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Cloning and expression of a single human immunoglobulin
heavy-chain variable domain with vascular endothelial
growth factor binding activity
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Abstract: In the application of therapeutic antibodies, large molecular weight of antibodies is always a problem that prevents
them from penetrating into tissues or binding to antigenic determinants. To overcome this problem, we investigated the function
of the heavy chain variable domain of a monoclonal anti-VEGF human IgM antibody derived from the Five-Feature Translocus
Mice. We cloned the cDNA of the heavy chain variable domain, which was then inserted into pET28a vector and expressed in
Escherichia coli. After purification and renaturation of the denatured recombinant protein, we obtained a 16 kDa antibody fragment,
which is named as thVVH. By immunoassaying its VEGF-binding capability in vitro, we proved that thVVH retains this activity as
the complete IgM. Importantly, thVVH is shown to inhibit the HUVEC cell proliferation in a concentration-dependent manner. Our
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results indicate that the single heavy chain variable domain might inherit part of the biological function of the complete IgM

antibody, which provided a valuable potential in further research on antibody miniaturisation.
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human antibody, vascular endothelial growth factor, sdAbs, heavy-chain antibody
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Table 1 Primers used to amplify VH region

Primer name Primer sequence(5'—3")

VHS-1 CAGGTGCAGCTGGTGCAGTCTGG

VHS-2 CAGGTCAACTTAAGGGAGTCTGG

VHS-3 GAGGTGCAGCTGGTGGAGTCTGG

VHS5-4 CAGGTGCAGCTGGAGGAGTCGGG

VHS5-5 GAGGTGCAGCTGTTGCAGTCTGC

VHS-6 CAGGTAGAGCTGGAGCAGTCAGG

VH3-1 TGAGGAGACGGTGACCAGGGTGCC

VH3-2 TGAAGAGACGGTGACCATTGTCCC

VH3-3 TGAGGAGACGGTGACCAGGGTTCC

VH3-4 TGAGGAGACGGTGACCGTGGTCCC

VH-forward CCATATGCAGGTGCAGCTGGTGCAGTCTGG
Nde 1

VH-Back CA:Squ"l;iFITGAGGAGACGGTGACCAGGGTTCC

14 VH ZHEEFNIFESFRIE

FIF Hind 111 Fl Nde 1 BUIOL 50K VH R BOE )
i A pET28a Rk A, JE R E A Bk pET-VH,
1% pET-VH # A BL21 ZAKH , SRR TR B
JE (28°C ., 32°CHI37C) FiFsFRZEME (1h, 2h
13 h).

F|F SDS/PAGE Fl Western blotting 34 H ) #&
HI ARG A aifb 25, . Western blotting —$i M
BT 6xHis BT, — 40k HRP Fric BT R 1gG Bl
1.5 VH &k

2 Novagen HisBind i1k i 57 & Ui B JE 47
thVVH 4 E ALtk FEAET N 5%
A . 5 mmol/L BEWE, 0.5 mol/L NaCl, 20 mmol/L
Tris-HCI (pH 7.9); VEWZZ PR : 60 mmol/L BRI,
0.5 mol/L NaCl, 20 mmol/L Tris-HC1 (pH 7.9); ¥f%
WM : 1 mol/L BKME, 0.5 mol/L NaCl, 20 mmol/L
Tris-HCI (pH 7.9).
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Table 2 Sample Concentration and antibodies used in ELISA

(3R 80, [AF% 2s, A 30s J5[EIfR 30s, A
53K), 5000 xg H.OUWECWIKTE. HEA
6 mol/L FRE 45 & 28 th s i AL A, 0.45 pm U
B I8 IS, AT Ni-NTA @ik aifh, 2R 0y
N BEA PN . 5 mmol/L BEME , 0.5 mol/L NaCl,
20 mmol/L Tris-HC1, 6 mol/L JR & (pH 7.9); kiK%
WA« 60 mmol/L Bk | 0.5 mol/L NaCl, 20 mmol/L
Tris-HCI, 6 mol/L JKZE (pH 7.9); VEMLH A : 1 mol/L
B 0.5 mol/L NaCl, 20 mmol/L Tris-HC1, 6 mol/L
JRE (pH 7.9).

TEACHKMT, KA PEaifb 351 thVVH KK
24, 2. 1. 0 mol/L JREM 50 f5{AF PBS & HT
EVE. R B H) thVVH 22 0.22 um JEE S 08
BRTE, 4CIRAT.

1.6 VEGF &8 1M

thVVH ) VEGF 456G e 127% SCRR[ 7117, B
& 0.5 ng/mL ) VEGF Frife S0, 9% B bR AR
#fL 100 pLo K¢ thVVH A5 LR RE, L HVmAD Fil
VEGF ZHi/E N FHTERT B4, pET28a 23 AR 4R B
VERBIVEXS B2 . £ A FR BV BE . i PR I  n
#2, WA 3IANEE ., &JGLLOPD B, lE S
e 490 nm AL OEIRIE , THESFIE R 2
1.7 HUVEC 40 i B9 3& 58 0 il 46 )

295 HUVEC 4H & 100 mm 55710, LI 10%
FBS 1 & ¥ DMEM #5 3% 5L 3 5% 2 90% % JF
0.25% JEHFIH L5 T8, 4 A FL 6x10° />4 il &
24 fLM. £F 8 h AHMEINGEESS , 2350 A [F] VR B2
thVVH, FHPEXS RO Sfi A VEGF Z4i, 6xHis &
A TRIR 2 F A PBS VR M BAPEXT IR, A4 3 N
2. 2~4 d Ml CCK-8 15 & il & 1% 40 i B0,
M 450 nm AW

Sample concentration (pug/mL)

First antibodies HRP-antibodies

rhVVH 480.000, 160.000, 53.333, 17.778, 5.926
HVmAb 500.000, 166.667, 55.556, 18.519, 6.173
NC* 487.000, 162.333, 54.111, 18.037, 6.012
VEGF-pAb 25.000, 8.333,2.778, 0.926, 0.309 PBS

Anti-6xHis mAb (1:1 000)
Anti-human A chain mAb (1:1 000)
Anti-6xHis mAb (1:1 000)

Goat anti mouse (1:1 000)
Goat anti mouse (1:1 000)
Goat anti mouse (1:1 000)

Goat anti rabbit (1:1 000)
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Fig. 1 Agarose electrophoresis of cloned VH segment. (A) specific band of VH observed in PCR product at the predicted position
(about 350 bp). (B) ampicillin selected T-Vector clones indentified with BamH 1-Hind 111. 1: clone I digested with BamH 1-Hind I1I;
2: clone II digested with BamH I-Hind I11. (C) ampicillin selected T-Vector clones indentified with Xba I- Xho 1. 1: clone I digested
with Xba I-Xho I; 2: clone II digested with Xba 1-Xho 1.
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Fig.2 Sequence and domains analysis of VH.
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Fig. 3 SDS-PAGE analysis of the induction conditions of the expression of thVVH in BL21 E. coli. Proteins were separated by 15%
SDS-PAGE and stained with Coomassie Brilliant Blue. 1-2: lysis supernatant and debri of BL21 cell with no transferred plasmid
induced at 37°C for 3 hours, as negative control; 3—8: lysis of BL21 cell harbouring the recombinant plasmid induced at 37°C; 9—14:
lysis of BL21 cell harbouring the recombinant plasmid induced at 28°C; 15—-20: lysis of BL21 cell harbouring the recombinant
plasmid induced at 32°C. 3,4,9,10,15,16 indicate BL21 induced for one hour; 5,6,11,12,17,18 indicate BL21 induced for two hours;
7,8,13,14,19,20 indicate BL21 induced for three hours; 3,5,7,9,11,13,15,17,19 indicate lysis supernatant of BL21 cells;

4,6,8,10,12,14,16,18,20 indicate lysis debri of BL21 cells.
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Fig. 4 SDS-PAGE (A/B) and Western blotting (C) analysis of
expressed and purified thVVH. (A) 1: lysis supernatant of
rhVVH expression BL21 cell; 2: lysis debri of rhVVH
expression BL21 cell. (B) Samples collected in denatured
purification. 1: flow through; 2: wash; 3: eluted thVVH. (C)
Samples identified by an Anti-6xHis tag Western blotting. 1:
lysis supernatant of thVVH expression BL21 cell; 2: lysis debri
of thVVH expression BL21 cell, as positive control; 3: flow
through; 4: wash; 5: eluted rhVVH.
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Fig. 5 VEGF-binding activity assay of rhVVH. (A)ELISA results of rhVVH, HVmAb, VEGF-pAb and NC. Lane 1 to lane 5 of each
sample were added following the concentrations shown in Table 2. (B) Statistics of OD4oo for ELISA. 50 ng per well VEGF was
coated; thVVH with concentration ranged from 5.926 pug/mL to 480 pg/mL (1:3 dilution for 4 times); polyclonal rabbit VEGF
antibody (VEGF-pAb) with concentration ranged from 0.309 pg/mL to 25 pg/mL (1:3 dilution for 4 times) as positive control;
HVmAD with concentration ranged from 6.173 pug/mL to 500 pg/mL (1:3 dilution for 4 times) as another control; Empty pET28a
vector 6His-tagged expression extract with concentration ranged from 6.173 pg/mL to 500 pg/mL (1:3 dilution for 4 times) as
negative control; OPD working solution added to VEGF coated well as blank.
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3% rhVVH (ng/mL)
7 HUVEC B #5253
G L K Fig. 7 HUVEC inhibition result. HUVEC cell cultured with
different concentration (ranged from 62.5 ng/mL to 2 000 ng/mL)
of rhVVH added in medium. Equal volume of PBS were added
as negative control.
= ; - TEAN A B, thVVH BoR T ]

e
-

6 HUVEC i f 8% E

Fig. 6 Typical HUVEC cell density. (A) 100 ng/mL
polyclonal rabbit anti-VEGF antibody with 3 ng/mL VEGF.
(B) 100 ng/mL polyclonal rabbit anti-VEGF antibody. (C)
75 ng/mL 6xHis with 3 ng/mL VEGF. (D) 75 ng/mL 6xHis. (E)
0.1% (V/V) PBS with 3 ng/mL VEGF. (F) 0.1% (V/V) PBS. (G)
75 ng/mL rthVVH with 3 ng/mL VEGF. (H) 75 ng/mL rthVVH.
(I) 15 ng/mL rhVVH with 3 ng/mL VEGF. (J) 15 ng/mL
rhVVH. (K) 3 ng/mL rhVVH with 3 ng/mL VEGF. (L) 3 ng/mL
rhVVH.
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Fig. 8 Sequence and domains analysis of VL.
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