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Expression, purification and characterization of
anti-a261/NanoLuc fusion protein

Lina Ma?, Qi He?, Jiangli Xu?, and Zhigian Zhang'

1 Key Laboratory of Clinical Laboratory Diagnostics of Ministry Education, Faculty of Laboratory Medicine, Chongging Medicine
University, Chongqing 400016, China

2 Key Laboratory of Carcinogenesis and Translational Research (Ministry of Education), Department of Cell Biology, Peking
University Cancer Hospital and Institute, Beijing 100142, China

Abstract:  The existence of cancer stem cells is regarded as the major cause for therapeutic resistance and relapse of a variety of
cancer types including hepatocellular carcinoma (HCC). However, the tracing of such a subpopulation in vivo has been challenging.
We have previously demonstrated that the isoform 5 of the voltage-gated calcium channel a281 subunit, which can be recognized
specifically by a monoclonal antibody 1B50-1, is a bona fide surface marker for HCC stem cells. Here we developed a strategy for
optical imaging of a231-positive cells by using a fusion protein containing the single chain variable fragment (scFv) of Mab1B50-1
and the luciferase NanoLuc which was tagged with Flag in the C-terminal. The scFv of Mab1B50-1 was fused to the N-terminal
of NanoLucFlag using overlap PCR, and the recombinant fragment, which was named as 1B50-1scFv-NanoLucFlag, was
subsequently cloned into a eukaryotic expression vector. The resulting construct was transfected into FreeStyle 293F cells in
suspension using PEI reagent. The expression of the fusion protein was identified as a protein with molecular weight about
50 kDa by Western blotting. After purification by ANTI-FLAG® M2 affinity chromatography, 1B50-1scFv-NanoLucFlag was
demonstrated to bind to 0281 positive cells specifically with a Ky value of (18.62+1.84) nmol/L. Furthermore, a strong luciferase
activity of 1B50-1scFv-NanoLucFlag was detected in 0281 positive cells following incubation with the fusion protein, indicating that
the presence of 4281 could be quantified using this fusion protein. Hence, 1B50-1scFv-NanoLucFlag provides a potential tool for
optical imaging of 281 positive cancer stem cells both in vitro and in vivo.

Keywords: 281, monoclonal antibody, NanoLuc, fusion protein
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HZ, A 05T 2 LN 32 BRI ORI A A
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N T v liox e e, AR T ok B WiEEAE
BB Y96 E B NanoLuc., NanoLuc f&—Ff4r1
/N (19 kDa) . & R MUK ATP B9 %
HEM . BRI, g K R R
Bt R MisE 150 f5L F, Ff H NanoLuc HAY)
HURASE M, HAF S st 2 n 20 Scik g
FHBY 724 NanoLuc 4ai 3t R 5 A B 241 i f5
FEIA LR Y Furimazine gEF7 k24 & 6%t i H 4
20 TR 0 g AT 0 2D R T S ey e
Xof 2 3K ) A o 4 9 2 7 S B e K58 NanoLuc
P ARAEL 2R, (30 T 36 5 A 20 M ST G g T
S 1 S G0 A Sy PRI o AR SRR DT AT 0281 11
Uik 1B50-1 A EREE AT AR 4 5 NanoLuc %)t K i
4 41965 1B50-1scFv-NanoLucFlag il & %
M, JFEARIMREE K IE 1B50-1scFv-NanoLucFlag
G545 0281 MR DL 9 R B g M, DU ARk
FIRZ A& B AR A5G 0281 FHE 40 FifiEfL
AL 25 B C RN A TR Y 281 BH M 4H M2
b2 R 25 5 Hehi

1 MRE5FE

1.1 sRewsl

N9 Hep-11 F1 Hep-12 4l 52 N AR 5256 %
G I IA] — JHiei N Fi 02 2H 4R 03 ) 48
JEAREE FR P e 4D 22, PLC/PRF/S JiFJ 41l i 70k
A 36 [ AR = 8 IR W O 0
Culture Collection, ATCC), FreeStyle 293F 4}
WA Invitrogen A ], HHASLEERF, K
[ FF T DH500 @S2 S 40 B b st 2 la A

RPMI-1640 #5355 | Free-style 293 Expression
Kigi | Opti-MEM ., 2RI (FBS). 100xXX4T
K 10x B (1M (Trypsin) 3704 H 3£ E Gibco 2

(American Type
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;5 Phusion®iB {7 2L DNA B4 . BRI WG
I Fl NEB 23 ;5 T4 DNA JE$%#1 Nano-Glo®
Luciferase Assay i 5l £ ¥ H Promega /A ] ;1 kb
DNA ladder 5 H Gen Star /A #); QIAquick PCR
Purification Kit Fil QIAquick Gel Extraction Kit Il4
Fl QIAGEN 23 Hl 5y 4l BUkL N v bR 4 Hi
A& B A TE/AF]; NucleoBond Xtra Midi
911 MACHEREY-NAGEL /A+l; ANTI-FLAG®
M2 Affinity Gel 4 [ Sigma 23 ] ; Anti-FLAG® M2
Antibody J § CST /A~ #]; 3x FLAG peptide 4 H
GL Biochem 24wl ; & Hi 44 marker & § Thermo
/3l Hoechst33342 #étde ksl A b st &35 R}
HARAFE; FITCFRidl =it 196G (H+L), ¥
FEAPRIC ISR 196G (H+L) FBAR B 0 1L =
i 19G (H+L) W Bt A2 &M AEWH AR A IR
Zyl; Amicon Ultra-15 mL #BIEE 0% (10 kDa)
W A Millipore 2% w5 5% 3350 R 20 Wtk
(Polyethylenimine, PEI) I H Peprotech 24w,
12 Fi&*
121 EARBMHE

SIS AR AT A0 /N L 1B50-1 FlI XS B 19G B
B R AR X FE 5 B FORL ; C 3 Flag FR2% 1% NanoLuc
J7 3 v e e i A D RHECA BRZS W) 45 i, 1B50-1
FIXTHE 19G Lk R] AR X J¥41) 5 NanoLucFlag f%i:
PR EZ L PCR (overlap PCR) $iAR: 4%
) 1B50-1 X e 19G Hig ] AR X J741] 5 NanoLucFlag
GOk A, o3 51 # % 1B50-1scFv F #il
1B50-1scFv R .1gG scFv F #1 1gG scFv R NanoLuc
F il NanoLuc R (51#)F WL3% 1, mA T YT
B (RiE) BMARA RS R) FIlE IR E DNA R
A 1B50-1scFv B, 19G scRv A LA
NanoLucFlag F B, #RJ5FriE# 1) 1B50-1scFv.,
1gG scFv PCR #1477 443515 NanoLucFlag H B
TRATE R, 2 A 1B50-1scFv F #l NanoLuc R
IgG scFv F #il NanoLuc R 5|47, F#H{# E DNA £
4T PCR ¥ #4545 1B50-1scFv-NanoLucFlag H
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#x1 SBEATASY

Table 1 Primers used in this study

Primer names

Primer sequences (5'-3")

1B50-1scFv F
1B50-1scFv R
1gG scFv F
1gG scFv R
NanoLuc F
NanoLuc R

CCGGAATTCGCCACCATGGTGTCCACCCCCCAG
ACCGGAGCCGCCGCCGCCAGAACCACCACCACCACTAGACACGGTGACCAGAG
CCGGAATTCGCCACCATGGTGTCCACCCCCCAG
ACCGGAGCCGCCGCCGCCAGAACCACCACCACCGCTAGACACTGTCACGGA
CTGGCGGCGGCGGCTCCGGTGGTGGTGGTTCTGTCTTCACACTCGAAGATTT
CGCGTCGACTTAACCGGCCTTATCATCGTCATCCTTGTAAT

Note: underlined sequences are restriction enzyme sites.

Bt . 19G scFv-NanoLucFlag HBt, FEZBRHIMEN
VI EcoR 1 f1Sal 1 Y] J5 FH T4 DNA i 32 il 1%
3 FUA R IR AR . BBk 4 V) % 72 il DNA
O e 36 MR E A JE L IR P R TR 4 IO T &
I,

1.2.2  HpusEFR 5 RbLEE Gy

Hep-11. Hep-12 F1 PLC/PRF/5 JiT-J& 41 il % FHl
TSN 10%J16 2F 1M 8 A1 BT HY RPMI-1640 55 55K
F 37 'C. 5% CO, fHiRIHEF 4 HEF: . FreeStyle
293F IR JC I . TCXALH FreeStyle 293
Expression };## ¥k, T 37 'C. 8% CO,, 130 r/min
JE I 55 IR 48 e i 15 5% .

UMK FBTEER FreeStyle 293 A H; 5%
WOk B KRS BT FreeStyle 293F 40 i Bt =
1x10° N HfL/mL. SRJ5, K 100 pg 4L FOR A
300 pg PEI & ME] 10 mL 4 Opti-MEM J8ifiL 15
BIRWR, RS TEREBE 20 min, DUE
WHEREAY . wa, BRI 10 mL Y E
WA NE] 100 mL 4 FreeStyle 293F 4 Jifl &
Wb, BRRIRS), R E AL R
1.2.3 fREEEIZL3E (Western blotting) 256

Wi B RS YL i) 27 FreeStyle 293F 4iljitl,
BLOULTEA L (3600 r/min, 5 min), BUERE iE
W, A5G 6x FRESE MR, 100 CA
A5k 5 min, £ 10% SDS-PAGE /43, %% %) PVDF
JE ., 5% I Wk ITBST i B 1 h; B,
TBST B4 Anti-FLAG® M2 Antibody (1 : 4 000)
TR AT WEE 1 h, TBSTUERE (10 minx3¥X),
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R 10 ming 423, fiIA TBS i B B BR BpRic
11340 % 1gG (1 : 100 000), ZEiRMFE 1 h, TBST
PRI 3 e, (H A R A= &6 (Immobilon
Western HRP JiE#)) {7, Fi SageCreation fb2:%
HeEUR AR 4 A5 5 400 .
1.2.4 RBHAEEA4ML

WAL YL S5 1 FreeStyle 293F 4l ik, &
LYTTEZRML (3 600 r/min, 10 min), WedEkisE I
B, KK 0.45 um JEEAN 0.22 um B8 g
FEF Amicon Ultra-15 mL #EE .04 (10 kDa)
WS I IR 5 3 B WO 479 ANTI-FLAG® M2
FHABEH . 4 5 ARG TBS ZZ ikt 2=
WhE FAERE AR A, H 3 AR 3x
FLAG peptide (200 ng/uL) 35 M i 1 1 245 5 7
B R RE A A .
1.25 ZHfusefEdi e

T BE B 5% 1) 240 i 28 R I /EDTA Ak, X
1108 A4 3] 1.5 mL skl .o E ., 4
Wime 22 s Eh %W (Phosphate buffered saline, PBS)
VeV 2 Wk, SEERAnm A 200 uL 1B50-1scFv-
NanoLucFlag &8 (10 pg/mL), XFHERZMA
200 L IgG scFv-NanoLucFlag ff 485 (10 ug/mL),
REYIE), 4 CHEE 1ho BL.OUTIELIA (1000 r/min,
5 min), # Fi, F PBS BEIGR4IME 3 7k, HiNA
200 puL PBS FFHY Anti-FLAG® M2 Antibody
(1:800), 4 CHFHE Lh, 4 PBSREE O,
A 200 pL PBS FBEME FHIARICILESI R 190G
(1:100), 4 CHREEME 1 ho FERELHMTELEL
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Jit2, I 200 pL ¥ >4 100 ng/mL f Hoechst 33342
AT AR A% YL (2, PBS PE¥R ) . FH 200-300 pL PBS
TR A0 B S R S B Y 96 LA,
FHBOES IR AR B B WSS B A
126 WRGHLITA

H 1x10° AR KOR S REFAY Hep-11. Hep-12
F1 PLC/PRF/5 4fijfd 53 5| i = AR EP 4 Hh, PBS
TR 2 ¥k, 4 CEL.OUTIELNAE (1000 r/min,
5min), 7 b3, SCHA A 200 pl FITC FRic Y
1B50-1 Hiifk, XFHRAIMAERER FITC bric X
M 19G Hidk, /MRS, 4 CHEOEIFR 1he .0
TLYEANML (4 °C. 1000 r/min. 5 min), 3 I3,
PBS /S U4 2 YK fJm, ] PBS HE4if, i
V404 (BD Accuri C8) #6: A [w] 4 it
0281 R IKTE DL

R EE A E S a281 B SERITEYE, B
W i) 1B50-1scFv-NanoLucFlag #1 1gG scFv-
NanoLucFlag (0 ug/mL . 0.125 pg/mL ., 0.25 ug/mL .,
0.50 pg/mL. 1.0 pg/mL. 2.0 pg/mL. 4.0 pg/mL
F118.0 pg/mL) 4350 2 =5 35 0281 ) Hep-12 fif
AN (Ix10°ANEP ), FE/MIRAT, 4 CHHE
1h, BOULTEANM (4 °C. 1000 r/min, 5min),
7+ 13, PBS WEVEANMS, A 200 pL A PBS
i B Anti-FLAG® M2 Antibody (1 : 1 600), 7
SHRE], 4 CHEE Lh, HEB.OAIEUESEE,
A 200 pL H] PBS B FITC tric iyl EHife
19G, 4 CHOLIFE Lh, BOULTEM, 37 B,
F PBS MM, i w4 M 7 (BD
Accuri C6) il 2% 5 40 i /Y 2GR i
1.2.7 NanoLuc %6 B iE Il 2

fill G 2R R 2¢Ot R WIS P D A A i R
Nano-Glo® Luciferase Assay iz 7] & i B B 1Y
T T, BRSO AT - B 1x10° 2
i /EDTA WL 4NN ZE EP & 9, 24 PBS Bk
BLUOJE, A 200 pub AS[RIMREE A9 1B50-1scFv-
NanoLucFlag #1 1gG scFv-NanoLucFlag (0 pg/mL .
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0.1 pg/mL. 0.5 ug/mL, 1.0 ug/mL. 2.0 pg/mL Fi
4.0 pg/mL), 4 CHFHE 1 h, 4 CHELULTENM
(1 000 r/min., 5 min), £ PBS Jt#% & 05, i PBS
TR AN IR A0 MR B & 96 FLAR, SRR A
PBS i B¢ 11 Nano-Glo &2 G R B f KA (1 © 400).
¥ 96 fLHr B T FLUOstar OPTIMA £ IhfEfEFR{Y
b, BBORCSRAEY R, AR E
HE 3.
1.2.8 BIELHT

S 45 R F] GraphPad Prism7 #4347 48
TR, TS AR RS IES &I T
KA AR, P<0.05 A M R HA G #E X
(*1L5% P<0.05;**f43 P<0.01;***{{:5% P<0.001),

2 BREL

21 BHRNMEREE

1B50-1 HiA= 0 f] 19G 4 scFv v Bridi i
& PCR iR 544 Flag #3419 NanoLuc )75 il
friffie, HEEHA (GaS)s TS (K 1A), &
T PCR W) 4 W V) J5 Fe L o b 31 B 3R A 24
b EHFURIZ EcoR 1 i1 Sal T FR 4 Py 1) it
Y15, &4 1B50-1scFv-NanoLucFlag 45 ki #5715
6 893 bp F1 1383 bp WiZkt (/&1 1B), %A 19G scFv-
NanoLucFlag i 5 ki 15 5] 6 611 bp 1 1 395 bp i 5%
W(E 1C). BEYI%E IER Y BRI Sanger 15
J ik — 2 HRIA ¥ 8 IR

22 MEERAFIEFMLL

W 5 40 Foki 1B50-1scFv-NanoLucFlag #ll 1gG
scFv-NanoLucFlag 4373|5544 FreeStyle 293F 4fififi,
WA G i A T S R (A 2 37 WA 7 e 8 B 3D
S E R R, Al 25 1B50-1scFv-NanoLucFlag
R YL S 5 5 Rk . Kk, FRATERAE
T TR 5L FreeStyle 293F 45 AYES 5 RIL4E
2R _E W, HEFT ANTI-FLAG® M2 SERIZHralifl
B aiifl 5 B4 & 1 1B50-1scFv-NanoLucFlag #i
IgG scFv-NanoLucFlag 43 %1 i#£4T SDS-PAGE 43
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Mg el E, S5SRER: MEEAKNE 23 FHEREMEERD 026l BIRIA

B, JCRH @24, T2 50 kDa, & iR RREI 0281 TE A0 R A0 M R R R AN
N 2). xFEMALER B SE AR LIAREE 00, 2B R i A MO A 4 A R A0 R
ke, EmEHITT L, Hep-11. Hep-12 F1 PLC/PRF/5 ' 0281 ik ik
A EC1R] Sal 1
5" — VL Linker VH ‘Linker NanoLuc 3xFLAG |— 3%’
B

1B50-1scFv-NanoLucFlag IgG scFv-NanoLucFlag

B 1 FEHARNMEHTEEMBYILEE

Fig. 1 Schematic diagram of the recombinant plasmids (A) and the EcoR I and Sal I digestion of the DNA fragment
encoding the fusion protein of 1B50-1scFv-NanoLucFlag (B) and 1gG-scFv-NanoLucFlag (C). M: 1 kb DNA ladder; 1 and 2:
double digestion products of 1B50-1scFv-NanoLucFlag and IgG scFv-NanoLucFlag, respectively.

Agpa M 2d 34 4d 54 B kba M 1 kbDa M 2
180 — 180—
130 — 130—
. - 100—
55— 70— § 70—

10— T R 494 kDa 55 55—l

s — 50.4 kDa

40—
35— 337
25— 25—
IB50-1scFv-NanoLucFlag 1B50-1scFv-NanoLucFlag IgG scFv-NanoLucFlag

B2 BEEAZRIEMAgL

Fig. 2 Expression and purification of fusion protein. (A) Western blotting analysis of 1B50-1scFv-NanoLucFlag fusion
protein in the culture medium obtained at the indicated days after transient transfection in FreeStyle 293F cells. The
filter was blotted with anti-Flag antibody. (B) SDS-PAGE analysis of the purified fusion protein. Lane M: prestained
protein marker; lane 1: 1B50-1scFv-NanoLucFlag; lane 2: 1gG scFv-NanoLucFlag.
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TR, 25 R K 3 Fin. a28l 7 Hep-12 4f
M i e ik e, PHPEREZD 100%; ke
PLC/PRF/5 4iififl, FHYEZRTE 30%/A47; 028l 7F
Hep-11 Zifarh JL-F Ak, HA /D agni 5 o
FHAE

2.4 RFhE&ER 1B50-1scFv-NanoLucFlag 5AF
off| B 2 4 B Y 45 & 1
FERVTHES B 1 1B50-1scFv-NanoLucFlag 5

201 LA RS, S B e e st e (s Il

TELEE NS AR ANk Hep-11. Hep-12 #il
PLC/PRF/S (W45 &4 . SEIass K& 4 fos, fil
4781 1B50-1scFv-NanoLucFlag figfg 5 JL P43
1) Hep-12 4Hj%5 &, H456 &R PLCIPRF/S 4
L, SRS Hep-11 AMMJLTAL: G5 X m & &
I 19G scFv-NanoLucFlag -5 Fr 5 #6: it 41 i # A
4G XSGR A R S AR a281 RSB
LHIEMK, #URMAE S 1B50-1scFv-NanoLucFlag

REFRSEIELE 5 0281,

[sotype control ===== @251

A Hep-12 B PLC/PREF/5 C Hep-11
600
| 96.8% i 30.4% 400} b 005%
400 | ' 300 i 300 -
! = 1 £
3 2 200+ | 2200t
200 | = ©
100 | P 100 L
0...“‘.‘-7.‘ Ol n ool 0
10° 100 10 10° 100 100 10¢ 10 10° 100 10t 10°
3 a2l ZERTREMMAT HRIZRXAMIE S
Fig. 3 Expression of 0281 in hepatocellular carcinoma as detected by flow cytometry.
o Hoechst Hoechst
L\,!.CF\?‘D OL\_\CF‘lag{ cFlag CF\‘&EJ
1350-\SCF"‘NanoxB50-1SC‘:"’Nan 1¢G scF"‘NanOLung (cFy-Nanok-t

Hep-12

20 pm 20 um

PLC/PRF/5

PAVRTH

20 pm

Hep-11

& 4

”

#h& &8 1B50-1scFv-NanoLucFlag #1 1gG scFv-NanoLucFlag 5F RS ML S e e LB

Fig. 4 Representative micrographs showing the binding of 1B50-1scFv-NanoLucFlag and IgG scFv-NanoLucFlag
with the indicated cells as demonstrated by immunofluorescent staining.
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i s 2o g LN | DEE R w1 T NS g
B G RIE 0281 MU Hep-12 IYRFI ). 45
W& HH, 1B50-1scFv-NanoLucFlag 5 Hep-12 454
J5 i B BE S Rl 2 1 VR BE T H s T, T
Xof Bl 5 8 1A 2 DY 3 A I 1 A B v T
1k, EhE R 1B50-1scFv-NanoLucFlag Y Hep-12
LSRR FIR A Ko Bl (18.62+1.84) nmol/L,
i % Bl 2 11 19G scFv-NanoLucFlag T JGv2: 1
& Kefd (&l 5).

25 BMEERMRXAREFEENE

J T HTREEAEE H 1B50-1scFv-NanoLucFlag 5
JHEE AR 0281 454 5 28 e K W 75 vl ik
W R SCUA T AE A7 RO UR , BB MR
B U LE RIS R[] JH 968 41 BT 78 5 i 2 e R il G
PEVEFT TR, 45 5 %, 1B50-1scFv-NanoLucFlag
1 19G scFv-NanoLucFlag 73 %l 5 Hep-12 A
PLC/PRF/5 il 1% & )5, 92341 1B50-1scFv-
NanoLucFlag 7 7 it 24t Jfd #0 £ B0 8 1 2 ' 3R il
HEME, S5XFHR4H 19G scFv-NanoLucFlag 2 A4 #
WEMES . M, RS ETS Hep-11 41/
WEE R, SOCREEHNTE E2ES (K 6A.
B fl C), iXx#esg5 KU, @G 1B50-1scFv-
NanoLucFlag 5 o281 BHIERI LSS & 5 A 9L R

Affinity of the fusion protein
- | B50-1scFv-NanoLucFlag

60 000
-8 [gG-1scFv-NanoLucFlag
z » ®
S 40000}
= *
» K,: (18.62+1.84) nmol/L
g B, 47 869+1 553
Q
(]
g 2000 B =
=1
=3
2 ]
| | |
0 50 100 150
Concentration (nmol/L)
E5 MEERFEMATEINER
Fig. 5 Quantitative analysis of the affinity of the fusion

proteins to Hep-12 cells.
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