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#% 0.1 mmol/L IPTG A TF 37 C# % 4h, TAE G FH AL Ni 44540 500 mmol/L kbl 133 4h 4 50
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Soluble Expression of Recombinant Human Proinsulin in E. coli
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Tianjin University of Science & Technology , Tianjin 300457, China)

Abstract: Recombinant insulin is used to treat diabetes at present. A human proinsulin gene was designed using optimized
E. coli codons. A method of expressing soluble recombinant proinsulin in E. coli was established. The SDS-PAGE results
indicated that the recombinant fusion protein His-NusA-insulin was solubly expressed in E. coli, which was inducibly ex-
pressed by recombinant plasmid pHis-NusA-insulin. The optimum protein expression conditions are 0.1 mmol/L IPTG in-
duction at 37 ‘C for 4 h. The recombinant protein product was purified with Ni column, and eluted by 500 mmol/L imida-
zole. The concentration of high purity His-NusA-insulin is 1.059 pg/uL. Tobacco etch virus protease (TEV)was used to
cleave His-NusA-insulin to produce the soluble recombinant proinsulin.
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1.1 BEHRSIEF

KIWGFE (E. coli) LWk BL21 | ¥ AL B Pk
Top10., FiKFKIR pHis-NusA AARSLE = LRAF.

PRI N VI BamH 1 . EcoR 1 . T4 % H:0,
Fermentas /A ) ; Hi Trap Ni FF 4fifb#:, GE A +]; 4
AP A B 25 1 (tobacco etch virus protease, TEV)
1.2 FRiEHIEWHE

BT S AS R 5 R R IE R B, 51 A EcoR T I
BamH T BgOI A5, th B4 AR ) TR w4 LR
F49%# pGH-insulin ZZ{A, P57 7eF%$] pHis-NusA Fik
AR b, RIGHALBI KB FF R Topl0, £ 3 B U1 A
DNA 745 , 152 F 415k pHis-NusA-insulin.
1.3 BEAABESEREIFRNEFMRIEIEEH

etk

13.1 #FBEMERL

PR 1 v 2 L TR VR B2 Rl B =, & 37 °C
TRIEFER Agoo [HIEF] 0.6 ~ 0.8, TN IPTG LUk
9 0.5mmol/L, 35T 16 CiESFidw, 25 CiER
8h,30 CiES Sh. 37 CiES 4h. 4°C 5000 r/min
B 10min 88 EIA. BIRL A RBEWRE N
0.5 mg/mL ¥ HEEFALEE, BT VK L 30 min J5# R i
4, #517 SDS-PAGE Hi 3k 2.
132 IPTG #JE 8 4kAL

PRILPH P e b PR DR VR B R BRI, 22 37 Cik
KEEFRT Agoo (HILF] 0.6 ~ 0.8, 3 BIE N IPTG 4k
Bk 0.02.0.1,05mmol/L. 37 CiES 4h. 4T,
5000 r/min .0 10 min 7532 EIA. FEIARZT 20 &
WePEN 0.5 mg/mL ¥ PAREAEEE, B F oK b 30 min J5
AR MR, 51T SDS-PAGE HLIK /3.
1.4 BANRBZERHRES4L

WL} 0.1 mmol/L 4 IPTG, T 37 Cif
S 4h,5000 r/min 2.0 10 min PCERIK, L0
fif b FEFNHE A LR, 4 °C L 14 000 r/min B0 30 min,
SRBC 5w, it Ni fealifk, 1580 Em4 s 2 5.
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1.5 BEANEBZEEEARENE

FiZI8 Bradford X B2H AR % Ukt T Y,
I 50 o 2 TR BE 1 2 il 3 11 B 1 (BSA) I
JCEE, bR 4. AR EE 20 A R s WO R
TR EA NSRS . hisdEih A5 mEJr
P2y =0.075 6 x +0.620 8 (R* = 0.994 9) .
1.6 TEV ZAEEEYIEHZER His-NusA-insulin £

iy

1.6.1 BEgbyem

FHUTAR, FE 30 CYEM 2 h 5F FXF His-
NusA-insulin 25 [ 7517 B U] 52 5 . (1)30 uL His-
NusA-insulin + 5 pL 2% M ; (2)30 uL His-NusA-
insulin + 1 pL TEV + 4 uL ZZ #h ¥ ; (3)30 uL His-
NusA-insulin + 2 uL TEV + 3 uL 22 /i ; (4)30 uL
His-NusA-insulin + 4 uL TEV + 1 uL ZZ i ; (5)4 pL
TEV + 31 pL ZZ8 . His-NusA-insulin £ i ik &
4 1.059 pug/uL, TEV & MR EWE N 0.66 pg/ul,
P & 50 mmol/L NasPO, (pH 8.0) . 0.3 mol/L
NaCl FYBERR AN 2% vpil. NS5 e, SRR A
4uL 5xSDS _FEZEME, 95 ‘CA&B 5 min, WERE
Piteil~], 10 000 r/min &5.0> 30s. FE 5k T SDS-
PAGE HLyKAG .
1.6.2  Badn’k & 7 A

His-NusA-insulin 7£ 30 CYEF] 2 h #E4 1) S
J&i, 14 000 t/min &5.0> 10 min, W FERIIA S x
SDS R piH, 95 “CA&WE 5 min, WERE AR
57,10 000 r/min B> 30s. BAL, MPTTEFIIA 5 x
SDS bHZEnp, 95 CAE M 5 min, el E D o ik
57,10 000 r/min B> 30s, FEAEF T SDS-PAGE Hi,
PRSI

2 ZR511E

2.1 EZH[RHI pHis-NusA-insulin {72

pGH-insulin Z{&F pHis-NusA FRik R34
BRI VIEE EcoR T Al BamH 1 XUEFYI 5 , DA
2k AT gt 5 2 R pHis-NusA DNA JBt. &
AR R AL B R AT RESZ ASL Topl0 Hr, HkHR
AT PR EUTOR T HEA T XSUBG VI 5601 , S B R 5 22 D
DNA FBEK/NA 210 bp, WUEGFYI4E5 R -5 A AT
(E1).

VBT g5 UE ) PR s R BRI T DNA T, U
P45 0 GRS 2R JF LR P40 FeXS 43, 35 il
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L5584, 58] pHis-NusA-insulin 8541 J50kL
Fa S

6000 bp——
3000 bp——

1000 bp——

250 bp— FY R B

M. DNA marker; 1. pHis-NusA-insulin 5o U] 56 iF
1 pHis-NusA-insulin EZHRAMEETIEE
Fig. 1 Identification of the recombinant plasmid of pHis-
NusA-insulin

2.2 EZHEHA His-NusA-insulin &% & 4874
221 FFRAMKA

FAARTS S IR RE S 0 02 38 1 ) Rk sl B, A T
HEHMESITE. E4%EA His-NusA-insulin 7EAN[A]
RTINS RANE 2 PR, NusA FilS 28 AT
IYFIRRATN 5.4 % 10%, BIS ZRFAHR > T 208
8 x 10°, F¢3& His-NusA-insulin 25 [ BOAI X0l &
230 7 x 10°, 5 1) % 1k & AR X o TR R
F(. His-NusA-insulin f5[H7E 16,25 CFRE KA,
MAE 30,37 CRIBRER, HHRAA 50% KikE
P,
M(G- TP STPSTPS TP S

) H i 1
7.0x 10

5.5x10°

3.5x10°
2.5x10°

M. protein marker; (). FJMA IPTG i5%; T. REIADE; P. Bk
JEMITTTE; S, MEREJE M LV
& 2 EZHZEA His-NusA-insulin EREEETHRIEER
Fig. 2 [Expression assays of His-NusA-insulin protein at
different temperature

222 IPTG # 5K akAL

H & 1 His-NusA-insulin fE 37 ‘C &M F#
ik, KB EAEET LI, (B A3 4 LA
IRIEAATE , LSRR IPTG RYUREE , [l 41
H g3k, DI INE A ik, E4 &N His-
NusA-insulin ZEAN[E] IPTG ¥ T M FaR Rl 3

Fir7s. IPTG #e & 4 0.02 mmol/L B, His-NusA-insulin
H AT RIB R W IPTG ¥4 0.1 mmol/L Al
0.5 mmol/L I, His-NusA-insulin EAHESFREEER
I F HAEAHIR. ik, 2Ltk IPTG #kEEH
0.1 mmol/L #F47 B & 157318,

0.1 mmol/L
IPTG(-) 0.02 mmol/L — 0.5 mmol/L

M(G-)T PS TP ST P S

7.0x 10°* ANEH

5.5% 10

3.5x 10"
2.5x 10

M. protein marker; (-). RMA IPTG S T. SEIEME; P A
JERIUTTE; S, MR M_LVE TR
B3 Z=AZEA His-NusA-insulin EARE IPTG K E TH
FRiktER
Fig. 3 Expression assays of His-NusA-insulin protein
with different concentration of IPTG

2.3 EZHEHA His-NusA-insulin B9 4L

FIH AKTA # A4tk & 417 His-NusA-
insulin 2 [T 404K, SR AN [7) vl J32 R s 04 7 465 8 0k
Ji, 255N 4 FR. FERKIRYREESA 500 mmol/L
W S 15 %) 4l BE A 7 Y His-NusA-insulin 25 4. 1
Bradford & & & &, £ HbnERhE , M PE75-2)
AT FE y = 0.075 6 x + 0.620 8 (R* = 0.994 9) , it
B a4k J5 His-NusA-insulin & [ 89 i 42 ¥ & 4
1.059 pg/uL, FF IR 8esss:.

M(G)T P SUBT, 1 2 3 4

7.0x 10—
5.5x10" 7

3.5x 10—
2.5x10"—

M. protein marker; (-). RANA IPTG 5 ; T 2EIAMRE; P. AR
JERIPLRE; S. WERER I LI UB. K454 Ni HMWZER; Ts. 28
ALHTRY F3E; 1. 50 mmol/L BRIEVEMM; 2. 100 mmol/L BRI
Wi 3. 150 mmol/L WKIKPEMEI; 4. 500 mmol/L BRIKE N

Bl 4 ZEHZEH His-NusA-insulin fZ4Y,

Fig. 4 Purification of His-NusA-insulin
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2.4 TEV ZREEEEYIEHAEH His-NusA-insulin fJ
i

2.4.1 TEV % & BaBgygtsin

A TEV & [ Y] His-NusA-insulin & [, 45
WANK 5 s, B TEV &R 8ehn, His-
NusA-insulin 25 (1A AT, 76 1 x 10 K/ NG 3]
FEHSH. H, 30 pg His-NusA-insulin il A 0.66 pg
TEV WIEGYI &0, RV S48 A S & B B oy
45 = 1 B, YT A AL R R e, AL
FREE D, RBSE A WY SO S5

M 1 2 3 4 5

7.0x10*

2.5x%10° -
-

1.5%x10"—]

1.0x 10" —] ---

M. protein marker; 1. 30 pg His-NusA-insulin; 2. 30 pg His-NusA-
insulin AT A 0.66 ug TEV; 3. 30 ug His-NusA-insulin A 1.3 pg
TEV; 4. 30 pg His-NusA-insulin fIll A 2.6 ug TEV; 5.2.6 ug TEV

5 E4EH His-NusA-insulin TEV & A &1

Fig. 5 Detection of His-NusA-insulin protein digested by
TEV protease
242 BEbE QIR R
H 45 [ His-NusA-insulin )& A 45 R

mE 6 Fros, BEEYIRT ™ A 0 20 I R R i 4
U, WT AR I SR B 2 R 5 22 o 45

1 2 3S 3P

M 4
7.0x 10— —
2.5%x10'— )

— e - —

— e e

M. protein marker; 1. 15 pg His-NusA-insulin; 2. 15 pg His-NusA-
insulin A 0.33 pg TEV; 3S. 15 pg His-NusA-insulin JILA 0.33 pg
TEV, L3%¥%; 3P. 15pg His-NusA-insulin Bl A 0.33 pug TEV, i
¥E; 4.0.33 ug TEV
E 6 ZEHZER His-NusA-insulin B E 5 AR
Fig. 6 Detection of the solubility of TEV protease di-
gested by His-NusA-insulin protein

1.5%x 10—

1.0x10'—
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MBERVER , ERTFIRIP R E A N2 —. H
RIFI KA R FRE A AL Rl i, ik
PP E S DAL I 3 PR, A 3 LA TE A A
SRV KB AR M R, X SRR AR
R e r= o, (A4 ARG N, NusA B S50
TR GroEL BLTIRY), GroEL 5 HAL[VEH
T GroES ERMFF ALK T E— b+
FEHERSE, NusA BlGE S R AR &S 2 F
TR S AR 1 AT ik 2k R R AT i A
FAAEN NusA ARZEMIRS R IR, /T DA EA &
I His-NusA-insulin F) ] AR,

ARSI 2 W A R B4 Jii kL pHis-NusA-insulin,
W RIREE A PTG W, ik T4 E M His-
NusA-insulin F PRI PERIE S50, i S 412 1 B
& FIE A NTE 0.1 mmol/L IPTG YERIF 37 Cifie
4h, il Ni SR ZE T ai b 3R 15 E 2 & 1 His-
NusA-insulin , f+ & TEV % [ [ % V] His-NusA-
insulin TR AR AR R IR, WIREafil i R i
HEILR.
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