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i E FREAERFEANEAYFFHGETAMNEAEol(Thymosin alphal, TM-al)5 £ 4aF # % (IFNa-con)dk4
8. 2EXKBAFA R E N EAT, HH MR8 TM-al 5 IFNa-con % 5 54 s, 09 Bk fe 2k B 5,14 2 K AT i R Bk
pET-22b(+). 4 £# BL21(DE3)-Codon plus-RP-X ¥ &%) & ik 7 Tix M k4% &G (TM-al-IFN-con). £ F L& &9
8 20%A B, AEARBAEIE . RAKEN . MBTRIEEMN. MBTFREN. 2T EWHE, Famth/EiLE] 96% 1A
L. RA m e R AR RN RS R G TR AR, R R T I 1A ) Gk A A 2 U B I FA 4 B
R AW, AOFEOHIMREFHMALT T E 4 IFNalb = IFNo2a. 3> LIRS a8 5 09 Bt 5 & 69 & M IR &
ol R, CARRIEE, Zab & LA Bt HBV 4B, 44N HBV EHLEEA F A TM-al & F#H&a
B, BtmfE e BT HEARA TM-al AAF#HhFa. A LSRR, @i KHAFE R A TEKREEE (TM-al-
IFN-con), BLEA BIF6)F R F o mE1ER, L EA MR E ol MR mfedg 815 A .
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Abstract: This study aimed to obtain recombinant fusion protein of thymosin alphal(TM-a.1) and consensus IFNo. (IFNo-con)
which have bath TM-al and IFNa-con activities. The DNA sequence for the fusion protein was cloned into expression vector of
pET-22b (+) and expressed in BL21 (DE3)-Codon plus-RP-X. The expressed product (TM-a1-IFN-con) was soluble, and amounted
to more than 20% in total proteins of E. coli. By precipitation of (NH,4),SO,, hydrophobic interaction chromatography (HIC, Phenyl
Sepharose 6 Fast Flow), anion-exchange chromatography (Q Sepharose Fast Flow), cation-exchange chromatography (SP Sepharose
Fast Flow) and gel filtration (Sephadex G-75), it was purified to more than 96% purity. The activity of fusion protein for antivirus
was tested by cytopathic-effect inhibition assay and activity for promoting lymphocyte proliferation was tested by cell proliferative
assay. The activity for antivirus was higher than commercial IFNalb and IFNa2a and activity for promoting lymphocyte proliferation
was similar to commercial TM-al. The fusion protein had better effect for anti-HBV in vitro, its effect was stronger than combination
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of IFNa and TM-al and cell toxicity was less than combination of [FNa and TM-a1. The above results show that it has effect bath

antivirus of [FNa and promoting lymphocyte proliferation of the soluble fusion protein expressed in E. coli.

Keywords: IFNa-con, TM-al, fusion protein, recombinant, activity

Tt & (Interferon, IFN)Z— 2 iy HL4% 4> T4 i,
E R Z AR, 6K EC T 2 TR Y7 e 8 %
i JeE 1 22 e PR S R g A5 5 o BT L R WA TE DU
B OIS PR L TR (5 FH I AE F R S Bk i 1983
4, Amgen 23 Al G PE CHRIA Y 13 Flofil T4 E
1) AL P A [R] ko i — A 2 i T R o 1
B 42 4 o T4 2 (Consensus IFNa,, IFNa-con), HPt
o EE LI PR KRR TR 10 5 LA b, HAYF 3
=, RIVERTE /NS

Jfg § & a1(Thymosin alphal, TM-al)J& M i i

GBS L 28 N EERR IR B B /N
Z Ko AE R —Fh G ggs ROV IR T, ImR BT
12 TR YT S 22 58 32 400 i) S e A 1) 2 s i
O WPERFS . JAE . ZESE . BT TM-al ik
B a, FEDR CRRA AR R RE . R, FEE
2 G UL T A=, TM-al 7= 5=l . A%

= =N
CH o

B FORHESEY, KT R SR E ol BeA
A, vl IR TR R MbTm B SCR . RAITEE A
TR SRR R ol B G I PR B A5 2 N,
e KM FF 1R 2 30, 22 R i b Se il T
A B 11 (TM-a ] -IFN-con) i i R 53k o RSS2 6
KW, A E O B bUEEER, R
AW RR 2 ol A e AR A

EEEVE:

1.1 ##
B OHL(BECKMAN COULTER Avanti™ J-20),

P I 2 M R R AL (7 R 2 R A AR BT ), 4
Ak AY (Pharmacia AKTA Primer), DNM-9602 fifi A6
AL 5038 B BT H AR A R 7)), B i P53 A AR
(GelDocXR BEE 4% 2 5t, Bio-Rad)5% .

pET-22b(+). BL21(DE3)-Codon plus-RP-X Il [
Qiagen, Phenyl Sepharose 6 Fast Flow. Q Sepharose
Fast Flow, SP Sepharose Fast Flow, Superdex 75 I3
EH Amersham Pharmacia Biotech, IPTG. SH-TdR .,
ConA Wy H Sigma, & H T EARENR B L/ E

WA EARFBRAF, WISH 40 E B4 i) |
VSVOK LM D R85 B F A4 5 4l i A= 9
IFNo1b(FEA 4 A RINELSAEY) A w] . IFNo2a(fi
FREZ%)E B KA APl a5 e, Nde 1. BamH 1 il
DNA 4 FHAnfEN H A T TM-al(H k)G
[ 7 KR ¥k 3 74 W7 % 5% (Pharmacia & Upjohn S.P.A),
ANEILTE . 1640 B3 FE0 A 3 J7 R E 28 w45

LB AR B 77 3 2% R & 11 ¥R (Tryptone, Oxoid)
1% BE 32 U (Yeast Extract, Oxoid) il 2% NaCl,

ELWA RN/ B R B b 2 001 5 6 S 56 sl W 9
TS BT 310101001),
1.2 FRFREEBI%IT

AR EHRIE AT IFNo-con 5 TM-al 4 h5 F 4
e K 58 Ot % B 235 RS F, % TM-al BT @lRn
M N ¥, IFNo-con & FREEAE M C 3w, HE]
Bt & A R BRI A 0 OR 2
Ko [FRF, 76 TM-al JEIR 5o IS 45 2555 ATG Al
I T R AR PE N B0 T Nde TR BIF51, 76 IFN-con %&
F BEA St 8 I R R 2 11 25 S TAATAG 1 RR il 14
VIR BamH TRAFH(E 1), FidFslh Rl T
A o
13 MEEEM=ESRIE

g b A R A A 3 DR TR 2 BRI Y ) e
Nde I il BamH I WG V1 5 BN R B, K5 T7 Ja 30
1 A% R I8 Uk pET- 22b(+), #: Nde I #il BamH 1
U] 5 SR F B 83 T4 DNA % HE 3% 52 (]
2), AL KIAFT i DHSa, fRkmA 1. K% E
FUT 55 Mo e e 1 E 4 SOk A 44 0 pET-TIN. K
pET-TIN %44k BL21(DE3)-Codon plus-RP-X 15 T4 .
LB Kig%, ik &A mAR k. b T IS
FIR S, A HITE25°C 30°CIES KA 2h H4h, &
O USCER TR AR, R P A R T R LA R, 0 43 Sl A
£ FIEW SUI0E . HUTHE A 0.9% NaCl ¥k 3 K,
WCBETTVE, A 2% SDS, i 5~10 min, 5% 5.0
Ja B, 5 B [F BT 15% SDS-PAGE,
& s gL

M LB Pl BRI IS, HeRh % 545 100 pg/mL
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AEHEZEM 10 mL LB #3554(50 mL 3535 =44
), 37°C 220 t/min FRFEREFE 12 h(E % ODggo
0.1 i), 1%558: % 1 L LB B34, 37°C, 220 t/min
K% 3 h, A IPTG BAWE 0.5~1.0 mmol/L i
FRIE, YR 4 h g, BOWERKE, &aEal
fEH .

atgictgacg ctgetgitga  caccieiict gaaatcacca ccaaagacet gaaagaaaaa aaagaagng 70
MS DA A VD TSS EI T TK DL K E KK EVV

tgaagaage tgaaaacggt ggtggtggtt clggaggteg tggtggtige gacctgeege aaacccacag 140
E E AE N GG GGS GG GGG C DL P Q TH s

cetgggtaac cglegtgece tgatectget ggeacaaatg cgtegtatct ctectttcte cigtetgaaa 210
L GN RR AL I L LA Q MRR IS P FS CL K

gaccgicacg acticggttt cccgeaggag gagtitgatg geaaccagtt ccagaagget caagecatet 280
D RH D FGF P Q EE FDG N QFQ K AQ AI S

ctgtecteea tgagatgate cageagacet feaacctett cageaccaaa gattectetg ctgettggga 350
VLIH EM I Q QT FN LF S T KD $S AA WD

cgaglcectg clggagaaat tetacaccga actctaccag cageigaacg acciggaage cigtgigate 420
E SLLEEK YT ELY Q QL ND L EA C VI
caggaggteg glgtggaaga aaccccgetg atgaatgteg actecatett ggetgtgaag aaatacttee 490
Q EV G VE E TP LMNV D S IL A VK KYFQ

agegtateac tctetatetg acagagaaga aatacagecc tigtgectgg gaggrigiee gtgeagaaat 560
RI TLYLTEKKY S PC AW E VVR A E I

catgegttce tictctetgt ccaccaacct geaggaacgt ctgegicgta aggaataatag 621
MRS FS L ST N LQ E R LRR K E(termination code)

1 MEEEMNERFISXEMNRERFT

Fig. 1 Sequence for fusion protein of gene and amino acid

Plac

BamH 1
Nde |
pCR4B bunt- :E:L ET-22h(+
TOPO-TIN < P &)
».
ori
| Nee 1+BamH |
Nde 1+BamH 1 BamH 1
Nde 1
L T

TA1-IFN-conl fragment pET-22b(+)

Amp’

pl{'l‘-y
»

B2 FARKPET-TINMWEREE
Fig. 2 Schematic diagram for construction of pET-TIN
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W 1 0 ST 4 ) TR TR 7 IR 00 O A LA e
(300 W, 30 sx3 X)), 12 000 r/min &5.0» 10 min, U
L LWER, MMREDVE R, 2 8B Amersham
Pharmacia Biotech 2~ RJ#&UEMZENT &M, RKHETT
5i 7K J2 M7 (Phenyl Sepharose 6 Fast Flow)., FHE T3¢
#)JZH71(Q Sepharose Fast Flow) . FHE T2 /2 #T (SP
Sepharose Fast Flow), 15% SDS-PAGE, % D52
Yo o A0 ) gl Ak g5 B, e JE R I U 2 T
(Superdex 75)3kfGalifbfE M EAE A T E S M iy
Z ol (¥4 % [ (TM-al-IFNa-con), 15% SDS-
PAGE. BEW AR RS Mr 2l BE L K Lorry B2l € 2&
s
15 RAEAMTRSEES R

SR 40 60 975 728 00 o 5 000 A 2 1 B0 B
P o K5 WISH 4 O\ 20 )2 v 2 Fb 1 96 fLAR,
£FL 3.5%10* cell/100 uL, 37°C, 5% CO, 544 F 153%
4~6 h, HUELA R i fLERE S, R SR RS AL
JIA 100 pL, 37°C K53% 24 h, W B3, A& 3%+
M DMEM Bi3R 5EM R VSVOKIEME T R0 H)
BT E, BFLINA 100 uL, RYL4HMf, 37°C, 5%
CO, #kEEHEF% 24 h, WA 3 NRAL. 454G,
W2 BEFLI Asys am JEIRISCE, 4390035545 B0
il (0 21 RO A B0, B DA O I T A 2 T A o
f 50%I5 KRN S5 e B AR B, IR T R
I 25

ARG RE il R = v s R < (R ARG i TR
ARS8/ TR i 0 B8 A 20 < (T A i~ 0O AV 2/
i v i 21 R0 RS 50
1.6 RMAEAMREFEESHFD

SR FE 200 o 398 B S92 560 Gy I il 7 2 1 6T 70 UG e £
S L 5 B 20 . FH PH-TAR 48 A3, OB /)N B
P 0 1 S T b T 00 R 43 8 9 0 5 S PR A
i, FHPBS ¥tJm, BT & 10%/M - 1LiEHT 1640 B3 3%
Wb, 11 96 FLAR A 5% 10°/FLHI R4 AN 5 ug/mL
i) ConA. CO, WA 37°C ¥ 9% 6 h, FHIIAI[AIVE
B B Rl A RS R TM-al BRiESh, dkSeE55 72 h,
FRFLINA PH-TdR 2 pCi 5555 6 h, WHRANM T 3L 55 27
AEPeAR b, BT S IE cpm A, 3N X R 5E K

BATE R (%) [(EE 4] cpm {H—*F HR4L cpm {H)/%F
B0 cpm fH] x100%
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W 5E 25 9 (cpm BT X +S 78, 1% SPSS10.0
for Windows G i1k 41T G i 12404 o

2 R

21 RAMEREEEENEYILEE

HF R R I e 2 A% A UKL pET-22b(+) 1,
AL KA DHSo, ik 24 15 o> 2 $E i i 4
ki, £ Nde 11 BamH I WG, 1%B ISk
IR, TEST T2 650 bp [T AT i 45 H 0% 21 il
It DNA %5 (&1 3), R alG 3K (643 bp)ig
v b 2 A% I8 TR pET-22b(+)H .

-—vector

603bp~
301bp~

-— fusion gene

B 3 pET-TIN BYMEGL) £ R
Fig. 3 Electrophorogram of double digestion for pET-TIN

22 RMERWIFESFRIX

#4520 Bk 4k BL21(DE3)-Codon plus-RP-X
5 EW . kNS, 78 LB KiFEd . £E PTG iR )5,
15% SDS-PAGE. % sz e )5, Al UL iy
FTRE ALK, Hor1m K0 5 BOHER &
(1 4) o X AT RAR G Ol A A R B, mlR 8 1 DR
ATV PR R R R B R SR 2 AR 2, (H DLl ik
JiL N 2235 R B (B 4). IR AR IB A HIESE, 30°C 157
5 4 h FhEE(E 4). EZRXFMET, LN
A PERB S KB E AN TR E AR 20%0
[ (SDS-PAGE . F Hiffrse i g, | BEM MR R 450
30
23 RMERMSBEEK
2.3.1  GkHEHHICN

B AR . BRIREL UTVE JT FUAE B L Phenyl
Sepharose 6 Fast Flow & /K287 . BREEAR . 203
WO o BERERL . EAREE DR | R AR DL R R VR
oo TSR I B i IR 64T SDS-PAGE ., % il 52
W, Z5RR, BAE LR IE(E S, UKiE 2).

Dok bRl REA A R R (S, TR 3),
R BEBG, MIBRERZAER (A S, Il 5,
6. 7. 8.9

67 8 9
- B . <31kD
Objective
protein -
~ =20.1 kD
-

El 4 RE&ERFRIZA SDS-PAGE

Fig. 4 SDS-PAGE for fusion protein expressed
1: inclusion body induced in 30°C 4 h in bacteria broken; 2:
supernatant induced in 30°C 4h in bacteria broken; 3: inclusion
body induced in 30°C 2 h in bacteria broken; 4: supernatant induced
in 30°C 2 h in bacteria broken; 5: inclusion body induced in 25°C 4
h in bacteria broken; 6: supernatant induced in 25°C 4 h in bacteria
broken; 7: inclusion body induced in 25°C 2 h in bacteria broken; 8:
supernatant induced in 25°C 2 h in bacteria broken; 9: MW marker
for proteins

2
3

56 78 910

337§

5 HICA{LRMEERRER
Fig. 5 Electrophorogram of HIC for fusion protein
purification
1: sample; 2: passing peak; 3: washing peak; 4~9: fraction
collection for gradient eluting peak; 10: MW marker for proteins

232 BB TFXHAEEIQ )M

A I HIC #1220 B VRN . 3 AR5 i A i,
18 3L B B 7 A8 A J2HT(Q Sepharose Fast Flow), 4
BREL OBEVE . BREEUENL. IR, BAEAL . BAE
TERLUGE | PRI LA KO FE VR b 43 B ISR AR A i [
47 SDS-PAGE |, % D iliisz if Y (o . 4550 KW,
it BB 7 A A E AT (Q AR XS A dh itk — 2 Al S
FE i 28 2 iR b B F 2R H B P RIAL S
HH(E 6, VKI5, 6. 7. 8).
2.3.3 B TXHSEEPSP #1)

4 Q HEJEMT A ERWCAR BORE i, JE A BB s 4
¥ JZH7(SP Sepharose Fast Flow), 4 FRE . BEH . #
FEVEE . ArEBuscse . BeAEan . BARSERLIE . PRIRE
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DL K A6 8 0kt HP 40 5 WAL 4R BY R  R) sE 4T SDS-
PAGE., Z hfisziiyeta, 250K 7, Wt 6. 74
ZURI R, T T~ —2aifk,

12 3 4 5 6 7 8

6 PAEFRBREFGELAESEANER
Fig. 6 Electrophorogram of anion-exchange
chromatography for fusion protein purification
1: MW marker for proteins; 2: sample; 3: passing peak; 4: washing
peak; 5~8: fraction collection for gradient eluting peak

1 2 3 4 5 6 7

E7 MEEBEFREEMELBESEANER
Fig. 7 Electrophorogram of cation-exchange
chromatography for fusion protein purification
1: MW marker for proteins; 2: passing peak; 3: washing peak; 4~7:
fraction collection for gradient eluting peak

234 B TFIEEr

¥ iR SPAE4lifb e 2 6.7 IR AW,
1t 510 2 M7 (Sephadex G-75) 317 5 J5 B 43 185 4lifk,
A ERUSCSETR Hi %, SDS-PAGE, % thiffssifyeta, 45%
W 8. ZEHFR, Fraifb)a mh A R — kAT,
LB IR RGN BN, AR EOLERT 96.4%.

1 2 3 4

E8 #FHERAUMEEANE
Fig. 8 Electrophorogram of molecular exclusion
chromatography for fusion protein purification
1~3: fraction collection for eluting peak; 4: MW marker for proteins

Journals.im.ac.cn

24 RAEEHHIMBEEMN

SR FFL &4 6 72 00 ) 325 000 2 A5 8 1 P R K o
M99 8 (VSV)RI I 6 2, FF AT IFN-alb
IFN-o2a 1ERXTRE, 43Rl P B TG P (w/mg), 2553
W], BAEAMIRSMUREREEPEIL T IFN-2a 5
IFN-a1b(F 1), HIL, ek KF Rk a4 &
A TRGF BRSO 2 96 M .

z1 BEERMMBESEN
Table 1 Effect for antivirus of TM-a.1-1IFNa-con

Sample Specific activities(u/mg)
IFN-o.1b 0.9 x 10’
IFN-a2a 2.5%x 10

Fusion protein 4x10°

25 RAEEBBVR/)NF I E AR E E

KA CH-TAR 8 AWK I B 8 7 0] 70 BB b
ECL 41 5 G A s, 3 TR A B TM-aul X L,
THE/IN BRI S A 1 AR % . S5 IR R BH(ER 2), T
AN [ BE Y4 B TM=ou ] Rl R 1, 76 5256 75 [
Z LA U A o P22 7 (P>0.5), 1 5 B
HEZH (3R KO M L3 A I8 2% 25 7 (P<0.01), R,
Fil 2 1 BAT 548 8 TM-ol ARBLAG A2 /)N BUDRE E2 41
I B 3 1

£2 MASHEMNEMHEHMEEE

Table 2  Effect for promoting lymphocyte proliferation of
TM-al-1IFNa-con

concentration - proliferation
Sample (mg/L) Cpm (X £S) rate P
¢ (%)
125 29,3701 + 1,0562 99
Synthetic 25 30,6307 + 1,3825 108
T™-al 50 31,6844 + 1,7896 115
100 28,7925 + 9682 95
125 29,7750 + 1,3825 102 >0.05
Fusion 25 33,6692 + 1,1485 128 >0.05
protein 50 31,0508 +2,9036 110 >0.05
100 29,4380 + 1,7253 100 >0.05
saline 14,7463 + 4681

3 Wik
A 2 B B I ST 9 8 1155 2 A ik

75 H (fusion protein) AT XA BT O £E H R, IT4FK
AR GER S B &UFH, 2 MR A R £
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oK F )3 5 3 B2 B (Linker) i HE R S 5, B A2
LT A A B 2 M5 HIE R, RIRE# H &
FEILAEY A B B A I FEER R0, TM-al #
IR — N e B [ 22 B 2548, TFN-au43 1 N 3
I C B JEAE 5T AN, TM-oul 38 1 — 3K i )
FVEMES IR TEE 5 IFN-afili & N 3iEE C Sim 435
ANEFEMERMNSE L EELA, HAEXTIE
Al G R A SCEIE R, K — RS T TR ST
(N St B A R B0 B TG PR R BRI A
HEEAN AL T N W — RS, +
YA FIF R T BURTER E o XF T TM-al 2 F1f
o, AT N E S HAT AR R o N g i —
|, —HHEARMFHpEEEENRR, EK
TM-al 43 F 952, 55— i i FHAE KRS
AR g, )RR .
TM-al 5 IFN @& O03E 77 =08 N & TM-al, C i
KA TIE, )i % 4 K 34 5 T AL 1 il
B KT % S, SEEL T AE
K AT B 35 2 40 P 1 AT i Pk i ek (T M ek
B MEE AR 20%0 F). gad Ak w2 FB
(AR ZAT . BT 28 20T . 2 F i 2 BT 5 ) [ 1
H, ARG & AR A ] 96%LL o & RSME
R A et M R A = O E R E SN e
Mo T ZE (BH5 IFNalb., IFNa2a), JFHA 5
A A% TM-al(H aBA) AR fE 20 B s (s Pk . 0,
JITRA R B il B A AU Y A s . B
FEGORIE— RS, RGO R RS
HBV {EH, HARSMT HBV 1E M IS B TM-al
TR oo, H 48 M 8 AR F B A R
T™M-al AT FEa M, BT & HE A bR,
A EBEIF RN H— R B s PR s 2, i

— B AR WETE IR AL 28R
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