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Genetic optimization, recombinant expression and functional study of human augmenter of liver regeneration
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[ABSTRACT] Objective: To construct recombinant expression vector of human augmenter of liver regeneration (ALR) and
study its protective effect on liver function. Methods: ALR cDNA was synthesized and inserted into expression vector
pET28a+. The recombinant plasmid was tranformed into BL21 and the expression of ALR was induced by isopropyl-g-D-thio-
galactoside(IPTG). MTT method was used for cell proliferation assay; the protective effect of recombinant product on liver
function was observed in CCl,-induced acute toxic mouse model. Results: Recombinant expression plasmid of ALR was con-
firmed correct by restriction enzyme digestion and sequencing. The purified expression product had strong stimulatory effect on
hepatocyte proliferation. Low and medium dosages of expression product decreased aminotransferase level in acute chemical injury
mouse model. Conclusion: The recombinant expression vector of ALR has been correctly constructed and the expressed rALR can simu-
late hepatocyte regeneration.
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XoFF IO T 2R 0 AL BF 5 00 Ak T R e B B, 3 AR
o LBk 2 2 5 IE A 2 R 0 4 R R BRI R
3K HoA B A 3458 I F Caugmenter of liver regen-
eration, ALR) B F 7 JFFIIE 54 A 28 1 72 H 1) v A
YEHIT % 32 Je7E, Giorda %M 9 e fi e i A ALR
SEHFH B 1813 ML R ALK L E AT Y A 4R
) 16p13. 3 & b 36 3 MMRE TR 2 NN E T,
PE— BRI, L ALR 78 7 BE 40 i o 7 76 125
aa(Mr=15 000) 1 205 aa(Mr=23 000) Fifl =X, fif
HHEFHEMI N K> 8o ANEEER, I H ALR
(15 000) FZAEFE T MIAZ 1 s ALR (23 000) F 247
g u1| o5 T RN = v | S R TR NP e B
Hagiya 2 7 B 20 sa B KB ALR J5 .32 ] North-

WE L IO SR S H S DE H AR L 4 T B
KA 4H 40 ALR mRNA ()3 31k 1 2 10 58, 6] 32
ULEH T ALR 76 [T E P A4 09 2 B2 b 2 48 7 & 22 1 1
Mo E S TE KR 3 W R b R B, ALR
(23 000) AT LAYAYT DU S AR (CCL) 75 T 1) Stk i D) g
Wiy, H2H ALR REA8 12 3 4 = v 3 R B9 A7 5 %
PR ALR F] R8N T I ARG T7 ™ 5

J T HE— AW ALR(LS 000) (14 #2743 1
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I ALR 78 K B AT B b A5 21 5 3808 L 18 AR BF 5
e FRATTAR S R AT TR A Bl RS T A S A R
R IE R ALR(15 000) 56 X 51, IF 2% 300 5 41
ALR RSN AR NI A2 2 3E PRt AT T W0 2
HEDN

1 MBFFE

1.1 FMA Bk M E . pET28a + i kL M
BL21 RIAE W B Novagen A Hl; EcoR 1 . Xho [
WY B, T, DNA i% # | Taqg M .dNTPs Fl RT-
PCR Jz Wi ) & %5 5 & Promega 23 &) F2 fh s DNA
FRic# . DNA [m] i 2l 46 38 5510 & | 5k 48 B0 7 &
IPTG %54 TaKaRa 2 577 i ,

1.2 ALR #7303t S THT ALR 78 KB #F 1
(23R AR K AT T 1) B 25 05 F Chaep </ /molbio
info. nih. gov/molbio/) . & WL iE G K W AT H 2R 18 19
ALR FEHFA) R A TAEY TR RS AR
m))  HARF S E 2 g £ 1 (200710107839)

1.3 ALR RA#H Ak MAERLE LT (DALR EHY
B LRSI 5 A EcoRTA Xhol ¥ 44, . ) i
WS IR 5] A W s (EKOE YIS . 5197 %1 an
T EWSI# . TTG GAA TTC GAC GAC GAC GAC
AAG ATG CGT ACC CAG CAG AAA; FiF514¥,
TTG CTC GAG TTA GTC GCA AGA ACC GTC,
(2)PCR R A FR (50 ) :34 pl B H, 0,10 X ZZ b
W 5 pl, 25 mmol/L Mg, SO, 2 pl, 2 mmol/L dNTP 5
pls50 pmol/L EW#ESIH 1 pl.50 pmol/L FiiE5 9 1
.10 ng BEH DNA 1 pl,Extaq 1 pl, (3)PCR %14
94°C 5 min—>94°C 30 s—>50°C 30 s—>68°C 30 s—>68°C
2 min, 3t 25 MEIR, (1) TR E NI E  EcoR[HI
Xhol Y] PCR P24 #il pET28a # A& . DNA H Bt T,
R 12 IR 54k DHb5a 40 M0, Pk BB 5 B il 12
L DT S A 3 Y BH M v B Y B iE L SRR A ALR
B Y 4] 1) R 6 A6 31 3R T bk BL21(DE3) H1, 15 2]
ALR R IE R,

1.4 ALR %@ &ik  PEHL ALR 23K B R B2 0 2
LB F R, 37CIHEEEEFH 6 h JF, HH 1 mmol/L
IPTG 5%, 37°C 4R 2L 1 3% 4 h.if 005 & BOR )
50 pl 17 12 SDS-PAGE,

1.5 ALRZw@a 4 (1) Tris-HCl 24k & &
PR UK bR A R IR R R0 20 min, AR
FWESULNE, () UM & 2 mol/L R % I 24 fift 1l
PR VES AR T 30 10 min, 7 B HESH
8 mol/L JRZ 1 24 it W 180 I Vs i o A1 T v 10 B 00 5%
BULVE, (3) LA 2% W Ni-Sepharose FF A

alifk . IR >R FH PR 28 W B B B A2 1 % h VR 92 1% 3 A
VU S DR ) VR B VEIE . (4) ] Sephadex G-
25 B 25 Uk W6 W v K i K b B 7 I T 41 Y B
(rEK) L. (5) A Ni-Sepharose FF #54) F 19 %
His G B AWM B8, (OB 1
ml Q Sepharose FF #£ 4l 4k, 50 mmol/L Tris-HCI
G V- NaCl 86 B VR I, WSc B AN [m] 19 e I 4
1.6 ALRZFaRIEREE BAEKRESEREDN
N ML BR L-02 () F o LR 2% B 48 B 22D, % 1 X
10°/ml 100 pl/ L 04 5 35 0 T 40 M 55 55 4, 76 37°C
5%CO, HIZME T REFE 24 h ARG H 0. 2% /N 1L
) RPMI 1640 K5 #2595 12 b, WS35, 40 3
AL EFR ka5 19 ALRH RPMI 1640 15 3% i Fi
BERE 0.16,0. 31,0.625,1.25,2.5,5,10,20 pg/mb Ml
AfE 4100 pl/ L. R B2 U6 BRAL . B2k
JE R PRAL I B PO G L KG SR 24 h R A 10 pl/4LHY
MTT ¥ 4R 235 5% 4 h 5 W3 3% BIE W, m A
100 pl/fLA DMSO, 15 F##dik% 15 min J& . 7E 550 nm
P T E LR EE (D)

1.7 ALR sHAFRG R AER 6930 52 5 BUR
gy ER YN AR AN QAR E I i Y VS N e
Y2 HOBENLA N 6 LB 4 KL 000k .
(D AHER KL, W CCL s BN BB 20 I 240
TEVRYT I 25 T AR B K (2) IR 4l i 2B K &R 4,
CCL B G  TEIR YT B 45 T 42 BT 3 (R b 48 A L g
TS B2 A R | 77 a0 L F R 20 pg/ke AR
S BHEIB T 40 5 (3) ~ (5) ALR @& 5 4 5 4 KR
HALCCLEMG 45T ALR B4 518 2 mg/kg.,
200 pg/kg Fl 40 pg/kg; (6) ALR 1E# X IR 4] . A1k
R (H B8 B IR 9T A ) ALR(2 mg/kg) . HAk
SRR T LB NC 4LAh, Al 45 41/ B4 08 i
S AR FRAYBCR 10 % CCL s T L 25 25 7 & 10
ml/kg(NC 4§ SR A B E KD, 4 h 5, XL
b6 AN AT ARG T SR A R 4G 2 4
W AR A AT N 200 pl B 12 W A 25 1 IR,
JE 1 R4 25 8 h e . 20N BRUBE & ik BRI 43 5 1M ¥ )5
it F 4 11 3l A= A ORI 79 220 R e A i (ALT) AR 4
SR % W (AST) K-,

1.8 it [ SPSS 110. 0 Ffd X ik 58 54
PTG 0. SRR o+t Fom, MHEARY
BAE  Kegh, P<<0.05 NA BFEMER,

2 # R

2.1 ALRAZHEKBHHEHET PCRFY
T B R MHEE I B 3K, ] DL K/NZ) 400 bp BB 5 &
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1 ALRERE¥ =%
Fig 1 PCR product of ALR gene
1-4.PCR products; M: Marker

2.2 ALRZE@® Rk feshte P ALR £ikH
B IPTG 555 ,37° C AR 2L 1 % 4 h, 5 i 5 4%
BUAE 50 1l 47 12 % SDS-PAGE, 45 £ WLIE 2., ALR
S EZPUR =N VACK G 2 Y = SR A = G ]
HEM rEK AR &R B R A LB ALR &
FH Ao, iy ALR f776 T, gad L
e L R AN X N R A AR N e N I
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Fig 2 Expression of ALR protein

M: Marker; 1:Before induction;2: After induction
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3 ALREEWA&UER
Fig 3 Purification of ALR protein
M:Marker;1:Purified ALR protein

2.3 ALR Za#shEmize ARWEEMR ALR
FIEAN S, D MTT B L-02 40 i i) 34 5, )
EERLS WA 4, 525 A R, IR0 2 W
ALR TEARANEA W 3 00 I T 4 B 1% 58 64 76 L OF
H AR S 50 38 000 A — 5 0 LN S 5 R O A G

15
in
1%
% 3
a4 LS
L
L5
9 m e 03 0&s51.35 s 5 M
Comemaration ol ALRs'1g-mi™}

B4 FEALRKERETH
L-02 BT 48 B 1 78 L 0
Fig 4 Proliferation of L-02 cells induced
by ALR of different comcentrations
* P<C0. 05 vs control(0 pg/ml ALR) group;z=s.n=4

2.4 ALR SFBGRIPFER G EH HARN
FEE A ALR X200 450 0 /N BRI TR 97 )5 . 45 4
ALT Hl AST /KF U3 2 Fin, 5B G741 40
Lt ALR 769 I (200,40 pg/kg) B AT G 35 B
PR % Z B ALT ., AST 78 I35 0 A9 & &, i H 0
ZER M JF 2 2400 0 A8 B A O L BT R 9 i) L 42
/R ALR Xt/ BRUAR 2% 26 JHF 4l i 42 45 LA fR P VR
1 PR HER ALR MIBURIE AT,

F1 BANMNRIJIEFRG
ZETRESBEHKE
Tab 1 Aminotransferase levels in mice with
acute liver injury after treatmemt in each group

(rEs,2p/U L1

Group n ALT AST
Normal saline 4 4424108 824491
2 mg/kg ALR 3 8454740 * 13604277
200 pg/kg ALR 4 285439~ 719258
10 pg/kg ALR 4 2154627 4784246
PHGF 4 408+116 7614229
Normal control 4 19+6 31+40

PHGF : Prohepatocyte growth factor. * P<C0.05,* * P<C0. 01 wvs

normal saline group
3 3 i
AR AL AN ALR 2K 51, % 2l 52 3
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T ALR WY@ #RIEEH AN ALR & H & KA #
REAM 200 A4, i Z . itk E ks W
ALR ANaf AR AR %, KB T IR B AW £ 1
A

4ifb iy ALR 25 76 MR A0 BoAT b 2 0% )
e 1) A 2 B Y A T L O HLTE A S0 sk A —
SEJE NS R E R IEASC KR, ALR 7EH AR &
(200,40 g /kg) i HI B 0] 5 2 30 i By CCL 2 A /N
SRV A 47 L % /0N Bk A M A i 43 05 EL A DR
YEHT, o 2 A P i 201 AL'T L AST 7E IfiL 4 H /Y
TR, SIS R R R R ALR R IEE T
LU B3R A X 450 493 0% JHF 448 e v ) 4 1Y
ALR(2 mg/kg) A ALEAT G4 A5 AT A s B AT —
() B [R5 405 VR CF s B 212 SR8 L SO R B )
WAL+ ALR = 7 & 41 5 B PR iR 97 4 A LB 2] DA
i AST KV, HAA @R EES % LA 257
(P<20.05) , B B /2 37 B 1 ALR X 32 4 47 ) JHF 4t
LA — 7 BB AR Y 33 s i 50 2 3 42 o 7E
ARG 3 LA

ALR XJ - JH I #4528 5 72 o AR FH AL ) 9 BF 52 38
Ab Tl A By BE, Thasler 25777 ] #5841 4k il a2 i
PCR 8977 % H 8 T I 45 40 Jf 14 I 9 (cholangiocel-
lular carcinoma, CCC) . i 4l M #& (hepatocellular
carcinoma, HCC) FIIE & 4 ig th ALR #) F ik 22
B, B CCC Ml HCC 4 P i) ALR & 4t 3 Tt
F s WFAE S E R B ALR ZE R AN NK 41 i 1%
P s ALR FEAR AP AT LURICR B A2 K I mRNA #)
221k, [6) B 6 7 L 36 A6 MAPK (mitogen activated
protein kinase) {5 5 i@ % 1,

A SLEUEW] ALR X T T4 B 1-02 1958 H
AREMREER . UEMMRSBTATFEE L
O A 9E ALR X 55 22 240 M bk G 2 & A G 4 g
8BRS 5 R A AR X 40 5 ) 2 T 400 i
B4 SRR A R AL A AT X T ALR B FH B A7 7E 1Y)

TE AR SO I M B — 2B PR,
[Z % x #]
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