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Preparation and application of monoclonal antibodies against novel zinc finger protein ZBTB45
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[Abstract] Objective To generate monoclonal antibodies against novel zinc finger protein ZBTB45 of mouse for in vitro
and in vivo immunoassay of the protein, so as to contribute to the study on its biological functions. Methods Multi-epitope
antigen of ZBTB45 was prepared by prokaryotic fusion expression and was used to immunize BALB/c mice, and then the
splenocytes of mice were fused with the myeloma cells. The resultant fused cells were subjected to screening culture, ELISA
assay and subcloning by limited dilution to establish monoclonal hybridomas secreting anti-ZBTB45 antibody. The antibody was
purified by affinity chromatography with protein A column from the ascites of hybridoma-bearing mice, and was tested by
Western blotting analysis, immunoprecipitation, and immunohistochemistry. Results We successfully established 6 cell lines of
monoclonal hybridoma secreting anti-ZBTB45 antibody, of which monoclonal antibodies 3E5, 2G4, 4D2, and 1D4 were
applicable for Western blotting analysis and immunoprecipitation, and 3E5, 6D8, and 8E3 were applicable for detecting
endogenous ZBTB45 by immunohistochemistry, with a satis{ying sensitivity and specificity. Conclusion We have for the first
time successfully generated monoclonal antibodies against mouse ZBTB45, which are applicable in various immunoassays for
ZBTB45 both in vitro and in vivo.
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HE DR 2R TR ORI 45 2 45 AN (] A ) 2 o AR 1Y
SLhl, ZBTB 48 2 — & f C2H2 Krippel
BEFR S5 M BTB DI RE I DNA 55 & M. A
HE DG SRR YT T BE L 7E 40 R G A L 4 16 L U T RN D) g
WA E SR R EEEEM, AR,
GRS B W F W 40 ~60 R R K, ASSLH
WG K B, B AL A 98 85 1 ZBTB20 ( X FR DPZF,
HOF,ZNF288) j& — 5 sk il [ 1, 2 55 M A &
B MW s R T e 28 00 5 ) 434k AR T AR ) A
AN FR R R, ZBTBAS &5 ZBTB20 [Al
VRPE f 5 1 2R R A B, R 3 TR SRR 1 KT 1 — 3
PEIK 43.5% .11 BTB &5 M35 1 C2H2 BE8 45 #4381
— B PE s 68 %, 8 ZBTB4S Al g HA 2 W
AFRDIRE, &4 N 1k A OC ZBTBAS AE Y2 TIhRe
IR F AT BRYY O BF 5% LA 9 19 A= B ) B8 L A F
FEH W TP ZBTB45 s B ik, I #5717 nf
FH 255 7 2 35 RRAE RV 8 43 A7 19 AH SRS I 7 i

1 MBI E

1.1 2ZHH BALB/c /M H % Jackson S5
Foldk, W3R T SPF %) by, /N BUE R A i
SP2/0-Ag 13 E ATCC 2~ wl5li#t, /Nl ZBTB45
Z R (multi-epitope antigen) B His il & H
CRHRT 3T 8 290 34 000) K Hoxt FR g4 4 13 (M
X FBE 20 26 000) 1 383520 &) A H K AT
A FRIR A NI R A 2l b &L Ak 8o L
AR 3 S AL P CHRP) A2 19 SE BN B G 98 2R
Ig 4 Chemical 23 Al 7 i . Ak 52 & G F &4 Pierce
O E) 7 AR AR R A T2 2 AR AR e B Sig-
ma 3,

1.2 Zbtb45 89 cDNA A B A At &k B IR
#  FIFH RT-PCR FEkE & A 588 T 1 HE CORF)
/B Zbtb45 ¢DNA, FIH] TRIzol M IE # BLAE /N
R 4 20 H A B B RNAL 28 Oligo (dT) Al %
K (Invitrogen 23 5D IVE . ¥ mRNA k&
B cDNA L VE NGRS PCR §7 3 98t , PCR ¥ 34 (1)
E#E 5 ¥R 5'-CGG GAT CCA TGG CAG CCA
CAA AGG CAG TG-3', FiEsI1¥ R 5'-TTT TAC
TGG CCC AAT GTC CTT TAT-3', ¥ 118 K i
i 58°C L E I R/ANY 2 kb, PCR =¥ & 4ifb)s, &
EcoRT Fl Xba T MY (~1.9 kb) J5, % & &
pBlueScript SK #& 4, 5 41 Jii k7 ( £ 243-9) & 5] ¥
T7.T3 Fl 5'-GCA CCC CCA GCA CCC ATC AA-

3"#EAT DNA W ¥, 3iF 52 7 5C B 9 Zbtb45 cDNA J7
A E R, N L Zbtbd5 ¢cDNA 1 EcoR
I /Xba 1 FB(Xba T KB #bF) , 5 b 2 8 240 3K
KR pCMV-Myc(Clontech 23 #]) B EcoR 1 1%
T Bl 1A B BT N 3 & A -Myc %
W) ZBTB45 HAZHE A FRIKFRL(#247),

1.3 #ABRAeifits & BHEH ZBTB4S
ZRAPURM His B G HE 05 3 H 8~12 ik
B MEPE BALB/ ¢ /NBL; T 2 J8 5 R i, S 5 it
JEE g A B 0 I, T B ELISA 5 ¥ M & 1M 7% 19 $¢
AT BES BT A T B A e G N B o A LA
i B . H PEG4000 5 B #9% 40 e SP2/0 #F47 filt
G AR JE R AN A TE A0 L B2 R T 96 FL
B h BEATIE R R THE 3R 10~14 d J5 WA 3
I B 4 B S g PR X IR His @l & A 7E R
PR, BEATHUARTE BE 1 ELISA 30 A1 5 B 119 47
U, VERR S WA BT AAR KO = 0 v R L R A RR AR
BT AE 96 FLAR AT BRI s R R SR H &2
PHA: IR 5] 100 %6 BIIA RS2 B s B 4 184 BT 0 16 75
1) 1 B o [ i 3 TR A M MR L TR AU T R AR . TR Ui
S TR AN L 48 PBS Y5 8 T & BALB/ ¢ /b
R, 10~14 d J5 Wo4E I8 K, ELISA A 8 /K o i Bt
A B2 s R H] Protein G 28 FRHE MU /K v 4l 4k 50 5 B
bilk,

1.4 &8 RBE9ES>H  FHIERIK Effectene
(Qiagen 2~ ) ¥ ZBTB45 BYLF K TR (£ 247) &
O R FORL 2 S g 293T 40 55 9% 48 h e S
50 mmol/L Tris-HCI (pH 7. 4).,150 mmol/L NaCl,
1 mmol/L EDTA.1 mmol/L Na,; VO,. 1 mmol/L
NaF.1% Nonidet P-40, 0. 25% Na-deoxycholate,
1 mmol/L PMSF.1 pg/ml leupeptin,1 pg/ml apro-
tinin 1 1 pg/ml pepstatin [ RIPA 25 1 24 fif Wk 24 it
20 WS AR Y . — SOCC AR AEAT . AN i 2L A Wk
2 96°CAEEJE L UL 10% SDS-PAGE 40 8, SR 5 &
100 V ik %% 2 PVDF . H TBST Bl i 5 % it
BE AW 2 3 A 60 min, 3 2 B H L A 3 AR
i B e 1) B 5E PP AR, 4°C $E IR I, SR J5 TBST ¥k
B S A HRP #ic B Hi/h R 1gG (1 = 10 000D,
FEIRIFE 60 min; BB AL TBST EUEE . in A {24
KA (Pierce 24 7)) A8 L I 24k 24 K 6 AR X
(Fuji 23 ) B UE .

1.5 fkitie WG FRIE ZBTBAS (1 293T 4l %
fift 194 400 pl, 4% 1 ¢ 100 IMAPLIR, T 4°C RS
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B ORIEIMA L RIPA TAL PR 85 1 A BilE BB
(Santa Cruz A #]) . B 4ACHE 60 min; .0 M UTIE
Y12 RIPA W58 3 LA 2 X EREZE Wi, 96 °C A8

P 5 min, 250 B AT S s B A
1.6 SBEMBRLFTEE WL A% PR FE R

SE B /N BUOR k, VTEC 30 pm MWK ZR VI B, &
1 mmol/L EDTA mRITEBEE 5. & FLE W
TNT ZZoh# £ 30 min, % 1 : 2 000 LA TNT Fi
BEHWIPL ZBTB4S Fbr, B 4°CHEIRIS R 2BV E , m
A HRP #rid B9 Fdi/h B IgG ZH0 (1 : 5000, T
37°CHE 30 min, 2R J5 F Biotin-TSA i 5] & (BD 2
FD PEATAE 5 K VeSS L 4% 1+ 200 T A Strepta-
vidin FriC B9 Alex Flour 594 #¢ 3% 4% ¥} (Molecular
Probe A ], T 37°C ## 64 30 min, & DAPI ¥ &)
Jefg S B E R0 E AL T O BB R g
e

1.7 # 5Bk R AR R EALG HIN A R
AR, AL PR AK 5 BSA B . E 0 00 8l b s
Wt ELISA K 4T A BT 300 i Bt i 3R 4

2 & B

520 MNEFERR AR FEA B N i & 14> BTB 454
B Caad-124), C ¥ & A 4 A~ C2H2 % 35 45 14 1,
(aad04-519) , X L5 Fg 8 5 ZBTB20 1 [A I8 14 .
A% Lasergene FPE TR , 36 £ G 5 B M 1T BB L 4%
B 7 AR BAE R Bt . RSLLETLNGQ, LL-
GHSEIRVP, PAPIKAEGPD, DPPASTGITD,
DSYVSAWHEE, PFHLGAPGPP #l  ISGT-
PVRAPG(E 1), Hr. i 2 AHUJE KA T BTB 45
Pk, x40 F BTB £48 5 C2H2 SR 4582
], B ZBTB20 45 FE48 2 1119 [7] I3 M AH X L 4
K. FIHEET HBV 192 RO 50 RIRKZR
H ZBTBAS (2 R AP0 3R 35 8004, 3085 DL R A7
PUIRZ B K GGGGS #E# . @ &\ A B K/
34 000, FIH Ni 2% F1 2 Hr 2l b 8 H & 1, 265 58
80% (& 2), ¥4y ZBTBAS £ £ Hi 5 /Y fl & 5
FIE BALB/c /N, 2 J8 S I o 9 0 44 3% 2 A
16 000 : 1~128 000 = 1, B o4 BE & = /7
B T AN ML S BE R AN M R A O Bk B
ZBTBAS HUAR I A58 T A B 8 2 R S g L e vy
16 #R 22 ELISA Ky ZBTBAS i 4 8 11 B

[IRSR:EY - Ea s - = WA R SR v N

2.1 B EMEHAR L
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5 &
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/NEL ZBTB45

@
TEAVHHIHLONFSRSIEEERENGARL GGHFCDVTVRIREASLRAHRCVLAAGSPFFQDKEE
TE +H I+L NFS S+LETLN QR GHFCDVIVRI + LRAHRCVLAAGSPFFQDKLL
TERTHSINLHNFSNSVLETLNEQRNRGHFCDVTVRIHGSMLRAHRCVLAAGSPFFQDKLL

Q@
IGHSBIRNPPVVPAQTVRQLVEFLYSGSLVVAQGEALQVLTAASVLRIQTVIDECTQIIA
LG+S+I +P W  Q+V++L++F+YSG L V+Q EALQ+LTAAS+L+I+TVIDECT+I++
LGYSDIEIPSVVSVQSVQKLIDFMYSGVLRVSQSEALQILTAASILQIKTVIDECTRIVS

PNAAHSRKQRQPARLQLPAP_AEPALTAAPEDRGEEDDDEETDEETDAEEG
P HRKQ +P R+Q IK E ++ EE E+TD EG
PETTHCRKQPRPVRIQTLVGNIHIKQEMEDDYDYYGQQRVQILERNESEECTEDTDQAEG

LGGGGGPGEGQAPPAFPDCAGGFLTTAADS———
+G P +GQA PA P+ A
TESEPKGESFDSGVSSSIGTEPDSVEQQFGAAAPRDGQAEPAQPEQAAEAPAESSDQPNQ

——————————ARE_YGGAGRDFLRGTGVTEDV——FP_SSGG
+ E +T IT + + L+ Vv + P+ +
LEPGASSPERSNESEMDNTVITVSNSSDKGVLQQPSVNTSIGQPLPSTQLYLRQTETLTS

PESCPVETSAPPDCALAGPRPTGVKTPGPPVALF_APTPPTPSGPAP——AP
Pt ++ + +G T T P ALF PP SPP
NLRMPLTLTS——NTQVIG———TAGNTYLP——ALFTTQ———PAGSGPKPFLFSLPQPLTGQ

@
PPTFYPTLQPDAAP SAQLGETQAVPAAPAAQAT_GQGAEQPAYECSHCR
Q+A+ A +TA GQG ++P YEC+ C
QTQFVTVSQPGLSTFTAQLPAPQPL ASSAGHSTA—————— SGQGDKKP-YECTLCN

KTFSSRKNYTKHMFIHSGEKPHQCAVCWRSFSLRDYLLKHMVTHTGVRAFQCAVCAKRFT
KTF++++NY KHMF+H+GEKPHQC++CWRSFSL+DYL+KHMVTHTGVRA+QC++C KRFT
KTFTAKQNYVKHMFVHTGEKPHQCSICWRSFSLKDYLIKHMVTHTGVRAYQCS ICNKRFT

QKSSLNVHMRTHRPERA-PCPACGKVFSHRALLERHLAAHPA 519
QKSSLNVHMR HR E++ C C K FSH+ LLERH+A H A
QKSSLNVHMRLHRGEKSYECYICKKKFSHKTLLERHVALHSA 686

R 167 98 /N BUA K v i o 2 B s BE LR
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Fig 1

The selected antigen epitopes for immunization were highlighted by gray background, with the numbers at the top

Alignment of mouse ZBTB45 and ZBTB20 proteins
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Mr(x10") M 1 2
g sl

B 2 ZBTB45s ZRMUMEMAEZELDN
SDS-PAGE 4} #ff
Fig 2 SDS-PAGE analysis for the fusion protein
harboring ZBTB45 multi-epitope antigen
M: Protein marker; 1: Control fusion protein; 2: Fusion protein with

ZBTB45 epitopes

2.2 #EBRAMERSER it — U EN
4% B BA ST B AR X ZBTBAS & F1 Y Ik, I 45
WFH AT RE By 0 T 3R 42, FATHE T A g2 ) ZBTB45 &
Wi ik R 1A, Bk I BE gk 293T 40 MG, I A5 ot Kk
ZBTBAS (14 4 i 2 A W, SR J5 43 0 X 16 Bk 2R o2
BEEHTAAR AT 25 1 J5T e 5 B 38 A 5 T70 3 A DU 43 7
SR L3ES 2G4 4D2 1 1D4 55 4 MR T8
P10 G 93 B0 A 0 3 LS I e R e S5 M A e (1]
SA) s RPEVTIELE R, LR 4 MR P ITRE T Kk
ZBTBAS 1Y 2937 4 il 24 i W rh e 3% DUIE Y ZBTBAS,
HrP DL 3E5 Fl 2G4 MR R ERUT (K] 3B)

Clone: 4D2 1D4 6D8 8E3 3E5 2G4

ZBTB45—’ e <o QameT
A
IP. 3E5 6D8
ZBTB45 — (S—
" wB:3Bs B

B 3 f1 ZBTB45 B EHRMATE
B2 9% B 35 K S 7 7L iR R RY B A
Fig 3 Application of mouse anti-ZBTB45
monoclonal antibodies in Western blotting
analysis and immunoprecipitation
A: The whole lysate from ZBTB45-overexpressed 293T cells was de-
tected by Western blotting analysis with anti-ZBTB45 monoclonal an-
tibody 4D2, 1D4, 6D8, 8E3, 3E5, and 2G4, respectively; B: The
whole lysate from ZBTB45-overexpressed 293T cells was immunopre-
cipitated(IP) with anti-ZBTB45 antibody 3E5 or 6D8, then detected
by Western blotting(WB) analysis with 3E5

A e o 45 R W on , 3E5.6D8 Al 8E3 BETE
TE B AR /N B G 2H 40 rp RS 2 9 PR ZBTBAS Y
FEih, Hod LU S ph 22 50 T 19 322 38 K OSF Ol e (A

Ay, LRSI (e SRR R R S M 4 R W R A I ) R R
VKR YD R e 5 24k 43 BT B 25K 5 T 2G4 . 4D2 Fil 1D4
S5 BT AE /N BRI B e 8 21 Ab g €0 rb oK G T 21 BH
5. X EZRY 5 bR B O Y B R A AT
ELISA Kzl 707, 25 R 32 3E5.,2G4 F1 4D2 ¥R
F BTB 25838 1 A9 Pt SR Bk LLGHSEIRVP, 1fif 6D8 1
SE3 M43 51 ZBTBAS Hr[i] X 1) PAPIKAEGPD #il
DSYVSAWHEE, # 1L T 9 ZBTB45 5w b ik
TE G4 K I v 1 3 2L R O

4 ZBTB45 H/MRMAR PRI BRI GMER
Fig 4 Detection of ZBTB45 expression in mouse
brain by immunofluorescence staining
The mouse forebrain frozen section was probed with anti-ZBTB45
monoclonal antibody 6D8 and visualized by Alex-594 (red in B), with
the nuclei counterstained with DAPI (blue in A). The insert repre-
sents the hippocampal region of mouse brain, while the CAl areas

were demonstrated with higher magnification. Scale bar: 20 pm

X1 ¥ ZBTB45 B RERNMACE

Tab 1 Proposed application of the monoclonal
antibodies against ZBTB45
Antibody clones WB 1P THC

3E5 H H f
2G4 H H -
4D2 + +H -
1D4 + +H -
6D8 — - fH
8E3 — - +H
1C5 +
1D6 +

WB: Western blotting analysis; IP: Immunoprecipitation; THC:

Immunohistochemistry
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C2H2 Kriippel #F 48 45 8038 % i 25~30 &
FERRFR LA N S fe 0 H L) DNA 455 Dhhgsk, 5
flitt, &4 C2H2 Kriippel #H48 4544 iy NS A4
it 600 N2 2, W T ATTAE B 4 0 2R A i Bl i B
S ¥ T B R T AR L TR 5 2 g 1 s B
YK, FERFEE AR IE . & A BTB 451
BH) ZBTB B4 8 H WK AT H 40 ~60 4> B B
AUA%, Horp BE5E A T2 0 S B0 TR A 58 4 F
BCL6 (XH ZBTB2D) M2 5 41 7 & 58 1)
PLZF (MK ZBTB16)", Wi & # HAG 2 1Y %
JEATTIRE . ZBTB20 e #lj& AR 5 4R 40 i v e e
S0, FATT 3 0ot e R AT RO A 9T e B LA B Sk
HAE R AEVR MR RS I B OIG & A A R e R
IS VTR 0T 5 1) 43 AR R IR )RR A AR Ay
R R EE N E MY, BT ZBTB4S 5
ZBTB20 (1 [F] W5 PR3, AT HE M L T e BA 5
ZBTB20 AR E Y 2= Dife. SR . H AT XS ZBTB45
AR N IR RRIE AN A W) 2= D RE AR AR B B =, 7E
BT AU B — ks WP R . Sodersten 253 i i
fr 2 A % B ZBTBAS mRNA 7EMRIG /N AT 2
FEIE R A S5 R H AT RE 5 R 8 i T 4N i Y 43 Ak
Ax,

HEURRRIVRY 5 1) B 88 2 G I 2 2 T 8 oy 7 1
A BRI RE W 5 v AN AT B b (1 RO L R &
Gl RAE R EE, HEr, T b ZBTB45 Mt
RACA SR IR 2 5 PR . B AT 21 07 FH 50 4F 5 F)
BT X ZBTB45 Y 1A Py 2% 35 R AE 19 BIF 5% 1 R
DRSS T B R T AR T G 5 20 24 2 A I
HELAT 22 v B B A BTG 0 R R R S L R AT
EFHl4 T ZBTBAS s BEPLiR, RATEMR K
Hid B R ZBTB20 4 P 3% 35 RRAE B & 3L A 4
bt ZBTB20 £ $it I, & 5 L 68 M IR G 1 16.5 d
(E16. 5) i/ BUIRE 5 28 o0 Hp A I 3] ZBTB20 1) 3%
R R A FR AT A AT WA W BT ZBTB20 B bt
9A10™) , F AT F E13. 5 v M /IS BV i 44 48
rRAEINE] ZBTB20 B9 K36, X XA ZBTB20 7 ik
FEMF T CAL W4 T0E o0 A AE &2 2, K R/
WU S 78 E12. 5 FFan & & L 41 43 Ak 19 i 58 N X
R R U T R b, AR B 5T A

ZBTBAS HLPial g B 58 1% 0 1 (19 28 1 2 D) g 4 it 5
AT B,

[Z % x #K]
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