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NGHIEN CU’U BIEU HIEN INSULIN NGUOI & E. coli

BUI THI HUYEN, LE VAN PHUNG, PHAN VAN CHI

1. PAT VAN PE

Insulin 1a mét hormone quan trong c6 vai tro didu hoa duong huyét do cic té bao beta trong
dao Langerhans cua tuyén tuy san xuat [9]. Ham luong dudng (glucose) trong mau la ngudn
ning lugng thiét yéu cho co thé, néu khong duy tri 6 muc binh thuong c6 thé gay ra ‘nhing can
bénh nguy hiém [3]. Khi duong huyét ting co thé gay ra su bai tiét dudong qua nudc tiéu, dan dén
mét/thiéu hut glucose, hién tuong nay con goi 1a bénh dai thdo duong [7, 5]. Nguyén nhén 1a do
su thiéu hut insulin hodc vi médt 1i do nao d6 co thé khong thé st dung dugc insulin dan dén
duong huyét tang cao va gdy dai thao duong [8]. Bénh dai thao duong duoc chia lam hai loai la
type I va type II [10]. Déi thdo duong type I la loai bénh phu thudc insulin, thudng gdp ¢ nguoi
tré tu01 (<35 tu01) Ira tudi hay gap nhat 12 10 - 16 tudi. béy la mot dang bénh nang trong do
céc té bao cia tuyen tuy co nhiém vu tiét insulin bi khiém khuyet nén co thé khong c6 insulin aé
sir dyung. Néu khong diéu tri bang cach tiém insulin, bénh nhan s& hon mé va tir vong [8]. Péi
thdo duong type II 1a loai déi thdo du’orng khong phy thuge insulin, bénh thudng gap ¢ nguoi
> 40 tudi, ngudi béo phi, trong d6 co thé van san xudt insulin nhung vi mét 1i do nao d6 khéng
thé sir dung duogc né [4].

Vé clu tric, 0 nguoi phan tu insulin bao gém hal chudi polypeptide: chudi A gém 21 axit
amin va chudi B gom 30 axit amin [1, 2]. Hai cau ndi disulfide (vi tri A7 - B7, va A20 - B19)
ddng hoéa tri nhu hai soi day bugc chat hai chudi voi nhau, trong chudi A con c6 mot cau ndi
disulfide gitra goc A6 va All dam bao phén tir kha 6 on dinh trong khong gian. Dic biét 1a ca 3
cau nbi nay déu bét bién & tit ca cdc dang insulin ctia dong vat.

Hién nay, tinh hinh phat trién bénh di thdo duong ¢ Viét Nam ciing nhu trén thé gioi dang
¢6 xu hudng tang nhanh. Insulin 1a hormon dau tién dugc tong hop nhan tao, duoc san xudt bang
cong nghé DNA tii t6 hop phuc vu diéu tri bénh nay [14]. Nam 2005, nhu cau insulin dung
trong tri bénh déi thdo dudng udce tinh khoang 4 dén 5 tin va dy kién nam 2010 1a 16 tan [12].
Nhu céu vé insulin cua thé giGi vuot qua con sb vai tin/nam va vi thé ngudn cung cip insulin
cho tri bénh tiéu duong dang ngay cang thiéu hut [13]. Trong bai bdo nay, ching tdi trinh bay
mot s6 két qua nghién ctou biéu hién va x4c dinh insulin nguoi tr vector pET 32¢ (+).

2. VAT LIEU VA PHUONG PHAP
2.1. Vit ligu

Ngudn gen ma héa cho insulin chudi A va B di dugc dong hoéa trong vector pET14bInsA/B
do nhéom cia PGS.TS Lé Van Phung (Pai hoc Y Ha N6i) cung cap.

Céc héa chét st dung cho dién di SDS-PAGE tu BioRad; Acetonitrile (ACN) tur J.T Barker
(MYP); acid formic (FA), trifluroacetate (TFA) mua tir Fluka (Thuy Si); dithiothreitol (DTT),
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iodoagetamide’ (IAA), ammonium bicarbonate (NH4HCO3), trypsin tir Sigma-Aldrich (My) va
mot sO héa chat thong dung dung trong sinh hoc phéan .

2.2. Phwong phap nghién ciru
2.2.1. Thiét ké vector biéu hién cho hai chuéi A va B insulin

Gen mi héa cho chudi A cia insulin gdm 63 cip nucleotide (twong (mg véi 21 amino acid)
da duoc dong héa vao vector pET-14b c¢6 chira diém cit cua hai enzyme gidi han Ndel va
BamHI & hai du gen va doan His-Tag (6xHis) & d4u N cua chudi A. Gen ma héa cho chudi B
gdm 90 cdp nucleotide (twong tmg v&i 30 amino acid) ciing duoc thiét ké twong tw. Do kich
thude mdi gen rét nho (60 va 90 bp) nén protein dang dung hop His-Tag chain A va B biéu hién
rat khé khan va hau hét ton tai & trang thai khong tan. bé khic phuc nhugc diém nay, cic doan
gen 1an lugt dwoc chuyén vao vector pET-32c(+) bang hai enzyme gidi han Neol va BamHI tao
ra protein dang dung hop mdi Trx.Tag-His.Tag-Thrombin- S.Tag-Eterokinase-Chain A/B-
His.Tag. Theo tinh to4n Ii thuyét dung hop protein méi c6 kich thude 22 va 23 kDa. Cau tric
nay lam ting kha ning hoa tan nhd ndi ghép véi Thioredoxin (Trx) va ting kich thudc phan ti,
tao diéu kién thuén 19i cho céc qua trinh tinh ché tiép theo (hinh 1).

pET14bInsA pET14bInsB
an Bm

]l'l|) “ .lp

w — DHSu
1l

Chuyén vio pET32¢ bing Neol va BamH )
Tao ding pET32¢ InsA(B

Blcu hién kiém tra

Phan tich nhan dang o o Tinh ché biing

bing khii pho sile Ky di lue

‘DHJu -

Hinh 1. M6 hinh quy trinh thiét k&, biéu hién va xé4c dinh insulin

Quy trinh thi nghiém dugc mo ta tém tat nhu sau:

Plasmid tdi tb hop pET14bInsA/B c6 chira gen ma héa cho chudi A/B cua insulin va vector
biéu hién pET 32c(+) duoc xtr i 1an luot bang hai enzim giéi han Ncol va BamHI. Phan tng
dugc thyc hién ¢ 37°C trong 3 gio. Pién di san pham thu duoc trén gel agarose 1,5% st dung kit
thdi gel QIAGEN dé thu lai bing DNA ma héa cho chudi A, B. Sau d6 doan gen ma nay nbi
ghép vai vector pET 32¢(+) da m¢ vong v6i sy ¢6 mat cia enzim nbi T, ligase, phan tmg dugc
thuc hién ¢ 22°C trong khoang thoi glan 16 gid. San pham phan ung duogc bién nap vao té bao
kha bién DH5q, duoc nudi cay, tdch chiét plasmid. Két qua ctia qua trinh bién nap duoc kiém tra
lai bang phan tng cit boi enzim gidi han Ndel, khang dinh doan gen mong mudn da dwoc dua
Vao vecto.
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2.2.2. Doc trinh tir gien

Trinh ty DNA cua hai doan gien ma héa cho hai chudi A va B cuta insulin duoc tién hanh
xac dinh trén may doc trinh ty ty dong ABI PRISM® 3100 Avant Genetic Analyzer (Applied
Biosystems).

2.2.3. Biéu hién insulin chudi A va B dudi dang dung hop

Vector tdi to hop (sau khi di kiém tra bang phan tmg cit véi Ndel) duoc bién nap vao
chung E. coli BL21 (DE3) tao thanh dong té bao BL21 (DE3)/pET32cInsA/B voi dung hop
protein mdi Trx.Tag-His. Tag-Thrombin- S.Tag-Eterokinase-Chain A/B- His.Tag. Dong té bao
nay dugc nudi cay trong moi truong LB 1éng co b6 sung ampicilin (nong do cuoi cung 1a
100pg/ml), lac 200 vong/phit & 37°C. Khi gié tri ODggy nm clia dich nudi cdy dat 0,5, bd sung
IPTG véi nong d6 cubi cung 1a 1 mM. Pién di SDS-PAGE trén gel polyacrylamid 12,6% dé
kiém tra két qua biéu hién.

2.2.4. Xdc dinh chudi A, B insulin bang phirong phdp khoi pho

Bing protein insulin t4i t6 hop (chudi A va B dung hop) trén ban dién di SDS-PAGE duoc
cit ra va xu If véi dung dich rira (50 mM NH,HCO3, pH 8,0, 50% ACN). Sau d6, cac manh gel
dugc khir bang dung dich DTT 5 mM & 56°C, trong 1 gid va alkyl héa bang dung dich IAA 5
mM trong tbi, 1 gio & nhiét do phong. Trypsin (Sigma) duoc thém vao véi ti 16 enzim : co chit
la1:50,&37°C, qua dém.

Hon hop peptide sau thiy phan dugc phan tich trén hé sic ki 16ng nano (1DnanoL.C) vé&i
ot ngugce pha RP C18 va phan tich trén hé mdy khéi phé QSTAR® XL véi sy hd trg ciia phan
mém Analyst QS dé ghi pho MS va MS/MS. Phan mém Mascot v1.8 dya trén thudt toan Mowse
[6] duoc st dung dé nhan dién protein trén co s¢ dit liéu NCBInr va Swiss-Prot theo quy trinh da
duwocmo ta[11].

3. KET QUA VA THAO LUAN
3.1. Két qua cit plasmid tai t6 hop pET32cInsA/Bbing Ndel

Do chudi A (InsA) va chudi B (InsB) cia insulin dugc dua vao pET-14b bdi hai enzyme
Ndel va BamHI nén qua trinh chuyén doan DNA c6 chita gen A/B vao vector pET-32c s& thanh
cong néu trong vector tdi t hgp méi ¢6 thém 1 diém cit cta Ndel. Trong vector pET-32¢ da c6
san 2 diém cét cua Ndel tai vi tri 396 va 691, doan DNA duoc chén vao tir vi tri 198 (Ncol) dén
vi trf 212 (BamHI) 1am tang thém 1 diém cit cho Ndel. Theo tinh toan Ii thuyét thi khi xir 1i
vector tai to hop méi bdi Ndel s& cho ra 3 bang véi kich thudc twong (mg 12 194 bp, 345 bp va
vector gbc 5900 bp.

Két qua cua phan tng cit plasmid tdi t6 hgp boi Ndel duoc thé hién trén hinh 2 cho thay,
sau khi xtr If bang enzim Ndel, trong s6 céc plasmid 1 - 8 (InsA trong pET-32c) thi chi c6 dong
2,6,7,8va9 (InsB trong pET-32c) déu cho ra 4 bang c6 kich thudc twong duwong nhau. Bing
trén cling 12 vector gdc pET-32¢ ¢6 kich thudc khoang 5900 bp, tiép d6 1a hai bang 194 bp va
345bp phit hop véi tinh todn. Trén hinh 2 con xuét hién thém mot bang 540 bp, c6 thé day 1a
bang DNA tong ciia 2 bang 194 bp va 345 bp do chua dwogc cit hoan toan. Nhu vay doan DNA
mong mudn da dugc chén vao vector dich. Phan tich két qua xéc dinh trinh tuy nucleotide gen ma
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héa cho chudi A va B cua insulin trén mdy doc trinh tu tu dong ABI PRISM® 3100 Avant
Genetic Analyzer cho thdy ¢6 sy twong dong 100% vé6i trinh ty chuén chimg t6 vector da dugc
thiet ke thanh cong (két qua khong trinh bay ¢ day).

1 23 4 M 5 6 7 8 9

e g -

— 5900

— 540

— 345
— 194

1-8: InsAI-8in pET 32 ¢ M: Marker I Kb 9: InsBlin pET 32 ¢

Hinh 2. Két qua cit plasmid tai t6 hop pET32cInsA/B bing Ndel

3.2. Biéu hién chudi A va B cia insulin dang dung hep & E. coli

Két qua biéu hién chudi A va B ciia insulin dudi dang dung hop dugc kiém tra bang dién di
SDS-PAGE trén hinh 3a cho thdy, trong dich chiét tdng s6 ciia cic dong té bao thu lai & thoi
diém 3h sau cam ung (A3, B3) ¢6 xuét hién mot bang protein mdi so voi mau dich chiét té bao
khong dugc cam tng boi IPTG (A0 va B0). So véi thang M chuén, sau 3 gid cam ung P3 xudt
hién 1 bing protein c6 kich thudc khoang 23 kDa, A3 ciing xuat hién mot bang c6 kich thudc
khoéng 22,0 kDa (do doan DNA 120 bp ¢6 chira gen ma héa cho chudi A chén vao) va B3 xuit
hién bang protein méi khoang 23 kDa. Két qua nay phit hop véi tinh todn 1f thuyét. Nhur vy hé biéu
hién pET 32¢ mang t6 hop gen InsA (InsB) da hoat dong on dinh dé biéu hién protein lai moi.

M PO P3 A0 A3 A3 BO B3 B3 As A
a) W

kDa
kDa

Hinh 3. Pién di kiém tra biéu hién dung hop protein chudi A/B trén gel polyacrylamide 12,6%
a) Biéu hién céc dong té bao mang gen A/B; b) Kiém tra d0 tan cua céc dong té bao da biéu hién

M: Marker SM 0431 (Fermentas); PO: dong té bao chira vector nguyén thé truge khi cam tng;
A0, BO: céc dong t€ bao chura gien A/B trude khi cam tmg; P3, A3 va B3: cac dong t€ bao sau khi cam tmg;
At, Bt: dich té bao tong s0; As, Bs: dich tan; Ai, Bi: phan khong tan
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Ching toi tiép tuc khao sat tinh tan cua protein méi (hinh 3b). Méc du biéu hién protein
dudi dang thé vii cling ¢c6 mot s6 uu diém nhat dinh nhung protein tao ra thuong bi mat hoat
tinh sinh hoc va qua trinh téi tao lai cau tric tuong dbi phure tap va tén kém. Hon nita dé c6 thé
tinh sach dugc protein dé dang thi can phai biéu hién protein dudi dang hoa tan. Trong thi
nghiém nay céc dong té bao dugc cam tng & 22°C khoang 6 gid khi ODg, ciia dich té bao dat
0,6 -0,8. Két qua the hién trén hinh 3b cho thiy protein & dang tan (As va Bs) chiém ty 18 rat lon
va lugng protein ton tai O trang thai khong tan (Ai va Bi) la khong dang ké so véi protein tong 56
(At va Bt).

3.3. Nhan dién insulin tai t6 hop

Bang phuong phdp 1DnanoL.C-ESI-MS/MS, phé khdi ctia cdc peptide dwoc tién hanh nhén
dién trén co s& NCBInr v6i sy hd trg ciia phin mém Mascot v1.8. Piém dang chii y & day 1a
chudi A véi 21 amino acid khong c6 diém cit (sau K va R) cua trypsin nén khong nhéan dién
duoc cdc manh peptide & chudi A ma chi nhan dién duoc cidc manh peptide ctia thioredoxin- Trx
ddng biéu hién (két qua khong trinh bay & ddy). Trong khi d6, chudi B ¢6 hai diém cit cua
trypsin nén két qua nhén dién dugc minh hoa nhu hinh 4.

J£4T

tscvce/ Wlascot Search Results

User : Tran The Thanh

Email : tranthethanhfibt.ac.vn

Search title : d:\PE Sciex data\Projects\training\Data\Services\7 Feb 07SET1.wiff : Bl

MS data file : C:\WINNT\Profiles\ADMINI~1\LOCALS~1\Temp\mas2B.tmp

Database : NCBInr 20050514 (2336311 sequences; 791794155 residues)

Taxonomy : Homo sapiens (human) (129146 sequences)

Timestamp : 6 Bpr 2007 at 11:46:54 GMT

Significant h:l.ts gi|42543181 Chain B, Ige Fv Spe’ Complexed With A Recombinant Thicredoxin
gi|1127137 Chain B, Nmr Structure Of The Human Insulin-HEis(B16)

Hinh 4. Két qua nhan dién insulin chudi B dang dung hop véi thioredoxin

Két qua trén cho thy, khi phan tich nhan dang bang khdi ph trong biang biéu hién (khoang
23 kDa) c6 hai protein dugc phat hién l1a thioredoxin va chudi B cua insulin c6 gin dudi His, két
qua nay phit hop véi thiét ké vector If thuyét. Biém sb (score) ciia thioredoxin va chudi B insulin
lan lugt 12 177 va 65 (hinh 5).

Probability Based Mowse Score

Score is -10*Log(P). where P is the probability that the observed match is a random event.
Individual ions scores > 35 indicate identity or extensive homology (p=<0.05).

o 0
ESS
& 30 FVNQHLCG3H LVEALHLWVCG ER GFFYTPKT
525 FEYTPK
20 GFEYTPK
15 -
10 Chudi B Insulin Thioredoxin
5

Probabilitu Based Howse Score

Hinh 5. Piém sb nhén dién protein theo thudt toin Mowse
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Trinh ty amino acid chudi B insulin cho thdy chi c6 hai diém cat (tai vi trf B22 va B29) khi
thuy phan bang trypsin, tao thanh hai manh peptide la GFFYTPK va GFFYTPKT. Khi phén tich
khoi phd trinh ty cua hai manh nay déu dugc phat hién (mau do dam).
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Monoisotopic mass of neutral peptide (Mr): 838.43
Fixed modifications: Carbamidemethyl (C)

Ions Score: 34 Matches (Bold Red): 5/48 B
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Hinh 6. A. Phé khéi ctia ion m/z = 430,05 amu; B. Giai trinh tu peptide GFFYTPK

Phin tich phd khéi trinh ty méanh ion peptide GFFYTPK, chiing t6i nhan thdy méanh nay c6
gia tri m/z = 430,05 amu, z = +2 (m = 858,43 Da). Qua trinh phin manh va giai trinh ty ion

peptide GFFYTPK dugc minh hoa nhu hinh 6.

3.4. Xac dinh khdi lwong ciia insulin chudi A va B
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Hinh 7. X4c dinh khéi luong phén tir cua insulin chudi A (a) va chudi B (b) béng
phuong phdp ESI-Q-TOF
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Chudi A va B cta insulin duéi dang dung hop dwoc xir 1i vdi enterokinase nham loai bd
thioredoxin va dudi histidine. Sau khi xir 1f, hai chudi A va B cua insulin dugc xdc dinh khdi
lwong bang hé thdng khdi phd ESI-Q-TOF (Electrospray-Quadruple-Time of Flight) (Hinh 4).
Ph6 TOE-MS cho thdy chudi A va B 1an luot c6 kich thudc 1a 2400.7 Da va 3561 Da, két qua
nay pht hop véi 1i thuyét do chudi A ¢6 21 aminoacid va chudi B ¢6 31 amino acid va trong té
bao E. coli nhém SH cua cystein ¢ dang tu do. Nhu vay, véi phuong phdp nay ching t6i da
khfmg dinh duogc sy biéu hién cua insulin téi td hop (chudi A, B), va xéc dinh duoc khéi luong
ctia hai chudi riéng biét.

4. KET LUAN

Chudi A va B cua insulin téi‘ td hqp dﬁw duoc piéu hién trong té bao E. coli chﬁng
BL21(DE3). Cdc ket qua xdc dinh bang khoi pho dé khang dinh chudi B va B cua insulin tdi
hop da dugc bi€u hién phi hgp véi tinh todn 1{ thuyét va thiét ké ban dau.

Loi cdm on. Cong trinh dwoc thwe hién tai Phong Thi nghiém Trong diém Coéng nghé
Gen, Vién Céng nghé Sinh hoc, Vién Khoa hoc va Céng nghé Viét Nam.
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SUMMARY
STUDYING ON EXPRESSION AND IDENTIFICATION OF HUMAN INSULIN IN E. coli

Insulin is a hormone that produced by beta cells in the pancreas and regulated the glucose
blood levels. Briefly, our strategy for the gene construction and expresion is described as follow.
pET14blnsA vector contained gene A that encoding for the A peptide chain and pET14bInsB
vector contained gene B that encoding for the B peptide chain. These vectors and the expression
pET-32c¢(+) vector were digested by Ncol and BamHI. The released insulin A/B fragment and
the opened plasmid pET-32c¢(+) were purified and ligated by T4 DNA ligase at 22°C, overnight.
The resulting recombinant plasmid pET32cInsA/B was transformed into the E. coli BL21(DE3)
strain. The expression of the fusion protein was observed by induction with 1 mM IPTG and
analysed by SDS-PAGE. Two new protein bands with the size of aproximately 22 kDa
(equvalent the size equvalent the size of fusion A) and 23 kDa (the size of fusion B) were then
excised and digested with trypsin overnight. The results of identifying by NanoLC-MS/MS
(Nano Liquid Chromatography — Tandem Mass Spectrometry) showed that the recombinant
protein was truely the fusion A(B)-Trx that contained different peptides from chain A/B and
thioredoxin. This result is an evidence to confirm the successful construction and expression of
chain A/B of insulin in the fusion form in E. coli with pET-32c(+) vector.

Key words. Insulin; pET-32 c(+); E. coli BL21 (DE3); NanoLC-MS/MS

Dia chi: Nhdn bai ngay 12 thdang 8 nam 2008
Bui Thi Huyén, Phan Van Chi

Vién Cong nghé sinh hoc, Vién KH&CN VN.

Lé Van Phung,

Pai hoc Y Ha Noi.

62



