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TIESEREAMEER
FEEFEEPRHRERERE

ZUE K R OB oW FEE K R W K AKE KER

(P R 2E B AR TR BT, 465t 100071)

WE FHES PCR H AR ¥ T3 £ (interferon, IFN) FE K 5 #% 2k & (1 N i *f 4> T (transferrin N-terminal
half-molecule, TFN) JE M ZE ARSI,  fld ZE AT TEN 2 [R50 59 7 b 3 B R TE 344 pPICY Hf, B4k HE R
fERE GS115, 13 B T2 P 3IK J5 70 K e i i3k 15 73K IE. 4 SP Sepharose Fast Flow P25 128 4 247 o
Phenyl Sepharose Fast Flow 7K )2 #2404k, 3K T 2R KT 93 % I E 41 fl A 1 1 IFN-TEN F4 B KT 95 % (1 3041
TEN FE . AR 4035 P 52 56 UF W R4 2 ) TFN-TEN B A J00 8 35 1. B MRD 52 90 10F B il 2 1 TFN-TFN Rl S0
TEN ELAT AR 8k 44 68 A7, AT TEN T840 TEN R SRIB AL 1K,

KR HUEO, THi#E-a, SRR
FRHSES Q812, R978.7

TCAERAEPIR T I R, O 7 42 S 2 200
BRERWER, AWE Wz, € ORI %
HEAN IR T A TG AT R 268 1 AATTIE
TERRRRER R 250 7€ ) e 3z (R ] Rtk S FE N ) 7 222,
BOFTT R, HBRE A - FERE AN I E
) 2% I8 ZR 0 ORI SE I KR By, W IdRg, i
R AP ZE RGP RTINS T ARG 1)
4720 8 1987 £F Anderson 45 1 S5 2 A FLEHH
FR AR by LK, O B 2245 31— R 91 58 BE R B Bk iR
&I R B dl R a5 Ry . N B 2k B (transferrin,
TF)/2 MR 4 S Bk BB tE e, 2R D)
RE MGty I8 OBk B 1 45 A e R
TUREE, $RAL AR B kA 1 kA v B oL
L BRI N E 679 A 2d SRR Ak L 41 B,
Or T CEEZ) 80 ku, T3 DR JHORHALLAR) PR A 4 A
TFN (¥ 1 N i 73 1) H TFC (B kA C
g gy R ALK, O A U A O R R
Ak, S - EEZ IR, B AN RA
SR DORER B AR, AT A AH 955 4L 17 i
i E ST, ARG b, JRRTR & e T
FERANG H 1 50 245 W)k DR IR 1 o 1 B R A
HREEY, mAEn S RERZyIANEA
BEUIAL R, S dE F T A W) HE N A0 1 2 1 1 il
DI, B 2459 H T A AR

AL E A H E & PCR £ R ¥+ # &
(interferron, IFN) J&[A 55 TEN 5 A 75 K 4 il &

Filt & 35 D] R0 B gk f¥) TEN i R 3 B &8 3R 1k 2044
pPICOH, e N KA DHS«, £ 1R ¥ PCR. [l
DIFIM PR B, I8 4K pPIC9-IFN-TFN il pPIC9
-TFN FJ 2 e 2. 4 A AL Sac | BV 5 40
IREERE GS115, B3R T KiK. SR B 1A e 24
K ZAT A, $RA T 4l KT 93% (1) IFN-TFN
4l FE KT 95% ¥ TEN FF 5. ZE 9036 PE 52 56 1k ve
IFN-TFN HAHURREG M, AR S I0F I il &
11 ) TEN A8 () TEN 3 ELAT e Fe 1
1M TEN 1] 224 TRN [ R AR IZ S i4.

1 #MR577E

11wy

L1 FED . BB, TFN BED, & N dkik
1 DAL (1) TORL A AR S 56 =5 R A7 . B804 pPICY , K
FFB DHSo J B2 /R 19 BF GS115 18 #R 4 A% % fR A7
Xho T F1 Not T PRI, TADNA &R, TagDNA
RAWE R TaKaRa 23\ 77 il R4 BUK I &8 H
Promega 7~ W, 3% 5 93 M ) &0 5 56 B Q.
BlOgene A 7). YNB I [ Difco /A ], IPTG Il H
Inaic A #] . JZ M1/ i Q Sepharose Fast Flow il
Phenyl Sepharose 6 Fast Flow JiJ | Amersham 2 ).
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1.1.2 PCR 519. iy 5193 i Filg i A= ) 40K
R A A K. fiG E A IEN ) 5505 149 TFS (%
H Xho 1 W VI A7 &5 ): 5" CCGCTCGAGAAAA
GATGTGATTTACCTCAAACTCATTCT 3'; ft &
% AP IFN [0 373 5] 9 IF3: 5 AGAGCCAC
CGCCACCTTCTTTACGGCGCAGACGCTC 3'. fil
HHE Y TEN (1) 5355590 IFT (&4 IFN 1 C Bl
4 H ) 57 CGTAAAGAAGGTGGCGGTGGCT
CTGTCCCTGATAAAACTGTGAGATG 3’ ; TFN
[ 33 519 ANY (&% Not 1 B VI £5): 5" ATA
AGAATGCGGCCGCTTATTCATCTGTTGGGGCT
TCTGG 3'. ¥4l TFN [ 5' 5514 5Y (545 Xho 1
V147 55): 5" CCGCTCGAGAAAAGAGTCCCTG
ATAAAACTGTGA 3'.

113 HigR Ak LB #59e 0k WEBEhEd) 5 gL, B
FAM 10 gL, NaCl 10 g/L. YPD R 953 1% R}
TN, 2%EE AR, 2% 458, BMGY ki #3E:
1% BE 32 40, 2% B & 1 R, 1.34% YNB,
0.00004% =42, 1% H i, 100 mmol/L pH 6.0 %
FREFZ M. BMMY 55923k 1% R, 2%

IFN-containing plasmid

IF5 =
T— IF3

IFT =

T4 Ligase
Xho 1

JEEE A, 1.34% YNB, 0.000 04%E4) %, 0.5%
HEE, 100 mmol/L pH 6.0 flf FR 41 2% 34 . MD TR
REgREE: 1.34% YNB, 0.000 04%/EW1%, 2% %
B, 1.0%Z0 . MM PR FR 2L 1.34% YNB,
0.000 04% %, 0.5%FEE, 1.0%5f.

1.2 7%

1.2 @G A e b S R ISR i . DL
IFN PR, LIRS, IF3 4 B RS, 31
U Xho 1 B V)AL #3H TFN; - LA TF 55 8 (1) )it
BRI, LLIFT. 3NY b B Fifs14, §48 L
B IFN [ C 5l 43 &K . R Not T BEVIAT 54 1)
TEN JE . AR J5 DAY 3874 IFN. TFN R #iti, LA
IF5. 3NY M54, ¥4 IFN-TFN @l &L K. PL5
N8k F R R ) SO A Bid, B SY AT 3NY b
RS, P84 TEN KA. ¥ IEN-TFEN Al TEN
P18 F B pPICY #iAkH Xho 1 K Not 1 XUEEVI 5
TE T4 L (AR AT & (B g2
WL 1), &R WAL DHS«,  BEHCSHYEREAL 1 (1)
AR, BT AR A TR PCR 4E5E.

TF-containing plasmid

T— 3NY

TF-containing plasmid

T4 Ligase
Xho 1
Not 1 Not T

Fig.1 Scheme for the construction of the expression vector pPIC9-IFN-TFN and
pPICY9-TFN

122 B REERE AL S % . B T 4% R
pPIC9-IFN-TFN #1 pPIC9-TEN LL Sac [ #:47 W51,
2R MEAL T i F 4 FORE L PEG1000 2864k Be R i B
GSIIS4 M, A r=#y5tintn MM P, 7k 30°C

RFE2~3 K, HHE MD TR b, gt KIiEN.
DAK HA 1) Mut ™78 55 20 9 BE A A T O SR, AT 1
% PCR %55¢, ks HMERKEL Tk S
FILITHT.
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1.2.3 EHARER TS RE S0 0. BEALPEEIE B
% PCR %@ & HRRM P EH 1% 8~ 10 #k, i
T FRIEMIE. SBWEA T T YPD B hig
b, FHEMT BMGY K 7R4EH, 30°C, 220 r/min
F IR A 15 10.0 I, B5L, KA 2 BMMY
Rigpdhrp, ZJRH 12 h INNZIRIE N 0.5% (K H
RES T H MR A MR, RIS FiE#AT SDS- &
A & Bt FL Yk (SDS-PAGE) 43 #t
1.2.4 FIEF~Palifh J 5 e

2 60h Jo, KRR E L, Kk g EFET
2 50 mmol/L pH 5.0 ¥ 15 & 2% i i 10T~ 1l 1Y) SP
Sepharose Fast Flow PH 2§ 1 A2 # JZ2 #r #E, DL &
0.6 mol/L &L 50 mmol/L, pH 5.0 #7 K¢ & 22
TR REGEIE, Jr BOlCBR e e, AR F vk &5 R A OF
THMEAMVENR, EFETE 1 mol/L i R
50 mmol/L pH 7.0 i I 2% ' ¥ 11 °F- 1 1¥) Phenyl
Sepharose 6 Fast Flow #ii 7K JZ #14E, BL 50 mmol/L
(IR 22 PP RER FE VRN, 7 BRSCER DRV, AR s
VKA RS B SR A B BL Lowry ¥2:% 4l
bS5 1 H I8 AT S 2, SDS-PAGE {2 ¢
KA o A B 1 Al g

PURTEE DN E: 96 FLBUIMA 50 wl AN [F] i B¢
F£ () IFN-TFN, 3 2208 AN IFN-TFN,  BRfLINA
100 pl 1.5x10° ~ 2.5x10%ml [ Vero 4 i % ¥ ,
37°C, CO,}57% 24 h, (L4 MIGEE R 22, REFLIN
A 100 /™ TCID5, VSV, 4t B} AN s 231 37°C
HREERTR, AR TE AR, RELINAE ™Y
ABRER K, P R T R Y A 4 i AN A 4
[P & SEN Sl TEAE N

2 1 IFN-TFN 1 TEN {92k 1A 52 56 4% S
BR[9,1018EAT, e ook A AR 22 Pl b 45 & Fe't
S5 A sso/A sss PIHCAR. MR R I AE A s 0 H T
KGR, KRR s B Amek s, 2 - %
G HIAFAE 1T 5 S F B KR AR I AR A

2 & B

21 RSERFRZHEHMESLTE

Rl R 2L IR . TEN LR 3 45 0 0L 2,
F BOR/N S TUARSE. 554w Bt - B s 1 F0
Wl sINT Xho 1 F1 Not 1 IBE V)AL 55, W]
{ff PCR 914 1 B4l N 21 pPICY %7 #2 4804 1 AH )3 1
PN pivt, FIKFARM RIS FE WK 1. #16 DHS«
Je s PEMUBH PR AL I E A TR, LA Xho T
Not 1 ATV S8, RIS LR 519 S S 4 A 3k

17Ok PCR %8 5€ , 43 BTN 2ty B
RIE BN RS2l L ORI > 5 2Rt 55 SOk
HOEFIIAAT, R ADRIETEAZ. F L JFORE ) X
DI R WA 3.

M 1 2 3 4

bp
2000 —

1000 —
750 —
500 —

250 —
100 —

Fig.2 PCR amplication of IFN-TFN and TFN genes
M: DNA marker; /: IFN gene; 2: TFN gene amplified by primers I[FT
and 3NY; 3: IFN-TEN gene; 4:TFN gene amplified by primers 5Y and
3NY.

Fig.3 Restriction analysis of the construction of the
expression vector pPIC9-IFN-TFN and pPIC9-TFN
M: DNA marker; 1: pPIC9-IFN-TFN/Xho | +Not 1 ; 2: pPIC9- TFN/
Xho I +Not 1 .

22 EEEHETFRIMWEMRIAGHIE

EeJRIEERE GS115 4 His B bk, HAE
YR A NILIE R AL, RIA His J5, WARA fig
EANT His PIEFENE P MM 8 MD | K 2
TEEAE . — ML Sac T 26 1Ak () 5 20 5 ki 5% 1k
GS115 Ja R EL 14 Mut ™8, BT A 28 9k
i, Phik HEEREAE MM PR EAEK, XAESE MD
SRR AR EA 7, #4 Mut ™2,

M MD AR F HE R b 4 2 % 10 K,
# BMMY ;97541 30°C, 220 t/min 5537, &
12 h M 0.5 % (A RLLE) FEE 5 5 H I & A K98, i
FHIL60h 5, BOH EiE1E SDS-PAGE 43 #7,



. 628 - EMLFESEYYERHRE

Prog. Biochem. Biophys. 2005; 32 (7)

F L G-250 Yty g5 RIAIRTG T RIL M
FEYLEERIERE, FIE IFN-TEN (K/NZ)2h 57 ku
feA7) 5 TEN (K/NZ) ok 38 ku), 40 1 i3y 55 B
TEAEAHIE.

23 EEEAMAURETE

231 RikpeWngite. E4LE [ IFN-TFN f1 TFN
YGRS WENT BKENT LA, B
AN R AT SDS-PAGE, 45 L LA
4. T E R A IR P R B A P s A o B
DEAT, 45 R WoR W P gli4b 5 41 8 (1 IFN-TFN
FIZEREE ) 93.38% A1 95.17%, M 4 thaf &, Fb
G H AL I R TR A 2 B, LA Lowry V2043
JLER TR E 73930k 0.2 g/L F11 0.4 g/L.

30

.

Fig4  SDS-PAGE analysis of the expression and
purification of PTH-TFN and TFN

I: IFN-TFN supernatant; 2: IFN-TFN SP Sepharose FF; 3: IFN-TFN

Phenyl Sepharose FF; 4: TFN Phenyl Sepharose FF; 5: TFN SP

Sepharose FF; 6: TFEN supernatant. M: low molecular mass marker.

232 PURBEETEIN . LR EL (50%) 41
IR R K B TR MR 1 AT E
AR 3 RICE ¥ v 5 IFN-TEN [5G PE 8 1
10mg, 1fj IFN [ EL3G 4 1x107/mg. 2 W k45 & (1
HAPUREEE, AHREZELTFEMIR 2. KT
KA fiE & C b & () TEN X IFN 45 F 4T 5400,

233 BRMURISEEG. FZH A BT IFN-TFN FIE 4]
H TEN fEZ R h g6 FeJa, 20 B A
Ay THELAE A, S5RAE 1, 4R ER, &

Table 1 Absorption value of recombinant IFN-TFN and
TFN after Fe* saturation study

TFN IFN-TEN
Ax A s A(A 50/ 465) Ax A s AA /A 465)
0.212 0.010 212 0.212 0.010 212
0.216 0.010 21.6 0.214 0.009 23.8
0.212 0.009 23.6 0.215 0.010 215

0.215 0.010 21.5 0.213 0.009 23.7

S A L TEN I A x/A s HEE A 55 300K
OB bREAE 21.5 12, IR 8 R TEN
HATHGRN 45 SR I RE

LRIy MU B35 E A R VAT S 36 1) 45 R 3R
W1, Rl E AR IRN BATHUm S v, b
TEN R T s A7 BRI

3 it it

EE IR RE R G0 — ME R R AR L5 3L
BRIERGE, B ME O AR R R i) 3R
ik, BECRAEAWRM. (NI RERS, ©nl
P AMIR AL AT R S i T AE M, E R EIK
I, AR, KU a % B e T 2, T T
MAAE = 38 SCHRIRGE, 78 % R IR 44 N 0
Tl EE IR I RE AR 1R T A o 1 T35 5] 600 ~ 800, %
LA R, VP2 BRI RIA K] iA 2 g/L 24
PL b, VP2 AR BRI BER B i i 5208 R 4k
AT RRIA I B 1 U Re A T B AR BRI R 4t
HS BRI () k0,

ASE S A Bk pPICO HAT 94T )1
BEAAALIE 1 (AOX) JH3h ¥, AB6E SEELAMIEIE A 1K)
IR A IR o TR TS T IR B
52 AIER) KEX2 BEVIAL s 751, eI AR
153 W 2 M AP T4 o ACHE R 715 5 Ik DB, A
IFN-TFN £ GS115 D Ris, HH & B R
A N L FRATE I I NS S KR . BRI RE
Ik pH M35 75 FE 55 T A1) oK e AR o Hh 40 1) 2 1
Py A e s e Wi I R B B DU e
BEDA b BRI A5, AN AR e ) A A
Pty ke B4 52 A4 R S IR U

gl R, FERARE Rk A HEA R
Fefgw Je oz, A/ WIRE E . TR
H5 HME AT, AT B 1 As
JENTIE, AR E T Rt R bR E, a2
B BBUKEN EREAA AL, HINER
73 BB 1y a4k . 6F g4k JE 1 AL AL A R A
IFN-TEN ZEAT 35 1 I 5 B Bk i M S 6 (1) 45 SR 3R
W, maE AR IFN B Bow aeim ok, Hh
TEN LR B T A BB RRR . Bkl & 8 1 L
Ao sE e, (FHEZE M) TR IRIR 2.
LI AT B2 T4 4>+ C o EL Rl 1) TFN X
IFN Z5RJA7 5600, WMVFAEM AN 2> 72 1an b — B
PE linker B O P2 (RIS 5 ) BE2 £ il & 2
13 TP sEaE . 2, TFN-TFN @l 8 1)
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AT Ay TN 3 1/ iy idE A AR N B 00— 40T (1
o, X T R 1 - BB 1 2 RIS R
ENINESE7/be nE e g S AR IUE 20l
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Expression and Characterization of Fusion Protein of

Interferon and Transferrin in Pichia pastoris

LI Xiao-Jing, ZHANG Hao, XUE Chong, LI Yan-Ying,

CHEN lJing, MIAO Lin, FANG Hong-Qing", CHEN Hui-Peng"
(Institute of Biotechnology, Academy of Military Medical Sciences, Bejing 100071, China)

Abstract The fused gene (IFN-TFN) of TEN (transferring N-terminal half-molecule) gene and IFN (interferon)
gene was amplified by multiple PCR.The fused gene and TFN gene was inserted into pPIC9 vector. The
recombinant plasmid pPIC9-IFN-TFN and pPIC9-TFN were transformed into Pichia pastoris GS115 by PEG. After
being induced by methanol, the target proteins were expressed in ferment supernatant at high level. The

recombinant fused protein IFN-TFN and recombinant TFN with purity respectively being higher than 93% and

95% were finally obtained after purification through two-step chromatography: SP Sepharose Fast Flow and Phenyl

Sepharose Fast Flow. According to in viiro bioactivity assay, the fused protein IFN-TFN had antiviral activity but

which was much lower than the natural IFN. Fe® saturation study confirmed that the recombinant IFN-TFN was

able to bind Fe*' as the recombinant TFN did. It was shown that TFN could be used as the transcellar carrier of

IFN.
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