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Abstract : Nanobody is a promising class of biopharmaceuticals with high potential for future therapeutic appli-
cations. However, due to their small size they are rapidly cleared from circulation. To improve its pharmacokinetics
properties, a CD47 binding nanobody was fused with albumin binding domain (ABD) for extending the half-life
in vivo. The prokaryotic expression vector pET22b-3D3-2-ABD with CD47-ABD gene was synthesized and con-
structed by molecular cloning technology. It was transferred into BL21 (DE3) for expression and purified by
Ni+ affinity chromatography, and its biological activity was determined by enzyme-linked immunosorbent assay
(ELISA). Blood was collected at different time points after mice were injected with the fusion protein into the tail
vein. The plasma concentration of the fusion protein was measured by a double antibody sandwich ELISA, and
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the pharmacokinetic parameters were calculated. The recombinant plasmid pET22b-3D3-2-ABD was obtained and
CD47-ABD fusion protein was expressed in BL21 (DE3). The high purity and concentration of CD47-ABD fusion
protein were obtained by Ni+ affinity column purification. The modified CD47-ABD fusion protein have similar
antigen binding activity compare with CD47 nanobody, and possess serum albuminis binding activity in dose-
dependent manner. The half-life of CD47-ABD fusion protein was extended from 35.82 min to 501.52 min. The
experiment demonstrate that the ABD fusion is a promising approach to increase the half-life of CD47 nanobody
without affecting their antigen binding efficacy. It strongly suggests that the ABD fusion strategy can be potentially
used as a universal method to improve the pharmokinetics properties of nanobodies.

Key words : CDA47; Nanobody; Albumin Binding Domains; Fusion Protein; Half-Life
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FEETENEIRN e E B — B KT, AR S - 2G50 | A B P AR
HETH Z A E 25T A SRY7 . (B FaFak . stk . BasERlfEH 2500, FRE| T HAE
I PR L i 2 PR R /N B s R TR IR 2 W AHAR T R N . SR, FaX s/ VP e 2
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AR . R SR 2 s 5/ Ny B T A2 S8 1 KW o R m P e
Wi Syl N 25480 2 E 0 PR R R 5 NS AR T (Human Serum Albumin, HSA) ##47
FEARATS . @A S I ELLER AT B E RO, WD TR /INRIUEST VR . BEAh , Y R B AR A W
i FH A JLFesZ A (FeRn) A5 19 FHAGER AL (0 ol AR A firis , JE— 20 A KT RS 31 0 Il 2 1)
HETHSAT I T A E e, planSME (BEE . ARERHBE) owfigpsEf (ThEa, T
P-4 1L-2) 120855 DIRAT 2R B 12245t NI R 2800 F RT3 M FEHZYI S HE A
SEA RT3l 5 PR A5 2 1A B P SR R 5 110 5 — P B 00) . SRV T BR B G AR 1 1 3R A 2584 38 (A Tbumin
Binding Domains, ABD)AE#S SHSAKELE A, MU 5 FABD S HSARYZE AN il ik REE /RGNS | J H v /Ny
FHEAEL SABDIA T ARG, efs o E eI .

CDATHFREE A Z AR H (integrin-associated protein, TAP), J&—Fh 2 i IEFE )12 Fk ) IS I AZ A4
JB T EER R AR, CDAT 5 B AR HISIRPaSE A, WOE B Z AR R (LG , $0HI IIEREE e B A i
SIS T AL AL AR AE , B INZER " WIS, T ARl g 40 Atk R A0 B A A A E R DT HETE
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AT, R CDATIPUIATRY T 6 Z R R sh i S P S T4 NSSRIRICR 22 FATAERTIA SR, il es
AT THLCDATYRPUAR (53 CHGE ) , (8t FZAeR bR i, AR F RN R . AR, 3847
KA TR T-BL, BHiCDATHKPUAR S R A4S A TR AL S, PS5 CDAT-ABDRES & A, DU HAE
FLATAR B A 3t P G T s s 2 3, R g e B A ok o) 4 T R — b A 3k A e 6.

1 #mel5EFE
1.1 SKIgMRl

BRI TN YIEE (Nco T, Xho 1) W H TaKaRa/A Al 3 A FIFHA T AY TR (L) AFSER ; Plasmid
mini kit FURHEE R G0 A RARAE R (AU A BRA R CDATE A A A b a SGHMMN AP H ARG R
] ; HiHis-tagf 2 soREPUARN [ BOUSEERE MRHE B A BRA ] 5 HTHA-tag FRER e REHTIA , AR IS Ak
PR e LU EHT R IgG | LN RIgG |, B A KAFFRDHSa /BL21 (DE3) ¥l A At X & A YHE AR
FRAT] s ECLEGIRA Gk A A RAF] ;1S IHHICRMEM: /NG TBrimE R s PLCDATYRTiR R k3
RpPET22b-3D3-2 0 A S % ARAT-.

1.2 FEEABDRICDATHKINIKR3D3-2-ABDHI 72 [ K Rk ik
42 SR [26) R ABDEFE R T 51, %11 IF4 i3D3-2-ABD 5% A%k . ABD# % itaEl & £3D3-
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2K CAY , It HAEABDICAR TR IHA-tag i T IS Z2A0 0. S ik B AR pET22b-3D3-2-ABDAE HH ¥ 5L 4
WrE B YR A IR A R A K.

WAL pET22b-3D3-2-ABD Y B BR A& HUSORL , i R I E N VT Neo T 5 Xho T 34T RUBFYISRAIE. H4 56 iF
IEHf B Bk A A B2 S KT IBL21 (DE3) H, FEHLBKICR 5EFE37 °CHR 597 2 ODgoo ik £0.6~0.81F , il
AIPTG ZEZUJE H0.1 mmol /L, KL EFEAR 30 °C | 220 r/min iR 754 h. 4350 mLi% S 815 10RO
WAEDTIE EEAEL X PBSHY, /5 x FAEZErhAZ 9610 min, 3 E0010 min/5#H47SDS-PAGE BERHIK , %5
Wrst g e A Rl & 2 R IE . Pt M IR M e BB RRY KGR, 150 r/min, 30 CHEESRIE TG, 75
FRING R ORBR LT, 1xPBS VRGeS EAARDTIE R A VRl BB 33 R s ik A 38 e WA A V.
I WH0.45 pm JEARIIEERAYS , (NG FEERCE AR AL, WA A i, JTHISDS-PAGER N 26
IR R . 3D3-24K [ 2l Ak AE R |
1.3 Western blot3iE4i 1L B3D3-2/3D3-2-ABDEH

Balifl 5 I FARER 22 SDS-PAGE HLJKJG , 90 VIH RS2 Z2PVDFIR_E . K PVDFIEH & 5%B 5 0k i
PBST (pH 7.4) F4 CHMERAK. PBST VEA3IKG , 43BN AT His-tagh £ s BEPLIAR( 1 2 10 0007 FE) , PLHA-
tag L SEREHTIR( 1 2 3 000%BE), 37 °CHFE2 h. PBST YEAR3IK, 43 AN AHRPARICHIFEDT SR S P R T
(1:3000%FE), 37 °CHFAE1 h. PBST ViR, HMERMECLIEY) i il & .

1.4 ELISA#&M3D3-2-ABD5CD47 R HSAHILE S

KHEIEELISA JrikX} 3D3-2/3D3-2-ABD 5 CD47 HURE RIS A Mg, Kl sk an s « B
rhCD47LA1 pg/mLAYREELE96 LR 4 “Caplid . & 5% ARk RIPBS 137 °CHf 412 h. PBST PEM3K/G
A3 IMAAS R BE 93D 3-2 /2 3D3-2- ABDAi AL & F/E N —Pi, 37 °CHFFE2 h. PBST PEMRSIKIG INAPTHA-tagi
BATTREDUAR( 1 1 3 000F: B VE N — 3137 CIFE1 h. PBST MEM3UJG I AHRPFRCHI DT R =HT (1 : 5 000F:
), 37 CHFH 1 h, PBSTHEARGUKG MIAL00 wL TMB 4 HBGEE i (15~15 min. MIAS50 pL 2 molfiRZ 1l
L, BRI OD 450 FIMROEIA.

HIRIE3D3-2-ABD5HSA WIZEA S, RHHEELIS AL TR . A0 32240 F < K HSA PI1 we/mLAY
WA CHBHIN . HE % BIRTR IPBS T37 °CHA12 h. PBSTIRASUKG INA AR EAY3D3-2-ABDEH ,
37 CHFE2 h. PBSTUEMSIKG INABTHA-tag AL e FEHTIAR( 1 ¢ 3 000%5FE) F37 CHEE 1 h. PBSTHEARSK G N
AFEPR-HRP (1 : 5 000855 ) , 37 CHFE 1 h. PBSTYEMGKIGMA100 L TMB & B #DE i A5~15 min)5
A0 pL 2 mol BRARZ 1L N . BEHR SR OD 450 (19 A .

1.5 BEEEAREMZIEL

FHX I ELISA T EEHIVER & 28 I AOARET 26 . TP THA-tag U TERED TR (1 © 3 000FHB) VE Mk
ik, T4 CAEE . s %iE ks T-37 °CE:HA12 h. PBSTUENR UG - FIIA 100 wLASEHEE (125 .62.5.32.,
16. 8.0 ng/ pL) fI3D3-253D3-2- ABDE AR , 37 °CIFE 2 h. PBSTYEEA3WK , IIAKIHLA His-tag e 22
FEREHTIR (1 ¢ 20 000F0 ) , 37 CCIFEE 1 h. PBSTYEMBUG A EHTHR-HRP(1 : 5000 #iks) , 37 CH#H 1 h. PBST
PEAR6UEIMAL100 wL TMB & @GR 2 A5~15 minfF A0 wL 2 molBBRZ 1E S . BEFRAKSIN OD 50 49
WYGME. LI3D3-2/3D3-2-ABDRl A FIME h A28 i, OD 5o fE RS i, i F Excel il ERE & 2 1 BIBRIERTZE.
1.6 3D3-2/3D3-2-ABD RY{K X5 E R HANE

16 HICRMEPE/NER (30~35 ) FEAL 3450 WA , 43 Bl BRI R #R kT 5$100 pght3D3-2553D3-2-ABDRl A
. EESER3, 10, 30, 60, 120, 360 min 5 6 d (3D3-28K14) M3, 10, 30, 60, 120, 360 min, 24 h 5 6 d
(3D3-2-ABDAE A EE ) /DR TIRIERUM I 43 B M3 . S MG FEARTR R L0065 )5 , RAIRGIEOELISA)
T3 RS 0L A B MR B . IR BRI 2 AR R B S IR 250 BETH R — 2 s i B
). ARE— BRI BRI 2 : t = (InCo—InC) /K, [ Exceli 5N 2 B2 AR S

2 HREH
2.1 BEEA3D32-ABDRIESEMNERIFSERIA
TR R pET22b-3D3-2- ABD B TR MG S ABDEFER FEH AR 1 (A) s . 1t 2tk % linker 3D3-
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2 ABD#FAT SRS, SR T o R ARSI TA . 4 4R 153 DH5a-pET22b-3D3-2- ABD & ViR 17 TR $2 1,
e FHBR P I VT Neo 15 Xho TRHRICR) SR TAEGYI S0 , G5 UL (B) . BifRbHEE R Ik 45 R o, W
BV 4 Bk S I B AR 5 451 . 20 T iR/ INZY R 5 000 bphY 255 A pET22b8 AR 4671 |, i — 450 Tk
/NZIR600 bplk) 45T A 3D3-2-ABD F B 4T .

BEHLBRIC fb IS 1 BL21-pET22b-3D3-2- ABD W& H- 1 T/ 3 35K , SDS- PAGEXS E 45 S anf&l 1 (C)
FR. S5 R TREEARTEZ)27 kDa K/ H B — 45 B R B ER (1 2501, Hor P KNS B 1 3D3-2-ABDRY
FANHAF | IR I 3755

l VEH | HA | Hs |
e

(A)

-VHH-(G.S); -LKEAKEKAIEELKKAGITSDYYFDLINKAKTVEGVNALKDEILKA
(A) FEHFZBBAM R M ABDRIEILF

e—27kDa

(B) EAFR MY (Ncol/Xhol) %5 E. 1~2: (C) SDS-PAGEEFERIAEHFIALER. 1. RIESFHEM
pET22b-3D3-2-ABDJFRL; 3~4: WEEHIJE Pkl (BL21-pET22b-3D3-2-ABD) ; 2~5: IPTGIERIGHIK

1 EAEADI-2-ABDREHKHEERIFSERIL

Fig 1 Construction and induction of fusion protein 3D3-2-ABD expression vector

2.2 FRAEA3D3-2/3D3-2-ABD BYFEFNLE 1L K& Western blot3iE

PRHCA B = W BRI TR A R alifl , K4l b)S 1B (HIEF TSDS-PAGEHLJKAGI , 28 A 2% Tl
WYL )5 R, 43 IAE20 kD (3D3-2) 227 kDa (3D3-2-ABD) Ak H 15 F A/ IVEAF A 2575, 450 ILIKI2(A).
T BOA® [1E BE R 4152 mg 193D3-2 H1%22.2 mg (I3D3-2-ABD ZifbaR . WiFhEl &8 1107354 i
A, 3D3-28E =R N5 mg/L, 3D3-2-ABD#E /=% HK5.5 mg/L. ZJ5 ¥ alifb i FH 1 TWestern blotFail] .
3D3-253D3-2-ABDHE [1 % 7 i HA-tag 5 His-taghn s , I WBKHIAT 735 F Anti-HA (E]2(B) L2f#85)
J Anti-His (Fl2(B) T 23855 BRSO 4 ik i 8 A UEF TR . 4lifb e i 8 1 2 se s AP R I 3], 3F—
R R E Ay HIEA.

&F
< "\'y
w £ F
(A) 223 (B)
3D3-2 3D3-2-ABD
-
Ant-HA-tag mAb (i - ol o -
25kDa— > @ -
g Anti-His-tag pAb
18.4KkDa—* .‘ e P - D S

E 2 B&EH3D3-2/3D3-2-ABD HIFEFAEL (A) K Western blot (B) I
Fig 2 Affinity purification (A) and Western blot (B) verification of fusion protein 3D3-2/3D3-2-ABD
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2.3 A ERA3D3-2-ABDESHERESFE M

{5 42 ELIS A P 7 A6 I il A 2 113D 3-2 /2 3D3-2- ABD 51 CDATII 4, s M. 45 B B8, 3D3-253D3-
2-ABD#[REMS SHURECDAT45 4, VLIKI3. 3D3-253D3-2-ABD SHi i (145 & T3 i 2 11 v B iy i 3 i, e
1 5 WA B 113D3-2-ABD S HU R 1 25 & B 3D 3- 240 e A7 i I .

2.0

- 3D3-2 ]
15 -=- 3D3-2-ABD 5]
D§ 1.0 Dﬁ 1.0
© o
0.5 0_5,:
S 2 a 6 ”‘o"é"é"é"#z
concentration of 3D3-2/3D3-2-ABD (pg/ml) concentration of 3D3-2-ABD (ug/ml)
El 3 3D3-2/3D3-2-ABD5rhCDATHIZ & TE M = 4 3D3-2-ABDSHSAGEEIEMMNER
Fig3 Binding activity of 3D3-2/ 3D3-2-ABD and Fig 4 Binding activity of 3D3-2-ABD and HSA
rhCD47
2.4 3D3-2-ABD5HSARYEESTE MM ER 3
K IHIAHEELISA Y 7 24 1 3D 3-2- ABD- 5 HSA 11 4
SEOVRYE, 5L, T A R HE3D3-2-ABD 3 . oes
VREE(ROREINTTTRSR . FLAEHSAGLBR A pg/mlL, - e
3D3-2-ABDYKJE K5 wg/mLi —F 45 Ak SR a
2.5  EAAEME3D3-2/3D3-2-ABD 132 2 HAHA I AY § 2
#R
X2 /N B3 i) e e Bk e S A [R) 500 1 A 3D 3-2 ¢ |
3D3-2-ABDRLSEE T, IS ELIS AN E AN R i a] £ 4 \a\
A ML 8 P 2 PV FE . ANPS R , 3D3-2 KU e
A ETE M PP RR , AR (t,,,) 35.82 e
min. 1M3D3-2-ABDREIG 5 I AR A] 3 e K, H 5 AREATESMLERREEHRE
PR ZEMI 501,52 min, LEERIHETF T 251445 Fig 5 Concentration of fusion protein in serum at
different time points
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FEHMA B L2 S DNAT AR, WIERIKF SO I F AN P81, Tk AR e, (Rl
TEIEIARRS 7 B RS R R, BB KRS AR, SPEGI BRI ITIEMIL, EAME TR
VESEIMEIAE | RG L. i TAEEH B0, 73— 5 Taifl, Fre s &5 2, KR
T N TR AR

HSAZ ML B9 By 2 — (B k40 g/L) , HANERIRIA19 d. RHSAME SRR AR, f
PR RE A2 L, BVEE RAGE AP B 2R e 2 — 8. SRIMTHSA > TR (66 kDa) , KL
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R THEER R R I G R A 45 B30T LIS Z R0 L3S AR F S A5 A, HSA. L, EPaxgsaisie
FRE R, [RIRERT I A A A A I E . Guo Ruil® 25 )Gl b Brz 4 & S s Za s, ifSa s
B AR FEA A 13.5 minZE K 22330.8 min, $/5 T 2024 45 BHS . JEFIIERE , ARSI IFIF A T —
PG T AR A S CDATYRPURFZF R B, IFERAFFABL2L (DE3) H A& e e 4
IEWCR R E L. NG AL, SRS TR KRR (5.5 mg/L) BICDAT-ABDRER G M. IHE)
AR A 3 A 1) 35.82 minE K 2 T 501.52 min , A4 TA4R5REK , M2 LRI04 3] THRORSE. 5
AREE AT CDATAUKBUIAAH L, CD47-ABD 5 CDATHUR 45 GG MRS A TR, X AT RE/Z T ABDZS 5 5 |
NS B RS (258 L&A T e, NI H AR PUR L SRS & A s sl w4 , S84 &
PR SS GG T2 8 T —E R . BARRG S PR As 5 6 1 5 ol AR LU AR ARGR S i RS A T B
BFERF SR ZE AWM T AR, AT LLERFELIIRITRCR . CD47-ABDRLG & H [FIBT#47 CD47 & HSA W
APURLE AL, FS T — B PR, H I SRR ST IATE DT R/ FH B A WV A DG ) L4
HET — b ) SR
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