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CAU TRUC CHUNG NAM MEN PICHIA PASTORIS BIEU HIEN MINI-PROINSULIN
DANG TIET RA MOI TRUONG NUOI CAY
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(Bai nhan ngay 21 thang 03 nam 2011, hoan chinh sira chita ngay 09 thdang 04 nam 2012)

TOM TAT: Pdi thdo dirong 1 mét trong nhitng can bénh dang rdt diegc quan tam hién nay.

Nham muc dich san xudt insulin tdi 16 hop phuc vu diéu tri bénh ddi thdo dwong, chiing toi dong héa va

biéu hién miniproinsulin trong Pichia pastoris. Doan DNA mang gen md héa miniproinsulin-6xHis

(MPI-6xHis) dwgc dong héa vao vector pPICZaA tao plasmid pPICZaA/h-mpi dé cdu tric ching P.

pastoris GS115::h-mpi biéu hién MPI tdi 16 hop dang tiét ra ngodi moi truong. Kiéu hinh va kiéu gen

cua P. pastoris GS115::h-mpi duoc xdc dinh bﬁng PCR va cit han ché. MPI dugc biéu hién & dang

dung hop véi thé 6xHis khi cam iing véi methanol véi nong d cudi cing 0,5% sau 96 gio.

Tir khoa: biéu hién gen, Pichia pastoris, mini-proinsulin.

MO PAU

Pai thdo duong (DTP) la mdt trong nhiing
can bénh dang dugc quan tim hang du hién
nay. Bénh DT, chiém khoiang 60-70% trong
céc bénh noi tiét, 1a nguyén nhan giy tir vong
dimg hang tht nim & cdc nudc phat trién va
dang ting dot bién ¢ nhiéu nudc dang phét
trién, cdc nudc cong nghiép méi. Hang nim
trén thé gidi c6 khoang 3,2 tridu nguoi chét vi
bénh DTD [4]. Ngay nay, viéc sir dung insulin
duoc xem 1a mot phan khong thé thiéu déi voi
bénh nhan mic bénh DT, dic biét 1a PTD typ
1 [6]. Vi thé, viéc san xuét insulin nguoi béng
con dudng protein téi tb hop da va dang 1a giai
phép hiéu qua nhét hién nay.

Phuong phdp san xuét insulin nguoi téi td
hop dua trén mét chudi protein (proinsulin)
thay vi 2 chudi dd dugc khing dinh wu thé vé

ky thuét va hi¢éu qud thu nhan insulin cé hoat

tinh. Gan ddy, mo hinh mini-proinsulin (MPI)
d3 dugc nghién ctru véi nhidu wu diém. Mini-
proinsulin ¢6 cdu tric tuong tw v6i proinsulin,
chi khac 14 c6 cai tién thay thé doan peptide
du carboxyl (d4u C) tu nhién 31 amino acid
trong proinsulin bing mot doan peptide ngén
hon (9 amino acid), gitip dé dang cho viéc tinh
ché va gia ting hiéu quéa gip cudn din dén ting
hiéu sudt hinh thanh insulin ¢6 hoat tinh hon
mé hinh proinsulin. Poan peptide C ngin hon
lam ting kha nang gip cudn 1én 20-40% so véi
proinsulin & ciing ndng d6 [1].

Pichia pastoris 12 hé théng biéu hién protein
ngoai lai dang dugc cac nha khoa hoc chi y baoi
nhitng dédc tinh wu viét nhu c6 thé thuc hién
nhiing bién d6i sau dich ma, nudi céy o mat do
cao tao lwong sinh khéi 16n trong qud trinh 1én
men, thao tic d& dang [3]. Ngoai ra, hé théng

P. pastoris c6 thé san xuit lwong 16n protein
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muc tidu v6i ngudn nguyén liéu methanol ré
tién va it bi tap nhiém.

Nhim muc dich san xudt mot luong 16n
insulin t4i t& hop cua nguoi dé phuc vu didu tri
bénh dii thdo duong, ching toi tién hanh cau
tric chung nim men P. pastoris GS115::h-mpi
biéu hién MPI t4i t5 hop dang tiét vao trong
mbi truong nudi cdy. Kiéu hinh va kiéu gen ciia
ching P. pastoris GS115::h-mpi cling nhu kha
ning biéu hién protein dung hgp MPI-6xHis
dang tiét dugc xdc dinh.

VAT LIEU VA PHUONG PHAP
Chiing vi sinh vat, plasmid va mi

Chung chu E. coli DH5o [F, #80lacZAM135,
recAl, endAl, hsdR17(r, m*), phoA, supE44,
N, thi-1, gyrA96, relAl] dwoc ding dé dong
héa cac gen (Takara). Chung Pichia pastoris
GS115 [Mut, his4] dugc st dung dé biéu hién
protein muc tiéu.

Plasmid pMZZIn c¢6 ngudn gdc tir plasmid
pUC19 mang doan gen h-mpi dugc dung lam
khuén trong PCR thu nhan gen h-mpi.
pPICZaA (Invitrogen) la vector st nhap vao P.
pastoris c6 kich thudc khoang 3,6 kb, mang
gen khang Zeocin, trinh tu tiét a-factor cho
phép biéu hién protein muc tiéu ¢ dang tiét.
Gen muc tiéu duge didu khién boi promoter
5’AOX1.

Cip mdi 3’PHTI_Xba (GTA CTC TAG ATT
AGT TAC AGT AGT TCT CCA G) va
5’PHTI Xho (ATG CCT CGA GAA AAG
AGA AGA AGC TGA AGC TGA AGC TCC
AAA GCA TCA CCA TCA CCA TCA CGG
TGG AAG ATT TGT CAA CCA ACA TCT
GTG) dugc ding dé khuéch dai gen h-mpi. Cap

mdi 5’A0X1 va 3’AOX1 (Invitrogen) duoc
dung dé sang loc va kiém tra plasmid tai to
hop, giai trinh ty dong thoi kiém tra kidu gen
thé bién nap P. pastoris.
Céu tric ching E. coli DH5a mang plasmid
tai t6 hop pPICZaA/h-mpi

Quy trinh tao dong E. coli DHS5a mang
plasmid tai t6 hop pPICZaA/h-mpi duge thuc
hién nhu sau: thu nhan gen h-mpi ma héa
protein mini-proinsulin dung hop véi thé 6x
histidine (6xHis-MPI) bé“lng PCR tur khuon la
plasmid pMZZIn sir dung cip mdi dic higu
5’PHTI_Xho va 3’PHTI_Xba. Chuong trinh
chay PCR: 95C/5; 30 chu ky: 94 C/1,
55 C/457, 72C/2’; két thic: 72C/10°. San
phdm PCR dugc cét v6i Xhol va Xbal dé tao
dau dinh; thyc hién phan tng ndi gen h-mpi
vio pPICZoA di dugc cit mo vong bing
enzyme tuwong tng dé hinh thanh plasmid tai t&
hop pPICZoA/h-mpi. pPICZaA/h-mpi dugc
bién nap vao E. coli DH5a bang phuong phap
bién nap calcium lanh [8]. Dong té bao E. coli
DHS50 mang pPICZaA/h-mpi dugc sang loc
trén méi truong LB agar chita Zeocin ndng do
cubi 1a 25 pg/ml va kiém tra dong muyc tiéu
bing PCR khuén lac véi cip mdi 5°A0X1 va
3’A0X1. Chuong trinh chay PCR: 95 C/5%; 30
chu ky (94 C/1”, 55 C/45”, 72 C/2’); 72 C/10".
Dong té bao mang pPICZaA/h-mpi cho san
phidm PCR véi kich thuée 751 bp dwoc kiém
tra trén gel 1% agarose. Cac thé bién nap duoc
tach chiét plasmid bang phwong phip SDS
kiém [8]. Plasmid sau khi thu nhan duoc kiém
tra bang PCR plasmid (st dung cip moi
5’AOX1 va 3°’AOX1) va phuwong phap cit han
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ché v&i Xhol va Xbal. Nhitng plasmid duwong
tinh dugc giai trinh ty véi kit BigDye™
Terminator (Macrogen Inc., Han Qubc). Két
qua giai trinh ty dugc so sanh d¢ twong ddng
v6i trinh ty 1y thuyét bang phan mém Jellyfish.
Céu tric ching P. pastoris GS115::h-mpi
mang plasmid tai t6 hop pPICZaA/h-mpi

Nhim ting hiéu sudt thanh cong trong qud
trinh sat nhap plasmid vao by gen P. pastoris,
pPICZaA/h-mpi dugc xi 1y véi Sacl thanh
dang thang. Sau d6, plasmid nay duoc bién nap
vao P. pastoris GS115 bang xung dién véi higu
dién thé 2,5 kV, dién tré 200 Q va thoi gian
phat sung 1a 5 mili gidy. Dong t& bao P.
pastoris tii t& hop dwoc sang loc trén moi
truong YPDS agar bé sung Zeocin dé dat ndng
d6 cudi 100 pg/ml. Sau d6 cac thé bién nap
duoc kiém tra kidu hinh dya trén su phét trién
dong déu trén moi truong MDH (minimal
dextrose with histidine) va MMH (minimal
methanol with histidine); kiém tra kiéu gen
bang PCR véi cap moi 5°’AOX1 va 3°AOXI.
Chuong trinh chay twong tu nhu PCR khuan
lac.
X4c dinh kha niing biéu hi¢n MPI dang tiét
ra ngoai méi trudng nudi ciy

Cam tng biéu hién P. pastoris GS115::h-mpi
béng methanol: Cay mét khuin lac don vao 50
ml BMGY va nudi cdy lic ¢ 30 C qua dém cho
dén khi ODsgy dat 2-6. Ly tam 4000 rpm, 5
phit & 4 C. Chuyén sang 200 ml BMMY dé
cam Ung su biéu hién protein muc tiéu (ODsg

=1 & thoi diém 0 h). Sau mdi 24 gio bd sung

methanol vio méi truong BMMY nudi ciy dé
dat ndng d6 cudi 0,5%. Sau 96 gio thu dich moi
truong, bd sung PMSF (phenyl methyl
sulphonyl fluoride) dé dat nong do cudi 1a 1
mM va gilt 6 -30 C.

Su biéu hién protein muc ti€éu MPI-6xHis
duogc kiém tra bing SDS-PAGE va khing dinh
lai bang lai Western sitr dung khdng thé dic
hiéu khéng insulin HUIO18 (dugc cung cép tir
tién sy Peer Nobert Jorgensen (Novo Nordisk,
Pan Mach)) va phat hién nho khang thé anti-
mouse IgG-HRP (Abcam).

KET QUA VA THAO LUAN
Ciu tric ching E. coli DH50 mang
pPICZoA/h-mpi

Plasmid pMZZIn mang gen h-mpi dugc dung
1am khudn trong PCR thu nhan gen h-mpi bing
cap mdi 5’PHTI Xho va 3’PHTI Xba. San
pham PCR cho kich thuéc khoang 250 bp phit
hop véi kich thuée du kién 1a 263 bp (Hinh 1,
giéng 2). Céc thé bién nap duoc sang loc bing
PCR khuin lac v6i cip mdi 5’AOX1 va
3’AOXI. Plasmid tir nhitng thé bién nap cho
két qua PCR khuén lac dwong tinh dugc tich
chiét dé kiém tra bang PCR va cit han ché
(Hinh 2). Su hién dién cia gen h-mpi dugc
kiém tra bing PCR véi cc cip mdi 5°A0X1
va 3’A0X1 (bat cap dac hiéu trén vector) va
5'PHTI-Xho va 3’PHTI-Xba (bit cip dic hiéu

trén gen h-mpi).
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Hinh 1. Dién di db san pham PCR gen h-mpi tir
plasmid pMZZIn (2), thang chuin DNA 1 kb (1).

San phdm PCR ciia pPICZoA/h-mpi (Hinh 2,
giéng 4) c6 kich thudc khoang 250 bp, twong
tng v6i kich thude gen h-mpi duoc khuéch dai
bang mdi dic hiéu 5"PHTI-Xho va 3’PHTI-Xba
(263 bp). Bén canh d6, san phdm PCR plasmid
tai td hop voi cap mdi 5°A0X1 va 3’ AOX1 ¢6
kich thudc khodng 751 bp twong tng v6i gen
h-mpi (263 bp) cong 1 phan trinh tu giira hai
moi trén vector (Hinh 2, giéng 3). San phdm
pPICZaA/h-mpi cit bang Xhol va Xbal cho hai
vach tuwong tng véi kich thudc pPICZaA (3505
bp) va gen h-mpi (263 bp) (Hinh 2, giéng 7).
Trong khi d6, san pham PCR pPICZaA (khong
mang gen h-mpi) bing cip mdi 5°’AOX1 va
3’AOX1 c6 kich thudc 589 bp (Hinh 2, giéng
2).

pPICZoA/h-mpi chta gen muc ti€u h-mpi
dugc giai trinh tu dé kiém tra do chinh xdc vé
trinh ty ciing nhu d6 déng khung dich ma.
Trinh ty nhan duoc c6 do tuong d(“mg 100% va

ddng khung dich ma voi trinh ti 1y thuyét.

bp bp
6000 755
4000 S5
3000 3505
2000
1500
1000
750 !
589
500
250 263

Hinh 2. Pién di dd san phim PCR cua pPICZoA (2),
pPICZaA/h-mpi bing cip mdi 5°AOX1_3"AOX1 (3),
pPICZoA/h-mpi bing cip mdi 5’PHTI-Xho va 3’PHTI-
Xba (4), San phim cit pPICZaA biang Xhol (5), San phim
pPICZoA/h-mpi bing Xhol (6), pPICZaA/h-mpi bing
Xhol va Xbal (7), thang chuin DNA 1 kb (1).
Céu triac P. pastoris GS115::h-mpi mang
pPICZaA/h-mpi sat nhap vao b gen
pPICZaA thudc dang vector sit nhap, khi
bién nap né st nhap vao bd gen cua té bao chu
thong qua ti t6 hop twong dong. pPICZaA/h-
mpi duge bién nap vao P. pastoris GS115 béng
dién bién nap. Cic thé bién nap dugc sang loc
dya trén kha nang khing khdng sinh zeocin.
Nhiing Khuén lac du tuyén duoc thu nhan va tiép
tuc kiém tra kiéu gen va kiéu hinh sir dung
methanol.
Kiéu hinh va kiu gen cac P. pastoris
GS115::h-mpi
Sau khi sang loc trén mdi truong YPDS-
Ze0100, cdc thé bién nap dugc kiém tra kiéu
hinh bing cédch ria dong thoi 1én moi trudng
MDH va MMH. Dya vao téc d6 phat trién cta
chiing trén ca hai méi truong dé xac dinh kiéu
hinh (Hinh 3).
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Hinh 3. Kiéu hinh thé bién nap GS115::h-mpi trén mdi truong MDH (A) va MMH (B).

MDH 1a mdi truong tdi thiéu chira
dextrose con MMH 1a mbi trudong chira
methanol 1am ngudn carbon duy nhat. Thé bién
nap duogc trai trén hai mdi truong, néu téc do
tang truong dong déu thi chimg t6 thé bién nap
c6 khd ning str dung methanol manh hay néi
cach khéc, ching c6 kiéu hinh Mut* (Methanol
utilization plus). Nguoc lai, néu thé bién nap
tang truong cham trén mdi truong MMH thi s€
¢6 kiéu hinh Mut®. Qua két qua ting truong
trén hai moi truong MDH va MMH, cho thiy
cdc thé bién nap chon loc dugc cé kiéu hinh

Mut*.

Dé xdc nhan sy phit hop giira kiéu hinh va
kiéu gen mang gen h-mpi, DNA bd gen duoc ly
trich tir cdc thé bién nap va thuc hién PCR bing
cip mdi 5’ AOX1 — 3'AOX1.

San pham PCR v6i khuon 12 bo gen tir
cdc chung Mut* va cip mdi 5°AO0X1 — 3°AOX1
c¢6 kich thudc khoang 2200 bp (chira gen
AOX1) (Hinh 4, giéng 3) con tir chung Mut® thi

khong c6. Pong thoi dbi voi céc chiung mang
gen h-mpi xuét hién vach DNA c¢6 kich thudc
751 bp (Hinh 4, giéng 4)

Ciéc thé bién nap c6 kiéu hinh Mut* cho
hai san pham PCR: 751 bp (do cip mdi bat cip
voi trinh ty twong dong 5’AOXI va 3’AOXI
trén plasmid pPICZa/h-mpi da sat nhap vao bd
gen) va 2200 bp (do cidp mdi bét cip véi trinh
tw 5’AOX1 va 3’A0X1 sin c6 trén bd gen cua
P. pastoris GS115) (Hinh 4, giéng 4). Trong
khi d6, bd gen cta P. pastoris khong dugc sat
nhép boi pPICZo/h-mpi cho mot vach 2200 bp
do mdi chi bit cip v6i trinh tw 5’AOXI va
3’AOXI sin c6 trén bd gen (Hinh 4, giéng 3).
Nhitng thé bién nap c¢6 kiéu hinh Mut* cho két

qua kiéu gen nhu du dodn.
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Hinh 4. Dién di dd san phim PCR cia
pPICZaA/h-mpi (2), DNA b gen P. pastoris
(3), DNA b0 gen P. pastoris GS115::h-mpi c6

kidu hinh Mut® (4), thang chuén DNA 1 Kb (1).

Biéu hién MPI ngoai bao & P. pastoris
GS115::h-mpi

Dong té bao P. pastoris GS115::h-mpi dwoc
cam g biéu hién gen h-mpi bang methanol c6
vach protein vdi kich thudc khoang 8 kDa
(Hinh 5, giéng 4). Cdc méu déi ching (Hinh 5,
giéng 2 va 3) khong thiy xuét hién vach protein
nay. Sau d6 protein biéu hién (dang dung hop
6xHis-MPI) dugc lai Western véi khang thé
dac hi¢u khang insulin HUIO18 va phat hién
nho khéng thé anti-mouse IgG-HRP. Vach lai
Western (Hinh 5, giéng 8) c6 vi tri twong ung
v6i vi tri vach protein dy dodn 1a MPI-6xHis
(Hinh 5, giéng 4). Nhu vay dong P. pastoris
GS115::h-mpi d3 biéu hién MPI-6xHis ngoai

bao khi cam tng bing methanol.

s

Hinh 5. Pién di SDS-PAGE (1-4) va lai Western (5-8). Thang
chudn protein (1, 5); P. pastoris GS115::pPICZaA (2, 6); P.
pastoris GS115::h-mpi khong dugc (3, 7) va duge cam Gng

methanol (4, 8).

KET LUAN

Chung nidm men P. pastoris GS115::h-mpi
da duoc céu tric thanh cong va biéu hién duoc
protein muc tiéu 6xHis-MPI dang ngoai bao.
Buée dau thir nghiém kha nang 1én men mat do
cao bang hé théng 1én men ty dong BioTron-
LiFlus GX GX-05-12302 & quy mo 1 lit dat
ham luong khodng 178,4mg/l sau 96 gio 1én
men (Dit liéu khong trinh bay). Két qua nay
néu so voi két qua duoc cong bd boi Jose M.
Pais va cong sy (1,5¢/1) van cdn thép. Tuy
nhién, két qua nghién ctru cta ching tdi c6 thé
cai thién sau khi tién hanh khao sit cdc diéu

kién 1€n men toi uwu.
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CONSTRUCTION OF YEAST PICHIA PASTORIS EXPRESSING SECRETED MINI-
PROINSULIN INTO CULTURE

Ngo Thi Kim Hang, Vo Minh Tri, Tran Linh Thuoc
University Science, VNU-HCM

ABSTRACT: Diabetes is one of the diseases, which have recently gained significant attention. In

order to produce the recombinant insulin for treating diabetics, we have cloned and expressed a mini-

proinsulin in Pichia pastoris. The DNA fragment containing a gene encoding the fusion protein of

miniproinsulin-6xhis was cloned into the integrative plasmid pPICZoA resulting in pPICZaA/h-mpi to

construct the strain P. pastoris GS115::h-mpi expressing the recombinant MPI as secreted protein into

culture. Phenotype and genotype of P. pastoris GS115::h-mpi were confirmed by PCR and restriction

pattern. MPI was expressed as a fusion protein with 6xhis tag by supplementing methanol at a final

concentration of 0.5% in BUMY culture medium for 96 hours after inducing.

[1].

[2].

[3].

[4].

[5].

Key words: gene expression, mini-proinsulin, Pichia pastoris

TAI LIEU THAM KHAO

S. G. Chang, D. Y. Kim, K. D. Choi, J.
M. Shin, H. C. Shin. Human insulin
production from a novel mini-proinsulin
which has high receptor-binding activity,
Biochem J. 329, 631-635 (1998).

J. M Cregg, Vedvick, Raschke WC.
Recent advances in the expression of
foreign genes

Bio/Technology, 11, 905-910 (1993).

in Pichia pastoris.

R. Daly, M. T. Hearn, Expression of
heterologous proteins in Pichia pastoris:
a useful experimental tool in protein
engineering and production, J. Mol.
Recognit, 18, 119-138 (2005).
International Diabetes Institute. What is
diabetes?, Diabetes fact sheet (2004).

S. Macauley-patrick, M. L. Fazenda, B.
McNeil, L. M. Harvey, Heterologous

[6].

[7].

[8].

protein production using the Pichia
pastoris expression system, Yeast, 22,
249-270 (2005).

N.H. Cudng. Bénh néi tiét chuyén héa
ddi thdo dwong, Nxb Y Hoc Ha Noi
(2002).

J. M. Pais-Chanfrau, Y. Garcia, L.
Licor, V. Besada, Castellanos-Serra L,
Cabello CI, et al, Improving the
expression of mini-proinsulin in Pichia
pastoris, Biotechnol. Lett, 26, 1269-1272
(2004).

J. Sambrook, D. W. Russell, Molecular
Cloning, A laboratory Manual, Third
Edition, Cold Spring Habor, NewYork

(2001).

Trang 51



