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Expression of mouse PD-1/PD-L1 recombinant protein in prokaryotic cells
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[Abstract] Objective To establish a molecule binding model of mouse PD-1/PD-L1 protein in wvitro, so as to lay a
foundation for studying the biological activities of the recombinant protein and to establish a high throughput drug screening
model. Methods Prokaryotic expression plasmid pET28 a (+) /mPDL-1 and pGEX-4T-1/mPD-1 were transformed to E. coli
BL21 (DE3), which was then induced with IPTG. The expression products were purified by fast affinity chromatography with
FPLC Protein Purification Instrument or gel separation. ELISA and GST pull-down were used to detect the interaction between
mPD-1 and mPD-L1. In addition, Alamar blue was used to test the role of protein mixtures in the mixed lymphocyte
proliferation. Results SDS-PAGE and Western blotting analysis showed that the recombinant proteins were successfully
expressed. Then purified mPD-1 and mPD-L.1 protein was obtained by affinity chromatography, Gel seperation and refolding,
etc. ELISA and GST pull-down showed that mPD-1 and mPD-L1 protein had a specific binding activity in vitro. The mPD-1/
mPD-L1 protein had a significantly decreased influence on the proliferation of lymphocytes(P<C0. 05). Conclusion Mouse PD-
1/PD-L1 recombinant protein model has been successfully established using purified mPD-1 and mPD-L1 protein expressed
prokaryotically, which lays a foundation for high-throughput drug screening.
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S R — A A AT R AT 0 B P XA R TR Ak
T 4 M FE A8 T 0 2 T8 AR AR L FE B N A T R R
B E ™ . PD-1 (programmed death-1,
CD27O W JE T T A4 i5 EfE 85 (L A X 40 7 B 24
55 000, A1 5 PD-L1 1gV FEZE M A 45 &, e g %
IR h I B4 200 R 1 S 8 T RE

PD-1/PD-L1 i B & 3k 5 MUK 2 Fl 9595 19 & 2E
K JBARSC , B 40 i o 41 B A 1 PD-L1 AT A S
b e AR S 1 A4 B IR B 4 B (CTL) A R T, AT
T I CEL 200 ke P g 4 e 2 O 25 5 A IR B9 CDs
T 4 H 26 1fi = 638 PD-1 ol 5 R d 4 % CDs ™ T
20 LG 955 R Ty RE A1 L B8 o 1 2L Ul PD-L1/
PD-1 41 il 3% 12 5 9 8 8% e o B2 b i fo s ik i A
%0 Wik, PD-1/PD-L1 B8R Bt s B % & £
Pl 36 97 19 FLAEAE 500 & X PD-1/PD-L1 1%
IR R 1) YA T 2 W AR ) ST K R R b
TR AR T 2 BT T AR SR Y B[R] ARG

AHIFGE R FH D A% 40 25 5k OF 4l fk /B PD-1 g
HhX (mPD-1D) #/N R PD-L1 fE4h X H (mPD-L1) ,
Kl mPD-1/mPD-L1 45 & 7 %, 22 3L # 7. mPD-1/
mPD-L1 A 25 & o3 7 B8, DU 80 [ 5 97 24
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1.1 &M REKA W E. coli BL21(DE3)
76X His b2 09 8 41 ik pET28a(+)/mPD-11,
WA e H K S-5E 1 (GST) bR 2 1 51 20 i ki pGEX-
4T-1/mPD-1 I AW TR A7 . R GST 2 bt
KM eBioscience 23 . BLUIR His 5 58 B $T 44
HRP ¥5ic 19 FEH0 B 1gG L HRP bric 19 F Ptk 1gG
W B A s A2 & M A W E R R | Al A 27 1t
M Sigma % A Al $2 i, Glutathione Sepharose
4B.GSTrap FF Ml (1 461L{L AKTAprime I { GE
Healthcare Bioscience 2 7 ; 3t 2040 M4 (3£ [H Beck-
man-Coulter 23 Al 5 4= 3% K B b5 I 22 4 (36 [ Ther-
mo A Fl) ; Z U e bR AY (B 1 Tecan A F]) .,

1.2 mPD-1 & &8 RuEEARREL KARLEE
AR EH TR pGEX-4T-1/mPD-1 ¥4k &1 £ &
BL21(DE3) T Pk A T AR TR KM LB
WARIEFRW 37T CIR GG FR K., R H ¥ 1 : 25 3%
Fii o e dh T EH @ N E R RN LB R 3Rl ,37°C
PR 5 9% 2 Doy N 0. 60. 8 BFIMALHE R 1.0
mmol/L B IPTG S £k 4 h, BOWEFEMK, H
TR PBS Pe# 1 Wk, HAS & PBS A& UUUE 8 75

2,500 X g B0 10 min, B0 & F3E MU 1T
B D7 T o O P K L 2 SR B R KB R I AEAE T
BT B, A 5 ml HERMEFUA GSTrap
FF SEMZHHE R AKTAprime & A 4164, 560 5
CV AT B9 f5 22 #h W (PBS. pH 7. 3) i 4. 44
SR N 2 LA 1 ml/min O ERE, A
ZERARLLIMA 8 CV WV g2 il B fF 4 5 CV 1Y
VMG 2% v W (& 10 mmol/L 38 J5A 23 B H Ik, 50
mmol/L Tris-HCI pH 8. 0)# Bl & 2 H ¥ i T 2k 3+
WEE A, BRI RELG & 1A 1T SDS-PAGE
FEE 1B 2508

1.3 mPD-L1 & @&y R# &k R F pET28a
(+)/mPD-L1 ¥4k 2 15 31§ BL21(DE3) 1, ¥k 5 5
R TS RIRERN LB R R 37°C IR R i 1K .
WHH 1 = 25 MR LR T & RIRE R M LB 5
FRWH 3T CHRGIH F2 & Dioo N 0. 60. 8 B, A i
JER 1.0 mmol/L 4 IPTG i35 4 h, BE.OUER
W H K & T Buffer A 71 (0. 5 mol/L NaCl, 20
mmol/L Tris-HCl, pH 8. 0) ., 7 UK ¥ H LA 75 I ik 7
PR B0 5 43 SO b T VRORTDTTE L DOUE &8 4 (L%
) F 10 ml ¥ ¥ B(50 mmol/L Tris-HCl pH 8. 0,1
mmol/L EDTA, 2.0 mol/L JR &) B & I £ 48 - 4b 3
VeV 3 WK BRI A Triton X-100 A9 [A]— 28 wh il
VR 3 WKL B O A ULVE AR 4. 3 il UGS B b AT
V€, 1T SDS-PAGE %& 8/ HE A FLEHFET
DlvEd, AR UIEN RS IR E R, KE S
min, 17 SDS-PAGE, SDS-PAGE & F vk ¥
0.25 mol/L KCl Z¢{%, 510 min, Y] F H B9 & H . T 1,
INAEARFR Y K L 4°C JBCE R AR I B0 B L B AS
faifby HER ., BHEAZL 4£°CEN 0.1 mol/L
PBS & 5% B H )36 h, B 46 h ¥k 1 kT &4k,
AL EE A T-80°C, UL SDS-PAGE HlE H
B0 L UK XA S iR A T AT

1.4 ELISA ##4® mPD-1/mPD-L1 # 4 4 7&
FHALBE I (0. 01 mol/L B ER 2% vl . pH 9. 6) i FE I
BRB L mPD-1 £ 1, KL 60 ng/fL (100 uD) £
B ELISA #z, 4°C B % s ) H JH PBS-T(0. 5 ml/
L Tween 20 PBS) YL 3 A M 10 g/L BSA 37°C #t
M1 1 h; PBS-T ¥k 3 IS . A 10 g/L BSA i B i
3Rk 2 A ) mPD-L1 # 1, LL 60 ng/fL (100 D
37°C M 1 h; PBS-T ¥E¥ 3 ¥ .M A$T His 550 B
PR (1 21 000),37°CRIY 1 h; PBS-T #E% 3 .M
A HRP bpic £ 30 B IgG (1 2 1 000),37°C R
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1 h; PBS-T k% 4 K, & ALIA TMB 100 pl,37°C
G 10 min, i1 50 pl 281 (2 mol/L H.SO.)
ek SO, BRI 2 DG BE A (Daso) » IR IE 22
I P S 25 A, DU A 2R 2 GG 1k

1.5 GST pull-down # # mPD-1/mPD-L1 # % &
FH ¥4k 9 mPD-L1 (0. 2 mg/mD Al mPD-1
(0.2 mg/mDBEE S 1« 1 WHHI4 10 ul T
500 pl MBSO TIRS), BIREEEIIEM 1 h K
HEEGWMA 20 ul B Glutathione Sepharose 4B,
[ B DA 8foph 1 45 45 mPD-L1 & [ f1 mPD-1 2K P 4E
MXF RS 20 pl 19 Glutathione Sepharose 4B {5,
FIRE RS 1 b, PBS YRR UIIE 5 e, &0 5
L3 A 1 X SDS-PAGE EEZE #h i . & ¥ 5 min,
B3, %% B 64T 12% SDS-PAGE L3k, 7=
Y% %2 PVDF I F,5 g/L AR WS #3 64 2 h, fin
A His Hifk (1: 5000, FH@BHE 1 h. TBST HfE 3
WJEAA HRP tric 9 3 H0 B 1gG(1 = 5 000),37°C
E 1 h, TBST Ve 3 Wi ECL £, 0.2 mol/L
NaOH 4b# & PVDF B 30 min,PBS ¥E#.5 g/L
WEAE Ry = | E A 2 h J5. M A 1+ 3 000 i B A
GST-Tag RZFEESA . ZIRMFE 1 h, TBST BE#E
SWEMA HRP #rid i FE L 1gG (1 = 4 000D,
37°CH%E 1 h, TBST WEME 3 k5 ECL & 8 ) i 3
min, B, B,

1.6 Alamar blue & ## mPD-1,mPD-L1 & & *
Roememieigae e 1 HEWA/NRAL R
BALB/c /N 433l Wi 8 A BT, TG B B, & 75 % & I
HRML 5 min, HLAE S B LA AL T 200 H T2 TR DB AR

PEITAMME, & PBS PEk 2 K, 4°C 500X g B 5
min, A RPMI 1640 3% 3% WO 240 i 2% B 4 & 1 X
10"/ml1 X 10° /ml, 4&F T 96 FLANMIH; F2 42, 100 pul/
FLL A 2 4l —H AL i mPD1(2 pg/FL) Al
mPD-L1(2 pg/fL) HE ARG Y, 75 —H i A Hh
4ifbry mPD-L1 8 H (2 pg/fL, PIRINE BB E
MR B X IR AR LI E 3 M E AL, B
T 37°C 5% CO. MHIRIEFRA PSR 20 h J5 ., 4%
LA 10 ] Alamar blue, 75 55 37 4 o 4k 22 85 7%
24 h, il it 2 Y RE DO GREAR AL AE LL 530 nm AUk I
£, LA 590 nm &SI T I e A& LA AE R D A
TR E A E AR A W EL Al i 5 i g, &
T B0 BE R AN R R (% ) = (SRR AT
¥ D AE-FAMEXT IRALF- 3 D () /AP B4 D
5 X100% .,

1.7 %itsam® R SPSS 13. 0 Bt 2N &
ZIKF- " K, P<<0. 05 N2 R HAT R X,

2 & B

2.1 mPD-14 mPD-L1 B &#) R kA Kz 4
& SDS-PAGE % & 45 % (& 1A, 1B): pET28a
(+)/mPD-L1 H 20 Jit b 3% 3K 19 8 H A X 73 F T &=
25 30 000, pGEX-4T-1/mPD-1 # 41 Jfi ¥ 22 35 19 & 1
FHXF 23 F I & 29 42 000, 23K (19 8 1A X 43 BT i
55 TR AR X 43 B d /N B A AL T B A X IR (O
SEHT AR RO A DLW R 2 AR SR W EE 4 R B
ERRFRIBARN R H . B RS R (B 1C.1D) &
Wl 2 R L Re AR S S AR PR SS G

M:(x10) M 1 2 3 Me(x10%) M 4 5 6 M (x10%) 7 8 9
116.0 —— e S— 116.0 - - 48 N ‘
662 —— g 66.2 —— - e
450 — - 4 § 450 — 33— | :
I — 350 — - = 34— SIS C
=3 ———
25.0 —— | — 250 —— | w—
M:(x10% 10 11 12
34
184 — 184 —
144 — | - A 14.4 ——| o B 26— D
1 SDS-PAGE(AB)MEZEBEE(C.D)SHEAZEANEZRER 4L
Fig 1 Analysis of expression and purification of recombinant protein by SDS-PAGE(A,B) and Western blotting analysis(C,D)

M: Protein marker; 1: E. coli BL21/pGEX-4T-1/mPD-1, before IPTG induction; 2: E. coli BL21/pGEX-4T-1/mPD-1 induced by IPTG after 4
h; 3: Purified mPD-1 protein; 4: E. coli BL21/pET28a(+)/mPD-L1, before IPTG induction; 5: E. coli BL21/pET28a(+)/mPD-L1, induced
by IPTG after 4 h; 6: Purified mPD-L1 protein;7: E. coli BL21/pGEX-4T-1/mPD-1, induced by IPTG after 4 h; 8: Purified mPD-1 protein; 9
E. coli BL21/pGEX-4T-1/mPD-1, before IPTG induction; 10: E. coli BL21/pET28a(+)/mPD-L1, induced by IPTG after 4 h; 11. Purified
mPD-L1 protein; 12;: E. coli BL21/pET28 a(+)/mPD-L1, before IPTG induction
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2.2 ELISA # # @l mPD-1/mPD-L1 % & %
T B U S AR AW U W e G S e O )
mPD-1 ¥ N 1 g/l . mPD-L1 & 15 500 ng/4L .
His i/ 200 ng/fL, HRP #ric £ 30 B 1gG Pk ik
JEH 10 ng/fL, &ML AR EE, T 44k ) mPD-1
A ELISA i, KK 5 mPD-L1 # 1 . #t His
HE BEBLAR CHRP AR ic B0 B 1gG 1B H . I € 6%
JEAE (Daso) s 4050 LA & mPD-1 2 4, mPD-L1 %
FIPL His BRSCREHLARAIE N 3 AN BT IR (B 2) . %%
REIR.Ei6H mPD-1 15 mPD-L1 & 7E &Sk
HA R ME A0,

2.3 GST pull-down ##4 # mPD-1/mPD-L1 #) %
&%M® mPDL1 5 mPD-1 EHRAG . IMA Glu-
tathione Sepharose 4B, K % GST #5451 mPD-1
it 5 Glutathione Sepharose 4B %P4 &, K I iE
i B R mPD-L1/mPD-1 727 T ULiE . A
His B0 — P12 58 11 D I o] A6 00 3] — 2% AH X 4 7
Fid 2 30 000 B9 mPD-L1 #& [ FH 44 1 HAtb
L A& B ¥ . B F Glutathione Sepharose 4BHAJ L)

M: (x10%)
86

47 —

34 —
26—

20 — 2
mPD-1 +  +
mPD-L1 — + + +
Anti-His + +

5 mPD-1 454, Wit iR PVDF B4 0. 2 mol/L
NaOH #ZbHJ5 . B 2L GST $k S —Hu ] DL 2] 2
2 mPD-1 CHIX 20 F & 2 42 000) 44, Hifl ¥ &8
MR 3y, S5 R HE— 28 UE S R A% R 35 JF 4l ik
mPD-1 G8 5 E A mPD-L1 454 .

12p
1.0f
0.8F
Qz 0.6F
04}

0.2}
oLl ™ ™
+ +
- +
+ p—

mPD-1 —
mPD-L1  +
Anti-His  +

+++

2 mPD-1 f@84X 5 mPD-L1
M5hX & B 45 & #) ELISA % 45 R
Fig 2 Detection of interaction between extracellular
domains of mPD-1 and mPD-L1 by ELISA

* P<C0. 05 vs negative control. n=3,x*%s

M: (x10%)
86

47 —

34 — W1
\

26—

20 —

mPD-1 + + - -

mPD-L1  — + + +

Anti-GST + + + +

E 3 mPD-1/mPD-L1 &5 & 8 GST pull-down ;54 il 45 R
Fig 3 Detection of binding between mPD-1 and mPD-L1 by pull-down assay

2.4  Alamar blue #% # # mPD-1.mPD-L1 & &
RSN @M AGF e A mPD-L1 HH K
mPD1 Al mPD-L1 & [ G 953 5IE A TR A ik
SR L LA 0 A fe] 35 1A b B A48 AR 1R A BT %o B 5%
F¢ 48 h J5 W 22 TR 2O b AR T 4% L 22 G 1H
S5 e b U 248 394 0 L 8 R s TR A v 2 4
AFHAEA mPD-L1 J5 , H AR B 5485, It 5 40
M A 2 AN EHEAEAIRS G IEHTIRA M
EafE, 5 R B R m A TRMEHEA
mPD-L1(P<20. 05, & 4), 8] mPD-1 5 mPD-L1
AH AR FH B 45 B0 B 25 11 X TR A 9 U 200 i 344 B 1 5%
M)

O mPD-LI
S 12F = mPD-LI+mPD-1
2 10f
5
ER .
e 4t
a
= | %
S m rh
0 i .
1x10° 1x10° 1x10*

Cell count (cells/ml)
4 EHAERXBREMBEERIEENRT
Fig 4 Effect of recombinant protein

on mixed lymphocyte proliferation

* P<20. 05 vs mPD-L1 group. n=3,7=+s



W54 W) BEIEHE 2. mPD-1/mPD-L1 RSN 745 & #6580 i <7

+ 389 -

303 i

PD-1.PD-L1 & H B 45 14 #F 58 & 3, PD-L1 43
T 52k PD-1 % 2 a3 H AN X 1oV 4544 I8 AH
HAEF PR G5 R G HEAT S PR IE E N B
L RXCRP R [ Y S 5 S R AL 28U
it 52 . 5 2AM A A B R M T 40 M 9E T, X B Ik
LU R B RN DL B B s M Y & AR B
ARMAERY, BF5E & B PD-L1 A9 558 i 52 55 b
JeA 210 if0 306 3 G 28 W R L B B 1) 0 M R e I A =2
P & M 2, T4t PD-1/PD-L1 {5 5 & &
E s B ER T IR L B B 5 P e DL SR g
PETM 52 SF IR B ik IRAN o T2 SR
AR A T £ X PD-1/PD-L1 {55 5 18 1% 10 25 ) $2
BB,

AW 5T 30 A A A SR I8 3K 15 T mPD-1 ., mPD-
L1 MgAh X & A, i SDS-PAGE Kl % B, ik 1Y
GST-mPD-1 fil & & A FEAET LD T
JH GSTrap FF 2R #MUZHr A xf & (17 alifb, i
His-mPD-L1 % 4 3 2 DL & 1R 9 18 U7 78, ik
FH e TR 1 J X0t 2 1 ifE AT 24k, il 2t % 5%
Tl PBS AT M. 4 SDS-PAGE & H
B0 A DU fb 7, 638 1Y 2R BT AR N 43 B S
N

#t— 2k Hl ELISA 45 & i % A1 GST pull-
down J7 % 4 Ml His-mPD-L1 5 % & GST-mPD-1
TERANBI G A G T B85 R L BRI F e e fr b4 &
HARIIFMEGIEM, Baith mPD-L1 RS
mPD-1 & 1R & fEH TR A k400, & 30 W &
FIR A 5 X5 bk T 48 B % 39 58 0% P 52w W] W I T
mPD-L1 2 FH AR & PE . 300 mPD-L1 il mPD-
1T EAMLS S FEP T mPD-L1 936 ME, [F it 42
IR JFE R IR B mPD-1L1 2 681 5 A% 41 i 2 1fi A
N Z ARG & R AR A Y

2 Lk, ok F R R 40 i 26 35 I 44 19 mPD-
L1.mPD-1 &8 HA RN G %L EY T
P IS ) mPD-1/mPD-1L1 RSN 45 4 43 45 1
A R 3k — 25 1 v A 2 W O 3k L Ol S SR 9T R

TE TR
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