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[ Abstract]Objective : To construct pichia pastoris GS115 expression system of 15 kD recombinant human augmenter of liver regener—
ation (thALR) ,and to explore its effects on human hepatoma cell line QGY treated with cisplatin(DDP). Methods : With polymerase
chain reaction(PCR) ,and gene recombination techniques,cDNA of thALR was obtained from recombinant plasmid pPICOK-rhALR
and inserted into plasmid pPICZaA. The recombinant plasmid pPICZaA-rhALR demonstrated by sequencing was linearized by di-
gestion with Sac I ,and transformed into GS115 with electroporation. The thALR expression was secreted by GS115 under the induction
of 10 mL/L. methanol , and purified through Nickel column affinity chromatography after it was analyzed by Western blot (ALR poly—
clonal antibody and His—tag mouse monoclonal antibody). The effects of thALR on in vitro proliferation of QGY and HepG2 cells, as
well as its effects on reducing cellular proliferation inhibiton rate induced by DDP,were evaluated by MTS reagent. The anti—apoptosis
effects of thALR on QGY cells apoptosis induced by DDP were detected by flow cytometry. Results : The recombinant plasmid pPICZa—
A-rhALR was identified by PCR,restriction enzyme reaction methods and direct sequencing respectively. RhALR as a secretory pro—

tein was successfully expressed by GS115;with molecular weight about 17 kD, it accounts for 70% of the total protein in the super—
natant from pPICZaA-rthALR GS115. The results of Western blot all showed the specific single band. The high qualitative thALR pu-—

rified through Nickel column affinity chromatography could
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(2015-06-17) pendent manner when QGY cells treated with DDP(F=101.061,

stimulate in vitro proliferation of human hepatoma cell lines
(HepG2 and QGY) in a dose—dependent manner (F=246.729,
P=0.000; F=246.004,P=0.000) , reduce cellular proliferation in—

hibition rate and play anti—apoptosis effect also in a dose—de—
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P=0.000). Conclusion : The thALR as a secretory protein is expressed in GS115 efficiently and purified through Nickel column affinity

chromatography successfully. The thALR exerts anti—apoptosis effects on QGY cells treated with DDP in a dose—dependent manner in

vitro.

[Key words Jhuman augmenter of liver regenerationyeast expression system;bioactivity ; Nickel column affinity chromatography
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B BURFEF 4l B0 CYPASO G PR As 4 At f st
AR Ay T RERRE,

AT iE— 5T 15 kD ALR WA (AR A1 4 2
IIRE, ity ZRAAT AR A T PR ALR A5 A
LG E A His—tag A48 1Y R IR K pPICZaA ,
PR} ELAZ 3K R 48 ] X AN AR A 3R A T IR A 3 &
WSS, H T 433635  f 8 pPICZaA-rhALR
GS115 FA R G, LU RIS, S feny A1
PERY thALR, e 225090 585 2EA

H 115 A 41 9 982 (hepatocellular carcinoma, HCC)
BNRTT FEA TRV  shkie ZE MLy 7 807k
PR HC s A e ik s B 2 B T AR RSl ik
FEZERYIIHL, i 4 Y 250Kk AT 3 Al
MIRFE T AP B o 175 i 40 ML A T2 Je
FEARST B — > T2 H AR, B A CHRIE 15 kD
ALR A HCIE TR I8 A5 ALR 76 i 20 i
QGY MLJTiRI T IRt A 45 36 A HIWE 7 AR SE 9 BT 5
ALR XMEHZ AR AR QGY P TR

1 MREFE

1.1 3R

111 BHS40E  DHSa . pPICZaA DH5a pPICOK-thALR
DH5a ,GS115 LI K NI A% HepG2 \QGY A AR SE 8 2
FrRAERY

112 FEH 58 PCR Mix 1500 B AR A% RSl
IR MIGAT & . DNA Ladder FRHIPENYIEE Xho | Xba 1 J
Sac 1 1 DNA JE#£#0A H Takara /A7) , K8 2R (Zeocin )
&] invitrogen /A ), Ni TR gL e B R M 8 2w AR 4y
TN 7 kD BB [ Solarbio 23 7] , ALR £ vg 40 14
W4 4 SANTA /A ), His—tag F5 2 HUAR M H SAB (SignalWay

Antibody ) A A, MRS AL EEARIC I SE TR 1G Kl =40/
L IgG 1 FERLAE B/ w) , MTS 35877 ) 4 Promega N An-
nexinV-FITC/PT X% 20 g I8 T- A7) & 0 T 2L 5L AE o Bt
N w] BCA B (A BE I iAW B 28 = KA H AR5
ST, AR X A e sk 1A 2l

12 F#*

1.2.1 hALR HAYIERY B R EAFoRMmE  wits i
P1:5’-TTACTCGAGAAAAGAATGCGGACGCAGCAGAAG-3" |
P2.5’ ~TATCTAGACCGTCACAGGAGCCATCCTTC-3" il 5 7
430 Xho 1 F1 Xba 1 BEVINZ 45, DLW B HIE A9 pPICOK —
thALR AR EAT PCR, BEA5H . 94 CHIAET: 3 min; 94 C
A5PE 30 5,60 CIE K 1 min, 72 CIEMH 2 min, 30 MEF ;72 C
FEA S min, 4 C ARTE, PCR =WiEA AR WHEE L FRLUK , Bio—
Rad ChemiDoc RGN 1 HJ 5 I A2 198 5 A 1l W5 791 6 Tl
IR thALR eDNA F1ZS i ki pPICZaA ¥ HEAT Xho | Fil
Xba T XUEFY), BENRMEEEE M WS A T35 45 . 4 G A
CaCl, Ab BRI 2 B9 K AB AT 3 DHS« JRAZ 35, 165 25 pe/ml
Zeocin 11 LB %3 (1%8: A%, 0.5% BRI ,0.5% NaCl,
L5%5BE#D ) AR I TR  HRIRCECA s B 1, SR ISR,
AT PCR MBI %78 I, 32628 WP i — 25 el
1.2.2 FEAUTOR LS A BER) b B A B R i IR AL b
2 JFokL pPICZaA—rhALR Sac 1 BAEFYIZMAL , Tk £ FE-EHR
VIEELAL)S , B 10~20 g 4 BIO-RAD Gene Pulser Xcell
1£ 25 WF.200 Q.2 000 V4.9 ms .2 mm 5544 F , 55 AGS115
JRZ A WA TR T & 100 peg/ml Zeocin % YPD 4l
QuE N, 1% | 29755548 , 1.5%35008 4 ) 1,30 °C
WEAR R AR 2~3 d I EEBHPERG AL, A4l & 5001 0002
000 pg/ml Zeocin [ YPD VA, i — 25 e mi#5 DU . A
W54 5°A0X1 .37 A0X1 U P3.5° -GACTGGTTCCAA -
TTGACAAGC-3";P4.5’ ~GCAAATGGCATTCTGACATCC-3",
V) EE 2 % B D S R A A ARG T TV PCR. R 254495 °C
TiAEPE 10 min; 95 CAEME 45 5,50 CiB k 45 5,72 CHEff
3 min 30 s,33 MEF ;72 CLEH 10 min,4 C /47, PCR =
YIBIRBEE S HLTK , 7E BIO-RAD Gel Doc100 FUEERE ISASAY I
B,

1.2.3 thALR EER L LA KM PRI R T
YPD W s Ak, 29 CHEHREEIAR T L 280 r/min 7235 15 5% 16~
18 h, FHEEFI T BMGY (2% 11, 1% R, 100 mmol/L
FRANZZ vhig pH 6.0,1.34% YNB, 4 x 10° =¥ & | 1% H i)
o TR PEES 37 20~24 h, BB Agy m=2~6, 3 000 g FIREL 5
min, 5 5, F BMMY (2% R, 198 EHEEUY) , 100 mmol/L
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WERASNZE ni pH5.0,1.34% YNB, 4x105 412 ,0.5%~1.5%
FH ) SRR R A AT TIE AT Ay i=1.5~2.0 (LR Ao (0.5,
1.0.1.5.2.0 2.5 35555, DL 1.5 F1 2.0 BRAEE ) ,28 C
250 v/min P55 IK, A 24 h #MIT 1009% A B EEEAE 0k B
0.5%~1.0%f# 3555, 5T 96 h, 5000 g 4 CE.OIE#R
ik i, 12%SDS-PAGE HLIK /4T, 1 'E BMMY K5725EpH {H
SN 4.5.5.0.5.4.5.8.64.68.7.2 I 7.6, L AR pH 8 4%
PETRFakH, LD pHAE 5.0 A1 5.4 Abfis . 5 H0ASE S (6.12,
24.36.48.72.96.102) h HAYFE A F KA, LL 96 h &,
1.2.4 Werstern blot 25  Western blot IR i S H£ A
B W B M4 12% SDS-PAGE i3 25 i Pk I 5% EN 8] PVDF
JI8 I, # 5% BSA 1 TBST i/ 1 h, ALR Z safEdiifa
His—tag AR2EHUIR 4 CHFE LR ; TBST YEAR 3 X EEKR 10 min,
PR I AL BEFRIC L E R 1gC BB/ 1gG 3%
JEIE 1 h, TBST M5 3 YK, 7£ Bio—Rad ChemiDoc BAZAY I
ECL {22 & G 4 2~3 min,
1.2.5 il ERAifh Rk EWL 30 wm MR IE S
iz Ni SRR WREE I Ui I 55 43 sk ralifk . M o+
iR 7 kD WYIENT AR T BT, DL RBRIRME, SR
PBS & TR IR, FERE IR FERS PE T T & 4 COkF kAT
BEHT, BT 2~3 d, LR IZE 12% SDS-PAGE I HLIK 43
B, gl Y45 30 min J5 B BCA 1IN B TR
1.2.6  thALR {RBAFETEPERCIN b ek Bk K0 i A9 4
fikk HepG2 F1 QGY 4% 3 x 10° ™/ml ¥ FEAFFL 200 wl AT E
W, 5 BIFR T 96 LA FRMR Y, 37 C5%CO, WAt 57 ik
B, R R 30% 2547, 3 M INA LR EE R 0.01,0.1,1,10,
100 pg/ml [ thALR, Bk 2015 3 ZFL, IR rhALR 1EH
25 AN ARERREIEZ 24 b, FR AN B 3R 4L 80%~90%
BF, LI 100 pl BEFRIEHHIA 20 wl MTS 3519207 5 X6 4 g
PEATACER & TR T 1~4 h, BRB 30 min £ Spectra
Max M2 ZIJFEREARY | 490 nm P AL ERE |
1.2.7 thALR XHIi4 (DDP) 4] QGY 4148 i 2 HL
SRR QCY 4534 M QGY (DDP-, ALR-),QGY+DDP
(10 pg/ml)+ALR(0.5,10.20 wg/ml), % 1.2.6 S£56 )7 E:FH 96
FUBR, 735 200 6 s B il 22 809%~90% I}, 433l il A DDP AR
[ JE Y thALR, % & 24 h J5 , MTS YR 20 i i 35
12.8 AL (FCM) K thALR %F QGY 1 DDP #5531
QGY JHT-HsZm  WOMHAE I QGY A1l 7341 QGY +
ALR(0.5.10.20 pg/ml),QGY+DDP(10 pg/ml)+ALR(0.5.10,
20 pe/ml) , FEANIHFE 79 3.0 x 105 4~/ml, AL 2 ml 4o
T 6 FUAR, TG BERL A 2 809%~90%H5 , 53l I ADDP,
AFHIER thALR, 75 24 h J5 . #2288 AnnexinV-FITC/P1 XL
LA AR T A I B X A A AR B, AE FCM B RS 4%
AN T2,
13 %itsam

JITA B SPSS 17.0 RAFIEA TG T3 4T , T ekt
FAYE = pRfi2E (w25 ) RO, ZREARBELECR IR R
I7 2500, H i L8R LSD— v, M 86 /K #iE 0=0.05,

2.1 EHE PCR AeBginss RE T

TR pPICZaA-thALR 514 P1 fil P2 PCR ¥3%
S, SRR EEE A B UK A, DL B 00 0 2% R
395 bp, SHUHAR/ N2 BRHIPE N YIEG Xho T F1 Xba T 535
BRI BRI, AR 3] 5 U — 200 45 . Bk 100%
VERE, TORARHE B , AL A sy, LA 1,

5000 s

- e
3000 we -
2000w
1500 s
1000 S _

] ¢
395 hp ..
100

1 ca. 4 JFORE pPICZ o A-rhALR PCR 774 ; M. DNA #7 i (DL5000);
b. 23 UL pPICZ o Ase. 55 UKL pPICZ o A WUEEY 7= 4 5 d. B4 ok
pPICZ o A—rthALR ;e. 1K pPICZ o A—rhALR Xba I PAREVI =45
f. FZHJIOKE pPICZ oo A—thALR Xhol FEEYI=4) ;¢ FZH BTAL pPICZ o —
A-rthALR BUEFHI )

1 EZHFR#HL pPICZ o A-rhALR PCR FIEgI 4 E
Fig.1 Recombinant plasmid pPICZ « A-rhALR identified by PCR

and restriction enzyme digestion

2.2 PCR % ki 2 MuttZ F= Mur &

FHEEREAL T3 190 P3 1 P4 PCR 3788 R (9774 , Brfg b
BERC UK 0T, AL 1 2 450, — 2 R IERE AOXT SERHIZ
Ky 2.2 kb 4175 55— 2% B AR 887 bp(pPICZa A5t
#i AOX 588 bp+rhALR LA - BL 377 bp—PAN DI 5 (] EE
SEIPH 78 bp) i . WL H A3 B AERERT, HLIH
PR Mut B BVH EER I E R T DL 2,

M a b

bp

3000

253
2 000 AOX
1 500 HH
1000 887 bp

750
500

T : M. DNA 57E(DLS000) ;2 b, FHIESEALIEEEL I T4 PCR 74
E 2 E% PCREEMMREMLFRK Mut 2450 Muts B
Fig.2 Positive transformants and Mut*and Mut® phenotype of

positive transformants identified by colony PCR
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23 Rk FMes e

Western blot 455 7%, ALR £ 50 BT His—tag FREE
VRIS T, 0T WA T2y 17 kD (His bR2E 12 2.5
kD) B— 55417, TESE rhALR PR il P AL 4 s ik , H His—
tag FRAEHE LB RIA . WK 3,

kD M a b c
170

130 ===
100
70
55 -

40 -
35 ...
25 -

- -

15 .-

10 -
T A His—tag S22 501 WB [&]: M. 2] Marker;a.b.c. 41H 1
JRRL s SRR IR 1 B B, ALR Z5EEH4 WB B : M. FH
Marker;a . b. HE20 H 09SOk B 5 5 3RIA 00 ERFEI 5o T4 BORLI
PR FIEN

3 Western blot #&ill B f9E B iK%

Fig.3 hALR protein expression in pichia pastoris detected
by Western blot

24 LEEOWRERLAMEREE

PAGE 2% Sy 2 ik B e b BRS , mT WL s — 1) ket
IEEEWAEN T8 17 kD W H A & 4iE K
T 95%, WIE 4, MOkl ARG B A& A T ek 4dn
BCA iIMZ4L rhALR ¥R FE2474 (800~1 600) pg/ml,

kb My a b e d

M. &[T Marker;a b, BHPE 5 5805 FIE & FIREM
o d. AL IS 9 R

& 4 SDS-PAGE k4 rhALR MIFRiE 541k
Fig.4 SDS-PAGE analysis of the expression and purification
of rhALR

2.5 thALR & & @& H%EE

5 A] UL thALR 75 ng 7K-F- 2 Re W] 040 M3 4, 7
g KT 1 G AR B 5 A7 AR 50 AR A G R (HepG2: F=
246.729,P=0.000; QGY : F=246.004, P=0.000) , WL 1,
2.6 rthALR %t DDP 9] QGY %0 i3858 69 %5 v

JIA DDP 235, QGY BEFE G 4 B S AR 1 1E & 4 AR 4R
NI AR (%) =(1-A spa/A gyea) x 100% , WL
(absorbance, A)fEEI OD490, T 5218 2H 40 DDP A4 il 2R
AR (4027 £3.30)% . (31.76 £2.08)% . (26.56 +2.36)% .
(18.82£2.23)%, JIA thALR J7,DDP (3 520 i 0 55
55 (R A S 0 A P (F=37.841, P=0.000; P 10,0, 10.5)
=0.003, P1.5).(10.1=0.036 , P(1o.10).(10.20=0.006) , WLIE] 5,

50+
404
a
< 304 ab
1SS
B abe
= 204
=5
10
C L] {j L] L
DDP 0 10 10 10 10 pg/ml
ALR 0 0 5 10 20 wg/ml

7E:a. 5 DDP ALR(10.0)4H b 4%, P=0.003;b. 5 DDP ALR(10,
5)2H HeA, P=0.036;¢c. 5 DDP ALR(10,10)4H 45, P=0.006
B 5 rhALR Xf DDP 4229 QGY 2 RS 5EH1 I 95200
Fig.5 The protective effect of rhALR on QGY cells proliferation
inhibition induced by DDP

2.7 thALR 3 QGY %@t DDP & 3245 QGY Za e )8 45 A

QGY ZH L&k thALR(0.5,10.20 wg/ml)ZbFRZH JH T3
A3 (481 £094)% (595 +1.57)% (565 +2.33)% . (4.74 +
0.99)% , ALR #5Vf& J3 20 ] L 40 22 S oG 124 8 X (F=0.452,
P=0.723), 7] W, ALR X 2 32 451 JIT- 96 4 B O T A 40 7 T 5 i
DDP (10 pg/ml)+ALR(0.5.10.20 wg/ml) &b 3H2H I8 12435
(4581 £336)% . (39.15 +245)% . (22.18 +2.10)% . (14.95 +
1.68)%,DDP bR ALR 5V B4 ) 22 F A Gii 278 L (F=
101.061,P=0.000) , H ALR T # 7= 4F Fts 2 90 v B 6 i 2
(P0.0).010.5=0.011, P05 10.10/=0.000, P15 10, (10.20=0.007 , P12,
©00=0.002) , iLIK] 6,

£1 FEFEH hALR Xt HepG2 F1 QGY MK SMETERIEINE (x =5, ug/ml )
Tab.1 Effects of different dosages of rhALR on HepG2 and QGY proliferation in vitro( x +s,ug/ml )

bk 0 0.01 0.1

1 10 100 FH PE

HepG2 0.3310+0.0328 0.4180x0.0263* 0.5640+0.013 9°
QGY 0.2590+0.0177 0.3260+0.017 8" 0.477 0+ 0.024 0°

0.660 0 +0.036 4° 0.793 0+ 0.0150° 0.918 0+0.009 9° 246.729  0.000
0.5750+0.010 0° 0.661 0+0.038 4° 0.786 0+0.0127° 246.004 0.000

H AR E thALR 41525 AXFHEAH EE ,a. P=0.001 ;b. P=0.003;¢. P=0.000
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Annexin V
bbp 0 0 0 pg/ml
ALR 0 5 10 20 wg/ml
|u515°‘11% «‘2222% m5-f‘ns% ms-:‘m% 10°4
l)l ‘ﬂ‘? ‘U‘— |O‘_ |D‘_
|ﬂ]1 |ﬂs_ 103' |03_
10°4 10 10° 10°
o 404 a3 o 404 o 404 o
48, 2% = 4 :7% 56. :% = e 76. g%“ ;
0 |ﬂ: |ﬂ) ‘ﬂ‘ 1“5 0 ‘ﬂ: |03 10‘ ‘ﬂs 0 102 0 ‘02 |03 10‘ |05 Annexin V
DDP 10 10 10 10 pg/ml
ALR 0 5 10 20 pg/ml
B
9
4
=

10
0 5

10
10

10
20

wg/ml
wg/ml

AL AT AIEHOS I, BT AR o 558 4L R, P>0.05 ;b5 DDP ALR(10.,5)4H %, P=0.011;

c. 5 DDP ALR(10,10)4H He#s¢, P=0.000;d. 5 DDP ALR(10.20)4 Fb4¢, P=0.007;e.

E 6
Fig.6

ER IR RE B R GA R G S HA R A R G L,
BT H A AR (8 BB Fe e R AR
(NSRS W d W AR Suy AP &l s uy il
R Je B 0 B8 1 U080, TR ARV 2 A6 W 2
FERE I N ARSI E A S P A AR R W
AR AL 2518, inigs S 43k pH A I RIAIRI 4R OD H
A2 G TR EE T 23 hALR () pPICZaA-rhALR

Has Hal e, P=0.002

rhALR 3 DDP 5% QGY kAT HMHI1ER
rhALR decreases apoptotic levels of QGY cells treated with DDP

GS115 FIK R4, SRIG N pPICZaA ZARMHF His—tag,
TR 4L R GE % 6xHis—tag & 11 EAT B8 HR 5%
BiRE T, REAE R — L alifbii A 6 A2 2 2% A
SEREE [, AN AR AT 2R FUZAT B 7 5 40 L
TH A TAE AFLERE R 95% LA %) rhALR . MTS
A A thALR A4 28 X 9 20 Jf Bk (HepG2 |
QGY ) Wi A fE G FH TG ML, AR S il D b3k 14
RS A AR hALR, i — 5%
HIResae 1 1Al
HCC 2R L g Aot 2 — 3R EZ O
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K, LA M A A S & . TP
BRI | & Rl | (=281 o, i = 8 S MRS R A
IRAE, BT A2, Z 808 TH, K L F ARG T i
FERAIL, P R A2 T IR ARTA AR ARG 548
PIFEG 3R 70%19, 52 & AT 5136 (50~80) %1, X
Il R 5 e A AT IR M N SR RN 3E
ARSEYGTRAT R BN, ARIT 25 T AT A Gk 25 10 o A
YRR QGY MYHFE , v AMEME A thALR J& , HAM
2R I S AR, e FLEE SR | i EL A i
ASCRS: I B 3 T % B35, rthALR 7ETE % B89 QGY 4 il
HR LA (BRI BEY QGY A A
FOPCRT AR, R BB 20, BESR ALR XHIT
SR fE R AV E R, 7E4kYT 2459 DDP AbFRIA Bt
PR IR AL mfEH T ALR B259) , i 3R
KR VBT, n] LA RO B R G e {3
ALR 7E 1% BP0 DDP &b PR % 448 25 (] R/
T EAR ALR Z 5500 T-/ER LS, BBk st
AN ALR 63k e G A8 Tk M HAE R 5
— IR AMISE A B ALR 7ENPIE AL A T RE 4R
HEBTTRTT 20

2 £ X M
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