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APTIN PR 2R IR S B B W RRE IE K AR )T 510405)

WE AU E S 2 2 Ik S Ik (glucose-dependent insulinotropic polypeptide or gastric inhibitory peptide, GIP) J&
H1 42 SRR R B A RATIK, L6 R URE TS S5 T R RO B R, RERE AN e o v (R e Al A, BT
T2 IEIR N . A F BRI LA 1 GIP, A i, ANE B, HOW R LR B AR E 41 GIP(thGIP)Jf:
PR ARG VA B 0 I S S N A L AT R AT 1 i 2 5 1 1 X i GTP BGRIK ) ¢cDNA 741, ] pET32a(+) &
GUAT IR RIE s /NI AT T, AT R IE M B B (e R glidh; WA SD K B R 23 Wb A i 4 vk
FE, X4l 5 thGIP AT AR GG YRR T, I B AW AR F2 55 NO &3l , A2l thGIP X PC12 4IH NO [ &
R R s T ARasas IIAEEFR LI A PC12 A0 AP LB AE AL, 43I BAm . K57 thGIP /R ] T b2y, Ja
MTT (2-(4,5-dimethylthia-zol-2-yl)-2,5-diphenyltetrazolium bromide) J2: |5 PC12 4R IAIFEPE. 455 o, M vwikE T A GIP 3
P, 53 RIE M thGIP (& 40 LR 151N 35%, &2 vl s, 382y MR IRTE AP e, S i 3 R I AL A5 4 1 U2
26 ku, LELSMEAHST. 44k J5 11 thGIP B AT G iE k. i 5 R &M h RIL B A KB JE A 16 0.50, IPTG ¥
0.5 mmolL, W% 37°C, ' FHRIENIA 4 h. ZF FiERLE 2 b & JE SR RENT — DIEENT G, RIEM/KE I thGIP A
FidRJ5 7950 1.2 mg/L W, lRE D 85%. 4lifk )= (¥ thGIP RERS A SD K U W pH (3 i, JLAMG R R 4090 1 FH 45 A B b K
X HAH L 2 e AT B E (P < 0.05), 1 thGTIP ZH FIARHE T GIP 41 bk 22 573 0 5 vk A s A5 52, 74 rhGIP 15 min
S KR 352 A A 5 L il B 8 3 PR AR (P < 0.05), 30 miin N5 A S A 2 B AOASE ZR X L Ll e, 25 R e s,
thGIP 4IFIFRAE M GIP 41 72 57 AN 3% 76 thGIP Xl 40 a7 FR AN PC12 4 i 5 52 4 28 453 43 AN i S 452 40 56 ) PO 0
L, H rhGIP #5797 PC12 4 32 h J&i, rthGIP 41 NO &4l 2 K T IE WX R AL (P < 0.01), HMATERE, 4SS LA
I, ™. I thGIP 4B Z 40 MBS B 4LE TE B3 T (P < 0.05), HAIMEIETE SO OC R, rhGIP 41 545k
an GIP 422 e AN, HIEW RAUINE BE 2. DPRE AR, A 2IEBEREN thGIP B 1, &E AR A f
W, LA R R o R AR B SR R PR 0 AR R O ELG R 2R A A SR AR 4 .

KR AWEIK MR R K, JEZRAE, PCI2 1, RS TE
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T EYEMIK (vasoactive intestinal peptide, VIP)/
ol v IR 25/ JR A 35 KRS, 1970 4 HH Brown %5
T 56 NSNS ) T oy B Ak, E AR T
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LA T RE, B ph 48 40 1 A= e A 12F A
F e, S B E 2 N GIP (novel recombinant hGIP,
nrhGIP) BA 3T 4F (B Br b A0k 5 R I 58 e,
PR UM B 25 3 A E T st . Bar, Ak
IIEBOR BN IR N BRAE GIP, R, K
ENTAB Ehrmme, Bk, GIP F3RECkIEIE
WA BREe2D, [ N GIP PRSP ESIT AN T A
TR S BT 1L, T SRR A R B R
G ST AT, EInTS 2L A A YNE
PER) GIP B2 . B, A SCHUAE BT Ry 2 GIP 1) it
22K BAR TE T I JFORE AT RS PEAS I %) BE Atk E
X R IR [ AN S A REAT 0L, Bt R
LA, FEXPAERIA ) E 43 2 1) thGIP #4T— 2
VR MENT, PLSRAG =20 (1) thGIP, [N, i —
AW HLE R AIDIRE, T # thGIP AEHLAK I 5 4= 21
T LA B R P PR, Tl X o, R
BTk t) thGIP EFEAl BER A 5T il R N F _F ) nT g

1 #MR577E

1.1 ##

111 wAPNBRL. J5 % R IA 2K pET32a(+) 1 H
Novagen 2~ 7, 4K pET32a(+)-GIP 1 H 111 K224
Rk A B R, KA B DE3(BL21) i il K2
A Bl B AR AT

1.1.2 T H M Al BRGIVE N DIBEIE B Takara 2y
"l; IPTG. Amp* W HAELAY) TREAF) EER
O3 T CERARE AR5 EY) TREA R B Rgik
X7 # 4 CLONETECH /A w77 b s GIP Btk b &
ook A R e AR A A i A 2 A
FUOTs AP ARG Pl H £ A s RPMIL640.
JoE 2R M G A I e B Invitrogen 23 s PC12
OV ANS R RNEsy SEs o Ul b 3a B /L A e DR e Y S 2 O
FUHTs NO K K G0 B R s A TR
wls HAIKIIA 2, Sigma 23w 77 .

1.1.3 S50, SD R, 18~22 J4, HEtE,
BN B 2K A SR s L, SR AR
16~24 h.

1.2 A

1.2.1 GIP JE PN T A B f 7 510 50 b A4
KIGAT w1 R w2 Pk 519, B RE T
W TRE A A gt N GIP cDNA Jr B, i, H
DNASTAR. BIOEDIT %5 {3847 5114347

1.2.2 #J# pBluescript [l SK(+)-GIP b BE# A, ¥ il

L3514): P1, 5 GGAATTCCTACGCTGAAGGT-
ACTTTTAT 3', TFiF5I#: P2, 5 ACGCGG-
TCGACGTTATTGAGTAATATTATGTT 3', 43 %l
AT BREIYE N VIR EcoR T A1 Sal T BYIA7 A, LLA
B GIP LA Rk, PCR 9788, U7 [ Wi H 1)
B v B NZE R RE D) 1) % B 2 pBluescript 11
SK(+)_F, #% pBluescript Il SK(+)-GIP s [ % 1.
1.2.3 pET32a(+)-GIP ik Jioki [k .

H 45 GIP Zwtid 51 [ PET32a(+) A4 (45 A 15
wElY, BS54 P3, 5 TAGAATTCTACGC-
TGAAGGTACTTTTAT 3', R U5 5l %) P4, 5§
ATGTCGACTTATTGAGTAATATTATGTT 3', %
& B AEY) TR A FI A K. BLE GIP JE A 1
41 ki pBluescript Il SK(+)-GIP A #iki, PCR 44
FEIE H 1) B

JE R ik Ak PET32a(+) 3k 5 [0l ¥y GIP J
Bty M EcoR 1 F1 Sal 1 AU§Y), TADNA EF:
Mg V) =4y, 4933 HE 4 KI5 FORL pET32a(+)-GIP, i
e WA K AT A BL21 411,

1.2.4 GIP flRIER AR IE S 4if.

P 38 FORL ) K A % BL21(DE3) B
% T LB/Amp* (Amp 50 wg/L) B 38, 37°CHi %
SR BL 2% b, FE A bk e i TR 6 1)
LB/Amp 578 Wi 4, T 37°CHR% (300 r/min) £ 77
2h 3 Ag M 0.6~0.8, RGN IPTG LK EEH
1 mmol/L, F¥Ey%EIFE 3~4h, o BUEEN A g
20 AR TR M. SDS- BN M I R BB e L vk
(SDS-PAGE) 73 Ht L% g ik 4 L.

Xof AN [ 3 5 (25°C A1 37°C )y Agyo 18 (0.50 FlI
1.00) F1 IPTG (0.50 1 1.00) ¥ J& &1 F, =4
pET32a(+)-GIP-BL21 #1755 38 1A R m] o5 1 HEAT 0t
GU, W BOE RIS, AR R &M, K
R IRRIA Y, BT AN IPTG. SDS-PAGE
S W) EE A A B ) ARk A L.

B EREE SIEAE A, WE E DL
UE, KFUUREBEATYES: . A TE. BV BIE MR RN
JE Tl TALONTM Metal Affinity Resin £ 55 A1 2 H7 4T
afifk,, FARD R AT U W] R AT S B B
It U, L YRR N R 2 A S M g 1) 3 A A O
BRI, AN A B S NG, Bradford
W 2 12
1.2.5 rhGIP K B MW 2 FS R 4 WA 1) 5% Wi

thGIP % K BUMLBE R B2 2w (1 5258 73 4 41, 43
SR B R S ZE B AR K IE W XS IR . 50% 7
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T REARE IR ST B2 L BV i GIP+50% % 26 b BH 7k %o
W ALFN thGIP+50% 8 A5 W4l v 29 )5, 700+
15 min. 30 min. 60 min B, 05 i

thGIP X K 5 R 73 WA 5% W ¥ 52 56 4y 3 41,
10% 7K & U I Vs RRIE K B, I Bk, 228
N, B ABESEEEATROGEREREA,
SEWANEIK, EETwmE e TR, BB
. e E S5ANEEmBAT AT V7 BYIHE S
IHEWEIRERRE A, 51 AR e I 4
A V7 BY)E i, 1 ml/5 min R E 4>
WE: AEFRERIK . ARdfESh GIP BE rthGIP, WAE5]
TN SE pH H.
1.2.6 thGIP X} PC12 4i s NO 73 AR 52 . 4324 5
4. IEH A, 0.1 mmol/L Ax #E &y GIP 41 .
thGIP &+ H. fKHE 4 (1 mmol/L. 0.1 mmol/L.
0.01 mmol/L). T4l 6 /M, LIS HEE 3 K. 24 1L
gl f 1% FEAR S E PC12 410 32 h, 5%CO,, 37°C,
IEFRAL, 5 MONO KRR S v W15, A 9%
FFNO .
1.2.7 thGIP %f PC12 5 2 ¥ 40 Jig 5% 45 160 5
ABasss 53 PC12 41 J 4545 141 73 41 ) 1.2.6, 38 fin A
RN HRA, A T2 D 30 wmol/L 1] ABssss
ANEr LT B R FIE B H]. 96 FLET FRIR S FE PC12 41 /i
TR, AR RG] TR B SR 4 £ 30 wmol/L
ABosss I ML £ 95, oAb b & -H AN 2
), R59% 30 ho MTT v2A0 000 40 B s 1k
1.2.8 GEik*p b BE. SEIG A3 8 0 2 7m h F 38 K+
FRUEZE (x = 5), K SPSS #A:Ge v, 07 2 43 b vh
HJ Duncan’s 73 H1vk, #6560 25 2 10 10 2= 5 W 1k
P<0.05 NZESEE, P<0.01 hZE S EH

2 & R

21 EWRFRIAFRHK pETI2a (+) -GIP HIHE K
rhGIP &KL EFA L

AN GIP R 41, S aHr, 453
EAf. Y], A1 140 bp A B, 4# N pET32a #
MBI b, R bR A% R I8 FORL pET32a-GIP.
SE A TR A, 45 SAE AT GIP 5E K F Bk o)
Wi, % EF PET32a(+) Ml & 18 C o B
GlySer Z2 4 [X . 6xHis 7% fil PreScission Protease
DIEIA i, 4y 1 24 204 ka, A GIP 43
FIRHRZIN 5 ku, JrLlils 2 H PET32a(+)-GIP 4y
TR L 26 ku. /N IA ) SDS-PAGE 77 #t
SERERY, FRENTREEOEDSH SIS

FAHLE, Wl 1 Fras, I T 29 26 ku & R
i, STUHAR, R AN R AR R 1S 2
T AL, N R S BIE A — 8k
6 RUE M, B S W B3 5 Ni* -Chelating
Sepharose SE M Z AT AT (1 45 G FF e PR R, H I
PRI A8 300 mmol/L [fy Ik R 52 . il 45 2K 11 1K)
3B E T 100 mg/L #. $R1F 20461 thGIP i
374 g/L. e BN R (18] 2) KW, 26 ku 4bAT
R MR AF PR PR 4 iy RIS K B4 EH A
thGIP fli5 8 AR 5 A3 %00 1.2 mg/ L MR, 26)%
H 85%.

ku 1 2 3 4
66.0 —
45.0 w— -—
w—- R
39 - — <26ku
20.1 B e
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Fig. 1 Expression of the pET32a-GIP in E. coli strain BL21
1: Protein molecular mass marker; 2: pET32a induced by IPTG; 3:
pET32a-GIP before induced by IPTG; 4: pET32a-GIP induced by IPTG.
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Fig. 2 Purification of the supernatant sonicated in PBS and
Western blot of purified rhGIP

1: Protein molecular mass marker; 2: Total soluble protein from

pET32a-GIP; 3, 4: The first and second peaks of protein eluted with

150 mmol/L imidazole; 5: Western blot of purified rhGIP.

22 RMEERHFSREEZHMMK

thGIP £ 385 S, 78 26 ku 443 — 45 W W 5
(1) 4% 47 . thGIP ¥ 5 RIS TE 37C I [ Rk & & T
25C, Ao fHN 050 M FRIEE KR T Aw [HH
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025 [iF S RILE, IPTG WX ik B Em,
% 83 5 a4l Bt 22 i) — 30, 8 RS e
PBS Lt TBS HifiH. Kk, pET32a(+)-GIP fIfiiik
FIBKAMH R TREEAKEE Ag [E4 0.50,
IPTG )% 4 0.5 mmol/L, % FWE N 37C, S
FISWI] 4 h, AR R A ] PBS 20T, 45
Rl 3 FioR.

35+¢

30r
251
201
15¢

Expression/%

25 37 0.25 0.50
t/°C Ao

0.50 1.00
¢(IPTG)/(mmol - L™)

Fig. 3 Analysis of the expression of rhGIP induced by

different temperature, Ay, concentration of IPTG

2.3 rhGIP X X B B2 43 0 Mg 4 F B9 2 0

Wi 4 FioR, bRUES GIP 5 rhGIP gl K i
WL N, RER T AR AN IHA (P <
0.05), RILAECANTH pH {5 1F 5 % IR 41 8 2 4
. ARV GIP 2H 55 thGIP ZH 0 5 Vi 8 JEE ) 5 Wi G
BEZE. WE S Frox, %R AR 0 A AR
15 min B, (055 4 T Al ifi B ((5.0+0.5) mmol/L)
HIGETHR ((11.3 + 1.5) mmol/L), %57 &3 (P<
0.05), GIP 201 rhGIP £ fi ifi b 06 {7 265 7 4 b o)
4B % (P < 0.05), GIP Z1A thGIP 41 i) G &
EXE

6 GIP/thGIP

pH Level
N

123456 78 9101112
S min periods
Fig. 4 The pH output from SD rat pouches in response to
the infusion of GIP/rhGIP
Each point represents the mean of five experiments in each of 5 rats. The

vertical bars are the standard errors of the mean. ¢ —4: rhGIP; H—M:
GIP.
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Fig. 5 Effects of rhGIP and GIP on plasma glucose

homeostasis responses in SD rat after 15 min (7 = 8)
A: Glucose model group; B: GIP control group; C: rhGIP group; D:
NaCl group. Different letters a, b or ¢ indicate significantly means (P<
0.05 by Duncan’s test).

2.4 rhGIP 3t PC12 40 NO & = RIS

WiZ 1 Fizn, 0.1~1 mmol/L thGIP 41, NO [
TR PRAC, SR R RO bRifE S GIP I thGIP
WRER 0.1 mmol/L I, B 7 7 W3 (P <
0.05); #x#E & GIP F1 thGIP # £ 24 0.01 mmol/L
B, AN A ZE R EE (P < 0.01). thGIP 41A
PRt GIP 4111 PC12 20 M55 A I 24 28 1 48 Jf K
LN Z, AIMAA A RA RTINS (K 6).

Table 1 Effects of the secretion of NO of PC12 cells
treated with GIP and rhGIP respectively

pmol/L
1 mmol/L 0.l mmol/L ~ 0.01 mmol/L 0
GIP  (2.70£0.55)°¢  (6.20+£0.76)*  (9.90+£0.55)* (8.90+0.32)*
rGIP  (2.60+0.46)°  (5.90+0.82)° (9.60+0.55)* (9.11x0.53)*

The data in the figure shown as x + s, n = 6. The significance was
identified by the different superscript a, b or ¢, by Duncan’s test, P <
0.05.

2.5 rhGIP 3JFIE M PC12 ARG 15 R 1E R

2 FB T ARUE S GIP A thGIP % ABys.ss 58
PC12 4 4343 i 40 B v otk 15556 A A oo (H 5
LA AL LA, 22 R 3 (P < 0.01). Y4
thGIP 24 0.01 mmol/L I, BLI PC12 41T A {i
R RAm LR, Z5E#F (P <005,
thGIP Jy 0.1 mmol/L F1 1 mmol/L £H 5545 7Y 5 i 21
) A5 EEEL, ZRIREZE (P < 0.01).
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(@) (b)

(©)

Fig. 6 Protective Effect of GIP or rhGIP on Alzheimer disease cell injury model with PC12 cells
induced by A,s.s
(a) Normal group. (b) GIP. (c) 0.01 mmol/L rhGIP. (d) 0.1 mmol/L thGIP. (¢) 1 mmol/L rhGIP.

Table 2 Effects of activity of PC12 cells injured by A s
and treated with GIP and rhGIP

Group Dosage(mmol) Asp
Normal 0.264 + 0.012"
Model 0.110 + 0.009
GIP 0.01 0.198 + 0.007"
rhGIP 0.01 0.178 + 0.002
rhGIP 0.10 0.225 + 0.003
rhGIP 1.00 0.245 + 0.006 ~

x + s, n=6. Compared with model group, *P < 0.05, ** P<0.01.

3 it it

AR R A 2245 O GIP S PRE A% 3k
BT HATE A RIS, KR ESNE 2 KA R
13 GIP 22 K ) 5 5 AN ). e A P A 7 5 51 1) v
ZE, EANAR Y GIP /LR P HI AT,
XD HUE R AT VR A, DL e R SR X T
G2 IR SRR 2 V)L AT AT IR, SR pET &
FI TR B Rk 6 MR GIP filié &
F, b6 ANHZIR A 7 1 BN, BEIG T xR
R GIP R T-TAER], R, 3CRE Ry A0
HHIEMITS, BINEAE O RKEERIA. Lk
UEWT, 31X 308 HEm AL T 1 A R IR 5 5 Rk
pRIT2T-hGIP [y 4 8 H it A H 4 GIP filt & &=

F0 o NRIE H R E AR b, el A i
4tk b, AHF5T BL21/pET-32a-GIP (1) £ ik %%
B T N3830-1/pRIT2T-hGIP. Kl itt, FeAi1ix —
JikxRIE M EL GIP B s K. - Taifh. i
AACEEDL AL

ANISSEDRIAE KT B b (9 SR 21 308 7 22 S0
SRR .. HRE. R R
WS R EE A, AWFFURI I AE RSN BN
GIP JEDH, fE KA A3 3 m Rk, fetb LAl
b XU B R IR A AT TRE, P
€T GIP fE KA b i i sl R A 7 0, K
FEH R HMEN. IPTG F S5, &R
Pk ik B . IPTG 7 0.25~2.00 mmol/L 75 [,
XPH R ARTE S REE I R, 4R850
Gy ARIB P AR AR EURTE,  ERIA
A I R R, A2 S A IE R R I
B, A BEIRAT e Rk VG P R IE B IR A . A
WF9EAE IPTG ¥ JE 4 0.5 mmol/L 1) LB K5 7# 3L,
37CHFHFE 4 h, WA HMEANHERE,
h DA R R RS A e o AT e AR A AR 358 S AATRT IR
WEEN A= 02 IFh, CHmAURIE, Ag A 0.5,
0.6 NIk f iy, AREEHIIN Ao 16, FIEEA TN
Ky WAL AN MAE, EH Ag N 0.2~0.6 Bf
Al PG Ao (H, WAL TR EOE KT, A
FHRE, FFAR, WK EEAR S N, Rk
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oW, HASH TR A A 1) iU 3L A
e H TR 7K P e A ) H A S R 2% v
WGP RS R R RS O R, A
R 2155 31l FE AN PR A g TR MK, A
FUI thGIP K LUK, AR T 2i4k S ORAr 3L
WPE O E S, N IR 6 A4 2 R ] IR
R A & GIP A ) 3 40 0 2 1 Mg A, XA Bl
JaEAE A GIP B G Mo h 43 3 1 3k —
SR AR KIS EH A BRE R EHE
KA1 FKINORAT AR RR B 1R AR ) 5 0
P X PE 6 MR R AW B E R m EA & A GIP
IR PE, W REAT GIP R N s & i i 1 —
FE, BATPULIE & i DPP IV B fEE AT, A
11775 GIP AEIMLIE P AW I 6 h £ 24 h 1)
FEC, B R GIP 744 P AR E F I 224,
7E 1970 &I GIP J& AH =24 K — BUN ) 3,
NATTRE GIP (W FEK 2 S b T 4544 Jy 1, 1 D g
DTN EAZ  AHE R, X GIP Yifig (IR L&
A AN A IS R R T s, B R I GIP AE
VTSRS . S0 S BR oy Wb AEJMERE DA 28 AR R 1)
KRR Re A EEAEN, Bk GIP 1R
WSO 25 N A R 503 N BRI GIP
Jr e PR A 1 i 2R SO ) AR R U7 22 N 4 s B
i, GIP S EE WA R G w2
IR B 40 i o3 WA J S 2, AN DR UE X L B ) )
FHFNLRARE M (RS . IX A2 43 b 500 7 o i 260 W A
WVER, RAERJE A T I, 2N
GIP #1512 73 Wb 1) 4 F S LA AR BRI . GIP
SRS AR E FRIRAS . m IR BRI AR D 5
M, e AT LA e LA S E= 1 o, SLHLBE 5= 22
2 GIP 22 G A4, GIP v id
CAMP Fh = A A 45 25 - A 0, R e 2B
SO JR 8y 2R 0k
BRI R, @B GIP F &
BRI Y 435~ 0] LAHE By 2 ZRO0H PRs i S 4f
Mozt . Bl &4l A 2K GIP (novel recombinant

&M 5 IRE R R IR, 1E 4 GIP 145
Ay, T EORURE RO [ L. GIP B R
Ptk b AR i RS TR TR PR e A R
PR R B B A T AR R i A
S5 NIRTTRE R A A, ks GIP R 42
e, A RS R ARERE AR GIP, 2 GIP

T — A AR 4. R, TR B R I
45 EWRIT TR T AR M COM,  (RAN AN 5 T % 1E
T R D i it e DA AT 2004 ) ¥ s 1) e 2 kA . GIP
HAT R s ) B IR, I8 e H At AR O
WG TT HAGESUZ 0 . AR IA T
thGIP 8% AR K B 15 VR0 52 A0 PG I B 0, 3K
522 R AH G ST 4 S — 3027, 7R rhGIP bR
11t GIP A7 A [ 2B B

T ST GIP X & 4 i AE T, AR S50 ik
FH IR B K BRUVE % 41 i Js 4 B Bk 1Y PC12 41 Mg, J&
2 U Y, T DU by 5 AACHIE 5 4o 20 4 i s P 1)
g0 P AL, DL NO B BRI B B — 44k B A
(NOS), 1Al — A ENO)IX — FEE {5 1 5
T RN 43 7 AR 40 R BR 12627, F NOS ik T,
DL L- K2R AN 4> FAEHZE B NO, NO R
TR, AR & 17 (cGMP) K T2 4k K 5
LA 220 N0, AR S5 3R, GIP Fl thGIP )
A5 PC12 i i ) o 46 70— S8 Ak 50 A B (N OS) iy
PEI 25484k, o1 GIP 0] LU Y PC12 41 i
nNOS G P NO HI2ER, RIS PC12 41
L1 H.

2R H B- Ve FE S AR 5T GIP X PC12
A0 ML R PR AP T . ABs .35 22 2 R AA(B-APP) il 1
SRR R, R, AR AT
U5 AD JB R DIMI DG, TR, GIP figd
Tnane N cAMP 15 85, cAMP AT BEIR
1[I F 12 (dbutyryl cyclicAMP, dbcAMP) B4 i &
PC12 4 Mo 5 A K A B, AR I, 45T
GIP 5 thGIP J5, ABss. 35 17531 PC12 41 Jfil 5 & 7
TE 235 kb, $2oR GIP R4 PC12 40 i 5 T
ABos.ss BRMEI AT BE LI cAMP 55 (1) 2 1 ki
RGN T PC12 4SS A= K IR FH SR,

gi BTk, ARWFFIERE T GIP £ R AT
Rl £y 30k T AL B 1 R . XA R IR I A R
thGIP 4T T —DVse MUZNT, $RA3 T 4l R i fi
Feoe MEE 1) thGIP. X rhGIP REfE BT B E )
PR S R A IR WA, Y7 Y thGIP RARE b GIP
A AHE A SR, [, WL R PC12 41
WET thGIP P2 F24EH, thGLP X PC12 4 i
BB P 2 TR R R AR, Ao B4 5 1)
PCI2 & 40 i KA miE /M, HxT
thGIP X 28454 1 ORA 45 FH FIHL IS 3 4 T 30—

BZ/NA N
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Optimized Prokaryotic Expression and Bioactivities
of The Recombinant Human Glucose-dependent
Insulinotropic Polypeptide®

HU Zhi-Yi'?, LONG Qi-Xin", WANG Xun-Zhang""
("State Key Laboratory of Biocontrol, School of Life Science,Zhongshan (SUN YAT-SEN) University, Guangzhou 510275, China;
AState Key Discipline Department of Internal Medicine, The First School of Medicine,
Guangzhou University of Chinese Medicine, Guangzhou 510405, China)

Abstract GIP, the acronym from gastric inhibitory peptide or glucose-dependent insulinotropic polypeptide,
which is a kind of gastrointestinal regulatory peptide composed of 42 amino acids, plays an important role in
stimulating insulin releasing in the pancreas,inhibiting gastric acid secretion in the stomach, as well as inducing
progenitor cell proliferation in the brain. The application of GIP is promising in clinic. It is difficult and costly to
get GIP with chemical extraction method, and it can’t be produced cosmically, so it is valuable and significant to
produce recombinant GIP by genetics and test its bioactivity. The cDNA sequence coding for human GIP mature
peptide and composing of preferred codons of E. coli. was synthesized, and was expressed in prokaryotic
expression pET32a(+) system. The recombinant E. coli was fermented in a small scale and the expression
condition was optimized. The expressed recombinant human GIP (thGIP) was purified by affinity method. The
bioactivity of the purified thGIP was tested through its effect on inhibiting gastric acid secretion and decreasing
blood glucose concentration in SD rats. The effect on PC12 cell producing NO free radical was assessed through
morphology observation and the NO concentration test. A PC12 cell injury model was constructed by adding
AP,sss into the culture medium, different dose of thGIP was added into this model, and the activity of PC12 was
tested by MTT (2-(4,5-dimethylthia-zol-2-yl)-2,5-diphenyltetrazolium bromide) staining. The results suggest that
hGIP gene is cloned successfully, the recombinant protein constitutes 35% of the total protein of the cells, some of
which was soluble, while the others exist as inclusion body. The relative molecular mass of the recombinant
protein is 26 ku as expected. The purified rhGIP showed immunoreactivity. The optimal condition for inducing to
expression is with the cell concentration of 0.5 in A ¢, value, the IPTG concentration of 0.5 mmol/L, under 37°C
and induced for 4 h. The cell lysis supernatant was purified with immobilized metal affinity chromatograph. The
production of soluble rhGIP is about 1.2 mg/L culture medium, and the purity is 85%. Purified rhGIP significantly
inhibited the secretion of gastric acid and raised the pH value comparing with NC group in SD rats (P < 0.05).
There was no significant difference between the rhGIP and standard GIP group (P > 0.05).After injection of rhGIP
for 15 min, the concentration of blood glucose in plasma decreased remarkably comparing with control group in a
high blood glucose environment (P < 0.05). In the later 30 min, there was no remarkable difference (P > 0.05).
Also, there was no difference between rhGIP and standard GIP group (P > 0.05).In the research to test the effect of
rhGIP on cell nutrition and PC12 cell to avoid neural injury and anoxic injury, it was found that the level of NO
was significantly decreased(P < 0.01), the survival rate of the PC12 cells was increased, and neurite extending was
better. The activity of the high and medium rhGIP concentration group is higher than that of neural injury group
and anoxic injury group (P < 0.05), and the activity is increased as dose-dependence. The differences among
rhGIP, GIP and NC group is not remarkable (P > 0.05). The results showed that the rhGIP has been successfully
expressed and purified and showed obvious immunoactivity. The recombinant product was shown to have a wide
spectrum of biological activity, such as inhibiting gastric acid secretion in the rats stomach, decreasing the
concentration of blood sugar in plasma, as well as nutrition and protection to neural cells.

Key words gastric inhibitory peptide, glucose-dependent insulinotropic polypeptide, PC12 cells, prokaryotic
expression, bioactivity
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