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Expression and biological characterization of anti-CD63 single-chain
variable fragment antibody in Pichia pastoris
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Abstract: To prepare antibodies that specifically recognize the conserved domain in the large
extracellular loop of the CD63 protein, we expressed anti-CD63 single-chain variable fragment
(scFv) antibody in Pichia pastoris in a secreted form. The purified expression product was
found to bind specifically with CD63 protein and recognize CD63 on the surface of SK-MEL-28
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cells. The variable region of the anti-CD63 monoclonal antibody in an anti-CD63-positive cell
line was sequenced. The anti-CD63 scFv consisted of a variable heavy chain and a variable light
chain linked by a flexible peptide was then designed. After codon optimization, the gene was
synthesized and cloned into the expression plasmid pPICZa-A. The Sacl-linearized plasmid was
electroporated into P. pastoris X33, and 1% methanol were used to induce the expression of
scFv. The fermentation supernatant was purified by Ni column. Anti-CD63 scFv was identified
by SDS-PAGE and Western blotting, and its biological activities were analyzed by
immunoblotting, immunofluorescence, cell-based ELISA, and flow cytometry. A P. pastoris
strain capable of expressing and secreting anti-CD63 scFv was successfully obtained. The
antibody had a molecular weight of approximately 30 kDa and specifically recognized CD63
protein. The expression of anti-CD63 scFv in P. pastoris paves the way for the production of
anti-CD63 antibodies on a large-scale, which is undoubtedly an economical and effective way
of antibody acquisition.

Keywords: anti-CD63 single-chain variable fragment; Pichia pastoris; secretory expression;

affinity; specificity

CD63 JEHN T A 12913 Yeafk b, %
M —AEA 237 DMREERWEN, 7T HAE
30-60 kDa Z [0, CD63 HAT 4 MBi 7K 5 25 )
B, B TR ESIRE AR, E— 1 28 Tk
B SRR B A . 46 CD63 1 A Y U TR i
FECEE 11 A8 45 M £ 35 T8 AU M e 25 A ) N i A
C ¥ty BEMEZEAE 2 F1 3 Z (Al PN B3R, DA
Lo 2 AN A R s (B A A 1 A 2 22 ] /N
Fi(small extracellular loop, SEL) A I 15 [l 4% 44y 35k
3 F 4 Z [a] 1) K ¥ (large extracellular loop, LEL)]
VU B AR AT 4 DSBS IR EE R
HAR RS, I KBS A1
CCG 7P, CD63 1L JLF I m A 2 21
BUh A Rk, AMUAL TS b, i T
MK | VBN Z 381K (multivesicular bodies,
MVBs)HB,

SN A S BN S IR T A AR TS
A AR (] 1) o 20 A S T B R,
HILATE RO M N IR S | IS AT RS N 3
I (intraluminal vesicles, ILVs), BEHKE ILVs
2 B AN MR RE5 I , 23 70 DA EN , TEIY
1 P 3 ) S H R AR A IS
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KB, CD63 fAfE TANMMERTH , (HE b i+
AR BHA S, B7E ILVs FP R 2 L
WikHE 7 5, £25 ILVs W53, Fordjour
SEORI, L RSN E(ES5(CD63/Y235A),
CD63 MPRE E [a] BB, FLAMAR S W35
T 6%, ML T A REE 1] /5 5 (CDY/YEVM),
¥ CDY e [ BN, AN S W s> T
80%. IXLEEGHEFAT , AT 0T Y 2 1 A R
TN 53 o ST A NIMA A ) A I 2
T, A, AN S NIMA H 2F (budding)
(3L AR, RIE oA N AR B #RVE

CD63 &) VZ AFE T ANUAMAR T THI 1) U Y 255
HEARZIRZ — ANMARR &) CD63 TEMIMAS)
BT | RIEREERIE AR B DL K ANIMA R 2 |
B e A 4 T A v o P B RTINS E
B ILHAAF EEREINBARREST , ARt
KAV 255 W] Lonzal™ | Eli Lilly™ 4§ Jin A £
HMIMARIZ I 53R 5T S BE A SNBSS
UNGY-AIOE W PANAEN Gt/ E RN S RE S
A4, BRTHTE R CD63 Hilk k£ 2 Bk 2
SEREBUIAR, FEAKEA bR A B, R
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Mechanism of exosome production. Exosomes are formed by embedding in cell membranes and are

secreted outside the cell when they contain a large number of molecules on the membrane surface or within the
vesicles. ILVs: Intraluminal vesicles; MVB: Multivesicular body; MHC: Major histocompatibility complex;
HSP20: Heat shock protein 20; TSG101: Tumor susceptibility gene 101. Created with MedPeer.

AR, HEORBERE IR RGW G,
W23 2R BT (Eptinezumab)P 2 4% Ablynx 2 #] i
RALPG HAT(Caplacizumab) 3 5C [ 2 i 24 it i B
&5 (Food and Drug Administration, FDA )t 7
R B X MR R R R R I R G A TR
PUARZS Y SE R R LA % RB R G AL
SO A PR AR . R B TR
PRVETRIE | AT ORAUBELE 745, [N A BAX Rk
REMFES, ME AT 8 B BmE.
DRIt , 56 IR B A2 31 R B 22 2 W R 25 Al 1Y) 5
Pk o 52 ORI B 5 b G B O B 40 B (chinese
hamster ovary cell, CHO)#* ik RGAH LA 1
ZAH, HoE, BRI A ANk R H
W, SETR LR 20 M A G ) (] 48 CHO %, W] LLBY
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CD63 Hu4h K loop %5 #4 38k i B B8 $T 4 (single
chain variable fragment, scFv), LIIIN 4Rk
LI ) MR T S SR A BN 2 U . AR
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1.1 ##H
1.1.1 ik, EHkXAE
[ 37 Be R i BF (Pichia pastoris) X33 &3
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IBJURL pPICZa-A W H ZEER KL /RBHE 2w s R
AT DHSa. HEK 293 4R . AR A %
FEANI SK-MEL-28 WA 5206 25 {47

1.1.2 X5

Sac I, Xho I. BamH I ¥J°& New England
Biolabs /A F] 7= ity ; DNA marker 4 Biosharp 7\ A
Py TOREE R (zeocin)l H AR A MR A
FRAA]; —EmigeE ] Marker 1 0 _EE-E4iAY)
B A R A BN 8 4 % (polyvinylidene
fluoride, PVDF)flg H 2R 57¢ /2 7] ; HRP-conjugated
6xHis antibody ., CoraLite® 594-conjugated 6xHis
antibody . CoraLite® 647-conjugated 6xHis antibody .,
Myc tag Monoclonal antibody . e UTHE
(radio immunoprecipitation assay, RIPA)Zf# K
R ECL b2 ARl & 5 i = 4=
Y RF B> Al Goat anti-Mouse IgG (H&L)
HRP IJ H Immunoway 2y F); DMEM., 1640 4
M REFRFERG 4R M35 H Gibeo 2 w]; PCR 77
Plal ol & . Bkl & W H Omega 23
Hl; Tris-MOPS HLIKZE & . Sure PAGE™ Il
st Wi AR VI RHECA FRA ] 5 BRI | 2K
FIFRIE A Oxoid 22 7] ; YNB 4 [ BD Difco A ;
L2 EEI 255 Bk 2800 BR A v 5 Horfb
SR 1k 7 O b Al
1.1.3 IR B

P BE 8 R 4 25 0% B Big 1% 7 B (yeast extract
peptone dextrose medium, YPD): 1%l #£47,
2% R 1R, 2% M HE(0.45 pm P N5 IEFRTA
FRREFRILBRIRE] 50 °CAATINA), WA I3 F
JMAZIE 15 g/L, 121 °CK B 20 min, &7 A
—E T 100 mg/mL AY R R 2R Bl A [a] vk i
BhEERY YPD HUPEd Tl .

FLA H % 57 B (minimal methanol medium,
MM): 1.34%JC 2 FERRBEBF AU . 1% W BE
0.000 04%4H2R(0.45 um JEMITIERRTE , FRRE
FRIEFEIRF 50 CCAA A, BIAEEFREEF A

Z&: 010-64807509

Bilg 15 g/L, 121 °CKTH 20 min. #ZFHMA—E
i 100 mg/mL AR 2 R AL AL MM P4 .
A H I G2 o 58 4 K 3R S (buffered
glycerol-complex medium, BMGY): 1%/}
W, 2% M, 100 mmol/L T iR B0 22wk
(pH 6.0), 1%H M, 1.34% L IERELE RIS
0.000 04%E4)25(0.45 pm JEIEIVEIR G, it
FRIEREWLE] 50 °CELTMIA), 121 °CK A 20 min,
oA W OBEE R 9% vh ok & 4R 85 57 2 (buffered
methanol-complex medium, BMMY): 1%/ L4l
P8, 2%BRE %, 100 mmol/L BERRAN 2% i
(pH 6.0), 1.34% 2L AR . 1%H RS
0.000 04%E4)25(0.45 pm JEIEI VRIS, ity
FRIHEREIL ] 50 °CEALTIA), 121 °CK A 20 min,
1.2 7k
1.2.1 Anti-CD63 scFv 2 RE & i+ & &
¥ CD63 FA e BEHLA Y B 55 ] A2 [X (variable
heavy chain, VH) 5§24 A 2% [X (variable light chain,
VL) J¥ %1 i it GS ZEPE K linker i 17 3% #
[VH-(G4S)-VL], &l Bk 5 450G
W B 0 BOICSE s R I8 A pPICZa-A I,
W a-factor 5 5 Ak, R B 244K 19 Myc F1 His
PRy E SEhi IR ik 5 %0 . BbR P8I &4t
M BRI AE IR A BR A A (] 2).
1.2.2 BEEEL. FHiE
W b AR E AL RN 28 24 pPICZo-A 43 31
Sac ARFDIZeEAL, 25 4d PCR =y NG
A RIBOF RIS , PP B KT 100 ng/ulL,
LR B R KT 5 pg, ATATHE. H
Bio-Rad HLH{Y (1 500 V, 25 uF, 200 Q, 5 ms)JEfT
L B2t A B BRI 5 1h 25 B AR TR T
PR X33 W, BURALETRAT T %A zeocin [ YPD
AR E, 30 °CEIE KR 2-3 do Wik b 153l 5%
BT AR E RS 25,50, 100, 300, 500 ug/mL
zeocin YPD [EARN-A UL K AN & A H AT A
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G VH VL —4

a-factor signal (G4S), Myc Tag His Tag
2 Anti-CD63 scFv 54 #pRE &
Figure 2 Schematic of the anti-CD63 scFv. Created
with MedPeer.

—BR IR A 25 ug/mL zeocin B MM -4k |,48 h
I ERFE A F 1 A K AK B o
123 HEBIFSREREE

BEHLPKHL 7 A~BEAEFE & 300 pg/mL zeocin [
YPD FA A B MM A A= K iy 8 2R e B A ok i
ITHESA RN, 0T 5 mL BMGY RiFrdt
HEf T KR 2 ODeoo fHM 2.0-6.0, 1500 r/min
B0 5 min WAERK, MG &AL BMMY 5
TR A, T R R I B AR 1R TR R B
ODeoo 29 1.0, FFFAR K BMMY Ki523E(1%H
i) 10 mL, pH 6.0, iFFIEE R 24 °C., &k
24 h JUFE 100 uL Ff#hn P B R 29K 2N 1%, i
LIS 3 d, W5 anti-CD63 scFv BRI
1.2.4 HirfmEmadiimEze

P Bk K B RCR N AR 4tifh , 275X Ni kst
4, ERCSF#)S R 50, 250, 500 mmol/L Bk
W AT AR EVEBL . X 50 mmol/L 5 250 mmol/L
DK W 36 I 2H 43 #E 4T SDS-PAGE %5, I i
Western blotting X H AR 1 ik — 2P %0 .
1.3 anti-CD63 scFv £ 45E ML E
1.3.1 #HAE ELISA #& M EREERRIAM
anti-CD63 scFv £ 45& 14

14 SK-MEL-28 4ffifiii AL 2x10* Ay B4z
FhT 96 FLHR, F-1L 100 plL, 37 °CIGRER;SE 24-48 h,
Frempa iR E K0 96 FLAREI O HFEetaml .
A 100 pL 1) 8%Z 5 FH VA T, s 200 M i 3]
96 fLAR b, ZIREE 30 min, F PBS £ 3 ¥k, N
A 5%k A 2 ho FH PBS ¥ 3 1K, 43Kk
Sl 1) 5 AR P B UR B A ot 22— L Bl
F—Ht, IAZE] 96 fLtkHh, 37 °CF#E 2 he i PBS
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Uk 5K, ¥ anti-His-HRP —#i3% 1:10 000 # B¢,
fL 100 pL, 37 °CH¥HE 1 ho FHPBS ¥E 5K, A
100 pL B AW, FIRE A 5-10 min. fILA 100 pL
LRI, BRI EIIRE ODaso OL(E. #44 PBS ¥k
SO Soier e S i il 0], i S A 5%
1.3.2  Western blotting % FE anti-CD63
scFv X A4 B 2 RE A SK-MEL-28 5
CD63 EHMLEEIE M

P T75 4EfE 57 ) SK-MEL-28
AN SRR R RS, PBS ¥R 2-3 8, AIA 3 mL
F R AL AR 2RI TE . A 500 uL TV i
RIPA 2, BT K L24% 1 h, WEE A 245
W, 12 000 r/min &0 30 min, B LW, S58&H
R WPIBRR 215 _EAE, SDS-PAGE Hijk 45 min.
SR G i I eBlot™L 1 PR HUE I A SR BE e T 43 25 1
M ¥ % PVDF I |, PVDF &5 5%MifE
Wik TBST #1412 h J&, LA S i AT 4
531 anti-CD63 scFv Z{iFH 2 h, PVDF s
TBST % 3 ¥, %K 5 min, F&A His S8R
N TTREBUIAR(1:2 000)1F  — b1, i E
1 ho X/ HEK293 4 %3519 CD63 &M
WLAEA mye ARZEH/N R TEREPLIAR(1:2 000)
Vel —40, ZEIRMEE 2 h, PVDF 4 TBST
Pk 3 WK, K S min, PLF HRP B ILEEST/ N BT
&(1:5 000) =4, EHFIFE | ho /54 ECL
b 28 B T B E B 78 4 B s ik 24 RO
BE 1% 2 55 (ChampChemi ™) g2 25 B |
1.3.3 SERAXEN anti-CD63 scFv Xt
SK-MEL-28 #ffR = E CD63 ML & &

W KRR E ik CD63 14 BH Mk 40 Il Bk SK-
MEL-28 fE J il FHARME ,, LA-G 2 e T
6 fLA T, KLY R BT 6 fLikch, T4
fNe s s BUBEILr Mg 2535 A, F PBS ¥k 13 ;
H 4%Z P EERE A, 200 pL/AL, = e
30 min, PBS ¥t 3 i ; 7EE il MRS anti-CD63
scFv (S AR A T FTA )R B 60 min; SR J5 H 1%
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2 3% F 2K H (bovine serum albumin, BSA)A TR
Fii B D¢ 5t — 4 (CoraLite® 594-conjugated 6xHis
antibody), 1:100 #Fg, &fLANA 200 pL, 37 °C
WEOEMEE 30 min, FJ PBS ¥ 3 #; F DAPI 4t
U, EHREDEIEE 10 min, PBS ¥t 3 i#i;
TEDOC RAREE T WAL I 45
1.3.4 RINAMARIN anti-CD63 scFv X}
SK-MEL-28 lfEZRMEAY CD63 L& 5
W KR & ik CD63 1 PH M 40 Bk SK-
MEL-28 {E A6 FZMAE, CoraLite™ 647-conjugated
6xHis antibody /& — ¢, %} A il anti-CD63 scFv
(FE R —PO) AT R IR . WA TPk SK-
MEL-28 4ifig, VK% PBS Ik EA A £ 2
(1-5)x10° 40 ffd/mL . [m] BEAR 250048 HH AN 100 pL
Y . TRAIN—PT(100 pg/mL). 4 °CREGIF T
1 h, ZUPER 3 YK L 400xg A3 FEES 0> 5 min,
SRIGTEVKYS 1Y PBS i, ffi/H] 3% BSA/PBS
WO CIBHRIC B R B B AR B2 (1:2 000 7
B, RIGTERE R A T, 4 °Cilit
JEFE 30 min. HHAIPER 3 K. DL 400xg YK
JEB.0 5 min, SRJGTEVKR PBS ISP EE . Z
Jei 3 B PR it X4 L ASORT 240 B A T 4

1.4 Alphafold2 &N EBH-EBHH

E1{EH
18 o 7E £8 4k 14 AlphaFold2 (https://colab.

reserach.google.com)Xf CD63 HLJH (AN K loop-
LEL, GenBank 257+ NP_001244318.1)5 anti-CD63
scFv (unpublished data)it1 725 [4-2 AR ELAE I T
(CD63 LEL loop 741 : anti-CD63 scFv A A
query sequence, fEE{ jobname; X5 sSidieiia
17, K% 30 min—1 h A] LSERGTTA), A SRS,
HREERS UG R4t A
54> pdb X4, rank 001 JER{EEEERN, X4
pdb SCHSE RN —ZEZ5H , AT LU AR AT LR
PFEA TN (B AR A B pymol AT BAR) . SRS XT
iz B o5 B PF 43 f% 5 & (scores rank 001 ) JF 47
pymol 43#7(https://pymol.org/2/) .

2 BREHM
2.1 pPICZa-A-CD63 scFv E4HRIXE
KV E

pPICZa-A-CD63 scFv ihr Bl ILIE 3A, H
i VH 5 VL i 35(G4S)s RVERKIE s, LT

CYCI terminator 5 000
“GeTacior seerton signal ) 3 000
Xho 1 (1 184) 2 000
EM?7 promoter l 000
(TGS Tiker ) 750
= 500
(2351) BamH 1 - 250

AOXI terminator

pPICZa-A-CD63 scFv plasmid

& 3 pPICZa-A-CD63 scFv FHi[EiE(A) SEE ] E K& (B)

Figure 3 Plasmid map and enzyme digestion of pPICZa-A-CD63 scFv. A: Plasmid map of pPICZa-A-CD63
scFv. The VH and VL are linked by (G4S); flexible peptide, located at the behind of a-factor signal peptide. B:
Enzyme digestion of pPICZa-A-CD63 scFv. Lane 1: Undigested plasmid; Lane 2, 3: Plasmid digested with Xho I or
BamH [; Lane 4: Plasmid digested with Xho I and BamH I; Lane 5: Plasmid linearized with Sac I; M: DNA marker.

Z&: 010-64807509 P4: cjb@im.ac.cn



1446 ISSN 1000-3061 CN 11-1998/Q ¥ T.# 44 Chin J Biotech

a-factor 55 K2 5 ; pPICZa-A-CD63 scFv Jii ki
% Xho I/BamH 1 3] 5 B9 HL vk B UL T 3B,
2.2 EESREEEIPHME LT Mut REGE
k5t iFiE

BEALPREL A B AR T B PR R B A FAE & 25,
50, 100, 300 pg/mL HIHARE R YPD Hitk Pk
5% 25 pg/mL FORERP MM Pl FAKRE
U5 500 M % T 1 BH 1k 2 Ak 1 8RR T L it 327
500 pg/mL AR EE R PUPERE, "L EELER
TR T A P B AR B At = 8 DL iy i 7= T vk 5 9 L
XS P DL (1#, 5#, 6#)iE LT IIBEZE MM Al
A URBH B AT DUR A R, 2 MutTTiilE Mut®
A, AE R R UEAT R VR 4 A 1 AR R
AOXI LR B A 1 2 4 (K 4).
2.3 Anti-CD63 scFv 7 B2 B} & £k
R 3RIK

e ORI PR E R A (1T FE S 1% i
i) BMMY $55R3EHiEsk 3 d 1 7ifET, nlRik
th anti-CD63 scFv, HB4H K4 30 kDa (& 5);
B FEREBSERBRE LGP AERZERT
anti-CD63 scFv LAAMWZ5T, i AOXI #1114
WA IS BB AR 30%M . SR T XA
1) anti-CD63 scFv (4L Y e M TilF— 25 %

‘ T — :

D 100B

Yoo T
EEFREE AL F Mut'REFFEMM F1R)
54 iFik(YPD F4R)

YPD 50B
4

Figure 4  Pichia pastoris transformant Mut"
phenotype screening (MM plate) and resistance
screening (YPD plate). 25B, 50B, 100B, 300B, 500B
YPD plate refers to 25, 50, 100, 300, 500 pg/mL
zeocin resistant YPD plate; 25B MM plate refers to
25 pg/mL zeocin resistant minimal methanol plate.

http://journals.im.ac.cn/cjben

8 IR IR R R E EAT Ni ARk alifb B2y,
XY His FR2ZEHY anti-CD63 scFv T A & 4E
A3 I EE 50 mmol/L 5 250 mmol/L BRME e v 2H
4347 SDS-PAGE % 7E(/# 6), anti-CD63 scFv +
BLAFAET 250 mmol/L BRI PERE Y H , 177 50 mmol/L
DR B LB s 534, % 250 mmol/L
KRR 2H /3 151 T Western blotting %5, Hirp
KM 74> anti-CD63 scFv ¥ fE5 His — P44,
XTI pPICZo-A (ZS 8 TR AR IRPUIAR, HR
Y His #2454 (E 7).

5 EEFREHSREMR(#-TH)FRIE LB SDS-PAGE
G

Figure 5 SDS-PAGE analysis of Pichia pastoris
(1#-7#) expression supernatant. M: Protein marker.

6 EER(#-TH R BRI SDS-PAGE 34f7
Figure 6 SDS-PAGE analysis after purification
(1#-7#). Anti-CD63 scFv (30 kDa) mainly exists in
250 mmol/L imidazole elution. M: Protein marker.

anti-

- L A Em am sm o éHiS-HRP

7 BER(#-TH K EERA LS (250 mmol/L BRI
EBR)4E 53 B9 Western blotting 43

Figure 7 Western blotting analysis of purified
(250 mmol/L imidazole elution) components of yeast
(1#-7#) fermentation broth. M: Protein marker.
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2.4 Anti-CD63 scFv & 4155 4850
2.4.1 #HRE ELISA ¥ EERBERRIAN
anti-CD63 scFv £ 455 M4

géﬁﬁjkﬁﬁ%’s {HJ& anti-CD63 scFv Eﬁ—ﬁi
5T X540 ELISA Rl Ee ok iR ik
anti-CD63 scFv [ 2E Fl 7 Bf il 45 S35 — 2 Wﬁ

W RIREFRIE CD63 4311 SK-MEL-28  HEK293 4t #6151 CD63 & [ A His hrsk,
MM BEATARM ELISA 35, KB LR 7 BRERAR RREHIAHF His ROFRZSHUARBEI TR, BCR F Myc
PR FE R AR A 1Y anti-CD63 scFv HJREA AL PREPURBEI KM, &P anti-CD63 scFv HLHE
P SK-MEL-28 4l M) CD63 /¥, FfH
HABEREM T MR pPICZa-A (25 8% Cell-based ELISA o
L) BRI ) L ANES G (B 8)5 vk A dE 24
e 4 H o A 2 K TR BRI 65 72 A LA A 0 0 s | -ﬁ
£ anti-CD63 scFv., S :

2.4.2 Western blotting #& I EE 7R B & 321X | “ | = 7#
f anti-CD63 scFv 14 #1551 L ppiczoa

I A FFRZ X 4lifb f5 1 anti-CD63 scFv
1#. 3#. T#5r 5 T Western blotting Kl 5 &
B, JCit SK-MEL-28 4 2@ (1 9A), b2
HEK293 Ziffish ik CD63 (Kl 9B),
anti-CD63 scFv #BREASIRA] 12-15 kDa A4 1Y
CD63 RN, 7ok, KIRFKIK CD63 41+ 1Y
SK-MEL-28 4l ifi 4< & °] DL F1 47 His #5281
anti-CD63 scFv YA, B AR 20 I i As B

0
1.0 20 40 80 16.0 32.0
Dilution ratio

%8 4 ELISA # L 7RE2 3 3RIAAY anti-CD63

scFv 515

Figure 8 The affinity of anti-CD63 scFv expressed
in Pichia pastoris detected by cell-based ELISA.
Among them, 1#-7# is the antibody (250 mmol/L
imidazole elution) after purification of P. pastoris
positive transformant fermentation broth, and
pPICZa-A as negative control.

A SK-MEL-28 B CD63 protein expressed i m HEK293 cells
KDa MI#M3# M7 kDa M S kDa MI1# M3# M7# KDa kDa M S
o_MEN R - 130 8 150 — 1 . 180—- ron

9 Western blotting #&1] SK-MEL-28 43¢ %% (A)F1 HEK293 4+ 3=RiAH) CD63 EH(B)

Figure 9 Western blotting analysis of CD63 protein expressed in SK-MEL-28 cell lysate and HEK293 cells.
A: Western blotting analysis of CD63 protein expressed in SK-MEL-28 cell lysate. Purified anti-CD63 scFv 1#,
3#, and 7# were used as primary antibodies, and anti-His tag antibody was used as secondary antibody for
Western blotting and SDS-PAGE analysis of SK-MEL-28 cell lysate (S). B: Western blotting analysis of CD63
protein expressed in HEK293 cells. Purified anti-CD63 scFv 1#, 3#, and 7# were used as primary antibodies
and anti-Myc tag antibody was used as secondary antibody to detect the expression of CD63 protein in HEK293
cells. Western blotting and SDS-PAGE were performed on CD63 protein (S) expressed in HEK293 cells using
anti-His tag antibody as the primary antibody. M: Protein marker.
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FSPEHITR I 12—15 kDa 2245 i CD63 $iJii 2637

(1 9B).
2.4.3 HERAKWMEREETFTIARN anti-
CD63 scFv £ 40554

N SK-MEL-28 il i ki B8 o i £ FH PR 5%
AT & R AL 5 PUAA (250 mmol/L KM 5 A £
ar), Hor g, 3%, T#ERREN—PTUE TR A

DAPI

anti-CoraLite® 594-His Tag

M7, pPICZo-A (25 #T0R) N =S TR AL T4
P (B X BR), #5188 CoraLite®™ 594-conjugated
6xHis antibody /£ —#10, TEZOGCRMEE T WL
20 B (21 60) 5 40 A% Gl 62) 25 62 (B 10)6

Anti-CD63 scFv 27T SK-MEL-28 i g 71
FY J3T s T — 26 /)N ) 41 Jfg 9 X = (intracellular
compartments) {1 DA K 4i il b /> 5 HIFE ) CD63

Merge

PPICZoA

10 BTN EEFREE R (14, 3#, T#H)FRIEHI anti-CD63 scFv FEF1 5

Figure 10

Immunofluorescence detected the affinity of anti-CD63 scFv expressed in Pichia pastoris (1#, 3#,

7#) (Low magnification: scale bar, 10 um; High magnification: scale bar, 5 um).

BE A0 P (B 10, HE R HE R IR b #5035 3k
Frid)o
244 RIKEMEEFTREZEIFRIZH anti-CD63
scFv £ {58 4

¥ SK-MEL-28 1 Jy i ks FH 4 i, vt
% CoraLite® 647-conjugated 6xHis antibody 1F
J9 =46, XF Al anti-CD63 scFv (11 h—31) ik
FFaE MR, Hodr 1#, 3#., 7# 9 S AR B
YRR AL T R TR 260 5 PR (250 mmol/L Bk
VEWEZH 5y, pPICZo-A (25 #J5UkL) o 25 H JBURL
FEAL T R R (BRI X B8 ) o 37 2 A A o i 45
RILE 11,

http://journals.im.ac.cn/cjben

100 —
[ PPICZaA
7 1#
_ 75 3#
] L T#
E L
2 50—
g E
3]
Ay k
25
0 0wl NI
10° 108

1 RN EFREE0Y, 34 THREW
anti-CD63 scFv FE 11

Figure 11  The affinity of anti-CD63 scFv expressed
in P. pastoris (1#, 3#, 7#) detected by flow cytometry.
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2.5 Alphafold2 XHFUMER-ZHHHE D). & 12B. 12C & pLDDT ZMHI &R
E{EH rank_001 43¢ ; € 12D 2 alphafold2 Tl i

Hi &l 12A A1, CD63 LEL loop J¥4I7E®E T pdb SCIFEFAZE] pymol J& /R 1HEE -8 A E
Bl e b £ AT, T anti-CD63 scFv R4l MEFIA =4E45H, Hrh CD63 LEL loop & 1451
coverage R (DN MR 2 B B TNk X Al F 35 anti-CD63 scFv 3-S5 s il M AR B4 I (5

A Sequence coverage 8 B 100 Predicted LDDT per position
3000 .
2500 0.8 aif 80
2000 5 E
8 0.6 2 5 60
51 500 g E
] = 04 o 5 40 model 1
“ 1000 € & |— ¥
| S A __ model 2
= i 02 & __ model 3
500 & 2 model 2
Seaee— — model_3
——— i . 0.0 0
00 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 400

30

20

10

CD63-LEL

12 Alphafold2 MHFUNER-ERHEEIEA

Figure 12 Alphafold2 predicts protein-protein interactions. A: Abundance of each part sequence in the protein
database. B, C: pLDDT structure prediction score. D: Pymol analysis of protein interaction regions, shows the
predicted polar interaction between the CD63 LEL loop protein domain and anti-CD63 scFv by alphafold2
(yellow dotted line).
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BBLR), WM AAE N Glus3 & AsnSS;
Lys60 & Pro53; Asn61 & Thr30; Pro56 & Tyr50;
Asn78 & Gly99. %54 Western blotting #6145 5%,
#EMZ anti-CD63 scFv HiiiA4sEFPEIR ] CD63
LEL loop & &5 H CD63 L&, ik
N-BEIEAL A7 A5
3 w5 E®

EE R BE R IE R G TR 2 R
PEAE AL THZ — BElRERRIL RS
7R BT B A SR T BB S A PN BT I vk B 4H 2R
AT I8 2 B 4T B TR 50U B A0 M AR B R
WAL, W FEEARBERE N RN W E A A
R, (R ERAE S itk AREN, &
IRRERE RIS RGETESES . P, HIREL . BERE:
Ea KDL S I H 2 RS i 2R 7 B
MR U RS A T B, S
FLE AN R G L, — S 2 IR ER AR e L rh 3R
kBT EA R O EE

RGBSR RIS RGEATE ZILH, (HAA]
) R RR A MR R 11 =2 (8] i 238 K T AN [R]) o 7
SRR AR e G R AR W) SO A T R RIS
R 5 e — e AR B At BRI AR, E T S A
FrENEREN . B, ST SR S XY
PR TP BERO VR B | SRS A 0 IR BE AN F RN ]
ARSI 45Ul F Z AT & A e R 1
BERIB RGN ILT A RIA BRI T O
4L 1 J5 8T (aldehyde oxidase 1, AOX1)if$
Il AOX1 R s+ Rl 7 A ik 22 g/L M4
PSUOEN 10.5 g/L 1A 43 b U T S 2 1, (LR B
PR R — i B A 2 R b &, 72 Tl
N AT BE G e A n) ;AR , H RS
R TG S AR, TR RIS A,
FEACEF BRI 5% aiiEE &, &%
P AT AL E RO R, AT S B A AT

http://journals.im.ac.cn/cjben

RZ, ARIK- R H B2 5 | R B R, 3 IR
(A 7 Ak RS TR A R R I TG H e
WRIAZR, Hin PHOSY JHzh U, THII 335
RO IR BT ICL (H 4 4 B A3 ] A
W) . ADHI(H H il A & B 5 =) A0
GUTI(Hh#iZ5M . HihA s S e g3k48 7
TRIFRY G B FGE R AN FEE T
INRERER BRI, AR TE T AR,
AR, LUR TP A1 R AR A XS® Pichia Kk &
4, KA RME ARG s, HA T2
DIRZS Zy i\ 50 LR 15 000 L, 1 H il 2
AET 15T B, [R] B  8eA H s A LA A R
AT

WAL, 155 KR 52 i HE AR o B S U5 11 93
RO AR R 2 — o BT EcH (H 1E 5 io2
>k B BRI BEEEY o 22 BC N F (a-mating  factor,
MFo) {55 Rk, R XA IMESS 5 KE 22
SRR T ZRFIRE . SR, MFa AIER
35 FH T I MG ER 11 40 W38 o HE AR IR BE 430k
EAPEAVFZMBRES TS, XN E
SRRE M TE SRR . A SR
F|FH SignalP, TMHMM , Phobius, WoLF PSORT
I NetGPI %Y {5 8 T W T 10 41T g
FAMEE (R B W NIEYER SR, Tto S5250%
MFo 47 T B AR, RIMILH 8 AN i AR
A DL 4 o B AR B R A TR B A i 5
i AL 5T & B 4 58 AR v] LU b R i & R
1R 6 Ak, G B 21 2K 114 43D R v A 2
6L DS B 11 R A A A% o i T BRI T . T e 3
1 & 4t (high-throughput screening, HTS), % b
PEm T RIS B R R AT Re R

ViR E A FURRE T, T2k &
WiEs R 3 e B T =T B (RDBE3EAE), DU IE
TS . VAR . AERERRE RNIE 0 R S Y
S LSRR AT LA TR S B, O-HE AN



BHES % | EAREEL CD63 LR AREEMEM LR

N-BEEAL RN A S IE i SRS Z A2
FESEARIERE D N-SROBH B9 45 40 2 B 7Y 1) 68 T R M
A, 5 AR R A FTARTE], ATRED | S
I RS PN I RN R 7 - e N(1] 4 2 (A= 8]
P, i, RN DU TR A R I R
EETREERER) N-WEEAL RS . @k B R RE T
X, WERE B SRR N-RER R 2 A
PR B A 52 2 R N-SRBE . 7E RS T RE SR m
o, SE SRR N IR R RS B SEE A ochl J-5
A S UGBS P, SE AR IR s e AR N AR
PR TR R, FE L HAER, EFF
e N5 AL B AR TR BE B R0 T 2 24t
Zj#EH 1 (multidrug resistance protein 1, MRP1)AY
Azp7, SEE TS B AR AR AR A R

ABETEEH RN & T pPICZa-A-CD63
scFv eIk JBURL I H: o 5 1 HE AR T B TR AR
A TRERDUE RS MM PR, R
AT RERS /3 anti-CD63 scFv YRR, 2844 1%
75 S 3R0K o R R TR T N A His AR48 1)
4lifk, 195 30 kDa 1) HArdbilk, SRJExFaifb
HARBUARTES T35 T 20 A TR By WL 5265 fie
REENIE . SEo it . N T, K
HA B AEYIEE, XTRRF RIS CD63 &I
i SK-MEL-28 #f il HAT 4 e 26 AU Ry Sk
I e AR R T K 2R 3K anti-CD63 scFv, AJ L
R AMIAAIZ W 5 I 1] S 5T S L B IR
AR

A FERT HE AR RE R IR RS IR anti-CD63
scFv AT THIAR R IERT A Y PR T 480
Anti-CD63 scFv A 5 (1) 3 4k ¥ T 41 55 W
(isoelectric point, PI), # st . RBEM . Hilk
T EREER . BERARAL  BIRRBAELTR
S5 22t — M PUIRRAENESE o BLAh, Priksity
T ST BRI REAAL GIE R T B
NIBEAL RIS . HUARGE A (578 | obisEAk

Z&: 010-64807509

Fo Xk . SRR ZH0) S5 590 B T — 2R
5o RPUARM . AT RS T R A
PR TR AT DG scFv AT AL 4
X%, rrA AN 25 A 8 712 (pharmacokinetics,
PR A 2 B R Ao iR, bl scFv-Fe,
scFv-IgBD ., scFv-HSA. scFv-ABD %5, X6
) R T N W Py T T B 1L a8

B, TESMIMAKS I 55 S8 Jr T, R 2kt
A B TR A I 00 P AR AR A AR
(TR U i )W 2157 SN W) 7 NI 53 B U R
9 %% (transmission electron microscopy, TEM). 44
K UKL 78 B 43 # (nanot racking analysis, NTA)
PN IrIE, RAMIBARRE b bR R &
CD63. CD81, CD9., TSG101 4By |
HMNIMAR T S G5 h 5 R AR RN E A TR BT .
Yo g% L AR 5 v VR R T I BB AR A A S
PRFIM CDY 5 CD63 btk & 11 )7 T AT 5T
HRIE AR AT i A IMA S AR O R H R Tk
A HIE AR E P IVR PKH26Y 8 PKH67?
PR IC BRI i A1 I A 1 i T 0022 6, P55 4 i
SRS AT BO G R AR B AU EE . D0 AU AT
DA SN REEAHSE , B URINIMA 53 25 B BCD TR
5% AR R HLRR S AN R, G 0
e AR B AN A1V I (extracellular vesicles, EVs),
TeHERR A A HoAh EVs P RE(ANfURE )75 YL )
ATREMERY, BHET, AU BRI L AE S
WA I ERRIC H R anti-CD63 24114 ith4h,
WAH VMR A EVs B2k ic R A
anti-CD63 FIFH 2 PIal 47 IZ5 5360 I 1 5Ot —
P (Fluor™ 488 1l 594) 4TIt AL 5 £ B AU L
g2, s R . ATREH T H AT & ki
EEX CD63 HUIR AR, i n] RESZ IR T A
AR Z S8, CD63 HLIATESMRIA Y EVs BYZOLHR
e H R N B GE LD MRS RS CD63 Hiik
5 — R B MU R RS (an BZ-X800)
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PR %, R 2 A B 28 ) sl A LS 24 R ke v
WA AN T PR ME o

FA, FETF R R T 1] SR IAMA miRNA
W 259153 R GiRT, Yamayoshi SEf FHTAMNM
A& anti-CD63 IgG HHLIRMRIHT miR FEZITIRE
A YL ExomiR- Tracker, FJLASAMMALE G,
SRIEH A5k AR Z AR 400, IF B XAt
miR LT RRAEAR N ARSI S I A miRNA
REELATIHIVER X 5 HAThE 5T LRk T A
ZiW{EBEY) (antibody-drug conjugate, ADC)ZEAL), .
Ma S&WITEMF 55 B M4 P9 B AR K R F- (vascular
endothelial growth factor, VEGF )& it 25 AL il
i} &3 CD63 R LA VEGF 7£ EVs H 6z
kit . FEF FAMBIYEIE, de Goeij K
I T R R AR A R AR T CD63 1Y
WU S PTAR (bispecific antibodies, BsAbs), H:
T —AHUARLE GRFRT THE M CD63 (CD63 #iik
AT DA BB A N B Z [ 28 4), g — ik
S SRR R A S AR AERK T
4K 2 (human epidermal growth factor receptor 2,
HER2)FHIE . ™74 1) HER2xCD63 AURE S
PUATTLAZE HER2 FH: b 40 i v 22 30 1 AR
ZEE . NALTIA TR AT 2R, s ADC
O 2B P 3 i, T 7E HER2 40 i op B fe/)s
I NAEERT

HF AR5 H) Human CD63 Pl MY
AR loop (aal03-203), A C i i e A9 7 it
R¥E [ JE R (GYEVM)®!, A anti-CD63 scFv
A4 SV 21 it %2 37 (subcellular localization, SL)5 |
& CD63/Y235A (RN TEA M ) f1 21,
H75 5 5 SK-MEL-28 4 il 4 [l 14 Jok i Al — s
JINFI A I PN X (intracellular compartments)HH A
CD63, 1 SCHk iR E 19 CD63 H4t, L 4l Invitrogen
A MEM-259445}; Cosmo Bio #f 241 A 8A124)

FEEA T AT MVBs 8¢ EVs, XA fHE

http://journals.im.ac.cn/cjben

RO b LR N A E R c e N L E S
Mathieu %08 1 BREZARIE CD9 Al CD63 M N T
Do 38 FL 0 B3 DX 25 (G S 40 R e 3 PN 4R 1)
PSR, SR FENERER) EVs (FohI
1)) S I e T RE RS Lty . 3 4h, AF
FAEDE WIS T RS & BL7E SK-MEL-28
AN D REECERY CD63 FHAE SR

i 240 B 2 2 MV Ao Z2 i AR , I8 ik
Z 5 AR R AR K AR R R
Edgar W45 1, SN ARIE 48 & F WG 7E
AR AT, M B I E SN ARG fivis v R 15 2
YER, Yo i AR i sl R B A i s S b
IHAED SK-MEL-28 4ifu4h/ b H7E ) CD63 FH
PERSURE T R AR A2 k8 20 L 4300 () SR, XI5
5 HLEAA o T i — 2P S8R0 .

B # Tk~ W

BRI Silisiss, FEkA T B B e S
BE, FGER. BOPIFE .

6% A 25 ¢ RATE 7 W

VR P W B AT A R BB 22 52 W AR SCRT A A
TAEME AT i sl AR R
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