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(# E] BM: s RmESR AR T mA L (PD-L1) 99KPuikm 4im sS4 (OMV),
TRV A5 M R L A0 A 2 %%W%ﬁ&ﬁﬂﬁ?ﬁ%%%t%%l@DD/Hﬂlﬁ%%m
BHIBIRCR . FEE: M pET28a-ClyA-PD-L1nb FIR K k4 A, # 1k = KHATH BL21 (DE3) %
A, AT R B0 A VG K PD-L1nb R A 2K 1) BL21 (DE3) gk % 53 B OMV, ﬂm@
SR (His) PR dFAT 8 Faifh . SR A G i W 50OBE R g KRR AR 40 T AU OMV HEAT 20 BT e o 15 5%
f& PD-L1nb 3 ik # /K 1 BL21 (DE3) 50 B W 3% BT 43 B 1 OMV /E S SE B 21, DLk #% 46 i BL21
(DE3) B v BT 7 i 73 85 19 OMV AE g X 41, & Hl Western blotting % 42 ] 2 41 OMV H ClyA-PD-
Llnb @l & & A RBMH M, RAHA I &8 (CCK-8) LKW OMV 4b ¥ 5 /N B E Wk 40 i
RAW264. 7. /)N B = B ¥k L 5 o 40 B 4T 1 A0 AR JiR ' 40 s HEK293T 36 4, R 2¢ ' WU e AR WL %€
OMV [ Jif 988 41 L 9 45 o, R 3 =X 40 i R &6 I PBS 41 . OMV-PD-L1nb 41 Al aPD-L.1+OMYV-PD-
Llnb 20 OMV 5 iy 40 i 3% 10 PD-L1 A9 45 & 808 o G5 R 1 = e JE B 2 64 - 58 V3 99 Tt fiie € ¢ v vk
(SDS-PAGE), KW i i% 5 )5 76 WA x40 F B (2949 000)  BE3m H 80 B 58 #0428 1 4500,
ClyA-PD-L1nb % 1 s Ty 3k, Zlifb )5 okaE ih I B 22 A7 7e . R R B0 0k e AR I R
120 nm () OMV-PD-L1nb, &4+ s T 2 308 RoF 4 — W B BRE 4549 . Western blotting ¥, 5
A OMV HAG I B ClyA-PD-L1nb ¥tk &4 . CCK-8%5, L ARME OMV 4b¥J5, RAW 264. 744
L. AT1 40 M A HEK293T 4 M 6 P 3414535 10026 . 96 RUE . OMV-PD-L1nb # 4T 1 4 i N 77 Ji5 43 L
EMM TP, 5 OMV-PD-Linb 4 L%, aPD-L1+OMV-PD-L1nb £H 4 Jfd i - 2 9¢ 5t 58 5 W 5 F A%
(P<<0.001). Z5#: WhHl 4308 T 1 %35 PD-L1nb # OMV El OMV-PD-L1nb, H7E/) R H M
ML ke 2 MR N VRIS A M O R B AR S, T B e A L P A O 2 BT PD-1/PD-11
(EREE LT
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Biological properties of bacterial outer membrane vesicles
surface-displaying PD-L1 nanobodies and their disrupting
effects on PD-1/PD-L1 signaling pathway

LI Zhimin"?, HUO Mingge', GUAN Longxue', GU Fanlin', LIANG Dandan', LIU Zhuorui',
WANG Guoqing', GUAN Xingang®
(1. Department of Clinical Laboratory Diagnostics, School of Medical Technology, Beihua University,
Jilin 132013, China; 2. Department of Basic Medicine, School of Medical Science, Taizhou University,
Taizhou 318000, China)

ABSTRACT Objective: To prepare the bacterial outer membrane vesicles (OMV) that can express
programmed death ligand 1(PD-1.1) nanobody on surface, and to discuss its structural characteristics, cell
compatibility, intracellular distribution, and its blocking effect on the programmed cell death protein-1
(PD-1)/PD-L1 signaling axis. Methods: The pET28a-ClyA-PD-L1nb prokaryotic expression vector
was constructed and transformed into Escherichia coli BL.21 (DE3) competent cells; the OMV was
isolated from the BLL21 (DE3) monoclonal colonies transformed with the PD-L1nb expression vector by
ultracentrifugation; the protein purification was performed using the histidine (His) tag; transmission
electron microscope and nanoparticle size analyzer were used to analyze and identify the OMV; the OMV
isolated from the BL.21 (DE3) monoclonal colonies transformed with the PD-1.1nb expression vector was
used as experimental group; the OMV isolated from the untransformed BI.21 (DE3) monoclonal colonies
was used as control group; Western blotting method was used to detect the expression levels of ClyA-PD-
L1nb fusion protein in the OMV in two groups; cell counting kit-8 (CCK-8) assay was used to detect the
activities of mouse macrophage RAW 264.7 cells, mouse triple-negative breast cancer 4T1 cells, and
human embryonic kidney HEK293T cells after treated with OMV ; fluorescence imaging technology was
used to observe the tumor cell endocytosis of OMV; flow cytometry was used to detect the binding
effect of OMV to the PD-L1 on surface of the tumor cells in PBS group, OMV-PD-L1nb group, and
aPD-L1+OMV-PD-L1nb group. Results: The sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) results showed that after induction of Escherichia coli, significantly thickened protein bands
appeared near the predicted relative molecular mass (about 49 000) , and after purification, no obvious
impurity proteins existed in the lanes; the OMV-PD-L1nb with a size of about 120 nm was isolated by
ultracentrifugation, and it presented a uniform spherical structure under transmission electron microscope ;
the Western blotting results showed that the specific band of ClyA-PD-L1nb was detected in the OMV in
experimental group; the CCK-8 assay results showed that after treated with different concentrations of
OMV, the viabilities of the RAW 264. 7 cells, 4T1 cells, and HEK293T cells were all close to 100% ;
the fluorescence imaging results showed that OMV-PD-L1nb was endocytosed by 4T1 cells and dispersed
in the cytoplasm; compared with OMV-PD-L1nb group, the average fluorescence intensity in the cells
in aPD-L1+OMV-PD-L1nb group was significantly decreased (P<C0.001). Conclusion: The OMV
surface-displaying PD-L1nb, OMV-PD-L1nb, is successfully prepared and isolated; OMV-PD-L1nb shows
good compatibility on mouse macrophage cells, tumor cells, and human embryonic kidney cells, can be
endocytosed by tumor cells, and successfully blocks the PD-1/PD-L1 signaling pathway.

KEYWORDS Bacterial outer membrane vesicles; Programmed cell death protein-1; Programmed cell

death ligand 1; Nanobody; Immune checkpoint blockade
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P PEAn e -2 & 1 (programmed cell death
protein-1, PD-1) FZRKK TGN T 40M . B4
L. NEK AL T Ak Y 54 20 A 0 AR 5 R 40 5
A S TR - b Ol 1 17 A el W /N
(programmed cell death ligand 1, PD-L1) J& PD-1
MECIR . PD-L15 T 41 fi £ il PD-1Z K455 )5,
IS T AU, B Ak S R Ge i S . B
g8 M R . PD-L1 4y 7 7E 2 RO M o 4 i %
T 22 KO 2R354 il 58 1) PD-L1 5 PD-1
S5G5 , ATAR T 20 e BE RO A0 M P 0,
1) b R ) e % . B, #0 e T 4E PD-1/PD-
L 1A% 5 38 [ O )l by 2% P i g #5236 7 1Y) o 5
Z— " HArE NSNS I & 2 R PD-1 8
PD-L1 1 g e bifhk , i@k BHW PD-1/PD-L115 %
O DR BN K, RAESBEIRITE R T

2] 85 4 Y0 2 — 28 F A A A3 W BN TS LR
RUZG )38 2R AR, AR AE IR . SAE AN H B S
PRSI 55 Z2 TR VA T SRS R . A Ah
B 4% 0 (outer membrane vesicle, OMV) &
=2 [ TR 7RG A AR U S A T A Y — SR BROIR 46
), HERER10~250 nm. PHR IR T K AR AL P 1
BB, BTLLOMYV BA RA4FRY A2, F T8
T PR AR 2R 45 A o & B9 OMV S IR 3 AIG, 4R
o B R IR IR YT R I 2 1k R T
A, 38 i PR TR A AR X 2 TR AP R AR 1 R R R AT ek
i, Al R ER XD EMEE AN OMY, il
Jre FLHE ) % | AR E TR R MR R A AR e

AHIE 5% AR L AR ) #5 T FRi # Gk PD-L1
KPRy OMV, BFOMV-PD-L1nb, #ifOMV-
PD-L1nb W5 % ME . A0 AH 251« 40 B N 29 Al Je
HoX PD-1/PD-L1 5 5 i % i) BELIT S8R, Sy il 45 11
TE R B G e A A i I R AR S %
1 MBE5FE
1.1 FHE. k. EZ2XANFE pET28a-ClyA-
PD-L1nb Jit ki B 75 JH 4 MER A W BHA R A Al &
. BL21 (DE3) %52 25 40 Ml W [ b 5t s 7
R ARG R, N = BAPEZL IR 4T 1400 i b

A8 R 2 B 2 R 2 Bt e DR A 36 2R S 30 55 440 i 42
o 190 F-#E R RIE W . B O TR X 43 o A o
in o HOR  E AR W B AR S 1L SE BTN TgG (HAH-1)
Hofk . 4 & ® (histidine, His) #5% & 141k ig

F oA W R osR b 2% & 6 3% (enhanced
chemiluminescence, ECL) {H&. ¥ 1 T®

(bicinchoninic acid, BCA) & [ 2 I 2 1250 & #1
g0 B i ik 77 & 8 (cell counting kit-8, CCK-8)
R B B R R RAEY AR, B
P . BE AR, 5 NS -B-D- AR o FLOE AT
(isopropyl- B-D-thiogalactopyranoside, IPTG) ., K
L fif B % (phenylmethylsulfonyl fluoride,
PMSF) . i 2 K B % £ . gt B Eagle £ 5% 1
(Dulbecco’ s modified Eagle’s medium, DMEM)
s 4 it 7 (fetal bovine serum, FBS) ¥y A
ATAY TR (B KMARAA . #8H K
WM AL A B S kAR A A,
POWERPAC 2 i Jk {1 A 3¢ [ Bio-Rad 2t 7],
JEMI1200EX i 4 f 5 B35 A H A JEOL A #l ,
B bR A B+ TECAN 2y H], FV3000 # % H H
R B MBI A H A Olympus 24 A, Delsa™
NanoC 44 K Hi 42 2 Hr AL AT CytoFLEX LX i 2K 41 g
AL ¥4 A 32 B Beckman Coulter 23 &) o

L2 + = A RBHA-R AW B E R KRS R
(sodium
electrophoresis, SDS-PAGE) # # @ ClyA-PD-
Linb & & RE k& ¥ pET28a-ClyA-PD-L1nb i
KL Ak % K #F B BL21 (DE3) &z 25 40 i
WO A A T R R LB [ AR 8 57 &
37 Cib K 3% . PR AN TR V& T LB R 1A B %
e, 37 CIRG A . §7 KEEFR R K 600 nm &2
JERE A(600) ik 5] 0.6~0.8FF, fil A IPTG & £
BEN 0.5 mmol-L", 16 C4k£eH: 5% 16 h, B UK
ERARTIVE, F TEN ZEm s i UTTE 5 A 1
B 0 77 PMSF (& 1 mmol-L-Y), 7 B i
PR o B R R AT SDS-PAGE 7387 o 47
FE FUTH AR X 43— J5T at BRI B0 B R R AT
#2758 ClyA-PD-L1nb % 1 #1513 .

1.3 SDS-PAGE % # @ ClyA-PD-L1lnb & & %5
& FIH ClyA-PD-L1nb & 1 09 His b5 25 i 17 3%
MZHT A4 H i &E . B IR A ¥ 418 50 %0 His br
BW IR A EMZEN A, BRI 3G IMA
O TR B U WOAR D R o TH VR R R VR A

dodecyl  sulfate-polyacrylamide  gel
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SUC, VEMLWUEE H A& 6~10 1 . AR Be B 41
4y, R SDS-PAGE HL Uk 43 #1 H A9 H 46 .

1.4 OMV-PD-Linb#]4& ¥ #£ik ClyA-PD-L1Inb
A EAM TAEEE T LB R P IR R, K’
HP KB F ZHE WA (600) 53] 0.6~0. 88F, A
IPTGIESEHEIL, 16°CHFE16h, 4°C. 5000 g
FAFTF L 10 min, W BiE . ARKAET 0. 45 pm
of UE A AU, AR A X 4 F B & A 100 000 1Y
AR, L0, 22 pmad JEARL IR R 4 . T4 °C.
52 000 remin ' B0 180 min., F B, WHGE
BB £ 22 wh W (phosphate buffered saline, PBS)
FEEULE, KEHEA OMV-PD-LInb&#, %G
T —80 CHRAF

1.5 OMV-PD-Llnb & 4E 5 %% fii F44 Kk
ST AR I OMYV RLAR 3 A1, fi 1 3% 5 v - Wb Gl
W5 H WA ZE A . SR B BCA B 2 40 B OMV &
Pk 2 . R Western blotting £ % % OMV-PD-
Linb. Pl His$ifk (1:4000) ¥Ek—Fi, 4 CH
B KH TBST W& 3G, AR Ak
WEEARIC A —H0 (1:1000), ¥e¥&J5 A ECLJE
Yy 52 IR IR TE AR 4 BT i 29 49 000 &b H 914
SR O A& O BEAE , R ClyA-PD-Linb fill &
HEEOMVY Eish £ ik .

1.6 CCK-8:#%k#& M R F K & OMV-PD-L1nb 4
RJGHmmieiEN RAW 264. 74000, 4T140
Jitl F1 HEK293T 48 g 53 %1 LA 4 L 5 000 4> 4H Ag 1)
W EERN T 96 fLA MBS SR, HEFR 24 hE A IH
B, WU B 43 B 10, 20, 40, 80 AN
100 mg-L ') 100 p. OMV-PD-L1nb 5¢ 4x 55 37 % ,
BARERESANEI. WHF48h)E, BWALINA
10 pl CCK-8¥ M, WEH 3 ho A JH B bR AL I 22 3 Fib
90 M FE 450 nm 4b A H, TFS A0S ML 4 TS
Ph= (LWALAME =LA / (BAMEXT AL
AfE—2HfLAM) X100% .

1.7 #RABERRIE OMV-PD-Llnb i 5 28 18
BB B O TR A I E Fr B T 24 L A0 i 8% 5 AR
JEHER, DLAEFL 6 X 10"~ 20 A i) 2% B2 Fh 4T 1 40 i,
BT 37°C. 5%CO 5% 24 h, FFhEEFHRE, FL
JIA 100 mg- L' DIl %)t 4 k% i OMV-PD-L1nb,
BEH 4h, FEEEFI, PBSE MM VESR 3.
ANAY% ZRWEE, 37 CHAFT & 405 30 min, 5%
KZRWEE, PBSZE MK BEN 3. MA DAPI ¢
W (10 mg-L "), 37 ‘CHOEY 4% 10 min, F &

DAPI Q4% , PBS &G TR 3K, PLok el K
BRI G, RO R R A WU A A
2 240 i 5 JBUI O

1.8 AX @A R OMV-PD-Linb 5 ¥ J& % 6
A @PD-L144H U M ATIHM LI 2X10°4
M % BE AR T 12 FL AN R R, AR5 R
fL, FEHLSY N PBS 4. OMV-PD-Llnb 4 1 aPD-
L1+OMV-PD-LInb 4, d®KF. WH, #%
aPD-L1+OMV-PD-L1nb 4 5 ##3, nA LW E R
20 mg-L ' PD-L1#%ufk aPD-L1, B5 4 h, FfiJ5 5
S FRI AT 7K, PBS 4Lm A i o8 & 57 57
%, OMV-PD-L1nb 4 il aPD-L1+OMV-PD-L1nb
ZH 34 I MR FE O 100 mg- L' DIl % 9% 4 B bR id
OMV-PD-L1nb, W6 4 ho 56454 40 M I Ui 46 4n
MBI, PBSZE MR e 2o 8 I =X 40 A4S0
3 2H 20 Mo rf DIl 2263 B, DL PG5 BE T Al OMV -
PD-L1nb 5 4T1 40 32 i PD-L1 45 &1 0l .

1.9 %i#t %44 KH GraphPad Prism 9.4. 14t
TR AT GE v 2% 0 AT o 45 AL 40 i 36 R 40 i v
Dil ¢ A IER M, LhatsFm, 24
(] A A S5 B0 L 35 R B TR 38 T 22 43, LRI AE AR 3
B AR SNK-¢ K 5 . PL P<<0.05 2255
Gt E L

2 & B

2.1 CIlyA-PD-LInb & G ¢ R k& fesb it
kAl pET28a-ClyA-PD-L1nb [ Kr (4 K 7 #F 1 2L i
JE B FiE, SDS-PAGE r#rgs R BR: BiEHh
AT 43 F it 49 000 B 3 3 20 B G 34 R 2R 1 2%
$& 75 ClyA-PD-L1nb 76 K AT & th sl &k . i
His b5 % 8 (1 alifb il ) & b A7 T mslifh, 2500
R AR R KGE P A D, SRR R
4% ClyA-PD-L1nb & . WK 1,
2.2 @m@H¥ OMV-PD-Linb# &A=kt T K
FF# BL21 (DE3) 33k ClyA-PD-L1lnb, il
OMV F3Wh 1 &t o >R FH R 3 85 0 1 L3R 35 ClyA-PD-
L1nb fill & 85 H 09 K5 A7 3 50 W b i & T AR Ak 3%
. A EEUAZER BR . OMV-PD-L1nb #4547
#4120 nm. 5T BB RR Bon s BTl &
OMV-PD-L1nb & # i {1 8 5k ¥ 42 ¥ 45 14 .
UL 2,

K H Western blotting 7 £ Il fill &5 # 1 ClyA-
PD-L1nb £ OMV & i 1y KB 1F 0, 45 R B .
OMV-PD-L1nb ¥k i 75 T AH X 53— 5 42t 7 & 4 I
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A': Prokaryotic expression (M: Marker; Lane 1: ClyA-PD-L1nb
bacterial solution supernatant) ; B: Purification (M: Marker;
Lane 1:ClyA-PD-L1nb protein after purification).

B1 JFEFEMAE ClyA-PD-Linb & 5 SDS-
PAGE B3k E

Fig.1 SDS-PAGE electrophoregrams of ClyA-PD-L1nb

protein after prokaryotic expression and purification
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Fig. 2 Size distribution(A) and morphology(B) of OMV-PD-L1nb

1 2 M,

Lane 1:OMV-Blank; Lane 2: OMV-PD-L1nb.
B3 Western blotting A& OMV H ClyA-PD-L1nb
EAREKEL
Fig. 3 Expression of ClyA-PD-L1nb protein in OMV
detected by Western blotting method

PD-L1nb |

2.5 OMV-PD-Llnb 5 4T1 @ % & PD-L1 44
WA ARG R YR : 5 OMV-PD-Linb 4
48, aPD-L1+OMV-PD-L1nb £ 4 il Dil 3¢ 2
P65 A W AR (P<<0.001), #&/8 OMV-PD-
Linbifiid PD-1/PD-L1{5 5 5 4TI AL G .
L6,

I & R
B Y58 G A A5 ] ) BEL T 2 A 3R I g i 40 8 B

F) B — G5B A5, A5 1 OMV K A8 I 21 X 17 2
FI4Hy, R il 4 7 %3k ClyA-PD-L1nb % [
B OMV, UL 3,

2.3 OMV-PD-Linb #y tmrea A 454 XH
CCK-8 ¥ K0 A [ ¥ ¥ OMV-PD-L1nb fE HIJ 3 Fl
AETE T, SR ER: EARKEEAT, £4
OMV-PD-L1nb 4 Jfd 1% P th i 22 F LG iT 2= B X
(P>0.05), #B OMV-PD-L1nb B4 R 41 40 iy
FHEE . DLE 4.

2.4 OMV-PD-Llnb £ 4T1 &M FHEEE L ¥
O 4 G A R RS T 25 R R . OMV-PD-
Linb 54T140 M0 4 hm, 408 5 B X
B AR A A SR AL B, IEW] OMV-
PD-L1Inb Al # 4T 1 40 g = 2% BOF N A . WK 5.

1SR . YT I R e G A S R S A
LA A 32 A 2 a6 G, LT A0 o 4 £ 5 3 i ] st o
PR REAN AR, AR T R I A L G A A AT o
T Sy B B b e R B R AL TORT TR R R, BRI R
GF G RO o SRR SE BRI H v, B 5% T &
TCVE AT BB o 8 K e a5 A0 ) 700 3o 3% 3] fieb 8 T B B
DAL I 3 0 7 T o R A o 2% A0

OMV 1y 25 4 3¢ 35 284K, 7648 ) B Wy PD-1/
PD-L {5 538 i i A58 b R B AR e 3. JINAE 2
FIH OMV S [ 38 3% IR i T 240 I AT A6 A ik 98 A DG e
JEL I 3 4G A 5 ) PD-L1 Bu ik, B T R
(IR IR 7 AR . CUTAE Y i o IR A
OMV-PD1 i 531 DK I B 42 8 (zeolitic imidazolate
framework-8, ZIF-8) il % 5 &L miRNA 44 K i 1%
R G I miR-34a, A PpE OMV-PD1 #E— 2 fil
R P OIS FIRS A S, DT 3 5 i R VA T A
o SUSE BT T —Fh 3N TR B A 2 1k
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Fig.4 Viabilities of three types of cells after treated with different concentrations of OMV-PD-L1nb
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Fig. 5 Cellular uptake of OMV-PD-L1nb by 4T1 cells detected by fluorescence staining
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A:Flow cytometry diagram; B : Histogram. "P<C0.001 vs OMV-PD-L1nb group.
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Fig. 6 Mean fluorescence intensities in 4T1 cells in various groups detected by flow cytometry

S I R RE R AR, IR HRES 2= OMV R
8015 PD-L1, 3@ 4t BH W PD-1/PD-L1 38 & 417 5 i 98
Ak

OMV J& H5 2% [P 40 T/ 43 W 1) K 9K 40 oK S0k,
T A KR [ SEAS 20 B AR BT g, I EA
SR JE S L — e AR 114 21 K 2 TR R T
AR R L) 45 IR 4 B T %3k ClyA-PD-

Llnb ) OMV, Hid i B Kr PD-1/PD-L11% % i #%
oK 0 T e 928 AN B T R R, R 4 B PR g
N . OMV-PD-L1nb AL 0l L &5 & i 8 4 g -
PD-L1, @Al 5o B EAIMY (tumor associated
macrophage TAM) L% Toll ¥EZ AR 4&, M

it 2 SO AR TAM U, [ i BEL I PD-1/
PD-L1 G f A f, 14 5 505 20 I A 3 10 B i g f
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PERI

2 TR N R R - T TR SO
PD-L1nb # OMV, EJ OMV-PD-Linb, HHf K
R A PE, AT AT 400 & N & 91 i T
AL . OMV-PD-L1nb o] 45 2 SHIKr PD-1/PD-1.1
{558 i, BEIR PD-L1 A5 9 G 52 30 il ik 988 1k 38
5i. N H OMV-PD-L1nb /G 0 B A IRIT A
I Il 9 e DR 2 Ak i 5

P 55 SR AR
it A 7S WA AR 25 5%
EE TR

FREES 50300 B RE e SRS, K
EREMBAMS 5 LR RE, RS MXEE S 5 5
odr, EERZ58CEE, KHRHZ 5850 S M B .
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