) 1 & 50°C trong 20 pht, tiép theo bd sung 0,8 ml thudc thir phan Gtng mau bén
sau 5 phut rdi xac dinh OD & budc séng 700 nm.

Xdc dinh do thi chuan phét pho

Dung dich KH,PO, dugc st dung lam chuin phét pho. Can chinh x4c 1,36 g KH,PO,
hoa tan vao 100 ml nudc cét thu duge dung dich KH,PO, 0,1M (tuwong duong 0,1 M P,
= 100 mM) tr dung dich géc nay ta pha loang thanh céac néng do nhu sau: 0; 0,5; 1,0; 1,5;
2 mM. Tir mdi d6 pha lodng nay lay ra 0,4 ml dé thir phan img mau bang cach bo sung
thém 0,4 ml TCA, 1 20 phut tai 50°C rdi bo sung thém 0,8 ml thudc thir mau va xac dinh
mau tai OD 700 nm két qua mo ta qua bang 3.

Bing 3. Tuong quan giita ham luong phdt pho vo co va OD 700 nm.

STT Nong do Th?e tich mau Lugng Pve oD
KH2P0O4 (mM) lay di thir ¢6 trong mau thir (umol) 700 nm
1 0,0 0,4ml 0,0 0,000
2 0,5 0,4ml 0,2 0,352
3 1,0 0,4ml 0,4 0,680
4 1,5 0,4ml 0,6 0,894
5 2,0 0,4ml 0,8 1,157

Tir két qua OD va ham luong phdt pho ¢6 trong dung dich chiing toi 1ap phuong trinh
hoi qui tuyén tinh (ham tuong quan). Xac dinh cac hé s6 cua phuong trinh hoi qui va hé¢
sO tuong quan nhu sau:

y=ax+b
Trong do: y : Ham luong phét pho (umol)
x : D06 hap phu ciia mau
n : Hé s ti 16 thuén cua y va x
b : Hé s6 goc cua duong thang y = ax + b

Dura trén phuong phép toan hoc nay chiing t6i da xir 1y két qua bang phan mém Excel

va da thu dugc do thi chuan va ham hoi qui nhu sau:
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Pb thi chuén xac dinh ham lwgng Pi

0 0.2 0.4 0.6 0.8 1 1.2
OD 700 nm

Hinh 11. D) thi chuan xac dinh ham lugng P,
Do thi dudng chudn c6 dang y = 0,6939x - 0,0278 v6i d6 chinh xac R> 99%. Nhu

vay muc do lién hé gitra x va y I1a rt chat ché, két qua do dugc la dang tin cay. Mot don
vi hoat tinh (IU) dugc tinh 1a lugng P, (umol) gidi phdng trong 1 phut béi 1 ml enzyme
& diéu kién thir.
2.2.8. Phwong phdp xdc dinh protein tong sé (Bradford)

Thuéc thir Bradford:

Pha 100 mg Coomassie Brilliant Blue G-250 trong 50 ml 95% ethanol, b6 sung 100
ml 85% (w/v) phosphoric acid. Thém nuéc cat dé dwoc 1 lit hoa tan hoan toan cac thanh
phan. Dung dich thudc thir dugc loc qua qua gidy loc Whatman #1 truée khi str dung.

Chudn bi do thi chuan

Dung dich BSA ¢6 ndng d6 10 mg/ml, tir dung dich me nay sé& pha lodng ra cic ndng
d6 chuan BSA khac nhau tir 0-500 pg/ml (bang 4 )

Cdch tién hanh thi nghiém

- L4y 100 pl mau can xac dinh ham lugng protein

- B6 sung 5000 pl thudc thir Bradford tron déu va dé bén mau sau 5 phut
- Tién hanh do OD & buédc song 595 nm

Két qua OD vdi cac nong do BSA khac nhau dugc trinh bay qua bang 4
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Bing 4. Gia tri OD vo¢i cac ndng do chuan BSA khéc nhau.

Dung dich Dung dich me 1 H,O The tich
BeA | MeBsA/ml BEA'(m) LM | cudi cing uy | OPs
0 0 0 1000 1000 0
1 50 5 995 1000 0.058
2 100 10 990 1000 0.117
3 200 20 980 1000 0.188
4 300 30 970 1000 0.258
5 400 40 960 1000 0.343
6 500 50 950 1000 0.401
0.45 y =0.7886x + 0.0204
0.4 1 R>=0.9918 -
0.35 1
2 0.3
§ 0.25 -
< 0.2
i’ 0.15 -
0.1
0.05 -
0 ; ; ; ; ; ‘
0 0.1 0.2 0.3 0.4 0.5 0.6

ODS595 nm

Hinh 12. D6 thi chuén xac dinh ham lugng protein

Dua vao phuong trinh dd thi chuén, tir gia tri OD595 do dugc chung ta co thé dinh
luong duoc ham luong protein c6 trong mau thir.
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Chuwong 3. KET QUA VA BINH LUAN

3.1 Tach dong va gidi trinh tuw gene ma héa phyA tir Aspergillus niger

3.1.1. Nhin dong gene phyA

Tir b suu tép gidng ciia Bo mon Vi sinh - Vién Cong nghiép thuc phim ching toi
lwa chon 6 chung A. niger. Pay 1a d6i tuong thuong dugce dung dé tach ngudn gene ma
hoa phytase va phytase tir loai sinh vat nay thuong c6 dic tinh 1a hoat dong t6t & pH thap.
Danh sach cac chung dugc tach dong phytase dugc mo ta & bang 5.

Bdng 5. Danh sach cac chung tach dong gene phyA

Stt | Ching Ky hi¢u Phén loai so' b0 Nguon goc
1 C5p P2 A. niger Vién CNTP
2 V80 P3 A. niger Vién CNTP
3 559 P4 A. niger Vién CNTP
4 770 P5 A. niger Vién CNTP
5 1922 P7 A. niger Vién CNTP
6 1925 P9 A. niger Vién CNTP

Céc chung duoc tach chiét ADN tong sb, sau d6 tién hanh tinh sach ADN tong sd
nham thu lai lugng ADN tinh sach khong chira tap chét va chét uc ché, dam bao cho phén
ung PCR nhan dong gene phyA dugc thanh cong.

Chung toi tién hanh phan tmg PCR véi cic cip mdi sin co cua phong thi nghiém:
PhyA-primer F va PhyA-Primer R v6i chuong trinh chay nhu sau : Phan img dugc thuc
hién véi cac chuwong trinh nhiét bao gdm budc bién tinh & d6 94°C trong 3 phut, ké tiép 1a
30 chu ky nhiét (94°C trong 40 gidy, 52°C trong 1 phut, 72°C trong 1 phut) va két thic 1a
pha hoan tit & 72°C trong 7 phut. Dé kiém tra két qua PCR, san pham duogc dién di trén
gel agarose 0,8%. Theo tinh toan li thuyét, doan phyA sau khi duoc tong hop bang ki
thuat PCR v&i cap moi thiét ké nhu trén s& co chiéu dai 1344 bp.
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Hinh 13 . San pham PCR gen phyA tir cic ching. M: Marker; 1 - P5; 2 - P2; 3 - P3; 4 -
P4;5- P7;6-P9.

Két qua cho thay da xuét hién band cua gene phy4 co kich thude 1,4 kb & cac mau,
chi c6 mau s 1 thudc vé ching P5 1a khong c6 san pham. Chimg to phan tmg PCR 14
pht hop va phuong phép tach chiét 1a tinh sach 13 hiéu qua. Tir két qua PCR nay chung
t6i Iya chon 5 ching twong (mg v6i mau chay s6 2 dén s6 dé phuc vu cong tac tach dong.

3.1.2. Gin sin phdm PCR véi vector TA

Theo khuyén cao cua Kit vé TA vector cac gene co kich thuéc nho hon 1kb khong
can thiét phai qua tinh sach va c6 thé sir dung truc tiép san pham PCR vao viéc gan véi
vector tich dong TA. Tuy nhién, san pham phyA4 c6 kich thudc 1 1,4 kb nén viéc tinh
sach san pham PCR 1a can thiét dam bao hiéu suat ciia phan Gmg ndi (ligation) giita gene
dich va vector 14 cao nhat.

San pham PCR sau khi tinh sach duoc sir dung truc tiép vao phan tmg ndi véi TA

vector. Thanh phan phan tmg nhu sau:

Thanh phin Thé tich (ul)
Vector pTZ57R/T, (0.18 pmol) 1
5X ligation buffer 3
San pham PCR 1
T4 ligase 1
H,O 4

Tron déu hdn hop va 0 & nhiét d6 4 °C qua dém. Sau d6 5 pl hdn hop plasmid tai tb
hop duoc bién nap vao 200 pl té bao kha bién E.coli DH50. bang phuong phéap sdc nhiét
va nudi ciy trén moéi truong dia thach LB — ampicillin X-Gal/IPTG chtra 100 mg/l
ampicillin & 37°C qua dém. Theo Iy thuyét khi bién nap thanh cong thi E. coli ¢6 kha
ning sinh trudng trén moi truong cd chira khang sinh ampicililin. S& xuat hién 2 loai
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khuén lac c6 kha ning khang ampicillin; Khuin lac mau tring 1 nhiing E. coli ¢6 doan
gene gan thanh cong vao plasmid; Khuan lac mau xanh 1a plasmid ty dong vong hodc gin
doan xen 13 boi s6 cua 3. Két qua sau bién nap dugc mé ta qua hinh 14. Két qua cho thiy
da xuat hién cac khuan lac mau xanh va mau tring, ching té phan tng gin két gene dich
(phyA) vao vector tach dong TA da thanh cong.

a. Thi nghiém b. Pdi chimg

Hinh 14. Két qua sau khi bién nap vao TA vector.

3.1.3. Kiém tra sw c6 mdt phyA trong E. coli bang PCR colony

Tir mdi gene phyA dugc tach dong chiing t6i chon ra 3 thé bién nap 1a nhiing té bao
E. coli mau tring khang ampicillin dé kiém tra sy c6 mit cia gene phyA. Phuong phap
kiém tra bang k¥ thuat colony PCR sir dung cip moi Phy-A-primer F va Phy-A-Primer R.
Chuong trinh chay duoc thuc hién nhu chuong trinh nhan gene, sau do san phém PCR
duoc dién di kiém tra trén gel agarose 0,8%.

= M 9 10 1112 13 14 15
4 10000
} &0

Hinh 15. Kiém tra sy c6 mat ciia phyA trong E. coli bang PCR colony. Thi tw mau chay:
1-3: P2; 4-6: P3; 7-9: P4; 10-12: P7; 13-15: P9; M: marker
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Két qua dién di qua hinh 15 cho thay tat ca cic thé bién nap chira plasmid tai t6 hop
déu thay xuat hién band san pham c6 kich thudc 1,4 kb. Nhu vay gene phyA di duoc gin
thanh cong vao vector TA va qua trinh bién nap 14 hiéu qua.

3.1.4. Tach chiét plasmid

Sau khi d chon loc duoc cac thé bién nap c6 mang plasmid tai t& hop TA/ phyA,
chung t6i tién hanh nuéi ciy E. coli tai to hop va tach chiét plasmid theo phuong phap
Sambrook (2001). ADN plasmid da tach chiét dugc kiém tra bang cach chay dién di trén gel
agarose 0,6%. Két qua tach chiét cho thdy plasmid ciia ca 5 chung da dugc tach chiét va
tinh sach thanh cong.

Hinh 16. Két qua tach chiét plasmid tai t6 hop. M: Marker, Thir tir plasmid céc chung:
1-P2;2-P3;3-P4;4-P7;5-P9.

3.1.5. Kiém tra sw cé mit phyA trong plasmid tdi té hop

Nham khang dinh plasmid sau khi tach chiét 1a plasmid tai t6 hop TA/phyA chung toi
tién hanh kiém tra bang phan ung PCR v&i cip mdi Phy-A-primer F va Phy-A-Primer R
sir dung truc tiép plasmid sau khi tach chiét 1am khu6n. Chuong trinh chay nhu chuong
trinh nhan gene. Két qua dién di kiém tra san pham sau PCR trén gel agarose 0.8% duoc
mo ta qua hinh 17.
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Hinh 17. Kiém tra sy c6 mit phyA trong plasmid. M: Marker, Thir tu plasmid cac chung:
1-P2;2-P3;3-P4;4-P7;,5-P9.

Két qua cho thiy khi dung plasmid sau khi tach chiét lam khuon cho phan tng PCR &
tat ca cac mau déu xuat hién band AND phu hop véi kich thudc 1,4 kb ciia phyd. Két qua
nay minh ching plasmid tai t6 hop da mang gene phyA va day 1a diéu kién can thiét dung
plasmid tai t6 hop dé giai trinh tu.

3.1.6. Gidi trinh tw cdc gen phyA tir Aspergillus niger

Véi muc dich nghién ctru sy da dang cua trinh ty gene ma hoa phyA ching toi tién
hanh giai trinh tu ctia clia gene nay trong vector tai to hop . Phan doan md héa mature
protein (thanh phan mang hoat tinh ngoai bao) tir cac chung Aspergillus duge tach dong
bang PCR st dung cip mdi T-PhyA-EcoRI-F (5’-gctgaattcCTGGCAGTCC
CCGCCTCGAGA-3’) va T-PhyA-Xbal-R (5’- tgttctagaGCAAAACACTCCGCC
CAATCACC-3’). San pham PCR duoc gin vao vector pTZ57R/T (Fermentas) theo
huéng dan cia hing va bién nap vao t& bao DH50.. Plasmid tir cac chung duong tinh
duoc tach chiét va gidi trinh tu st dung cap mdi M13F va M13R. Céc trinh tu dugc phan
tich str dung phan mém Contig Express ctia Invitrogene. Trinh tu axit amin duoc tinh

todn sur dung bang ma cho Aspergillus niger.
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Hinh 18. Vi tri va huéng cua phyA tir cac ching 4. niger trén vector pTZ57R sau bién
nap.

Phén tich trinh tu tai cac vang gép ndi cho thiy phy4 duoc tich hop vao pTZ57R/T
theo cac huéng khac nhau (hinh 11). Trong khi phyA-P4 dugc tich hop cung chiéu véi
lacZ ca 4 gen phyA-P2, phyA-P3, phyA-P7, phyA-P9 c6 hudng ngugc lai so voi lacZ. St
dung cip moi M13F va M13R chung t6i doc toan bo phyd va cac ving ghép nbi dbi véi
4 chung P2, P3, P4, P9. Riéng vai ching P7, trinh ty 276 nucleotid dau co chira nhiéu 13i
doc va khong duoc phan tich. Két qua phén tich 1068 nucleotid con lai cho thdy phyA4-P7
tuong dong 99.5% v&i phyA-P3 vé trinh twr ADN va 99.4% vé trinh ty axit amin. Trinh tu
nucleotid, amino acid cling nhu sy khac biét ¢ cac gen tach dong dugc liét ké dudi day.
Mirc d6 twong dong va sb luong khac biét duoc tinh toan va thé hién trong cac bang 6, 7,
8, vao.

Trinh tw va su khdc biét gitra cdc gen tach dong:

10 20 30 40 50 60
................................ S [ IR [P
phyA-P2 CTGGCAGTCCCCGCCTCGAGAAATCAATCCACTTGCGATACGGTCGATCAGGGGTATCAA
010177
PRY AP e e e e e e e e e e e
010177
phyA-P7
70 80 90 100 110 120
................................ U P P P
phyA-P2 TGCTTCTCGGAGACTTCGCATCTTTGGGGCCAATACGCGCCGTTCTTTTCTCTGGCAAAC
phyA-P3 ... ..... e e e T e e e e e e
phyA-P4 . ____._.. Coe oo e e e e e e e e e e e e e
PhYA-PO e e e e e e e e e e e aaaaaaaan
phyA-P7



phyA-P2
phyA-P3
phyA-P4
phyA-P9
phyA-P7

phyA-P2
phyA-P3
phyA-P4
phyA-P9
phyA-P7

phyA-P2
phyA-P3
phyA-P4
phyA-P9
phyA-P7

phyA-P2
phyA-P3
phyA-P4
phyA-P9
phyA-P7

phyA-P2
phyA-P3
phyA-P4
phyA-P9
phyA-P7

130 140 150 160 170 180

AAATCGGCCATCTCCCCTGATGTGCCTGCCGGATGCCATGTCACTTTCGCCCAGGTTCTC
G T Comeeeeeee GAmemeeeeen . T.....C...
....................... T ol
....................... T oIl
190 200 210 220 230 240
iG] CEER) SRSt FEEe) EEEE) FEEE) EEEEY EEUSY FEre) ERErl CEER) EEey |
TCCCGCCATGGAGCACGGTATCCGACCGACTCCAAGGGCAAGAAATACTCCGCTCTCATC
..... e
250 260 270 280 290 300
CEE] EEERY FESE) PEEe) EEErl EEEE] EEEEY EEPe PEETY ERrey CEEE) EEReY |
GAGGAGATCCAGCAGAACGCGACAACCTTCGAGGGGAAATATGCCTTCCTGAAGACATAC
_________________ TG T T e ]
310 320 330 340 350 360
TER] EEEEY RS FEEe) EErrl EEEE) EEEE) ey PEre) FEre) CEre) EERRy |
AACTACAGCCTGGGCGCGGATGACCTGACTCCCTTCGGAGAGCAGGAGCTGGTCAACTCC
______________ To A T A A
....................... T oo
e A e T Al
370 380 390 400 410 420
SCE] EEER] LR ErEey PEEE) EEEEY EEEEY EEESY PEPE] FEEt) CRrsl EEeey |
GGCGTCAAGTTCTACCAGCGATACAAATCGCTCACAAGAAACATTGTCCCGTTCATCCGA
oA T G CAT.Aceeee...
________________________ G e e o
________________________ G e o
A T G CA-co A
430 440 450 460 470 480
LG CEERY FEe FEEe) FRrrl CEEr) Crrey EESSY FEPE) FErtd CEED) CEeey |
TCCTCAGGCTCCAGCCGCGTGATTGCCTCTGGCAATAAATTCATCGAGGGCTTCCAGAGC
..... TG e B
T GGGl
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phyA-P2
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phyA-P4
phyA-P9
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phyA-P2
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phyA-P7
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phyA-P3
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............................... G e e
il
550 560 570 580 590 600

SRR CEERY FEey PEE) FREPE) EEEE) EEEEY LESSY EErey EEre CEER) EEeeY |
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_____ SR N I SO Y I
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SCEE] CEER) LSSl ErEey EEEE) PP EEEE) EEEey FErey ERrey CEEr) PEesy |
GATAGCGAATTGGCCGATGACATCGAAGCCAATTTCACCGCCACGTTCGTCCCCTCCATT
G CoGe e e A.....
G B LA
670 680 690 700 710 720

el EESE) EES) PEEe) FEEE) FEE) CEEE) EErrY EErey EErr) PEEEY EERRY |
CGTCAACGTCTGGAGAACGACTTGTCTGGCGTGTCTCTCACGGACACAGAAGTGACCTAC
_____________________ R SN ISR
Y S c S
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l- | l---l----1

CTCATGGACATGTGCTCCTTCGACACCATCTCCACCAGCACCGTCGACACCAAGCTGTCC
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CCCTTCTGTGACCTGTTCACCCATGAAGAATGGATCAACTACGACTACCTCCAGTCCCTG
.................... LR R
TGl
850 860 870 880 890 900
| l----1----1

AACAAATACTACGGCCATGGCGCAGGTAACCCGCTCGECCCGACCCAGEGCGTCRGCTAC

- 46 -



phyA-P2
phyA-P3
phyA-P4
phyA-P9
phyA-P7

910 920 930 940 950 960
SR PRt CEER PETEY LEEEY PETEY EETEY EERr) PEEt) EEEe) CEEeY Eorey
GCTAACGAGCTCATCGCCCGTCTCACCCACTCGCCTGTCCACGATGACACCAGCTCCAAC

970 980 990 1000 1010 1020
CEE] CEERY FEEEY PEEe) FEEE) EEEE] CEEEY Eee) FErey Ereel EEEr) PEeey |
CACACATTGGACTCCAACCCGGCTACTTTCCCGCTCAACTCCACTCTCTATGCGGACTTT
.............. T T CoTe s T C
T TG T TG
1030 1040 1050 1060 1070 1080
Sl EEER) FEESY PEES) FEEEl EECE CEEEY EEEEY FEre) Ereey EEre) EEre
TCGCATGATAACGGCATCATCTCTATCCTCTTTGCTTTGGGTCTGTACAACGGCACCAAG
oG T T
C GGt T T
1090 1100 1110 1120 1130 1140
SC] CERE) FEEEY PEEE) FETE) EEEE) CEEEY EEESY PEEeY CRrl CEEE) EERy |
CCGCTGTCTTCCACGACCGCGGAGAATATCACCCAGACCGATGGGTTCTCATCTGCCTGG
......... e TaCe et Ae A G AT, ..
A TG AL AL G Tl
1150 1160 1170 1180 1190 1200
TEE] CEEE) LSy FEEe) FREr) EEEE CEreY EErry PRTEY EEerl CEER) CEESY |
ACGGTTCCTTTCGCGTCGCGCATGTACGTCGAGATGATGCAATGCCAGTCCGAGCAGGAG
........ G T e TCo i T GG
G T T TG T GGl
1210 1220 1230 1240 1250 1260
e CEERY SRR EEEe) EEEr) EEEE) EEEEY EEeey EErr) EErt EErry EEESY |
CCTTTGGTCCGTGTCTTGGTTAATGATCGTGTTGTTCCGCTGCATGGCTGTCCGGTTGAT
B e e e e e e e e e Y R G
B o S c S
1270 1280 1290 1300 1310 1320
SR CEEEY EEE PEEEY FErrl EEER] CEEeY EEu FErey ERrd CEEr) EErey |
GCTTTGGGAAGATGTACGCGGGATAGCTTCGTGAAGGGGTTGAGCTTTGCCAGATCTGGG
..... N T R SRS
........................................................... c
........................................................... c
..... AesGomooCoooe T T
1330 1340

GGTGATTGGGCGGAGTGTTTTGCT



Trinh tw axit amin va sy khac biét giita cdac gen tdach dong:

phyA-P2
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phyA-P9
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phyA-P2
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Bing 6. Do trong dong trinh ty ADN cua cac gen phyd méi tach dong va cac gen da tach
dong trude day tai Vién Cong nghiép Thuc pham.

Gen phyA_P1 | phyA P2 | phyA P3 | phyA_P4 | phyA_P6 | phyA P8 | phyA P9 | phyA P10
phyA_P1 ID 934 96.7 933 95.8 95.9 93.3 96.7
phyA_P2 93.4 ID 93.4 99.5 92.1 92.3 99.7 93.2
phyA_P3 96.7 93.4 ID 93.4 96.1 96.2 93.3 96.4
phyA_P4 933 99.5 934 ID 92.1 92.3 99.7 932
phyA_P6 95.8 92.1 96.1 92.1 ID 99.1 92.1 96.2
phyA_PS8 95.9 923 96.2 923 99.1 ID 922 96.3
phyA_P9 93.3 99.7 93.3 99.7 92.1 922 ID 93.1
phyA P10 96.7 932 96.4 932 96.2 96.3 93.1 ID

Bing 7. S6 luong nucleotid khac biét giita cac gen phyd méi tach dong va cac gen da

tach dong trudc day tai Vién Cong nghiép Thuc pham.

Gen phyA_P1 | phyA P2 | phyA P3 | phyA_P4 | phyA_P6 | phyA P8 | phyA P9 | phyA P10
phyA_P1 ID 88 44 90 56 54 89 44
phyA_P2 88 ID 88 6 105 103 3 91
phyA_P3 44 88 ID 88 52 50 89 48
phyA_P4 90 6 88 ID 105 103 3 91
phyA_P6 56 105 52 105 ID 12 106 51
phyA_PS8 54 103 50 103 12 ID 104 49
phyA_P9 89 3 89 3 106 104 ID 92
phyA_P10 44 91 48 91 51 49 92 ID

Bing 8 . Do tuong dong trinh ty protein ciia cac gen phy4 méi tach dong va cac gen da

tach dong trudc day tai Vién Cong nghiép Thuc pham.

Protein | phyA_P1 | phyA_P2 | phyA_P3 | phyA_P4 | phyA_P6 | phyA_P8 | phyA_P9 | phyA_P10
phyA_P1 ID 95.5 97.9 95.5 96.8 96.4 95.5 97.3
phyA_P2 95.5 ID 953 99.5 94.8 94.4 99.5 94.6
phyA_P3 97.9 95.3 ID 95.7 97 96.6 95.7 97
phyA_P4 95.5 99.5 95.7 ID 95.3 94.8 100 95
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Protein | phyA P1 | phyA P2 | phyA P3 | phyA P4 | phyA P6 | phyA P8 | phyA P9 | phyA P10
phyA_P6 96.8 94.8 97 95.3 ID 98.6 95.3 96.6
phyA_P8 96.4 94.4 96.6 94.8 98.6 ID 94.8 96.2
phyA_P9 95.5 99.5 95.7 100 953 94.8 ID 95

phyA_P10 97.3 94.6 97 95 96.6 96.2 95 ID

Bing 9. S6 luong axit amin khéac biét giira cic gen phy4 méi tach dong va cac gen da
tach dong trudc day tai Vién Cong nghiép Thyc pham.

Protein | phyA_P1 | phyA_P2 | phyA_P3 | phyA_P4 | phyA_P6 | phyA_P8 | phyA_P9 | phyA_P10
phyA_P1 ID 20 9 20 14 16 20 12
phyA_P2 20 ID 21 2 23 25 2 24
phyA_P3 9 21 ID 19 13 15 19 13
phyA_P4 20 2 19 ID 21 23 0 22
phyA_P6 14 23 13 21 ID 6 21 15
phyA_P8 16 25 15 23 6 ID 23 17
phyA_P9 20 2 19 0 21 23 ID 22
phy4_P10 12 24 13 22 15 17 22 ID

Trinh ty phyA xac dinh trong ndm 2009 dugc so sanh véi cac trinh ty thu nhan trude
d6 ctia nhom dé tai. Cac trinh ty c6 do tuong dong thap nhat 14 phyA-P6 va phyA-P9 (véi
92.1%). Hai trinh ty nay c6 106 nucleotid khac biét va thé hién bang 21 thay ddi trong
trinh ty axit amin. Khac biét vé trinh ty ADN khong nhat thiét dan téi khac biét vé trinh
tu acid amin. Vi du, phyA-P4 va phyA-P9 c6 3 nucleotid khac biét nhung trinh ty axit
amin khong c6 khac bi¢t nao. Nhin chung, trinh ty axit amin bao thu hon so véi trinh tu
nucleotid (xem hinh 19).
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Hinh 19. Phan tich trong quan giita d6 twong dong vé trinh tu nucleotid va trinh ty axit
amin cua phyA tir cac chung A. niger khao séat (P1, P2, P3, P4, P6, P§, P9, P10).

Trinh ty phyA cua chung t6i dugc stir dung dé so sanh véi cac trinh tu dd cong bd trén
Genbank. Két qua phan tich do twong dong trong trinh ty ADN va protein cho thdy gen
phyA da cong bd d6i véi ndm mbe Aspergillus niger c6 thé chia lam 4 nhom chinh va
ngudn gen da tach dong va hién dang luu giit tai Vién Cong nghiép thuc pham c6 dai
dién & ca 4 nhém nay. Nhitng nhom chinh dugc liét ké bao gébm: (nhém 1) - P3, P7;
(nhém 2) — P6, P8; (nhém 3) — P1, P10; (nhom 4) — P2, P4, P9. Két qua phan nhom dya
trén ca trinh tu nucleotid va trinh ty amino acid déu dua ra cung két qua kha nhat quan.

Su ¢6 mat ciia hau hét cac nhom co ban s& gitp ich trong viéc tim nhitng gen thich
hop phuc vu cai thién dic tinh ching tai to hop. Cac gen tach dong hién dang duoc luu
giit trong dang két gén véi vector pTZ57R/T.
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phyA P7
phyA P3

Aspergillus niger AF218813

phyA P6

Aspergillus niger AY426977

phyA P8

Aspergillus niger AM410171

r Aspergillus niger EF197825
Aspergillus niger AY513749
phyA P1

Aspergillus niger AY745739

Aspergillus niger Z16414

phyA P10

Aspergillus niger L02421

Aspergillus ficuum AF537344

phyA P2

Aspergillus niger DQ318022
Aspergillus usamii DQ198163
Aspergillus oryzae AY603416

Aspergillus awamori DQ192035

phyA P9

phyA P4

— Aspergillus fumigatus U59804
4‘_{ L Aspergillus fumigatus AY745738

Aspergillus oryzae EF197826
Aspergillus terreus U59805

0.03

Hinh 20 . D) thi d6 twong ddng trinh ty gen mi hoa enzyme phytase cta cic ching
nghién ciru va nhitg ching di cong bd. Ma sé GenBank cua cac trinh tr dugc dua kém
sau tén loai.

phyA P7
‘& phyA P3

Aspergillus niger AF218813
Aspergillus niger AY426977
Aspergillus niger AM410171
phyA P6
phyA P8
Aspergillus niger EF197825
Aspergillus niger AY513749

phyA P1
g Aspergillus niger AY745739

Aspergillus niger Z16414

%phyA P10

Aspergillus niger L02421
Aspergillus niger DQ318022
Aspergillus ficuum AF537344
Aspergillus usamii DQ198163
phyA P2
Aspergillus oryzae AY603416
Aspergillus awamori DQ192035
phyA P4
phyA P9

Aspergillus fumigatus U59804
Aspergillus fumigatus AY745738
Aspergillus oryzae EF197826
Aspergillus terreus U59805

To0s”
Hinh 21. D thi d6 twong dong trinh tu acid amin enzyme phytase ctia cac chiing nghién

cuu va nhiing chung da cong bo. Ma s6 GenBank cua céac trinh tu dugc dua kem sau tén
loai.
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3.2. Xac dinh so lwong copy ciia 3 thé bién nap Pichia pastoris dwgc bién nap 2008

Gidng nhu Saccharomyces cerevisiae, ADN mach thing duoc chuyén vao trong té
bao P. pastoris khi gip ving tuong ddng véi genome s& xay qua trinh trao d6i chéo
(Cregg et al., 1985; Cregg et al., 1989). Qua trinh trao ddi chéo c¢6 thé xay ra mot lan tao
ra chiing bién nap don ban (single copy) hodc dugc thyc hi¢n nhiéu 14n tao ra chung bién
nap da ban (multicopy). Su trao ddi chéo nhiéu 1an tao da ban xay ra ngiu nhién va cé tan
suét tir 1-10% so voi tong sd té bao b trao doi chéo don ban (Invitrogene). Dbi véi P.
pastoris khi duoc bién nap bang vector tai to hop pPICZaA/phyAs qua trinh trao doi chéo
s& xay ra tai locus AOX1 hodc tai locus aox1::ARG4 (hinh 22). Pbi véi nhiing ching
bién nap da ban s& chtra nhiéu khung biéu hién (Expression cassette) trong genome.

(Genome cla P. pastoris

Single copy 5 AOX1oraox1=ARG4 TT 3’

Multicopy {L 2nd Insertion Event

enorne clia P. pastaris

" G
E"‘"“*"'“}m—(
Cassette 1

Expression Cassette 2

@ 3rd Insertion Event, etc.

Hinh 22. Mo hinh bién nap da ban

Ttr nhitng két qua nghién ctru nim 2008 vé tach dong va biéu hién phyA cho thiy: cac
thé bién nap chdng chiu voi ndng d6 khang sinh zeocin cao c6 kha ning san xuét nhiéu
phytase ngoai bao hon. Co s¢ khoa hoc cta van dé nay 1a do thé bién nap chira nhiéu
khung biéu hién nén chtra nhidu gene khang zeocin dong thoi chtra nhidu gene phyA. Pay
chinh 1a nhitng thé bién nap mang da gene dich (multicopy). Viéc nghién ctru xac dinh sb
luong gene (copy number) dugc bién nap vao té bao nam men la hét strc quan trong, day
1a co s& dé xac dinh, lua chon nhirng chuing hoat tinh cao.

Nguyén 1y thiét ké thi nghiém dé x4c dinh s6 luong copy nhu sau:

Chung toi st dung 2 gene, mot gene chi thi nam trén genome ciia nAm men, gene niy
¢6 sb lugng copy da biét va khong co trinh tu tring véi plasmid ngoai lai ciing nhu gene
dich. Gene thir hai ding dé xac dinh s lugng copy 1a gene co lién quan mat thiét dén
gene dich (ndm trong khung biéu hién) gene nay c6 yéu cau la khong c6 trinh tu tring lap
v6i bat ki trinh ty ndo cua genome Pichia pastoris. Genome cua cac thé bién nap duoc
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dinh luong sir dung Realtime PCR (RT-PCR). Néu san pham cua gene chi thi bang nhau
ma san pham cua gene dich khac nhau thi cac thé bién nap d6 c6 sy khac nhau vé sb
luong copy. Pay chinh 14 co sé so sanh dé xac dinh sé luong copy gitra cac thé bién nap.
Dua trén nguyén 1y d6 chiing t6i tién hanh thiét ké moi cho phan img RT-PCR nhu sau:

3.2.1. Thiét ké moi cho RT-PCR
3.2.1.1. Thiét ké moi cho gene chi thi

Trén genome cta ndm men chung toi lua chon gene MET2 1am gene chi thi (Lin-
Cereghino. J.va CS, 2008). Trinh ty cua gene MET2 nhu sau:

>AY876284 Pichia pastoris homoserine-O-transacetylase (MET2) gene, toan bo CDS

AGGAAGTCAAATGCGAACTGATTATTAGAGATTTCAATAATAACATAAAGCAGCTACCCCTACCACAGAAATAGGTGACTTGTGAG
TCGGTTCGTACTATGGTACTATTTAGTCTAAAATATTCCAATTCAGCTCCTAATGGCATTCTGTAGATCGAGCTCAATTAACCCTT
AACATGTATTATCTCAAGCATTAGTTGTGTGATACTCTAGGCAATTGACTACTGGGCTACCTACATGCCATGAAAAAAGCAACAAG
AAAATCCCCGGTAATCTTGTAATGAGTTCCAGGTCAGTGAAATCAGGCAAGAGCTTAAGTTAAGTTACCTTTGAACAGGCCTCAGT
TTATTAAACTTGTTTCTCCACACCGCGACATTGCACGTGATCTAATCTACTCTCCTTCTATAATCAGTCTCAAGTTCGCCTTTTTT
CGCCTCAACATATTGAATTATGAGATACCAGGAGGTTCATGAGCCCGAAAACCCATTCTCACTTCTAGTAAAAGGTCAGACAATAG
TGGAAATACCTCAAGTGCAGTTGGAAAGCGGCGAAACTTTGCACAATGTTCCGGTAGCTTTCAAAACCTGGGGGAAGCTTAACAAA
GAAGGCACCAATTGCATGGTGATCTGCCATGCTTTAACGGGTTCCAGTGATGTAGTTGATTGGTGGGGACCTTTGTTAGGTAAGGG
CAAGGCATTTGATCCCAGCAAGTTTTTTATTGTGTGCTTGAATTCTTTAGGAAGTCCTTATGGGTCCTGTTCTCCAGTAACTAGAG
ATCCGGCAGTTAATGAACTATATGGTCCAGAATTCCCCCTTGTATCAGTCAGAGATGATGTGAATATACATAGACTGATTCTAAAT
GATCTTGGTGTCAAGCAGGTCGCAATAGTAATAGGAGGATCTATGGGTGGAATGCTTGCTTTAGAATGGTGCTTTTTTGGTCTATC
GTATGTCCTCAACTGCGTCGTTTTGGCCACCAGTGCTAAGCATAGTGCATGGTGTATATCTTGGGGAGAAGCCCAAAGACAAAGTA
TATACAGTGATCCCAAATATGATGACGGTTATTACCCACTGGAAGATCCACCTATTCAAGGATTGGGAGCTGCTAGAATGAGCGCT
TTGTTGACTTATCGTTCTCGCAACTCTTTCGAAGAACGTTTTGGACGAGGAGCCCCAACGCCACAAATGAGAGAAAAGTCTCTTCG
AACTTCCGTCATAACTGATGCCATTGAAGCACCTGCTGTTAGCGAAGATAACTGCGCTGTACATAACGATGGACATTATTCATACT
CTTCATCCACCAAAGTTAGATCAAGATCTCTGTCTTCGAACAATTTTAGTCTTTTAGATGTGAAAGAGGACACAAGTAGTATTGTC
AACCAACATGGCGTTGGTCAACGTACCCGCCGTCGTCCACAGCATTATTTTTCTGCTCAAAGTTACTTAAGGTACCAGGCAGCCAA
GTTCAGTCAAAGATTTGATGCTAATTGTTATATATCCATTACAAGGAAATTGGACACACATGACGTGGGAAGGAACAGACCTGAAT
TTCATAACTCCACAATAGAGGCTCTCCAATCGTTAGAACAGAATTTCCTTGTAGTAGGCATACAATCTGATGCCCTGTTTACATAC
TCAGAACAGGTTTTCATAGCAAAACACGTTAAGAATTCCAAGTTATGCAAAATTGACTCTCCAGAGGGCCATGATGCGTTTTTATT
AGAGTTCGAAGCAATTAACAAGCTGATTCTAGAATTTGAAATCGAACACGTTCCTGAACTTCTAATGCAAACCTCCGACGATTCTT
GGTCGGATTCTGAACTAGGAAACACTAAGGAGAGCATATTCGGTGAAGTTGAGGATCCGACGTCGTGGTAAGCTACAAAGTAAAAA
TTTGCCTCACGCTATTTGCTCTGGCTGAAATAATAATGACCGTTTATAGAAAATTAATAATGGTAAAGTTTTTATCATTCTTTAAC
GAGCCTCAATCTGTCTAAAACTTCCTGACGGACTTCGATTATATTCCGTCGCTCGGAAGGTAAAAAAAGTGCAACGATGAAAAAGT
TGGTAACCGCAAGCACAGTTATTAATGTTGACGTGAAAAGAAAAAGAACACTAGACCATGGGGCTATGAAAGAGACTAATGTTACG
GAAACATGCAATCCAATAATGACTAAAATTGAAACAAAGACGTGAAAAGATCTCCATTTTACCTGACGTCT

Dua trén trinh ty trén chung toi thiét k& mdi MET2 nhdm nhan trinh tu cua gen
MET?. Tuy nhién yéu cau san phim ctia RT-PCR c6 kich thudc nho (dudi 150 bp), nén
chung t6i thiét ké moi nhan doan trinh tu thudc gene MET2 co chiéu dai 100 bp (trinh ty
gach chan).

3.2.1.2.Thiét ké moi nhén gene dich

Gene xac dinh sé lugng multicopy 13 gene phai ndm trén plasmid ngoai lai va nam
trong khung biéu hién (expression catsette), dong thoi gene nay phai dam bao c6 s6 luong
phu thudc vao gene phyA. Ching t61 lya chon gene Ble 1a gene khang zeocin. Trinh ty
cua Ble dugc trinh bay dudi day:
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>Sh Ble ORF 2163-2537 (xac dinh tinh khang Zeocin)

ATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGCGGTCGAGTTCTGGACCGACCGGCTCGGGTT
CTCCCGGGACTTCGTGGAGGACGACTTCGCCGGTGTGGTCCGGGACGACGTGACCCTGTTCATCAGCGCGGTCCAGGACCAGGTGG
TGCCGGACAACACCCTGGCCTGGGTGTGGGTGCGCGGCCTGGACGAGCTGTACGCCGAGTGGTCGGAGGTCGTGTCCACGAACTTC
CGGGACGCCTCCGGGCCGGCCATGACCGAGATCGGCGAGCAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAACTG
CGTGCACTTCGTGGCCGAGGAGCAGGACTGA

Nguyén tac thiét ké mdi cho gene Ble ciing gidng nhu cho gene MET2. Pic diém cua
2 cap moi cho gene MET?2 va gene Ble dugc trinh bay qua bang 10.

Bing 10. Dic diém cua mdi cho gene MET2 va Ble.

Do dai | it | Nhigtdo | Chiéu
A, . i " do bién | bam mdi | daisin
Tén moi Trinh tu mol tinh t6i wu ph Am
(nu) (oC) (oC) PCR
MET2-F | 5>-GGCGAAACTTTGCACAATGTTC -3’ 22 62.3
52.0 100 bp
MET2-R | 5°- AACCCGTTAAAGCATGGCAGAT-3’ 22 62.8
Ble-F 5’- CGTGACCCTGTTCATCAGC-3’ 19 56.4
56.5 99 bp
Ble-R 5’- CACTCGGCGTACAGCTCGT -3’ 19 59.4

3.2.2. Chudn bi nguyén ligu phuc vu dinh lwong copy

Nuoi cdy cac ching tai to hop Pichia pastoris trén méi truong YPD sau d6 tién hanh
tach chiét ADN tong sd, tinh sach ADN va ding lam khuon cho phan tng PCR. Cac
chung tham gia x4c dinh s6 copy duoc mé ta qua bang 11.

Bing 11. Cac chung xéac dinh s6 luong copy.

Stt Tén ching Khiel:irilf (l:ln(;c/lgrén Ii;);t/;ﬁl)h S6 copy
1 | Pichia pastoris B <1000 149 Pon ban
2 | Pichia pastoris A3 2000 373 Pa ban
3 | Pichia pastoris A6 2000 394 Pa ban
4 | Pichia pastoris A7 2000 449 Pa ban

Piém khéc biét ciia phan ing RT-PCR so véi PCR thong thudng chinh 1a chat bat
mau huynh quang c6 trong thanh phan phan Gmg. Chat bt mau huynh quang dam bao d6
nhay va d6 dic hiéu voi timg thiét bi cia may RT-PCR. Nong d6 chit bit mau huynh
quang néu thap qua s& khién qua trinh bat mau dinh luong ADN thiéu chinh xac, nguoc
lai néng do cao hoan toan gay tc ché phan tmg PCR. Trong nghién ctru ndy ching t6i sir
dung SYBR-Green la chit bat mau huynh quang, ndng do pht hop cho phan ung RT-
PCR da dugc chung t6i nghién ctru va t6i uu. Thanh phan cho phan tng RT-PCR duoc
trinh bay qua bang 12.
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Bing 12. Thanh phan cho phan tmg RT-PCR.

Stt Thanh phén Th&g“"

1 10x buffer 5

2 dNTP 1

3 Primer F 1

4 Primer R 1

5 Taq polymerase 0.5

6 ADN khuén 1

7 SYBR-Green * 6

8 H,O 34.5
Téng 50

(*) - Dung dich SYBR-Green duoc chuén bi dung dich gbc voi ty 16 1:3000, bao quan tranh 4anh sang truc tiép.

3.2.3. Xdc dinh tinh ddc higu ciia cdp méi thiét ké

Mot trong nhiing yéu ciu ciia phan ng Realtime-PCR 1a cip mdi phai dic hiéu va
san pham PCR phai tuong tmg véi thiét ké du doan ban dau. Pam bao dugc didu kién
nay thi céch tinh ) copy méi chinh xac. Nham x4c dinh tinh dic hiéu cua hai cap moi
MET?2 va Ble cho san pham PCR. Chung t6i tién hanh ldy 12 san pham PCR tir mdi cip
mdi trén va kiém tra bang phuong phap Melting Curve (biéu d6 bién tinh). Két qua dugc
minh hoa qua céc hinh 23, 24..

Mett Curve Chart
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Hinh 23. Biéu d6 chay Melting curve ctia san pham PCR. A: san pham PCR cuia cip mdi
Ble; B: san pham PCR cua cidp moi MET2.
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Hinh 24. Biéu d6 diém bién tinh (Tm) cta san phim PCR. A: san pham PCR cua cip
moi Ble; B: san pham PCR ctia cap moi MET2.

Theo 1y thuyét san pham PCR cuia cap mdi Ble ¢ ty 18 GC = 69%, dbi voi cip modi
MET?2 1a 47%. Chinh su khac biét cta ty 1¢ GC nay s& dan t6i sy khac biét vé Tm (nhiét
d6 bién tinh). Két qua phan tich cho thiy cac mau chay phan biét rd vé 2 nhém nhém A
va nhom B, twong tmg v6i san pham ciia hai cap moi (hinh 23). Khi phan tich Tm ciia cac
san pham PCR chung toi nhan thay ciing c6 su phan ra 2 nhém 16 rét (hinh 24), nhém A
tuong (g voi san pham cia cip mdi Ble cho két qua Tm = 89°C, trong khi ¢6 nhom B
tuwong tmg voi 82°C. Két qua nay hoan toan phu hop véi tinh toan 1y thuyét theo trinh ty
ctia 2 san pham PCR trén. Viéc khong xuét hién bat ky mot peak bat thudng nao ching t6
rang cdp moi chung toi thiét ké 1a dac hiéu cho RT-PCR.

3.2.4. Xdc dinh moi twong quan giita gene chi thi va gene dich

Pbi véi RT-PCR chi tiéu quan trong nhat chinh 1a chu ki ngudng - Ct (threshold
cycle) d6 1a diém ma tin hiéu huynh quang ting 1én manh mé va dot ngot so véi duong
o s6, & cac mau tuy thudc vao lugng ADN khuon khac nhau ma cé gia tri Ct khac nhau.
Khi lwong ADN khuén cang nhiéu thi gia tri Ct cang thdp va nguoc lai. Nhdm xac dinh
mdi twong quan giita gene chi thi va gene dich, dong thoi xay dung dd thi chuan dé xac
dinh sé copy. Chung t6i Iya chon ADN cuia chung Pichia pastoris A6 1am khuén. ADN
lam khuon chuan dugc pha lodng vé6i cac nong d6 nhu sau: 0; 2; 4; 8 (lan). Twong Ung
v6i s6 lugng copy dugc giam di 2, 4, 8 1an, sau d6 khudn & cac nong do pha lodng nay
dugc bd sung v6i hai cip moi khac nhau 1a MET2 va Ble dong thoi tién hanh chay RT-
PCR song song. Chuong trinh chay dugc thuc hién bude bién tinh & 95°C trong 3 phut,
tiép d6 1a 1a 45 chu ky (94°C trong 30 gidy; 52°C trong 1 phut; 72°C trong 1 phut). RT-
PCR duoc tién hanh chay trén may Bio-Rad iQ5. Dir lidu duoc xir Iy bang thong ké toan
hoc va phan mém chuyén dung cho may iQ5. Két qua chay RT-PCR véi mau chuan duoc
mo ta qua hinh 25, 26 va bang 13.
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Amplification Chatt
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Hinh 25. RT-PCR mau chuan véi cip mdi Ble v6i P. pastoris A6. Chu thich cac dudong
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Hinh 26. RT-PCR mau chuan v6i cap moi MET2 vé6i P. pastoris A6. a— Mau khong pha
loéing; b — pha lodng 2 1an; c: pha lodng 4 1an; d: pha lodng 8 lan.
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Bing 13. Tong hop két qua Ct (threshold cycle) voi mau chuan P. pastoris A6.

Gia trj Ct
Stt | D¢ pha loing mau chuan Cip mdi Cip mdi
MET?2 Ble
1 x0 18.90 22.22
2 x2 19.88 24.50
3 x 4 20.87 26.12
4 x 8 21.81 28.65

Két qua qua hinh 18, 19 cho thay phan img PCR d4 dién ra va cap mdi thiét ké 1a phu
hop cho qué trinh nhan gene. O cac do pha loing khac nhau gia tri Ct 1 khac nhau, & do
pha lodng cao tirc 1a luong ADN khuon cang it thi gia tri Ct ciing ting theo, diéu nay
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hoan toan phu hgp véi nguyén ly ctia Realtime-PCR. Hon nira gid tri Ct & 2 cap mdi 1a
khong gidng nhau: D6i voi cip méi MET2 ndng d6 ADN khudn giam di 2 1an thi Ct ting
thém 1 chu ky, trong khi d6 d6i véi cap mdi Ble 1a 2 chu ky. Didu nay c6 thé giai thich 1a
do s6 copy ctia ADN khudn khac nhau hodc do tinh chat dac diém cua trinh tu gene can
khuéch dai khac nhau dan t6i toc d6 sinh tong hop 14 khac nhau. Dya trén nhimng két qua
& bang 13, chung t6i thiét 1ap mdi tuong quan giita d6 pha lodng (s6 copy) véi Ct cho

tung cdp moi (hinh 27).
30 -
& MET2
- y= 0.72247)(-0— 22.626 _—
R®=0.98

26 - u

S 24
»n 8
20 | y = 0.3603x+ 19.104

R’ =0.962
18 T T T T T 1
0 2 4 6 8 10

Pha loéing (14n)

Hinh 27. D06 thi tuyén tinh giita d6 pha loing mau chuan véi Ct cia cac cap mdi MET2
va Ble v6i P. pastoris A6.

Két qua trén cho théy véi cap mdi Ble, mbi quan h¢ vé Ct v6i do pha loang duoc biéu
dién boi ham sé: y = 0,7847x + 22,626 (cong thic 1), v6i cip moi MET2 1a: y = 0,3603x
+ 19,104 (cong thirc 2). (trong d6 y 1a gia tri Ct; x 12 d6 pha lodng, diéu kién x # =1). Nhu
vay, voi két qua dat dugc ching to61 da nhan dugc 2 cong thirc voi R?>0.95 thé hién mdi
tuong quan gitra X va y trong cac cong thirc 1 chit ch& va két qua c6 do tin cay cao.

3.2.4. Kiém tra xdc dinh 6 copy ¢ cdc chung

Trong tat ca cac thé bién nap dugc kiém tra, theo 1y thuyét chi c6 thé khac nhau vé sd
copy cua gene Ble, con d6i véi gene MET? thi tat ca cac ching déu c¢6 sb copy nhu nhau
vi day 1a gene chi thi gidng nhau ¢ tat ca cac té bao Pichia pastoris. Dya trén 1y thuyét
do, khi so sanh cac chung voi nhau va so sanh véi ching don ban (Pichia pastoris B),
ching t6i s& dua cac chung can kiém tra vé ciing gi tri Ct ctia cip mdi MET2. Trén co s&
chénh léch vé Ct cua cap mdi Ble dya vao do thi chuan (theo cong thuc 1, 2) co thé tinh
s6 copy cho ting thé bién nap. Chiing t6i tién hanh chay RT-PCR cho cac thé bién nap
can kiém tra véi 2 cip moi MET2 va Ble. M&i phan tmg PCR duoc 1ap lai 2 1an. Két qua
chay chi tiét cho ting ching dugc mé ta qua hinh 29, 30, 31.
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Hinh 29. Biéu d6 RT-PCR cua Pichia pastoris A3.
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Hinh 30. Biéu d6 RT-PCR ctia Pichia pastoris A7.
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a. cap moi Ble Ct =25.1 b. cap mdi MET2 Ct=18.1

Hinh 31. Biéu d6 RT-PCR cua Pichia pastoris B.

Két qua RT-PCR trén cac mau cho thdy ¢ mdi mau chay da c6 sy khac biét vé Ct
giita cac cap moi. Dya trén nhimng két qua Ct vé PCR, chiing t6i tinh ra gi4 tri Ct cia cip
moi Ble theo dudng chuan. So sanh gia tri Ct cdp mdi Ble cla céac thé bién nap A3, A6,
A7 véi thé bién nap don ban B. Trén co sé chénh 1éch vé gia tri Ct dya theo dd thi chuan
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chung t6i tinh duoc sb lwong copy cho timg thé bién nap. Két qua duoc trinh bay qua
bang 14.

Bing 14. Xac dinh sb copy cho ting thé bién nap

;i Ctthyetf | g i | ACtcapmbiBle— |
Thé bién nap g chudan véi tin% don ban S0 copy
Met2 | Ble | Met2 Ble
Pichia pastoris B 18.1 | 25.1 18 25 0 1
Pichia pastoris A3 16.9 | 19.8 18 22 3 3
Pichia pastoris A6 | 18.9 | 22.2 18 20 5 5
Pichia pastoris A7 18.8 | 21.8 18 20 5 5

Két qua trén cho thiy thé bién nap A6, A7 cho sd copy cao nhit 5 copy, trong khi d6
A3 chi cho 3 copy. Két qua nay pht hop vé6i kha ning chong chiu zeocin khi ca 3 thé
bién nap nay sinh trudng & ndng do zeocin cao 2000 mg/I.
3.3. X4c dinh diéu kién 1én men thu phytase tai to hop
3.3.1. Nghién cvru kha nang sinh truwong cua Pichia pastoris
3.3.1.1. Kha nang sinh truong trén moi truong nhan tao

Mat d6 té bao c6 anh hudng quyét dinh dén ning suat protein ngoai bao. Dé khao sat
kha nang sinh trudng cta ching Pichia pastoris chiing toi tién hanh thi nghiém nhu sau.
B6 sung 5% gidng ban dau vao cac moi trudng nudi cdy nudi cdy thu sinh khéi, mat do té
bao ban dau trong cac mdi truong khi méi bit dau bo sung gidng do & bude song 600 nm
13 0,3. Sau 2 ngay nudi cdy & 30 °C, téc do ldc 200 rpm tién hanh kiém tra kha ning sinh
truong bang cach li tim, rira té& bao voi nude cit va do mat do té bao & budc soéng 600
nm. Két qua dugc trinh bay qua bang sau :

Bing 15. Két qua do mat do té bao tai budc song 600 nm.

OD 600 nm

Stt MGéi trudng
Oh 24h 48h
1 YPD 0.3 15.6 28.2
2 BMGY 0.3 10.2 18.1
3 mBMGHY 0.3 8.7 15.4
4 BMG 0.3 6.8 12.3
5 FBSH 0.3 4.7 7.9

Két qua trén cho thiy méi trudng YPD véi thanh phan glucose, cao men, peptone cho
két qua cao nhat. Sau 48 h gia tri OD dat 28,2 trong khi d6 méi trudng FBSH cho két qua
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thip nhat gia tri OD = 7.8. M6i truong BMG 13 moéi truong duoc khuyén céo sir dung cho
nudi cdy biéu hién voi ngudn cacbon 1a glycerol cho két qua 13 12,3. So voi mdi trudng
YPD la mdi truong giau dinh dudng va rt phit hop cho sinh trudng ctia nAm men Pichia
pastoris. Cac moi truong con lai st dung ngudn cacbon 1a glycerol déu cho két qua thap
hon nhiéu so v6i YPD. Nhu vay st dung méi trudng YPD véi cac thanh phan thong dung
d6ng thoi ning suat thu sinh khdi cao s& 1a loi thé khi nudi cay ¢ qui mo 16n.

3.3.1.2. Nghién ciru anh hwéng cia pH dén khd nang sinh truéng cia Pichia pastoris

pH khong chi 1a yéu t6 anh huong dén sinh trudng cia ndm men ma pH con anh
huéng truc tiép dén hoat tinh va ning suit cta enzyme. VOi mong mudn tim gia tri pH
thich hop nhat cho sinh truong ctia ndm men chung t6i tién hanh nghién ctru anh hudng
ctia yéu td nay sinh trudng cua ndm men.

Thi nghiém dugc thuc hién trén moi truong YPD véi cac pH khac nhau cia dém phét
phat 0,1 M. Tién hanh nudi cdy ¢ 30 °C toc do lic 200 rpm, kiém tra OD 600 nm sau 24
va 48 h. Két qua duoc trinh bay qua bang 16.

Bing 16. Anh huong cua pH dén kha ning sinh trudng

STT oH OD 600 nm

Oh 24h 48h
1 4.5 0.23 12.6 25.7
2 5.0 0.23 13.5 26.8
3 5.5 0.23 14.6 27.2
4 6.0 0.23 14.7 27.5
5 6.5 0.23 15.0 28.1
6 7.0 0.23 16.2 28.9
7 8.0 0.23 16.0 28.3

Két qua cho thiy ndm men Pichia pastoris phét trién tot trong dai pH tir 4,5 — 8,0
trong d6 pH 6-8 1a thuan loi nhét cho sinh trudng ctia ndm men. Kha ning sinh truong
v6i dai pH rong s& gitp cho viéc chuan bi moi trudng va cong tac nudi cdy s& dé& dang
hon do khong phai kiém soét chat ché yéu td nay.
3.3.1.3. Nghién curu anh huong cua nhiét do toi kha nang sinh truong

Nham nghién ctru dnh hudng cta nhiét do t6i kha nang sinh truong cua Pichia
pastoris chiing t6i tién hanh nudi ciy trén méi trudng YPD & pH 6.0 toc do lic 200 rpm &
céc gia tri nhi¢t do khac nhau nhu trong bang dudi. Két qua kiém tra mat do té bao sau 48
h nudi cdy duoc mé ta qua bang 17.
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Bing 17. Anh huéng cta nhiét do dén kha nang sinh trudng ca Pichia pastoris.

OD 600 nm
Stt Nhiét do
Oh 24h 48h
1 25 0.28 11.2 21.6
2 28 0.28 14.8 25.8
3 30 0.28 16.8 29.4
4 32 0.28 19.2 31.8

Két qua tir bang 20 cho thiy Pichia pastoris phét trién manh nhat ¢ 32°C sau 48 h
nudi céy gia tri OD 600 nm dat 31,8 trong khi d6 & 30°C dat 29,8. Tuy nhién, do nhiét do
32°C nam & cudi ving khao sat, viéc mo rong dai nhiét do trong danh gia sinh truong 1a
can thiét trong thoi gian toi.

3.3.1.4. Nghién ciru thay thé méi truong YPD

Mbi truong nudi cdy YPD phi hop véi sinh truéng cia nAm men. Tuy nhién véi
thanh phan Bacto Peptone va Cao ndm men 13 hai thanh phan hiru co giau dinh dudng va
c6 gia thanh cao. Nhitng yéu t6 nay sé lam ting gia thanh san néu thyc hién 1én men trén
qui md coéng nghiép. Nham dinh huéng giam gia thanh cho qui trinh 1én men ching toi
tién hanh nghién ctru nudi cdy nim men trén moi truong nudi cy thong dung 1a Malt.
Thi nghiém dugc tién hanh bang cach chuan bi méi truong véi 2% 1a glucose sau d6 bo
sung dich chiét Malt v6i cach ndng do tir 1 Bx dén 6 Bx nhu bang 21. Sau d6 bd sung
gidng va tién hanh nudi cdy & 30 °C, téc do lac 200 rpm, kiém tra gia tri OD sau 24 va
48h. Két qua duoc trinh bay qua bang 18.

Bing 18. Anh hudéng cua ndng do Malt dén sinh truéng ctia nAm men.

St M‘ﬁi OD 600 nm

truong Oh 24h 48h
1 1Bx 0.32 3.0 5.6
2 2Bx 0.32 5.6 10.7
3 3Bx 0.32 9.8 17.1
4 4Bx 0.32 10.4 22.4
5 5Bx 0.32 11.9 28.9
6 6Bx 0.32 12.2 30.2
7 YPD 0.32 13.8 27.1

Két qua cho thiy mat do té biao nam men sau 48h nudi cdy ting dan tir nong d6 1Bx
dén 6 Bx. Nguyén nhan chinh cia su sinh truong tot nhu trén theo chung toi d6 1a ham
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luong dudng va vi chét (vitamin, khoang chét...) ting khi bo sung thém dich Malt. Tuy
nhién gitra ndng d6 5 Bx va 6 Bx sy khac biét vé mat do té bao 1a khong dang ké nén
hoan toan c6 thé chon néng dd 5 Bx cho viéc 1én men thu sinh khdi. Khi so sanh v&i méi
truong YPD két qua cho thiy khi nong do Malt 16n hon 5 Bx thi kha niang sinh trudng

cua nam men tot hon.
3.3.2. Nghién cvru kha nang biéu hién cua Pichia pastoris

3.3.2.1. Anh hueong sinh khéi tir cdc méi truong dén kha niang biéu hién

Theo khuyén céo cua Invitrogen (hdng cung cip chung cha Pichia pastoris), viéc
nudi cdy thu sinh khdi ndm men chi dwoc thuc hién trén méi truong cd ngudn cacbon 1a
glycerol. Tuy nhién theo nhiing nghién ciru trén ching t6i nhan thay kha ning nam men
sinh trudng trén moi truong cd glycerol thip hon rat nhiéu so véi méi trudng cé glucose.
Chinh vi vdy viéc kiém tra kha ning biéu hién ciia sinh khéi tir cac méi truong khac nhau
¢ y nghia dén viéc chon lya méi trudng 1én men tbi uu.

Thi nghiém dugc tién hanh khi nuéi ciy sinh khdi trén cdc méi truong nhu trong
bang 22. Sau 48h, sinh khdi duoc thu va rira bang nude cit, sinh khdi duoc hoa tan tré
lai moi truong BMM véi OD 600 nm = 20; bo sung 1% methanol, biéu hién sau 4 ngay &
28°C va kiém tra hoat tinh, két qua dugc trinh bay qua bang sau:

Bing 19. Anh huong sinh khéi tir cac moi truong dén kha niang biéu hién.

Sinh khdi tir méi | Ham lugng Glucose | Hoat tinh
STT \ ne A

trueong sau 48 h nuoi cay IU/ml
1 YPD 0% 759
2 BMGY 0% 768
3 mBMGHY 0% 746
4 BMG 0% 725
5 FBSH 0% 739

0

6 Malt 5 Bx + 2% 30, 246

glucose

Két qua trén cho thdy ¢ cic méi truong nudi sinh khéi co ngudn cacbon 1a glycerol
cho két qua tir 725 TU/ml dén 768 TU/ml. D6i véi moi truong YPD cé ngudn cacbon
glucose sau giai doan nudi sinh khéi, té bao biéu hién cho két qua twong ddng voi té bao
tlr cdc moi trudng cd ngudn cacbon 1a glycerol. Tuy nhién riéng moi trudng Malt 5 Bx +
2% glucose cho két qua rat thip chi dat 246 IU/ml. Piéu nay c¢6 thé do ham luong
glucose tich tu trong té bao cao (co thé & dang glycogen du trit) nén khi chuyén sang moi
truong biéu hién glucose s& trc ché hoat dong ctia promoter AOX1. Tir két qua trén chung
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t6i Iya chon moi truong YPD cho nudi cdy thu sinh khdi phuc vu cho qué trinh biéu hién
thu phytase.

3.3.2.2. Kha nang biéu hién hoat tinh truc tiép méi truong YPD

Pic diém cua Pichia pastoris 1a sit dung promoter AOX1 dé diéu khién sy biéu hién
gen ngoai lai 12 néu trong méi trudng cé glucose, acetate...sé& rc ché hoat dong cua
promotor dan téi gen ngoai lai khong duoc biéu hién. Do chinh 1a 1i do ma khi nuéi cay
hiéu hién Pichia pastoris nguoi ta thuong sir dung moi truong nudi cdy thu sinh khoi, sau
d6 li tam loai 14y sinh khi rdi bo sung vao mdi trudng biéu hién méi c6 ngudn cacbon 1a
methanol dé kich hoat su biéu hién protein. Cach lam nhu trén s& dam bao loai bo cac
chat trc ché, tuy nhién s& gay phtic tap qui trinh va ton kém nguyén liéu néu thyc hién &
qui mo 16n.

Tir nhitng két qua nghién ciru trén cho thdy méi trudng YPD rat pht hop cho nudi
ciy thu sinh khdi. Trong nghién ctru nay lan dau tién chung t6i tién hanh thir nghiém bicu
hién trén méi truong YPD khong d6i méi. Do méi truong YPD cé chira glucose nén
truée khi biéu hién mot yéu cau can thiét 1a ham luong glucose rat thip hodc khong co
trong moi truong nudi cdy.

Thi nghiém duoc tién hanh nhu sau: bd sung 5% giéng vao trong binh tam giac
1000ml chtra 250ml méi trudng YPD, tién hanh nuéi sinh khéi ¢ 30°C. Sau mdi 48, 72,
96, 120h thi rat ra 20ml dich nuéi cdy chuyén vao binh tam giac 250ml, b6 sung 1%
methanol (v/v), roi biéu hién hoat tinh. Cir sau 24h biéu hién ldy 2001 dich nudi ciy dé
thir hoat tinh. B6 sung methanol hing ngay dé dam bao nong d6 methanol 1 1%.

Pé tién theo ddi chung t6i qui wéc ki hiéu cac mau duoc biéu hién vao cac thoi diém
ké tiép nhau nhu sau:

Mau duoc biéu hién vao thoi diém sau khi nuéi 1dy sinh khdi duoc 48h : mu A
Mau duoc biéu hién vao thoi diém sau khi nuéi 1dy sinh khdi dwgce 72h : miu B
Mau duoc biéu hién vao thoi diém sau khi nudi lay sinh khéi duoc 96h: mau C

Mau duoc biéu hién vao thoi diém sau khi nudi 1dy sinh khdi duoc 120h: miu D

Mau ddi chtng 1a sinh khéi dwoc biéu hién trén moi trudng YPD méi da loai bo
glucose (1% YE, 2% Bacto pepton). Trong thi nghiém nay mat do té bao lac biéu hién
vé6i gia tri OD 600nm 1a 23.04. Két qua thu dugc trinh bay qua bang duéi day:

Bing 20. Kha ning biéu hién hoat tinh ctia cic miu.

Hoat tinh theo thoi gian (IU/ml)
24h 48h 72h 96h 120h
1 Poi chirng 33,0 70,9 104,1 | 1834 | 167,5

Stt Tén mau
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2 Mau A 26,1 546 | 96,1 | 136,7 | 139,2
3 Mau B 33,8 61,1 | 1003 | 168,0 | 1534
4 Mau C 43,6 734 | 1287 | 172,6 | 159,2
5 Mau D 54,5 84,9 | 102,9 | 164,5 | 131,8

Két qua trén cho thdy Pichia pastoris c6 kha ning biéu hién kha t6t trén moi truong
YPD khong ddi méi, hoat tinh thu duoc ¢ cac mau A,B,C,D kha d@)ng déu nhau va dao
dong tir 131,8-159,2 TU/ml sau 4 ngay biéu hién. Kha ning sinh enzyme manh nhat sau 4
ngay biéu hién dén ngay thir ndm thi hau nhu hoat tinh déu giam. Riéng mau A thi mirc
d6 biéu hién hoat tinh vao ngay thir tw va thtr nam tuong dwong nhau.

Theo két qua trén thi mau C (sau 96h nuéi sinh khdi) cho hoat tinh cao nhat, sau d6
dén mau B (sau 72h nudi sinh khdi), mau D (sau 120h nudi sinh khdi), Mau A (sau 48h
nudi sinh khéi). Diéu nay co thé giai thich 1a dén ngay thir hai khi nudi liy sinh khoi
luong glucose trong mdi trudng con ton tai, nén kha nang e ché promotor AOX1. Thoi
gian nudi cdy thu sinh khéi cang kéo dai, lugng glucose cang giam thi kha nang trc ché
promotor AOX1 cang yéu, két qua 1a luong enzyme sinh ra ting 1én. Néu nuéi lay sinh
khdi dén ngay thir 5 mdi bo sung methanol (mau sau 120h) thi mirc do biéu hién hoat tinh
ciing khong cao hon so véi cac mau B, C d6 1a boi vi thoi gian nudi cdy qué 1au, té bao
qua gia, trong moi trudng nudi cdy cé nhiéu chit thai doc hai cho nén kha ning sinh
enzym cling giam.

Db6i voi mau dbi chung hoat tinh sau 24h biéu hién khong cao hon so véi mau A
cung thoi diém. Nhu vy suy ra ring vao ngay thi hai lugng glucose trong méi truong
gﬁn nhu da bi tiéu thu hét. Tuy nhién muc do biéu hién hoat tinh trén mau d6i chung cao
hon cac mau khac 183,4 IU/ml diéu nay c6 thé giai thich mau dbi ching 1a méi trudng
moi giau dinh dudng hon va khong ton tai nhidu chat chit doc hai trc ché té bao.

Két qua trén cho thay so voi nhitng moi truong biéu hién chuyén dung ma ching t6i
nghién ctru nam 2008 ning sudt enzyme la thap hon. Tuy nhién ddy la nghién ciru ma lan
dau tién moi truong nudi ciy cling 1a mdi trudng biéu hién, dic biét glucose duoc su
dung 14 ngudn cung cap cacbon. Vi nhimng két qua dat dugc di cho thay glucose khong
qué nhay cam dé trc ché hoan toan promotor AOX1. Chinh diéu nay 1a tién dé dé co thé
sit dung cac mdi trudng ré tién thong dung dé c6 thé nudi ciy va biéu hién Pichia
pastoris trén qui mo coéng nghiép, huong t&i giam gia thanh cho protein tai to hop.

3.4. Nghién ctru qui trinh thu hdi phytase ¢ qui mé phong thi nghiém

3.4.1. Nghién civu qui trinh tinh ché phytase tiv méi trwong nuéi cdy

Sau qua trinh nuoi cdy biéu hién phytase tai to hop thu duoc vé co ban 1a rit sach vé
mit protein. Tuy nhién trong canh trudng nudi cay con chira rit nhidu cac khoang chat va
dic biét con co thé tdn du methanol. Methanol 14 mot chat gdy doc ddi véi co thé dong
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vat néu ché phém dugc tng dung truc tiép cho chan nudi. Chinh vi thé viéc loai bo
methanol va cac khoang chat dy thira 1a rat can thiét nham dam bao cho ché pham
enzyme an toan va on dinh trong qua trinh bao quan.

Céc phuong phap tinh sach hién nay rat da dang, trong nghién ctru nay chiing t6i tién
hanh Iya chon phuong phap loc ludn hdi. Nguyén 1y ciia phuong phap nay 1a cho dich
can tinh sach chay qua mang loc protein véi kich thudc xac dinh, nhitng phan tir hitu co
nhé va vo co s& di qua 16 mang. Protein dich c6 kich thudc to hon kich 16 mang s& duoc
giit lai. Trong nghién ctru nay ching t6i sir dung kich thudc mang 14 10 kDa dé tién hanh
tinh sach protein.

Dich enzyme thd thu dugc khi biéu hién trén moi truong long YPD, ly tam loai bd
sinh khdi, chiing t6i tién hanh loc 2 lit dich enzyme tho sau khi loc duoc hét enzyme tho
ching t6i bod sung 500 ml nudc cat loc rira bo sung. Két qua duoc trinh bay qua bang
duoi day.

Bing 21. Tinh sach phytase tai t6 hop bang phwong phap loc luan hdi

2 - £ . Ham Hiéu suét
T’he H,Oat Higu Sl‘:?t Ham lwgng thu hoi Hoat tinh
. o J tich tinh thu hoi lwong Pve : . A
Cac budc tinh che (ml) (IU/ml) hvtase (uM/ml) protein protein dac hi¢u
P : (mg/ml) (%) (IU/mg)
Dich goc 2000 | 185 100 92,6 0.13 100 1423
(enzyme tho)
Dich lgc 310 1180 99 0 0.55 66 0
Dich thai 2190 0 0 84,6 0.04 34 2145

Két qua trén cho thdy sau qua trinh tinh sach luong enzyme thu hdi dat rt cao dén
99% hoat tinh, con vé mit protein lugng protein thu hdi dat 66% va luong protein bi loai
thai 1a 34%. Cac mubi khoang vo co nhu phdt pho dd duoc loai bé hoan toan sau qua
trinh loc. Nhu vay qua trinh tinh sach bang mang loc 10k Da la rat hiéu qua dé tinh ché
phytase ngoai bao tir Pichia pastoris. V&i uu diém nhanh, qui md dé mé rong, hiéu suét
thu hoi enzyme cao, loai bd dugc methanol va céac mudi khoang c6 thé coi day la mdt mét
giai phap t6i wu khi thuc hién san xuit ché phim enzyme. Phan methanol sot s& bay hoi
trong cac budc lam kho tiép theo.

3.4.2. Nghién cvwru qui trinh tao ché phcfm enzyme dang bot

Str dung 200 ml dung dich enzyme tron véi 400 g co chét mang, sau d6 cho hon hop
vao sdy dong kho ¢ nhiét 4o -40°C. Sau 12 gio chiing t6i thu dugc ché pham dang bot
kho, kiém tra hoat tinh ché pham dugc trinh bay qua bang sau day:
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Bing 22. Hiéu suét thu lam kho ché phim bang dong kho

Trude khi sy Sau khi sdy
Nguyén li¢u Téng hoat tinh ( IU) Sdn pham Téng hoat tinh (IU)
Dich enzyme: 200 263000 400g ché pham hoat 228000
ml hodt tinh tinh 578 1U/g
1180/ml
Co chit mang: 400 g

Nhu vay sau khi sdy dong kho, ty 1¢ bao toan enzyme dat 97%.

3.4.3. Nghién ciru dic tinh ciia ché pham dang bjt

Trong san xuat enzyme tng dung cho thirc dn chin nudi hién nay c6 2 phwong thirc:
mdt 1 ché phdm enzyme duoc san xuit riéng va nguoi chin nudi bod sung vao thic an khi
sir dung. Ché pham nay dam bao qui trinh bao quan enzyme ti wu tuy nhién sé& rat kho
khan khi thue hién tng dung enzyme cho thire dn qui mé coéng nghiép. Ché phim enzyme
tht hai 1a dugce nha san xuét thie an chin nudi bd sung truc tiép véo thtrc 3n, ché phém
nay s€ giup don gidn qui trinh chdn nuéi tuy nhién doi héi enzyme phai chiu dugc nhiét
khi trai qua giai doan ép vién (75 - 80 °C trong 10 - 1 phat). Nham nghién ciru kha ning
bén nhiét ctia ché pham dé 1am co s& cho dinh hinh qua trinh san xuét enzyme. Ché pham
enzyme dugc xu 1y nhiét & cac nhiét d§ khac nhau trong thoi gian 30 phut. Sau xu ly
nhiét ché phém duoc 6n dinh trong diéu kién 4°C trong 30 phut va dugc kiém tra hoat
tinh, két qua duoc trinh bay qua bang 23.

Bing 23. Kha nang bén nhiét cia ché pham phytase.

Nhiét do OD 700 nm Pha
Stt ©C) TN | PC | loing | U8
1 4 0584 | 0.132 | 7000 | 549
2 50 0.582 | 0.132 | 7000 | 546
3 60 0583 | 0.132 | 7000 | 548
4 70 0580 | 0.132 | 7000 | 544
5 80 0582 | 0.132 | 7000 | 546
6 90 0.584 | 0.132 | 7000 | 549
7 100 0578 | 0.132 | 7000 | 542

Két qua cho thay ché phim rat bén v6i nhiét, ché pham hau nhu van dam bao hoat
tinh & ngay diéu kién 100°C. Piéu nay hoan toan khac han voi san phdm enzyme dang
long giam hoat tinh rat nhanh & nhiét do 70°C. Theo chiing t6i co chit mang co vai tro
quan trong dén viéc bao quan va giit vitng cdu trac khong gian ciia phytase. Chinh nhiing
lién két chat ché giita co chat va protein di giup enzyme khong bi bién tinh ¢ nhiét do
cao. Trong khi d6 khi ¢ dang long mdi lién két giira protein voi nude va cac ion dung
dich dém 13 kém bén, khi nhiét d6 cao khién cho céu triic khong gian phytase bi pha vd.
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Hoat tinh phytase tir d6 giam manh. Mic dui san pham phytase kha bén nhiét & dang kho,
trong thoi gian t6i chiing t6i can thir nghiém do bén ciia san pham & diéu kién gan nhét
v6i qué trinh nén vién trong san xuat thirc an gia suc dé co cau tra 101 xac dang hon.

3.5. Nghién ctru tinh min cim véi enzyme thity phin protein trong dwong tiéu hoa
dong vat

Mot trong nhiing yéu ciu can thiét d6i voi enzyme tung dung trong chin nudi 1a phai
¢6 kha nang chéng chiu dugc hé enzyme thuy phan trong dudng tiéu hoa cua dong vat.
Chi khi ¢6 dugc kha ning ndy enzyme moi c¢6 thé thuc hién chirc nang xuc tac sinh hoc
trong duong tiéu hoa. Chinh vi vdy viéc nghién ciru kha ning min cidm véi enzyme
pepsin, mot trong nhitng nhitng enzyme thuy phan chu yéu trong da day ctia dong vt c6
¥ nghia quyét dinh dén tmg dung ctia enzyme.

Céc mau phytase tai to hop, 0,2% BSA (bovine serum albumin) dugc xir Iy dung dich
HC1 0.1N (pH = 2.0) c6 chira 2000 IU/ml enzyme pepsin véi ty 1& 1:1. Sau d6 hon hop
dugc u ¢ 37°C trong 45 phat. Mau sau khi xir Iy duge kiém tra mirc d6 phan hay protein
bang phwong phap dién di protein SDS-PAGE. Két qua chay dién di dugc mé ta qua hinh
dudi day:

Hinh 32. Tac dong cuia enzyme pepsin. M: Protein marker; 1: phytase; 1P: phytase xu ly
voi pepsin; 2: BSA; 2P: BSA xur 1y v6i pepsin; P: enzyme pepsin.

Két qua cho thiy ddi voi phytase tai to hop trude va sau xtr Iy (mau 1 va 1P) khong bi
anh hudng bai pepsin, trén ban dién di mic d6 ddm cua hai mau la nhu nhau. Trong khi
d6 v6i BSA mic du luong protein ban dau 1a kha 16n (giéng 2) nhung sau khi xtr 1y véi
pepsin thi protein BSA bi thuy phan hoan toan (giéng 2P), trén ban dién di chi con vach
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protein cia enzyme pepsin. Két qua nay ciing cho thay hoat dong thuy phan enzyme
pepsin trong diéu kién dung dich HCI 0.1N (pH = 2.0) 1a rdt manh mg.

Nghién ciu nay cho théy phytase tai t6 hop khong man cam véi véi pepsin, mot
enzyme chil chdt trong dudng tiéu hod cta dong vat. Dy 1a mot trong nhimng dic tinh ndi
troi dé co thé tmg dung enzyme nay cho thirc an chan nudi ma khong can sy can thiép cia
céc chat bao quan chdng lai su thuy phan. Piéu nay gitip don gian hod qui trinh san xuat
va gop phan 1am giam gia thanh san pham khi thuc hién san xuét tng dung phytase tai to
hop cho thirc an chan nudi.

3.6. Nghién ctru tiéu hoa hai pha trong dng nghiém (in vitro)

Nghién ctru & trén cho thdy phytase tai t hop khong man cam véi pepsin trong da
day cta dong vat. Tuy nhién, trudc khi thir nghiém phytase trén dong vat, viéc kiém tra
su ton tai cling nhu kha niang thé hién hoat tinh ctia enzym phytase tai to hop trong duong
ti€u hoa cua dong vat l1a rat can thiét. Viéc hoat tinh con hay mat, s& 1 co s& cho nhirng
nghién ctru tiép theo khi thir nghiém trén dong vat nudi. Chinh vi vdy chung t6i ching toi
tién hanh nghién ctru nay theo phuong phap ciia Bedford, M. R., and H. L. Classen. 1993.

Mau thtic an dem thir bao gém: B4t dau twong, Bt ngd, Bot cam gao va mubi Na-
phytate 0.3 mM. Céc loai bot trén déu duoc sdy trong 90°C trong 2 gid, nhim dam bao
d6 kho ddng déu cho miu, dong thoi lam bat hoat enzyme phytase thuc vat.

e Giai doan tiéu hoa trong da day:

Co chit dung dé thir 1a 0.1g m&i mau thirc an trén, riéng mudi Na-phytate (ndng do
0.3 mM) thi dung 0.3 ml, cic miu co chat nay dugc cho vao timg dng nghiém riéng biét.
Sau d6 bd sung thém 3ml dung dich HCI 0.1N (pH = 2.0) ¢ chtra 2000 IU/ml enzyme
pepsin. Tiép theo thém vao mdi miu co chit trén 0.3 ml enzyme phytase (0.5 IU/ml ). U
trong 45 phut ¢ 37°C déng thoi 1ic déu nham tao diéu kién giéng nhu nhu dong cua da
day.

¢ Giai doan tiéu hoa rugt non.

Sau pha da day (sau 45 phat) mdi mau trén dugc bo sung thém 1 ml NaHCO; 1M (pH

= 9.6) c6 chtra 2 mg pancreatin/ml, tiép tuc u va lic déu ¢ 37 °C trong 2 gi. Nhim tao
diéu kién giéng nhu pha rudt non cua dong vat.

Mau duogc 14y ra ¢ ting giai doan: Giai doan ban dau (0 phut), sau pha da day (45
phiit), sau pha rudt non (165 phiit) va duoc ly tam 10000 vong/5 phut, dich néi duge dem
xéc dinh ham lugng phét pho vo co. Két qua thu duge thé hién ¢ bang 24.
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Bing 24 . Két qua nghién ciru tiéu hoa hai pha trong 6ng nghiém

Luwong Pi (umol/ml) Do léch giira cac pha
Loai co chat Bit dau Pha da Pha rudt
N : b-a c-b
() day (b) non (c)
Bgt cam gao 1,1 33 3,6 2,1 0,4
Bot d6 twong 2,8 7,9 8,7 5.2 0,7
Bot ngo 1,5 5,5 6,1 4,0 0,6
Na-phytate 0,0 3,2 33 3,2 0,1
10.0
9.0 -
8.0 -
'E 7.0 4
E 6.0 4 mBatdau
g 5.0 B Pha da day
E 4.0 O Pha rudt non
E 3.0 |
20 A
1.0
0.0
Botngd Cam gao Bot d6 twong Na-phytate

Co chat

Hinh 26. Hai pha tiéu hoa trong 6ng nghiém.

Theo két qua cho thay phytase hoat dong & ca pha da day va pha rudt non. Sau pha da
day lugng phospho & tat ca cac mau déu ting 1én nhit 1a cam gao thém 5.2 pmol, sau d6
1a bot dd twong (4.0 pmol), Na-phytate (3.2 umol) rdi dén bot ngd (2.1umol). Piéu nay
c¢6 thé do lugng co chét (axit phytic) va lwong phosphate ciia cam gao cao hon cac loai
bot khac. Sau pha rudt non lugng Pvc o tang 1én nhung khong dang ké so voi pha da
day. O bot cam ting 1én 0.7 pumol, bot dd twong (0.6 pmol), bot ngd (0.4 pmol), Na-
phytate (0.1 pmol). Két qua nay duogc giai thich 1a pH kiém ¢ rudt non di lam yéu hoat
d6ng cua phytase tai to hop.

Nhu vay kha ning man cam hoan toan véi pepsin, kha ning phan ct tot co chat trong
nguyén liéu lam thirc an chan nudi ngay & diéu kién axit (pH thap) 1a nhiing diéu kién
tién quyét cho viéc ing dung phytase tai to hop. M6 hinh tiéu héa cua chung t6i tuy nhién
con mot sd khiém khuyét vé phd enzyme protease khao sat. Viéc bo sung enzyme dic
trung cho da day hodc sur dung truc tiép dich da day dong vat la diéu can thiét trong
nhitng nghién ctru sau nay.
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3.7. San xuit thir nghiém va chuyén giao thir trén dong vat

Theo cong thic 1én men va tao ché phém dat dugc, ching t61 ldp lai thi nghiém 1én
men, tao ché phadm & quy mo 4L trén méi truong YPD. Dich loc va ¢d qua mang 10 KDa
¢6 hoat tinh 2520 IU/ml duoc bd sung véi 200 g chit mang dugc dong kho. San pham
cudi cung dang kho c6 hoat tinh 2100 IU/g dugc chuyén cho nhém nghién ctru tai PH Su
pham Ha Noi thir nghiém tham do trén lon. Két qua thim do ban dau duoc danh gia kha
quan (thong bao chua cong bd cia Du an SIDA/SAREC - PHSP HN).
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KET LUAN VA KIEN NGHI

KET LUAN

Tir nhitng két qua dat duoc, chung toi rat ra cac két luan sau:

ba tach dong 05 gene ma hoa phyA tr 5 chung Aspergillus niger va giai trinh ty 5
gene trén.

D3 xay dung dugc phuong phap xac dinh sd luong copy cua thé bién nap Pichia
pastoris bang RT-PCR va xac dinh dugc sb copy cia 03 chiing c6 hoat tinh cao nhu
sau: P. pastoris A3 c6 3 copy; P. pastoris A6 va P. pastoris A7 c6 5 copy.

Pi xéc dinh diéu kién 1én men sinh phytase tai to hop. Moi truong nudi cay phu hop 1a
YPD; pH nuoi céy ttr 6,0 - 8,0; nhiét do 30 — 32°C. Hoat tinh dat duoc la 172 IU/ml.
P 1én men, thu hdi phytase tai to hop & quy mo phong thi nghiém va tao dugc
200 g ché pham dang kho véi hoat tinh 2100 1U/g sir dung cho thir nghiém tham
do.

Phytase tai t6 hop khéng man cam véi pepsin trong diéu kién HC1 0,1 N (pH=2,0) va
thily phan t6t cac co chat 1am thirc dn trong pha da day va pha rudt non.

KIEN NGHI

Nham nang cao cong tac phat trién va khai thac hi€u qua ngudn gen vi sinh vat, bao ton

gen vién Cong nghiép thuc pham can duoc dau tu chiéu sau vé trang thiét bi phuc vu cong tac
Di truyén — Sinh hoc phan tir.
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PHU LUC

Phuy luc 1. Phan tich mau trén may RT-PCR Bio-Rad iQ5

Phu luc 2. Trinh tu nucleotit cua phy4 dugc tdch dong

>phyA-P2 (toan by phdan ma hoa mature protein)
CTGGCAGTCCCCGCCTCGAGAAATCAATCCACTTGCGATACGGTCGATCAGGGGTATCAATGCTTCTCGGAGACTTC
GCATCTTTGGGGCCAATACGCGCCGTTCTTTTCTCTGGCAAACAAATCGGCCATCTCCCCTGATGTGCCTGCCGGAT
GCCATGTCACTTTCGCCCAGGTTCTCTCCCGCCATGGAGCACGGTATCCGACCGACTCCAAGGGCAAGAAATACTCC
GCTCTCATCGAGGAGATCCAGCAGAACGCGACAACCTTCGAGGGGAAATATGCCTTCCTGAAGACATACAACTACAG
CCTGGGCGCGGATGACCTGACTCCCTTCGGAGAGCAGGAGCTGGTCAACTCCGGCGTCAAGTTCTACCAGCGATACA
AATCGCTCACAAGAAACATTGTCCCGTTCATCCGATCCTCAGGCTCCAGCCGCGTGATTGCCTCTGGCAATAAATTC
ATCGAGGGCTTCCAGAGCACTAAGCTGAAGGATCCTCGTGCCCAGCCCGACCAATCGTCGCCCAAGATCGACGTGGT
CATTTCAGAGGCCAGCACATCCAACAACACTCTCGATCCGGGCACCTGCACCGTTTTCGAAGATAGCGAATTGGCCG
ATGACATCGAAGCCAATTTCACCGCCACGTTCGTCCCCTCCATTCGTCAACGTCTGGAGAACGACTTGTCTGGCGTG
TCTCTCACGGACACAGAAGTGACCTACCTCATGGACATGTGCTCCTTCGACACCATCTCCACCAGCACCGTCGACAC
CAAGCTGTCCCCCTTCTGTGACCTGTTCACCCATGAAGAATGGATCAACTACGACTACCTCCAGTCCCTGAACAAAT
ACTACGGCCATGGCGCAGGTAACCCGCTCGGCCCGACCCAGGGCGTCGGCTACGCTAACGAGCTCATCGCCCGTCTC
ACCCACTCGCCTGTCCACGATGACACCAGCTCCAACCACACATTGGACTCCAACCCGGCTACTTTCCCGCTCAACTC
CACTCTCTATGCGGACTTTTCGCATGATAACGGCATCATCTCTATCCTCTTTGCTTTGGGTCTGTACAACGGCACCA
AGCCGCTGTCTTCCACGACCGCGGAGAATATCACCCAGACCGATGGGTTCTCATCTGCCTGGACGGTTCCTTTCGCG
TCGCGCATGTACGTCGAGATGATGCAATGCCAGTCCGAGCAGGAGCCTTTGGTCCGTGTCTTGGTTAATGATCGTGT
TGTTCCGCTGCATGGCTGTCCGGTTGATGCTTTGGGAAGATGTACGCGGGATAGCTTCGTGAAGGGGTTGAGCTTTG
CCAGATCTGGGGGTGATTGGGCGGAGTGTTTTGCT

>phyA-P3 (toan by phan ma héa mature protein)

CTGGCAGTCCCCGCCTCGAGAAATCAATCCACTTGCGATACGGTCGATCAGGGGTATCAATGCTTCTCCGAGACTTC
GCATCTTTGGGGTCAATACGCGCCGTTCTTTTCTCTGGCAAACGAATCGGCCATCTCTCCTGATGTGCCCGCCGGAT
GCCGAGTCACTTTCGCTCAGGTCCTCTCCCGTCATGGAGCACGGTATCCGACCGACTCCAAAGGCAAGAAATACTCC
GCTCTCATTGAGGAGATCCAGCAGAATGCGACCACCTTTGATGGGAAATATGCCTTCCTGAAGACATACAACTACAG
CCTGGGTGCAGATGACCTGACTCCTTTCGGAGAACAGGAGCTAGTCAACTCCGGCATCAAGTTCTATCAGCGATACG
AATCGCTCACAAGAAACATCATTCCATTCATCCGATCCTCTGGCTCCAGCCGCGTGATCGCCTCCGGCAAGAAATTC
ATCGAGGGCTTCCAGAGCACCAAGCTGAAGGATCCTCGTGCCCAGCCCGGCCAATCGTCGCCCAAGATCGACGTGGT
CATTTCCGAGGCCAGCTCATCCAACAACACTCTCGACCCAGGCACCTGCACTGTCTTCGAAGACAGCGAATTGGCCG
ATGCCGTCGAAGCCAATTTCACCGCCACGTTCGTCCCCACCATTCGTCAACGTCTGGAGAACGACCTGTCTGGCGTG
TCTCTCACAGACACAGAGGTGACCTACCTCATGGACATGTGCTCCTTCGACACCATCTCCACCAGCACCGTCGACAC
CAAGCTGTCCCCCTTCTGTGACCTGTTCACTCATGACGAATGGATCAACTACGACTACCTCCAGTCCCTGAAAAAGT
ACTACGGCCATGGCGCGGGTAACCCGCTCGGCCCGACCCAGGGCGTCGGCTACGCTAACGAGCTCATCGCCCGTCTC
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ACCCACTCGCCTGTCCACGATGACACCAGCTCCAACCACACATTGGACTCTAACTCGGCTACCTTTCCGCTCAACTC
TACTCTCTACGCGGACTTTTCCCACGATAACGGCATCATCTCTATTCTCTTTGCTTTGGGTCTGTATAACGGCACCA
AGCCGCTGTCTACCACGACCGTGCAGAATATCACCCAGACAGATGGATTCTCGTCTGATTGGACGGTTCCGTTTGCT
TCGCGTCTGTACGTCGAGATGATGCAATGTCAGGCGGAGCAGGAGCCGCTGGTCCGTGTCTTGGTTAATGATCGCGT
TGTCCCGCTGCATGGGTGTCCGGTTGATGCTTTAGGGAGATGTACCCGGGATAGCTTTGTGAAGGGGTTGAGCTTTG
CTAGATCTGGGGGTGATTGGGCGGAGTGTtttgct

>phyA-P4 (toan by phan ma hoa mature protein)
CTGGCAGTCCCCGCCTCGAGAAATCAATCCACTTGCGATACGGTCGATCAGGGGTATCAATGCTTCTCCGAGACTTC
GCATCTTTGGGGCCAATACGCGCCGTTCTTTTCTCTGGCAAACAAATCGGCCATCTCCCCTGATGTTCCTGCCGGAT
GCCATGTCACTTTCGCCCAGGTTCTCTCCCGCCATGGAGCACGGTATCCGACCGACTCCAAGGGCAAGAAATACTCC
GCTCTCATCGAGGAGATCCAGCAGAACGCGACAACCTTCGAGGGGAAATATGCCTTCCTGAAGACATACAACTACAG
CCTGGGCGCGGATGATCTGACTCCCTTCGGAGAGCAGGAGCTGGTCAACTCCGGCGTCAAGTTCTACCAGCGATACG
AATCGCTCACAAGAAACATTGTCCCGTTCATCCGATCCTCAGGCTCCAGCCGCGTGATTGCCTCTGGCAATAAATTC
ATCGAGGGCTTCCAGAGCACTAAGCTGAAGGATCCTCGTGCCCAGCCCGGCCAATCGTCGCCCAAGATCGACGTGGT
CATTTCAGAGGCCAGCACATCCAACAACACTCTCGATCCGGGCACCTGCACCGTTTTCGAAGATAGCGAATTGGCCG
ATGACATCGAAGCCAATTTCACCGCCACGTTCGTCCCCTCCATTCGTCAACGTCTGGAGAACGACTTGTCTGGCGTG
TCTCTCACGGACACAGAAGTGACCTACCTCATGGACATGTGCTCCTTCGACACCATCTCCACCAGCACCGTCGACAC
CAAGCTGTCCCCCTTCTGTGACCTGTTCACCCATGAAGAATGGATCAACTACGACTACCTCCAGTCCCTGAACAAAT
ACTACGGCCATGGCGCAGGTAACCCGCTCGGCCCGACCCAGGGCGTCGGCTACGCTAACGAGCTCATCGCCCGTCTC
ACCCACTCGCCTGTCCACGATGACACCAGCTCCAACCACACATTGGACTCCAACCCGGCTACTTTCCCGCTCAACTC
CACTCTCTATGCGGACTTTTCGCATGATAACGGCATCATCTCTATCCTCTTTGCTTTGGGTCTGTACAACGGCACCA
AGCCGCTGTCTTCCACGACCGCGGAGAATATCACCCAGACCGATGGGTTCTCATCTGCCTGGACGGTTCCTTTCGCG
TCGCGCATGTACGTCGAGATGATGCAATGCCAGTCCGAGCAGGAGCCTTTGGTCCGTGTCTTGGTTAATGATCGTGT
TGTTCCGCTGCATGGCTGTCCGGTTGATGCTTTGGGAAGATGTACGCGGGATAGCTTCGTGAAGGGGTTGAGCTTTG
CCAGATCTGGCGGTGATTGGGCGGAGTGTTTTGCT

>phyA-P7 (phdn ma hoa mature protein, phan doan 1068 bp cua dau 3°)
AAATATGCCTTCCTGAAGACATACAACTACAGCCTGGGAGCAGATGACCTGACTCCTTTCGGAGAGCAGGAGCTAGT
CAACTCCGGCATCAAGTTCTATCAGCGATACGAATCGCTCACAAGAAACATCATCCCATTCATCCGATCCTCTGGCT
CCAGCCGCGTGATCGCCTCCGGCAAGAAATTCATCGAGGGCTTCCAGAGCACCAAGCTGAAGGATCCTCGTGCCCAG
CCCGACCAATCGTCGCCCAAGATCGACGTGGTCATTTCCGAGGCCAGCTCATCCAACAACACTCTCGACCCAGGCAC
CTGCACTGTCTTCGAAGACAGCGAATTGGCCGATGCCGTCGAAGCCAATTTCACCGCCACGTTCGTCCCCACCATTC
GTCAACGTCTGGAGAACGACCTGTCTGGCGTGTCTCTCACAGACACAGAGGTGACCTACCTCATGGACATGTGCTCC
TTCGACACCATCTCCACCAGCACCGTCGACACCAAGCTGTCCCCCTTCTGTGACCTGTTCACTCATGACGAATGGAT
CAACTACGACTACCTCCAGTCCCTGAAAAAGTACTACGGCCATGGCGCGGGTAACCCGCTCGGCCCGACCCAGGGLG
TCGGCTACGCTAACGAGCTCATCGCCCGTCTCACCCACTCGCCTGTCCACGATGACACCAGCTCCAACCACACATTG
GACTCTAACTCGGCTACCTTTCCGCTCAACTCTACTCTCTACGCGGACTTTTCCCACGATAACGGCATCATCTCTAT
TCTCTTTGCTTTGGGTCTGTATAACGGCACCAAGCCGCTGTCTACCACGACCGTGCAGAATATCACCCAGACAGATG
GATTCTCGTCTGCTTGGACGGTTCCGTTTGCTTCGCGTCTGTACGTCGAGATGATGCAATGTCAGGCGGAGCAGGAG
CCGCTGGTCCGTGTCTTGGTTAATGATCGCGTTGTCCCGCTGCATGGGTGTCCGGTTGATGCTTTAGGGAGATGTAC
CCGGGATAGCTTTGTGAAGGGGTTGAGCTTTGCTAGATCTGGGGGTGATTGGGCGGAGTGTTTtgCt

>phyA-P9 (toan by phan mda héa mature protein)
CTGGCAGTCCCCGCCTCGAGAAATCAATCCACTTGCGATACGGTCGATCAGGGGTATCAATGCTTCTCGGAGACTTC
GCATCTTTGGGGCCAATACGCGCCGTTCTTTTCTCTGGCAAACAAATCGGCCATCTCCCCTGATGTTCCTGCCGGAT
GCCATGTCACTTTCGCCCAGGTTCTCTCCCGCCATGGAGCACGGTATCCGACCGACTCCAAGGGCAAGAAATACTCC
GCTCTCATCGAGGAGATCCAGCAGAACGCGACAACCTTCGAGGGGAAATATGCCTTCCTGAAGACATACAACTACAG
CCTGGGCGCGGATGACCTGACTCCCTTCGGAGAGCAGGAGCTGGTCAACTCCGGCGTCAAGTTCTACCAGCGATACG
AATCGCTCACAAGAAACATTGTCCCGTTCATCCGATCCTCAGGCTCCAGCCGCGTGATTGCCTCTGGCAATAAATTC
ATCGAGGGCTTCCAGAGCACTAAGCTGAAGGATCCTCGTGCCCAGCCCGACCAATCGTCGCCCAAGATCGACGTGGT
CATTTCAGAGGCCAGCACATCCAACAACACTCTCGATCCGGGCACCTGCACCGTTTTCGAAGATAGCGAATTGGCCG
ATGACATCGAAGCCAATTTCACCGCCACGTTCGTCCCCTCCATTCGTCAACGTCTGGAGAACGACTTGTCTGGCGTG
TCTCTCACGGACACAGAAGTGACCTACCTCATGGACATGTGCTCCTTCGACACCATCTCCACCAGCACCGTCGACAC
CAAGCTGTCCCCCTTCTGTGACCTGTTCACCCATGAAGAATGGATCAACTACGACTACCTCCAGTCCCTGAACAAAT
ACTACGGCCATGGCGCAGGTAACCCGCTCGGCCCGACCCAGGGCGTCGGCTACGCTAACGAGCTCATCGCCCGTCTC
ACCCACTCGCCTGTCCACGATGACACCAGCTCCAACCACACATTGGACTCCAACCCGGCTACTTTCCCGCTCAACTC
CACTCTCTATGCGGACTTTTCGCATGATAACGGCATCATCTCTATCCTCTTTGCTTTGGGTCTGTACAACGGCACCA
AGCCGCTGTCTTCCACGACCGCGGAGAATATCACCCAGACCCATGGGTTCTCATCTGCCTGGACGGTTCCTTTCGCG
TCGCGCATGTACGTCGAGATGATGCAATGCCAGTCCGAGCAGGAGCCTTTGGTCCGTGTCTTGGTTAATGATCGTGT
TGTTCCGCTGCATGGCTGTCCGGTTGATGCTTTGGGAAGATGTACGCGGGATAGCTTCGTGAAGGGGTTGAGCTTTG
CCAGATCTGGCGGTGATTGGGCGGAGTGTTTTGCT
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Phu luc 3. Trinh ty protein ma hoa boi cac gen phyA
>phyA-P2
lavpasrngstcdtvdqgyqcfsetshilwgqyapffslanksaispdvpagchvtfaqvlsrhgaryptdskgkkysalieei
qqnattfegkyaflktynyslgaddltpfgeqelvnsgvkfyqryksltrnivpfirssgssrviasgnkfiegfqstklkdpraq
pdgsspkidvviseastsnntldpgtctvfedseladdieanftatfvpsirgrlendlsgvsltdtevtylmdmcsfdtiststvd
tklspfedlftheewinydylqsinkyyghgagnplgptqgvgyaneliarlthspvhddtssnhtldsnpatfplnstlyadf
shdngiisilfalglyngtkplssttaenitqtdgfssawtvpfasrmyvemmqcqgseqeplvrvlvndrvvplhgepvdal
gretrdsfvkglsfarsggdwaecta

>phyA-P3
lavpasrngstcdtvdqgyqcfsetshlwgqyapffslanesaispdvpagervtfaqvlsrhgaryptdskgkkysalieei
qqnattfdgkyaflktynyslgaddltpfgeqelvnsgikfyqryesltrniipfirssgssrviasgkkfiegfqstklkdpraq
pggsspkidvviseasssnntldpgtctvfedseladaveanftatfvptirqrlendlsgvsltdtevtylmdmesfdtiststv
dtklspfedlfthdewinydylgslkkyyghgagnplgptqgvgyaneliarlthspvhddtssnhtldsnsatfplnstlyad
fshdngiisilfalglyngtkplstttvgnitqtdgfssdwtvpfasrlyvemmqcqaeqeplvrvlvndrvvplhgepvdal
gretrdsfvkglsfarsggdwaecfa

>phyA-P4
Lavpasrngstcdtvdqgyqcfsetshlwgqyapffslanksaispdvpagchvtfaqvlsrhgaryptdskgkkysaliee
iqqnattfegkyaflktynyslgaddltpfgeqelvnsgvkfyqryesltrnivpfirssgssrviasgnkfiegfqstklkdpra
gpgqgsspkidvviseastsnntldpgtctvfedseladdieanftatfvpsirqrlendlsgvsltdtevtylmdmcesfdtiststv
dtklspfcdlftheewinydylgslnkyyghgagnplgptqgvgyaneliarlthspvhddtssnhtldsnpatfplnstlyad
fshdngiisilfalglyngtkplssttaenitqtdgfssawtvpfasrmyvemmqcqgseqeplvrvlvndrvvplhgepvdal
gretrdsfvkglsfarsggdwaecta

>phyA-P7
Kyaflktynyslgaddltpfgeqelvnsgikfyqryesltrniipfirssgssrviasgkkfiegfqstklkdpragpdqsspkid
vviseasssnntldpgtctvfedseladaveanftatfvptirgrlendlsgvsltdtevtylmdmesfdtiststvdtklspfcdlf
thdewinydylgslkkyyghgagnplgptqgvgyaneliarlthspvhddtssnhtldsnsatfplnstlyadfshdngiisil
falglyngtkplstttvgnitqtdgfssawtvpfasrlyvemmqcqaegeplvrvlvndrvvplhgepvdalgretrdsfvkg
Isfarsggdwaecfa

>phyA-P9
lavpasrngstcdtvdqgyqcfsetshlwgqyapftfslanksaispdvpagchvtfaqvisrhgaryptdskgkkysalieei
qqnattfegkyaflktynyslgaddltpfgeqelvnsgvkfyqryesltrnivpfirssgssrviasgnkfiegfqstklkdpraq
pdgsspkidvviseastsnntldpgtctvfedseladdieanftatfvpsirqrlendlsgvsltdtevtylmdmcsfdtiststvd
tklspfedlftheewinydylgslnkyyghgagnplgptqgvgyaneliarlthspvhddtssnhtldsnpatfplnstlyadf
shdngiisilfalglyngtkplssttaenitqtdgfssawtvpfasrmyvemmqcqseqeplvrvlvndrvvplhgepvdal
gretrdsfvkglsfarsggdwaecta
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Phu luc 5. Hop ddng khoa hoc

BQ CONG THUONG CONG HOA XA HQI CHU NGHIA VIET NAM
- Pic ldp - Tuw do - Hanh phiic
Sé: /HD-KHCN Ha Ngi, ngay 3 thang 3 nam 2009
05B.098G /1ep- itk oh
/! HQP PONG

NGHIEN CUU KHOA HQC VA PHAT TRIEN CONG NGHE

Cin cir Nghi dinh s6 189/2007/ND-CP ngay 27 thang 12 ndm 2007 cta Chinh phi quy

dinh chirc nang, nhiém vy, quyén han va co cu 6 chirc ctia B Cong Thuong;
_Ciin cir Quyét dinh s 419/TTg ngay 21 thang 7 nim 1995 ctia Thu tuéng Chinh phu vé

co ché quan Iy c4c hoat ddng nghién ciru khoa hoc va phat trién cong nghé;

Cén cir Nghi dinh s& 81/2002/ND-CP ngay 17 thang 10 nim 2002 ctia Chinh phu quy
dinh chi tiét thi hanh mdt s6 didu ctia Luat Khoa hoc va Cong nghé;

Can ctr Quyét dinh s6 1035/QD-BCT ngay 27/02/2009 ctia B§ truong Bo Cong
Thuong veé viéc giao ké hoach KHCN nam 2009,

Chng t6i gdm:

1. Bén giao (Bén A) la: By Cong Thwong

Piachi : 54, Hai Ba Trung, Ha Ni.

Dién thoai: 04-2202310

Paidiénlaéng:  Nguyén Phi Cudng

Chirc vu : Phé Vu trudng Vu Khoa hoc va Céng nghé

2. Bén nhén (Bén B) 1a: Vién Céng nghiép thyc phim

Pia chi : 301 Nguyén Trai, Thanh Xuan, Ha Noi

Dién thoai: 04-38584481

Tai khoan: 301.01.004.02.16 Kho bac Nha nuéc Thanh Xuan - Ha Noi
Pai dién 12 6ng: - Lé Duc Manh

Chirc vu : Vién trudng

Hai bén thoa thuan ky Hop dong thyc hién nhiém vu Quy gen ndm 2009 nhu sau:

Bleu 1. Trach nhlem bén B:
1. Bén B cam két thu'c hién nhiém vu “Khai thac va phat trién ngudn gen vi sinh vt
cong nghiép Thye phim”.
NQI dung, tién d6 va du toan thuc hién nhiém vu dugc néu trong Phy luc 1 va 2 cha
Hop ddng nay.
2. Trong vong 15 ngay ké tir ngay két thiic hop ddng. Bén B phai ndp cho Bén A bio
c4o khoa hoc va quyét toan Hop dbng nay.

-89 -



Piéu 2. Kinh phi tlll;c hién hl;rp dong:
- Kinh phi cp tir ngan sach Nha nuéc dé thue hlen Hop ddng 1a: 160 tri¢u déng
(bing chit: mt trdm sdu muoi tri¢u dong chén).
Diéu 3. Thoi han thye hién hop dong
- Thi gian thuc hién hop ddng 1a: tir thang 1/2009 dén hét thang 12 nim 2009.
Diéu 4. Trach nhiém Bén A
- Bén A cam két chuyén cho ben B sb kinh phi thyc hién Hop ddng néu tai diéu 2
theo quy dinh hién hanh vé cép phat kinh phi tir ngan sach Nha nuéc.
- Trong thoi gian 30 ngay k& tir ngay két thiic hgp déng. Bén A sé& tb chirc danh gia,
nghiém thu va thanh 1y hop ddng.
Diéu 5. Piéu khoan thi hanh
- Haibén cam két thuc hién diy du céc diéu khoan da ghi trong hop dbng. Néu c6
yéu cdu cin thay dbi, hai bén s& thoa thufn dé giai quyét.

- Hop ddng nay cé hiéu luc ké tir ngay ky va dugc lap thanh 6 ban. Bén B giir 3

ban./.
Pai dién Bén A Dai di¢n Bén B
TL. BQ) TRUONG BQ CONG THUONG  VIEN CONG NGHIEP THUC PHAM
KT. VU TRUONG VU KHCN VIEN TRUONG

pHQ VU TRUONG

Nguyén Phi Cudng Lé Dirc Manh
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Phu luc 1
NQI DUNG, TIEN PQ VA KET QUA THY'C HIEN PE TAI

(Kém theo hop dbdng sb: /HP-KHCN, ngay thang nim 2009)
Thoi gian thue hién | Két qua cy thé (S6 .
at 2 4s Ghi
N§i dung Tir Dén lwgng, céc chi tiéu chi
‘ thang thang co bin)
Xay dung dé cuong Théng qua dé cuong
nghién ciru ~ 1/2009 1/2009 va ky hop déng .
Tach dong va giai trinh ty Cé vector mang 05
05 gen ma hoa phyA tr| 2/2009 | 9/2009 |gen phyd di giai
Aspergillus niger trinh tir
Xac dinh s6 lugng copy A
clia vector téi t6 hop & 03 x;gm du:ég ‘di.r(;'yc
dong Pichia pastoris ¢6| 52009 | 9/2009 5 h dgp P "la xac
hoat Iuc phytase cao dugc ! uge so luong
3 phytas g
bién nap trong nidm 2008 copy
Xac dinh diéu kién lén . 3
men sinh phytase ti 15| 62009 | 11/2009 | neo I‘z;“’r;;f"" diu
hop ¢
Lén men va thu hdi|- .z
Lo oA X C6 200 g san phdm
phytase tai t0 hop & quy | <409 | 11/2009 |phytase tai t& hop,
m6 phong thi nghiém va hoat lyc >2000 TU/g
x4c dinh hoat lyc
Téﬂg két va nghiém thu | o000 | 122009 Nhi¢ém vy dugc
nhiém vu nghiém thu
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Phu luc 2

DU TOAN KINH PHi
(Kém theo hop dong sb: /HD-KHCN, ngay  thang nam 2009)
. Kinh phi
Muc luc NS N¢i dung (triéu dong)
Nhém 1 (Thanh toén ca nhin) 12,0
6000 (102) | Phu cép chii nhiém dé tai 12,0
Nhém 2 (Chi nghiép vu chuyén mén) 138,0
6500 (109) | Thanh toan tién dién 6,0
6550 (110) | Vit tu van phong 1,0
6600 (111) | Thanh toén dién thoai, internet 1,0
6650 (112) | Hoi nghi nghiém thu 3,0
6750 (114) | Chi phi thué mirén
Tach dong va giai trinh tir 05 gen mé héa phyA tir 20
Aspergillus niger
Xac dinh so luong copy clia vector tai td hop & 03
dong Pichia pastoris c6 hoat lyc phytase cao 15
duoc bién nap trong nam 2008
Xéac dinh diéu kién 1én men sinh phytase tai t6 20
hop
Lén men va thu hdi phytase tai td hop & quy méd 15
phong thi nghiém va xéc dinh hoat luc
Chi phi nguyén vét liéu, héa chat
7000 (119) "Mo6i truo‘ng nudi ciy vi sinh (agar, peptone, 12,0
khoang chat...)
Héa chét sinh hoc phan tir (kit PCR, Kit tach 30.0
ADN, kit bidu hién, Taq...) ’
Héa chét phén tich (dung méi, héa chét phén tich 15.0
enzyme...) ’
Nhém 3 (Mua sim, sira chira) 0,0
9050 (145) | Mua sém TSCD 0,0
Nhoém 4 (Cac khodn chi khac) 10,0
7750 (134) l Chi khéc: quan ly phi cho co quan chu quan 10,0
Téng 160,0

92



BQ CONG THUONG CONG HOA XA HOI CHU NGHIA VIET NAM
VIEN CONG NGHIEP THUC PHAM Pjc 1ap - Ty do - Hanh phiic

BIEN BAN HOP HQI PONG K.H.C.N CAP CO SO
GIAM PINH, NGHIEM THU NHIEM VU

Tén nhiém vu:

Khai thdc va phdt trién nguon gen vi sinh vit cong nghiép thuc phim

Chu nhiém nhiém vu: PGS, TS. Vi Nguyén Thanh
Cac cong tac vién: ThS. Nguyén Thanh Thiy

CN. Pao Anh Hai

ThS. Pinh Thi My Hing

ThS. Nguyén Thi Huong Giang

Cic can bd, co' quan phdi hop: Dai hoc Su pham I Ha Nbi
ThS. Ng6 Thanh Xuéan
PGS. TS. Mai Thj Hing

Thanh phan tham dy:

Hoi dc"ing K.H.CN cé‘ip co s& giam dinh nhiém vu trén dugc thanh 1ap theo
Quyét dinh ciia Vién Coéng nghiép thuc phim sé 182/HPKH-VTP ngay
11/12/2009.

*Cdc thanh vién Hpi dong:
TT Ho va tén Chirc danh
1. | TS. Lé Pic Manh Chu tich Hoi dong
2. | PGS.TS. Nguyén Thi Hoai Tram Uy vién Phén bién
3. | TS. Nguyén La Anh Uy vién Héi dong
4. | PGS.TS. Nguyén Thi Minh Hanh Uy vién Hoi dong
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5. | ThS. Nguyén Thay Huong Uy vién Héi dong
6. | TS. Pham Vin Thanh Uy vién Hoi dong
7. | TS. Bui Quang Thuat Uy vién Hoi dong
8. | TS. Nguyén Thi Viét Anh Uy vién Hbi dong
9. | TS. Trinh Thi Kim Van Uy vién Hbi dong
10 ThS. Pam Lam Thanh Uy vién Thu ky

*Cdc dai biéu khdc:

1. Céc cén bd tham gia thuc hién dé tai.

Ngi dung:
Chu tich Hoi ddng diéu khién Hoi nghi.

- Hoéi ddng d3 nghe chu nhiém dé tai - PGS. TS. Vii Nguyén Thanh trinh
bay ndi dung va két qua nghién ciru; cic cong téc vién bd sung, 1am rd
c4c van dé chi nhiém chua trinh bay.

- Hbi ddng d3 nghe uy vién phan bién - PGS. TS. Nguyén Thi Hoai Tram
doc ban nhén xét két qua.

Cdc thanh vién Hpi dong nhén xét va dong gop  kién:

1/ Nhitng néi dung, nhiém vu khoa hoc chii yéu da hoan thanh duwoc theo Hop
dong:
- Di tach dong 5 gene ma héa phyA tir 5 ching Aspergillus niger vao
vector TA va giai trinh tu 5 gene da tach dong trén
- D4 x4y dung duoc phuong phép xac dinh sb lugng copy cia thé bién
nap Pichia pastoris bing Realtime PCR. Tir 3 thé bién nap cho hoath
tinh cao, da xac dinh dugc sb copy nhu sau: ching Pichia pastoris A3
¢6 3 copy, ching Pichia pastoris A6 va A7 c¢6 5 copy ’
- Pi x4c dinh dugc didu kién 1&n men thu héi sinh khdi phu hop cho ndm
men
- Pa xac dinh dugc diéu kién tinh sach thu hdi phytase tir moi truong
nuéi cdy bing phuong phap loc luan hdi. Hiéu suat thu hdi enzyme la
99%
- D3 1én men va thu hdi dugc 400g san phim phytase tai t hop c6 hoat
luc 5781U/g & quy mo phong thi nghiém
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2/ Hiéu qua thuc té va kha ndng dp dung két qua cua nhiém vu:

D3 x4c dinh duoc san phdm cia nhiém vu 13 enzim phytase tai t6 hop
khong mén cam véi pepsin trong diéu kién HCI 0,1N (pH = 2,0)

San pham c6 kha ning img dung dé san xuét phytase tmg dung trong
nhiéu nganh céng nghiép

3/ Nhitng tén tai can khéc phuc va hoan thién:

Téng quan, phuong phap nghién ciru: phai bd sung nhimg phan lién
quan dén nhiém vu nam nay: 1én men, thu nhan, img dung phytase

Cén phai dua két qua dat dugc trong céc nam vira qua vao. Chung Pl
c6 tring phan da lam hay khong? Nhimg gen méi biéu hién c6 tét hon
két qua cii khong

Chinh stra lai nhitng bién luan khong c6 so sanh véi cac két qua trude
Viét lai két luan theo diing hop dong

Nén c6 so sanh véi cac ché pham thuong mai: néu khong dat két qua
béng sao d3 tmg dung?

Nén tinh so b gia thanh. Khi sir dung cac phuong phap loc luan hoi,
say khd, gia thanh s& cao, néu img dung trong san xuat thirc in gia sic:
c6 kha thi khong?

Viét k§ phan phuong phap: thir enzim trong mdi truong sé& hoat dong.
Nghién ciru sinh tdng hgp enzim con so sai.

Xac dinh anh hudng ciia pH dén sinh truéng tir 4,5 — 8, két qua 6,5 - 8
khoang qua rong, nén xac dinh chinh xac hon.

Khéng ai nu6i ndm men trong méi trudng c6 Bx = 1. Nén nuéi tir Bx =
4 tr¢ 1én

Hoat tinh & 100°C giir dugc khong giam. Nén xem xét lai s6 liéu bang
26 — Kha ning bén nhiét ciia ché pham.

Tai sao tac gia chuyén gen phytase tir nAm mdc sang nim men trong
khi gen nay c6 rat nhiéu trong céc vi sinh vat khac? Viéc ndy khé hon,
gen TTH khéng bén va khong 6n dinh.

Hoat tinh ctia enzim khéng bi anh huéng bdi nhiét doc, sao lai tao ché
pham trong diéu kién déng kho (—40°C) — Khéng kha thi khi dua ra sén
xuat.
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4/ Danh gid tong quat cia chi tich Hoi dong:
- P& tai d3 hoan thanh cic ndi dung d ding ky véi Vu Khoa hoc va
Cong nghé - B Cong Thuong
- Béo cdo day du, trinh bay logic, it 15i.

Kién nghi ctia Hoi dong:
- Chinh sira theo y kién Hoi ddng va dé nghi nghiém thu cap Bo

Két qua b phiéu danh gia cia Hoi dong:

Téng s6 phiéu bau: 10
Xuét sic: 10
Kha:
Dat:
Khéng dat:

Két luin:
Nhiém vu dat loai: Xuét sic (94,0/100)

Ha Néi, ngay 17 thang 12 nam 2009
THU KY HQI PONG CHU TICH HQI PONG

S =l

ThS. Pam Lam Thanh PGS. TS. Lé Ditc Manh
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CONG HOA XA HOI CHU NGHIA VIET NAM
Déc lap - Ty do — Hanh phic

BAN NHAN XET BAO CAO TONG KET
NHIEM VU KHOA HOC & CONG NGHE THUONG XUYEN NAM 2009

KHAI THAC VA PHAT TRIEN NGUON GEN VI SINH VAT CONG NGHIEP THU'C PHAM

Chu nhi¢ém nhiém vu: PGS. TS. Vi Nguyén Thanh

Co quan chu tri thuc hién nhiém vu: Vién Cong nghiép thuc phim

Nhin xét:

Nhiém vu Khai thdc va phat trién ngudn gen vi sinh vit cong nghiép thuc pham duge Bj
Céng thuong giao cho Vién CNTP theo Quyét dinh s6 05B.09 QG/HP-KHCN k¥ ngay 3 thang 3
nim 2009 da duge nhom dé tai thue hién véi muc tiéu “Lén men va thu hdi dugc enzyme phytaza tai
t6 hop & quy md phong thi nghiém” tir ching ndm men tai t hop Pichia pastoris mang gen phyd ma
hoa tong hop enzim phytaza tir nim mdc Aspergillus niger da thu dugc tir két qua nhiém vu da duoe
thure hién ndm 2007 va 2008.

Trong Phin Tong quan, cac tic gia di cung cdp khé ddy du va chi tiét cac théng tin vé axit
phitic, enzim phytaza. C4c nghién ciru trén thé gidi vé chuyén gen mé hod phytaza, cong cu biéu hién
gen hién dang dugc st dung rong rdi va c6 hiéu qua noéi chung véi cac enzim tai to hop va ndi riéng
véi enzim phytaza di duoc mé ta chi tiét véi cac trich dan tai licu cdp nhat va trung thure.

Céc phuong phap nghién citu va phan tich sir dung dé thuc hién cac-noi dung ctia nhiém vu la
thong dung va hién dai, hoa chét, thiét bi, cac vat liéu di truyén déu ctia cde nuée thude nhém G7 nén
s6 liéu thu duoc va chinh xéc va dang tin cay.

Nam 2007 va 2008 khi thuc hién nhiém vu Khai thac va phat trién ngudn gen vi sinh vét cong
nghiép thye phim, c4c tac gia nhom dé tai da dat duoc mot sb cac két qua nhur sau:

- Da tach dong thanh cdng gen phy4 ma hoa tdng hop enzim phytaza tir 4 ching A. niger P1,
P6, P8 va P10 bang k¥ thudt PCR va dénh gi4 dic tinh cta ching;

- D4 thiét ké duoc vector biéu hién gen ngoai lai (pPICZaA/phyA P1, PG, P8, P10) va chuyén
duoc hai thiét ké (P1, P8) vao ndm men P. pastoris X-33 va KM71H.

- Da thanh cong trong viéc thiét ké mdi, thiét ké vector thé hién phyA khéng chira dubi His-
tag va c-myc-epitope, giai trinh tur cuia thiét ké mai tai cdc vi trf lién két;
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- D4 bién nap dugc vector biéu hién gen ngoai lai (pPICZaA/phyA s) vio nim men P.
pastoris X-33 va KM71H

- D4 biéu hién thanh cong gen phyA cla A.niger trén ca 2 ching P. pastoris.X-33 va KM71H.

- P4 bién nap va tuyén chon duge 9 ching bién nap P. pastoris.X-33 mang bién nap da ban
(multicopy) ¢6 kh4 n3ng sinh trudng trén nong dd zeocin cao (2000 mg/) va kha ning biéu hién
protein tai to hgp cao; .

- bd nghién ciru duge mat s6 diéu kién 1én men thu nhan phytaza tai t6 hop quy md phong thi
nghiém: Trén méi truong biéu hién c6 chira metanol (1a chat kich thich qua trinh biéu hién cua gen va
[a ngudn cacbon duy nhét cho qua trinh sinh truéng va phat trién cta P. pastoris tai td hop) véi nong
9 1%, sau 4 ngay biéu hién ning suat phytaza ngoai bao dat 1329 TU/ml, ham lugng protein dat 1,71
o/l. Tang 22 14n so v6i két qua nghién ciru nam 2007 va 1000 lan so véi chung gdc.

- Da nghién ctru dic tinh phytaza tai td hop, enzim nay hoat dong tdi wu & pH 2,5 va 5,0, nhiét
6 60°C. Phytaza bién khi nhiét d¢ bao quan nho hon 55°C, trong diéu kién pH=2,0-8,0.

Niim 2009: Nhém dé tai da tiép tuc nghién ciru va dat duoc mot sb két qua nhu sau:

- i tach dong 5 gen ma hoa phyd tir 5 ching Aspergillus niger vao vector TA va gidi trinh tu
5 gen dd tach dong trén;

- ba x4y dung dugc phuong phdp va xic dinh dugce s6 lugng copy cua 3 thé bién nap Pichia
pastoris.

- Pa nghién ciru va lya chon diéu kién 1én men, thu sinh khéi pha hop cho chung nim men tai
td hop: Méi truémg nudi cdy YPD thong dung (chira glucose, cao nidm men, Bacto pepton) ; pH nudi
cy: 6,0-8,0; nhiét dd nuéi cy: 30-32°C;. Enzim phytaza téi & hop da duge biéu hién thanh cong trén
méi truomg YPD c6 ngudn cacbon 1a glucose, hoat tinh dat dugc 171 TU/ml.

- P nghién ctru lya chon duoe phuong phap lam sach, thu hdi, tao ché phdm enzime phytaza
t4i t6 hop dang bdt dong khé c6 hoat luc 578 IU/gam

- Enzim phytaza tai td hop dang bot dong khd thé hién kha ning bén vdi nhiét dé cao, khong
min cam véi pepsin trong didu kién pH=2,0 va hoat dong thity phan tét cac co chit lam thirc dn khi
nghién ctru tiéu héa hai pha (pha da day va pha ruét non) trong dng nghiém (in vitro) .

- b4 thuc hién 1&n men, thu hdi, tao san phdm quy md phong thi nghiém va thu dugc 200 gam
enzim phytaza téi tb hop c6 hoat tinh 2100 IU/gam.

Nhu véy, chtt nhiém va céc can bd thuc hién nhiém vu da hoan thanh tdt noi dung, cong
viée duge giao ndm 2009, tuy nhién, dé hoan thién bio céo tong két, dé nghi nhom dé tai bd
sung, chinh stra, 1am & mét s6 diém nhu sau:

- Trong chuong 1 - Tdng quan tai liéu: Bb sung thém tdng quan tai lidu vé cong nghé lén

men, thu hdi enzim tai t6 hop
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- Trong chuong 2 — Thuc nghiém: Bd sung thém phuong phap 1én men, thu hoi, lam sach,
ddng kho enzim; phuong phap xac dinh tinh bén nhiét, anh hudng cia enzim tiéu hoéa
pepsin va phuong phap nghién ctru tiéu hoéa 2 pha trong ng nghiém.

- Trong chuong 3 - Két qua va binh luan: Trude khi thdng bdo nhimg két qua nghién ctru
clia ndm 2009, d& nghi tom tit lai cac két qua tuong tmg nim 2007 va 2008, nhu vdy, su
bién lun, so sanh két qua s& thuyét phuc hon.

Bio cdo con kha nhiéu 13i chinh ta, ché ban, dic biét, nhiéu giai thich, bién lun két qua con

dai dong, chua ngén gon va thodt y.

Két Iudn chung:

Vi cdc két qua dat duge ctia nhiém vy thé hién trong bdo cdo toi danh gid chi nhiém nhiém
vu va cdc chng s dd c6 rat nhiéu cd géing, lam viée nghiém tdc, ¢6 nhidu kinh nghiém va k¥ ning
trong linh vire cong nghé gen. Nhiém vu di hodn thanh t6t muc tidu va ndi dung, toi danh gid nhiém
vu dat Xudt sic va d& nghi Bd Céng Thuong cho phép duge nghiém thu cép B0 sau khi Bdo cdo tdng

két da dwoe bd sung, chinh stra.

Ha Ngi, ngay 16 thdng 12 ndm 2009

A e A a ¢
Ngudi viét nhin xét

PGS. TS. Nguyén Thj Hoai Trim
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