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Abstract  Intedeukin-2 (IL-2) was initially isolated as a T cell growth factor and had been shown to direct the expansion and
differentiation of several hematopoietic cell types. Clinical studies using 11-2 in the treatment of AIDS have been encouraging,
due to its critical role as a proliferative signal for activated T-lymphocytes. IL-2 has also undergone trials in the treatment of
several types of cancer, based on its stimulation of cylotoxic, antitumor cells. Today, human IL-2 is produced completely by
genetically engineered method, and it has been proved that genetically engineered recombinant human 1L-2 has almost the same
function and clinical effect as wild IL-2. In the former study, recombinant human IL-2 usually comes from E. coli, in this paper
the mutant IL-2 was successfully expressed and purified in Pichia pastoris for the first time. As a eukaryote, Pichia pastoris has
many of the advantages of higher eukaryolic expression systems such as protein processing, protein folding, and posttranslational
modification, while being as easy 1o manipulate as E . coli or Saccharomyces cerevisiae . It is faster, easier, and less expensive to
use than other eukaryotic expression systems such as baculovirus or mammalian tissue culture, and generally gives higher

expression level. Expression conditions of human mutant interleukin-2(the codon for cysteine-125 of human I1-2 with alanine;
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the codon for leucine-18 with methionine; the codon for leucine-19 with serine) in the recombinant Pichia pastoris strain were
optimized via test of some factors such as the rate of aeration, the inductive duration, the initial pH and the concentration of
methanol . The results from tests showed that the mosl important parameter for efficient expression of interleukin-2 in recombinant
Pichia pastoris strain is adequale aeration during methanol induction, and the optimum inductive condition for interleukin-2
expression was: more than 80% aeration, 2 days for induction, the initial pH of 6.0, the final methanol concentration of
1.0% . With this condition, the expressed IL-2 was secreted into fermentation broth and reached a yield of 30% , approximately
200 mg/L.. Expressed interleutin-2( MviL-2) was isolated and purified by cenirifugation, millipore filtration to concentration,
Fcono-Pac$ strongly acidie cation exchanger cartridge and molecular sieve chromatography and the yield of MvIL-2 was 27% .
MvIL-2 was purified to electrophoretic purity by SDS-PAGE and only one peak being loaded on HPLC. Purified MvIL-2 protein
had stimulating activity similar to the wild type of IL-2 as assayed by IL-2-dependent CTLL-2 cells. However, the stability of
MvIL-2 was superior than that of IL-2 at different temperatures. The activity of obtained MvIL-2 was 4 ~ 5 times of the wild type

of IL-2, So MvIL-2 had an advantage over wild type of rhIL-2 in storage stability and activity.

Key words
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HAMENZ 200 2)BHF HAKBITE E. coli 1
e EHIT RS, EUENIER RES,
FH IL-2 2317 6mol/L ik K8 AL (GuHCL) 4 8 4%
i, BEHITE/EEEE AN E. coli PHlifbIF
ER RS, ERERRTPEASA IL2 MaglE
KAt Smg/L WKFE, Bk KBHE E. coli il %
L2 F—-ERRBRE.

AENKBITHE E.coli BE—FMBEBERERSE, M
EMEBErERRARAGENERRERR, B
BWEREEARSEZEFARANHAS . AXE
WEETHAOARNZE 2 XRFEEETEEFR
Brfpch b Rk MR R ot — B R BRI,
BWMEREGR I MW EHFRPAAE T BHR
TRIANCHBENTE-2. S RERA(IT.EES T
W ibd =, BRAATEOMMBMNE SOmg LA FT
MR L2 A HIEHE N 4.0x 10" IU/mg &
H.HXRBIL2&8 S EFEG. TBEN -EXHH
e — MR .

1 #EE5F*

1.1 #8

1.1.1 E#E SR EW A R ARBESE B KMT1,
REFHABFTEANETRREERAHRA R 2
(TL-2)% pPICOK, I A EHWE X M. RHEF T - 70C,
15% Hif .

1.1.2 X7 E B B (bacto-tryptone ) F1 EE B ¥} ( bacto-
yveasl extract) f«] )‘{9 OXO0ID /z_"} Gl jﬂc lﬁ:. ﬁ %Mﬁ

purification, secreted overexpression, human IL-2 mutant, Pichia pastorts

(Acrylamide) \N, N-F X T % Bt B% (N, N-Methylene-
Bis-Acrylamide) % % S 87 % ¥ R250 25 Sigma 22 7 /¥
&6 B G AR M 5 (middie range) 5 BIO-RAD A 7 = dh
2 B9 L 5% Bk 3 ( PMSF) % NORTH-BIO 4% & 7= &, 38
PR TR R 7 A2 3 ) (-S057 ) R ot B B 32 5
{-N" (CH, ), ) & BIO-RAD A A 7= &, B B & Ik
(SephadexG-100} 4 Pharmacia 2> #7=f , K& M EF*
¥ sk

1.1.3 333 .LB;LA;RDB( %) : L34 E 1mol/L, H
5% 1, YNB 1.34, 184 x107° , E &8 0.005(L-
HER LEEAR LEEZM, LR EM); YPD
(%):EBE K2, BEESRIY |, 5&HHE 2; BMGY
(%):YNB 1.34, EAK 2. MBERY 1. EVE
4x107°,H i 1100mmol/L 8% 8% 28 W i (pH6.0) BL
il ;BMMY(% ): YNB 1.34, Bl 2, BERERY 1,
HEWME 410, FEE 0.5~ 3, 100mmol/L %88 2 vh
& (pH6.0)Y Bl .

1.1.4 FEMBFRG: 8ELHE 0L (Sorvall
RC288) 2% DUPONT A &) 7= df , 8 #h-0) W4 V6B i
(6010) 4 L g B L 4 #7387 &, B &K {4 (Mini
PROTEAN 3cell) 5 Bio-Rad A FIF= & , BB EEK
( Labscale) 7% H Millipore A A =& , BT & H T 1
1% % F FTS SYSTEMS A+ A=, EHMIL Z &
( Biological LP)># Bio-Rad Al F= o

1.2 A&

1.2.1 THRENEEREFGHHEL - BHETNE
A RHEF AR IL-2 TRE 2 5T 2 mL YPD
WEFED TR, L 1% ER AT 100 mL BMGY
7 500mL =M HE. 30C 3000/min 3 E 0Dy, =3~
6(KEY16~18h). FLBERHHHEEARILER
FAE 1/5 3% 1/10 f5 IR AT B 35 FF AR T BMMY B3R
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HEy B8R4/ EmMAFEELELRESFA
0.5%F 5% HTHES. KURBERMF BTIRE.
FESmE W pH HE. —BRERFHRE,NA]
DB R MBI E AR R,
1.2.2 AEHAANFE2(IL2) M BB KRS NS
sk ar . PREES 2 4G, 4°C, 15000 o/min B[ 10
min, [ 15 # 7 B0 i A PMSF( 2 & 8 & O M &30 &
F)E | mmol/L 3 5 ~ 10 mmol/L EDTANa, . B b &
FIBERIfER . i 0.45 pm BEIT 45 20 thil-2
$ R 200 mL, F§ MW = 30000 #9588 i . & K
(HYT 5 MERMERER) . BHRED, BRFER
AR CR ), R E MW KT 30000 B & . I
£ B R IL-2),

R MW = 10000 7 &L, I 50 mmol/L Z % -
7. EE S8 il (pH3 . 5) £ 5 ~ 10 METR CHE AR P4 898
i R R R R ) TR B 29 200 mE(ECE D) B
£ MW /N T 10000 B2 BT H WA
1.2.3 BEEIXHSHEEFRHBEE . mEREH
2 P A H g ( Bio-Rad 2> Al Macro-PrepS Support, 1E
AR .-S0, ), &K /M:2.5cm x 30em, LA pH3.5,
% 50mmol/L ZE-Z@%%W?&(I’VE?&)%%E‘Z
@, Il HEw FE AT ARKREZELESR
HL. A& 0~ Imol/L NaCl B9 T ¥E T 3 i, s
10mL/h i EH#G MEEARTRE BIKLUHEER
RO TEBA S E L2 SEEEMHT
1.2.4 SephadexG-100 % B¢ i i & 3 : SephadexG-100
BB AE (1.5em x 80em) LA pH7.0, & Smmol/L
EDTANa, , 2mmol/L FHEZER O, 1mol/L NH, Ac 7%
WS FEHE.H 123 WEFME w2 HEDTE
i BWETERESRT L& pHT.O(O.lmol!L)Z.ﬁ@f
FErbik )5 b, B F T SR, BIE 20mL/
hWESE BEEHESEFERKI.
1.2.5 @i %5 N FRE 45T SDS- A iE
B 4 i B 4 B V4 B B R B WL 8K (SDS-PAGE) 7',
1.2.6 BEWE T E 8 0k EE 0 a0
#l 600nm B R ODy , HEFHRBRZE 0D HFE
0.1~072ZH. BAR oD EMABESRE
5000r/min 2.0> 30min, f PBS ¥ ¥k 2 W, &.L0, KHE
EKigE, WEHEEKEOCHT2EEE . AHMER
WRYHARTE, BEESARTELA-ELHE
HEEE.
1.2.7 EHEAFEXENMEMEGRKENE .
A% # SDS-PAGE #E B ea ik 8517, FR-980 % &
H ok AT AN GE hil-2 S SR EANATSE.
Bk S EH A KEDZE & A Bradford #=" Ll BSA N
R HE o
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1.2.8 EHME L2 AWEENE, 2R L2
BOER L2 RS B CTLL 98 A2, B MIT
B R E

2 ZRE5iT#H

2.1 ITEEREFHAL
2.1.1 FSEHENE. EEESAETLLT M
HNEEOSRREMNERAE KRR, I &R
Wik B R A, MA 0.5% B M BMMY H#3k
E#TES,E 12 /DB, FT SR 3 R RillE
BINE 1, M 12 h FF 85, BiAY R RE S R 3k B T
L3 48h KB EMEME, 5 B EH 38% R E
TR M ERELEA K,

2.1.2 PFREIRENEN. KEHEEFEER
24h IR REFEHAERE N 0.5% 1% . 1.5% .
2% 3% 4% 5%, B FHEIF 48h. FITER I KU
FERUT - YPRBEFRERN 0.5%F, HRH
v B B AR, [ 40 O 9 B L B IK , U B A R AR AL
B YFEBEE R 1, HRBRER
G0 OD B, BLRAFE M R A F AL T 3K
FEETHEEEK, YPERELT 1.5%E, KR
RS, ODg T 5%, VB 7E 3k BE FE B 40 T 4
KgZaimh, NerBEBEsENEOREXE.E
AT N 1% KRR,

40

B

2r

28

24}

Expression levels/%
Diry-weight of cells/f(g/.)

20 b —&— Biomass q06

—e— Expression levels

16 L L L ) L L L 04
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Induction time/h

B 1 AL K hIL-2 AN
.

g.1 Effect of different time for induction on cell

growth and rhlL-2 production

EMERA AU R 2METBEERA
BEHEESXEOT UIBMGY fERR THEFE HE
FE 0Dy AF 9B, EET 1/5 (KT BMMY F 7
BiESERA, MHEEFEEH YT 0Dy, ikH 45,1
EHESPEN 1%, pHIE 6.0, 2d, BT %
BB ARREREN 0.204g/L,

2.2 rhil-2 @ik

thiL-2 HlR R £EME 7k SHEEE.F 3
PO B 2) R S E L 0.55mol/L NaCl PERRH
Sy rhIL-2, A FH 4 8% AR 85%.,
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BB EBAMEARN thil-2 £ Sephedex
G0 RS AKESE, BRI MM (E3). B
KEFE L2 N FE 2380, FE3E, 5HER
46-48F HAEENR - FF(LHER 20pg), 4

EH 8%, aAifbHESMBIKGERNE 4, difbd R
PR EWE 27%, W, Table 1, HHEESHAEHS IR
hil-2 & EBAAE(HPLC) , RE &% (B 5).

%1 EAL-2M8#
Table 1 Summary of rhIL-2 purification protocol

. Total protein Total IL-2® Purity Purification Recovery

P /mg volume/mL fmg 1% multiple 1%

Ferment supernatam® 134.0 200 41.5 31 1.0 100

Superfiltration Concentrate 103.9 50 37.4 36 1.2 90

Calion-exchange resin{3) 19.1 80 16.2 85 2.7 39

Sephedex G-100 11.4 7 11.2 98 3.2 27
(DFerment supematant was obtained from 1000ml BMGY culture medium about 10gP . pastoris strains as the method 1.2.1.

@Content of IL-2 was determined by optical density after SDS-PAGE, and corrected by purified standard IL-2.
M 1 2 3 4 i 2 3 4

9I'0 11l0 IEO léﬂ l':'O
Fraction number

2 BFXEHERAAEAAANR-2

Fig.2 Strong cation-exchange resin S exchange

50 70

Chromatography of thIL-2 crude extract
Column size:1.5cm x 30cm; Flow mate:20ml/h; Gradient efution : Bufferd
( pH3.5, 50mmol/L. HAe-NaAc ), BufferB { Imol/LNaCl, pH3.5,
50mmol/L. HAc-NaAc) .

os}f IL-2
04}

g 03

< 02}

01F
0

0 10 20 30 40 50 60
Fraction number
H3 AFHENSLEAAGH K2
Fig.3 SephadexG-100 gel filtration chromatography of rhil-2
Column size: 1.5cm x 80cm; Flow rate: 20ml/h; Elution: pH7.0,
Smmol/L. EDTANa, -2mmol/L. mercaptoethanol-0. 1mol/L NH, Ac.

2.3 SFRHME

6 FindE®E B 57 7 & 5 %24 94kD.67kD.43kD,
30kD. 20kD.14 . 4kD( & 4) , ¥ HEB B X5+ TR K
SECVE R, BT 15 b5 ok B 28 05 1gM, = 4.962-1.168Rf,
MEXEWH r= -0.986(P<0.001,n=5), ¥ thIL-2
EBRARATEBR>FRR 14.5kD, 58 {H 15kD
HENT %, BEZFE,
2.4 EPENKAE

R AL Fr 5 A9 rhIL-2 405 MTT 3E003E , &

14.4_% é*ﬁ‘

B4 sii% DR SDS-PAGE 4347
Fig.4 SDS-PAGE analysis of coomassie blue
staining purified rhIL-2
1,2: wild-type sample {pure);3.4: mutant sample (pure);1°,2’: wild-
type sample ( before purification ); 3', 4': mutant sample ( before
purification} .

Ao (X 10°h

e L - -
g 3 8 3

7000 050 100 1.50
{10 min)

s AEH IL-2(CI125A/L18M/L19S) 4l &
¥ HPLC b4 #r 1
Fig.5 Patterns of purified hIL-2(C125A/LI8M/L19S}
loaded on HPLC
Sample: IL-2-x, Channel, UV484/280NM,
Technique: C:/MAX/DATA, /IL-2-x.

WA IL-2 A Sopg FMHFAHEB (BSA)EEF T
50mmoVL, Z Rk pH4.0 P . B %k THRE TH. A
MTT & i 3% 77, %5 % F 4mmol/L HCl F H X B &
0.1%BSA, FI R 1L-2 B E R 1pg/ml B i, H
Ao 2um LR EEE, £2 R ZFERMRN
FEHER, S—KMERRFN-HEEEIR. &4
RBRARAPRKNEREER, AXETH IL25|E

Filename: [IL-2-x;
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CTLL-2 AT A B & TEF A % 112, F AT AP
HE L REAR L2 M D EEER IL2 A7 4.4 5.

#2 MITEZENEERA L2 HNRE L2 FEERE
Table 2 MTT assay for recombinant IL-2 and
IL-2 mutant protein

L2 Asno-Ae00
wT MT
{ pg/mL) _
s E s
0 0.01 0 0.01 1]
10 0.13 0.005 0.24 0.006
20 0.19 0.007 0.43 0.013
40 0.34 0.010 0.62 0.013
80 0.45 0.0t1 0.91 0.012
160 0.62 0.01! 1.73 0.037
320 0.92 0.009 2.45 0.012
640 1.66 0.013 2.69 0.031
1280 2.32 0.007 2.89 0.027
2560 2.73 0.016 2.94 0.018
5120 2.83 0.006 3.08 0.012
10244} 2.88 0.009 3.12 0.015

DWild type IL-2 P < 0.05 n = 6; @ Mutant tvpe IL-2.

FAKBHE BSAEl el C xR
ETEHANIL2, A KEE/FEH IL2 FELE
ERKXHTE, H A X hIL2 faifb i 2 BTN
KBHHETER. AKBITERE=EH L2 8
FHRORB ", BERY (1995 F)HWET L2
MESEERREN, KETE-1E8ER. HFELTE
T P9 A A o R B R T AR IL-2 AT

A CE WK T AT AR AR B A o RO 5 Ak o I
RIF R R % BRI hIL-2, AR R B RGP aifl rhil-2
B—1TeHnBERLIE A FHEE™ hIL2 &
EBFNHE LS EMALH . RSN
MM FELRERAESHN T R EREN
(SDS)FE R ok, {28 L2 AERETHE L HEHE
E—FERBR A, W SDS R[S L2 &4, ALK
LW ABLEO Y IL2 —&EFATE, BERE—
oo E . FAEETEE RN REXN L2 B0
WEIR L -2 BEESRBIIBRPIEESBIL
B P, BT KB AT AR 1R A R R K
rhil-2 B B 1R 2R .

W REBER A OB XM &, & SDS-PAGE K1l |
W.hil-2 SRS EAM 0% L . FR&EH
A, BOREBHEAE hil-2 M EERTE—F
o R A5 L 5 18 FI 4y W RY 3R G TR 8 89 R R A (R R
RAHEEEME, RIS — 2403 A EER ks,
ks W EFREmR— LR HFEE-ER
B EERAES, SR A0S hIl-2 e 4s i al L
BEFLEFLHRE. BEFCHAERAEAE XK
H,pH3.5, 73X pH T IL-2 BH M, H H 4 NaCl

BEERAT AR 39% wENR A, WA A2 BER
BERL R (N & W B 305 R AR |, AT LULER B TR &Y
AL AT SR 8Se A EM IL-2. B
HEEENERE - A NEDBH# - S EILNE
ROMHRM U EESEINES SEMER D, LIAT
e, Ak AR R, AR AR
BERAEEH SRS,

RTEHRBZF FHEEAABRA T2 RER
EOSHEREBONES, RIFENSHHESH
fTRrS549k. ARXEHEAE=TE2ERT
SrEETHRE, AEEFESTPR TR THUE
LOAGESH BN . RESE S,
METEARZFIEEA/ES pH HHEB/DE
g, HuifbBEEm, MHAERANERGEIET
HIFE. AiEERaER L2, HiEHE L FAR L
2EA-SE, X SEERMEHA, MR EHRR—
BiEM EEEOHE L. EROETHEEEME.H
M e —FNEHLE YT REMERBMR
AELBEFLAN—LHAEE T —EWER.
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