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#ZE: Tubulin beta 3 (TUBB3) J&F5 Rk THZ JCM T 5 1 tubulin beta ZB M5, #IA A TELERFISEE R
REREEEMH, RWEITUS RN EER A %05 B AR 2 kg TUBB3 2K cDNA 7o Hl& L £ 5%
PPk, St BRI TT 2 PRk R kR AR SR AL DR BT R TR o AR 2 JeiE R P AR A 4 41 ¢cDNA S TUBB3
) EST HBUFS1), R RACE-PCR J7i, 3715 T 4K cDNA, F414:K 1790 bp, Fifid 450 Nz, S HALY R
TUBB3 A& ERY; RT-PCR /7% 1 Northern blotting #:ill T TUBB3 £HZA RIS M LA AR K, 78
GenBank %3%%5 2 JQ080315; NI A& RG22 PehEFERY TUBB3 £ 15391 TUBB3 & HTE
HEALRA B 8T W pET-32a-TUBB3 JEM £IA B A%, P HRILIF4IML TUBB3 &, K45 %HikEE TUBB3 £ 7L
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Molecular cloning of tubulin beta 3 (TUBB3) in Gekko japonicus
and preparation of its polyclonal antibody

LI Jing'?, QIN Yong', GU Yun', LIU Yan"", LIU Mei""

(1. Jiangsu Key Laboratory of Neuroregeneration, Nantong University, Nantong 226001, China;
2. Clinical Laboratory, the Central Hospital of Huzhou, Huzhou 313000, China)

Abstract: The tubulin beta III (TUBB3) gene encodes a class III member of the beta tubulin protein family that is
primarily expressed in neurons and is considered to play a critical role in proper axon guidance and maintenance. This
protein is generally used as a specific marker of neurons in the central nervous system. We obtained the full length cDNA
sequence of TUBB3 by using the RACE method based on the EST fragment from the brain and spinal cord cDNA library
of Gekko japonicus. We further investigated the multi-tissue expression pattern by RT-PCR and identified one transcript
of TUBB3 about 1.8 kb in the central nervous system of Gekko japonicus by Northern blotting. The completed cDNA of
gecko TUBB3 is 1790 bp with an open reading frame of 1350 bp, encoding a 450 amino-acid protein. The recombinant
plasmid of pET-32a-TUBB3 was constructed and induced to express His-tagged TUBB3 protein in prokaryotic BL21
cells. The purified TUBB3 protein was then used to immunize rabbits to generate polyclonal antisera. The titer of the
antiserum was more than 1:65 536 determined by ELISA. The result of western blotting showed that the TUBB3 antibody
could specifically recognize the recombinant TUBB3 protein and endogenous TUBB3 protein. Our findings provide the tools
to further understand the TUBB3 gene and investigate the regeneration of the central nervous system in Gekko japonicas.
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TR () 2 BB, - B DGR PR T B 4 A
PEMIRf € AL EZIEH (Burns, 1991). X LE55T
HEAMRE NS5 EMEALAMEEREMZ T
I 1) 21 B % 5 (Abdollahi et al, 2009; Jaglin et al,
2009; Keays et al, 2007). o, B, v - tubulin 7354 A%
WA, b tubulin beta 3 (TUBB3) FEfiZE 014y
S RIA, NI R ARE TOIR M, AR bRl ik
N T s A2 S5 h (Hoffiman, 1988;
Isaev et al, 2012; Kobayashi & Mundel, 1998). [XIt,
TUBB3 A #f 2 20 2340 i 45 44— ANF S PR (R 4L Rk
5, O BATHEME KB MM f A i H
WA Z—, ZPCRER(Gekko japonicus, Gecko)lA
L0 T S R 8 3R AT 50 1) R A T AR R e Tk
S0 R ARSI 5 VR IR 22 FEAE IR RIF S0 %2, 1T
WY G b 8 20 2R & ok DG 1K 43 1 B 1 IR &5 4
T RE R LA e B AR R T IR N AT B9 52 L At
SR, B PR L M FLRACSE K RAT T M, S
NHUR /I Bl AR H A (4R L 28 50 40 ) A g 22 S 3R
K, AESEIR I R o — L S S R TR Y H
SR BRE, KUk, 5002 4 SUR 5 1 BE B AR S kT
PRI KA B TR EAT, 1T TUBB3 BNk
AR Z HArtE 2 —

TEARSL R E R s, Ao amd 72
PeBE P HR KA 2 41 2L cDNA S (Liu et al, 2006),
Hrp 45 TUBB3 1) EST H B, 1l il TUBB3
) BST H BIP AP AL 3 297 M JER, S5H
T (440~450 Z M) AHLLIL S A eI
I, AT 1R A RACE-PCR J5 53R 2 Pk R 2 41
21 TUBB3 14K /)74, it Northern blotting % iiF
FOR S AR, gk As) i e R A Rk Bidk, 155
FiLIfaifh 7 TUBB3 B, A== md, Wil
TAPEERE TUBB3 £ il difk, it ELISA J7ik
A1 Western blot il 2 v BT A4 1K) 804 Ay 2 1k,
N Z P RE AR AL 2 4R S TUBB3 [ Zh e T4
BEAH G IR LA A -
1 #MRI5AEE
1.1 R FAR A

BD SMART RACE cDNA Amplification Kit. HF
DNA polymerase Kit (BD Biosciences Clontech), T4
DNA Ligase Kit. pGEM-T-easy Kit (Promega), /i[F]
WO BoRE AR & (TIANGEN), BRI A
YIM§ EcoR I « BamH I. Xho I (TakaRa), JEJufi%

(NYTRAN), DIG Northern Starter Kit (Roche), 4%
PEfiE, N, N'-7 B XN Bk (GIBCO), 10% AP,
TEMED (Sigma), PVDF Jii¢ (Life Science), His-Tag
aifk 7 # (QIAGEN), pET-32a Jiiki. DH5a Al
BL21 WA ASEE R A7 2 PERE SR AH 7E =2 K
HR (FIER SR ) ) .
1.2 A%
1.2.1 RACE-PCR, Northern Blotting Al RT-PCR
BAE 2 PERE R UK ERRIE, K Trizol J7 kM /i
S BEH LU R RNA, 1% AR P i e DKoR )
SEREE I, AN o IR U] BE 2
i A BEZH 27 RACE cDNA 4%, »3IF8E
—20 °C {147 %7l TUBB3 [) RACE ¥ 3454 GSP1,
HAKAES [ NGSP1 1 NGSP2, J¥AI L% 1. K
il touch down PCR #E1T S'RACE $" 1, IS Wi E e
LK RIS OR /N R 19 257, 5 T-easy A%,
it DNA W7 #T3kA3 T-easy-gTUBB3 Jitk, I
J¥ TAEH EiFs iR A v 58 . P45 RS GenBank
B HAR R TUBB3 34 HE4T EEXE, GESEH
41 o LA 1IE #1741 T-easy-gTUBB3 AR,
T7 A1 SP6 RNA ZEEG 53 A il SR L RNA
R%l, 347 Northern blotting 2442 5 TUBB3 &[4
cDNA J¥5 K FlL A, RNeasy Mini Kit 32325
BERR S AL Ml B D BBE. K. ONEDH
& RNA, H Sensiscript RT Kit XF#85A¥F S B4 T 100 4%
3k, RT-PCR ¥ TUBB3, kil HoAE % 12 h 3R A,
[958 EF-1a /0 N2, #HC5 145751 TUBB3-F,
TUBB3-R, EF-1a-F, EF-1a-R 341 L3 1.

®1 EWHEARSIMRFT

Tab.1 Primers used in the experiments

5|4 Primer J¥%1 Sequence (5'-3")
GSP1 cggactcctectegteatectegtacate
NGSP-up cgtgtaccagtggaggaagg
NGSP-down catccagagcaagaacagca
TUBB3-up ccggaattcatgagggagatcgtccac
TUBB3-down ccgetegagtettggeacctigggee
TUBB3-F Ctcacaagtatgttcctcgege
TUBB3-R ggtggtigaggtctecgtaagtg
EF-1a-F Catgtcgattctggcaagtc
EF-1o0-R Ctggctgtaaggtggctcag

1.2.2 TUBB3 & H N2 741 L FE AR oy
#r KH] DNAstar 73 #7441 1) MegAlign T2
T2 A% TUBB3 MR A LU, ThE
ANFEFrE] TUBB3 HAMFAI 2R, KH Phylip
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3.5C A NI VEM T & 40k A (pseudo-
replicates b 1 000), W% 2 PEkE 21 TUBB3 & [11H]
HAbYI RIS LR B R R

123 JRAZRBEARE RS H 05 A A
(P4, 1%+ EcoR T F1 Xho I 2y 55 A1 35k A5
B DI i, Wb g1 W 1, Forh RHAR > 4 51
N OIAL L, BEDIAL S50 A IR RS 7 51 . B
T-easy-gTUBB3 IR W AR, =i PR DNA ZE Gl
W, EEDIRIRDSOR B, RN AL pET-32a Jiik,
DNA U743 W13k 75 pET-32a-gTUBB3 ik ikl .
1.2.4  JUREA IR S0k 4lifh Kl i
UE A 1) F 40 )ik pET-32a-gTUBB3, % A\ BL21 %
BB TIE S RIS U1 mL AR 50
mL £33, 37 °C 250 r/min FE4LREFE, ODggo 1
I5F) 0.4~0.6 I, FEAI BRI 0 12 434 5 mL, i
PEiF IRy N 3 41, 37 °C. 25 °C. 16 °C, R4l
43 0.15 0.5 0.8 mmol/L 3 MR IPTG 55 3%
15, Ui M IPTG 7 S, R 3A N
IPTG X} J o S5 [m] 20 EAT 8 40k pET-32a 1%}
BT R & 41555 40w 5 mL, 12
000 g &> 1 min, JIA 100 pL 22 P 5 (PBS)IR
UL RYIE . HEMF 2x SDS L FELE bl 24 ikt
15 min, ZRJ5HE TWH/KA T 5 min 8 AR TE &
I HH 2 FUEAT 10% SDS-PAGE Hivk, 2% il
Y i U S Rl A B 3K IE o e SRk 4 AF S,
MRESRIL, A His-Tag & A4 7 &2tk
FHSRIEMHMEA, & SDS-PAGE i€ )5,
H BCA & e & R G 4l 2 (1 1 ik 1
=20 CIRAE%H

1.2.5 TUBB3 ZwlEhuiR & maift  Fmks
JEHIAif 2 mL (BN 0.5 mg/mL), IIASEAK
TR b FC 52 A7), 0.6 mg/ HL (70 By S e
UK AR (1.5~2.0 k), #E T2 kg, ot
PRSP, EIRARBE)E 2 4, Kb ®E 0.5 mL
H PBS Fikt ), G SEFRMIB KA SRR, 1%
200 pg/ MR 6T PG 22 K BT R U ik A
R e, —JE T, [RIFE IR0 & 24T P OO0 a8 e 02
PR fT 10 d, O 2 ) SR af WA 4 fie L7
KRR ST Ui A Al AL I I B il i, 2lifk
r=¥)2: SDS-PAGE 7341, =20 “CLRAE 4%

1.2.6 ELISA J7ikEkail 2 ve bR st ¥
BG4tk (50 pg/mL) 4% 100 pL/fLT 4 C

B AR ROE , FE B, F PBST Bk 3 ik, MG
5 37 “CE1A 30 min Ji7, PBST ¥E¥ 3 Wk, AR
W HEIRARIEL 2 0 1220 1:2%, 1225, 1228, 12",
1220 122", 12" 12" Rk a/E %, 100 pL/
AL, 7] I 2 [ A5 AR R T Al f 5 A I35 hy B 0],
PBS &5 (X, 504 1:10 000 A% 5 () HRP 45
I 2EHT%R 1gG 4 100 pL, 37 °C, 30 min, PBST
Ve, BELINAIRAC KR TMB B4, 15 min
Ji 2 mol/L B R 1k i th, BEbRACIE 450 nm AL 1)
OD fH.

1.2.7  Western blotting /775 2 v BEHUA IR 5
Mgl Pt 0.25 pg A—Hr, HEHATZPoRE
R A A R 2 23 85 1Y) Western blotting £, DATE
1 TUBB3 B0 R, [RI DL His ARS8 HiAsAE
X R, DURSIN P ) 2 22 oot I AR IR AR S P R f 8 2
.

2 FRESMW

2.1 TUBB3 £1</¥%!#A Northern blotting 3&E

R4l 52 56 5 8 37 1) 22 P BE B2 i R i 41 2 1
cDNA LT TN TUBB3 [ 3-EST 541, #%8
BD SMART RACE ¢cDNA Amplification Kit 14}
B, i@t touch down RACE-PCR #£75 TUBB3 [ 5'
A (B 1A), L8 PCRIGIE, FPalily, P
4K 1790 bp. NCBI 723117 Blastx [hxt, 5H:
il b 22 20 20K S P 1Y TUBB3 85 1 e S5 D,
JE 3L Northern blotting J6iiF e 41K E L4 1.8 kb,
s (B 1B). T AR T 5 BanklIt ¥5x
GenBank, 3% 5% JQ080315, RT-PCR il f£
MERIR U, 25 FAR W EE R LE g R i h Rl
(K 1C).
2.2 TUBB3 £RE F3IFAsH Lt o 4

e RACE-PCR ¥ Mh3R1T 2 PrrEpg e 41 21
(1) TUBB3 K741, 4Kk 1790 bp, 4ah[x 1350
bp, 4 450 N, Py A MERE T
AATAAA, FREALY R TUBB3 & A E HIE (M
2A). FRAE NI VA 1 2R G A i) 2 SRS B 22 e B
JE 1) TUBB3 2 (I AIXS (1) TUBB3 & FIAE HEAL A 2 1
LB (& 2B).
2.3 TUBB3 EHMHIF SR LN

F iUkl pET-32a-gTUBB3 7 BL21 HfkH 3
15, MR BRI TR IPTG KEE 0.1
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A
M Brain Spinal cord

2000 bp \&&
& q,s )
1000 bp SIS & IR
750 bp O \ Q@ %‘& 04
500 bp
250 bp TUBB3
100 bp TUBB3 EF_] "

(1.8 kb)

K1 TUBBS3 £ ) RACE-PCR ¥ #17~#J 1 Northern blotting 45
Fig. 1 The products of RACE-PCR and the result of Northern blotting of gecko TUBB3 gene
A) M: DL2000 DNA Marker; 1: TUBB3 ) RACE-PCR j*#J; B) _LJ&°h £ JchE )2 i M #6241 21 RNA Hiik, T E2h TUBB3 2EX ) Northern blotting 45
5 ©) RT-PCR #rill TUBB3 112 12135k, TUBB3 {UAEMi AT i K%
A) Lane M: DL2000 DNA Marker; Lane 1: Product of 5' RACE-PCR; B) The upper panel shows the total RNA from the gecko brain and spinal cord, and
below shows the result of Northern blotting of gecko TUBB3 gene; C) The expression of TUBB3 in multi-tissue by RT-PCR, TUBB3 was detected only in

brain and spinal cord.

A ‘ B

Rattus

Danio

100 Xenopus

2 TUBB3 S350 :#7
Fig. 2 Sequence analysis of TUBB3 gene
A) ZPRERAIARDIA (N KB /MBS 25y XS, RS, BT ) TUBB3 & ()74 LLXE; B) ZUERERAEMgR (N, KEL DR 4 28,
JTUS . BETh ) TUBB3 £ [ RIRE AR /34T o
A) Alignment of gecko TUBB3 protein with other seven representative species: Homo sapiens, Rattus norvegicus, Mus musculus, Bos taurus, Gallus gallus,

Xenopus laevis, Danio rerio; B) Unrooted phylogenetic tree of gecko TUBB3 and other known TUBB3 from seven representative species.

mmol/L, 16°C, 150 t/min, 16 h, {13474 His Tag b /S INIMIEPTLAS His B4 1) TUBB3 Kk A
id i) TUBB3 Ml &HEH, X0 FRENDNAN ARRENSGERN (B 4A). ¥R Z wkEd
6.7<10" (K 3A). KJH His Tag & (20L& 2tk ARR S /RN —L, 2 PeRE fe ik Rg 441 2 R A
TUBB3 it & H, JF40d SDS-PAGE MUk 4T, 38 #EAT Western blotting #3ll, 75U XS 73 ot &
ST 4 (8] 3B), BCA FEIERIR 4.95x10° Abn] W H (W45 (& 4B), RWIHI%
FGAST I ZRAT () 2l B 1 BT FE 4 5.43 mg/mL. (1) 22 v BE TR A B s e
2.4 TUBB3 % Seb&iniREI SN FREF AT 3 it %

2 ELISA R0, HidAsth KT 1:65 536, KM
alifb )5 W s Bk il 246 (1) His @A TUBB3 & 15 S5 W L B0 ) AR R R 2 40040 i AN RE T AR,
M, [FFIH His AR2PU/E T, gi 1Rl MEBG1E R 1A — B DR & P 2 Bk AUt 5T
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A B
(x10%) 1 2 »3 M 4 7577 6 (x10%) M 1 2 3 4 5 6
1750 - 9.72

8.20 R g S 6.64 e N - - -
6.20 O@Q 5.56

4.75 ﬂ 4.27

el :.- o L8 346

ot 270
1.65 “ g g
065 M- — L - —— 2.00

K3 TUBB3 Rty & H K15 PRI ML 5 1) SDS-PAGE Hivk
Fig. 3 The PAGE result of expression and purification of His fused TUBB3 protein

A) HPRIEN TUBB3 @& 811, KA 6.7x10° (), FHEIEE AL 1.75x10° (V). 1 F14: KEFK pET-32a M pET-32a-TUBB3 JFURLIN s 8140 M:
FRAEEE 1 Marker, a-h 7R & 4 A 407 UL, /N 1 2200 BT 7; 2 F0 3 3525 0.1 mmol/L IPTG 55 1) pET-32a M ;5 A1 6 3424 0.1 mmol/L IPTG i
3] pET-32a-TUBB3 JURLIF S . B) TUBB3 filié a1 2lifk, M: FRifEdz 1 Marker, 1: 2li4k[1%) TUBB3 fli& i, bFFE 2 pL; 2-6: 4100 4k
FI(BSA), LRERIMMN 1. 2. 3. 4815 pg.

A) showed the result of inducing expression of His fused gecko TUBB3 protein with 6.7x10* MW («=), while the MW of the His tag protein of pET-32a vector
was about 1.75x10* (). Lane 1 and 4 showed the total protein of uninduced pET-32a vector and pET-32a-TUBBS3 plasmid. Lane 2 and 3 showed the induced
total protein of pET-32a vector, while the lane 5 to 6 showed the induced total protein of pET-32a-TUBB3 plasmid. The bands from a to h in lane M showed the
standard MW protein, and their MW list at the right of the Lane 1 respectively. B) Land 1 showed the result of purification of His fused gecko TUBB3 protein,
which loading volume was 2 pL. The lanes of 2 to 6 were the BSA protein, their loading volume were 1 pg, 2 pg, 3 pg, 4 pg and 5 pg respectively. Lane M

showed the standard MW protein.

A B

10y M1 2 (<10 M 3 4
9.74

6.62 6.7x100  9.74 p—

427 6.62 w—

4.75x10*
3.10

1.44

Kl 4 Z5iFEPUART Western blotting 45

Fig. 4 The result of Western blotting using the generated

TUBBS3 antibody

A) A2 e LS YA S W His bR%8 4 () TUBB3 2 A1) Western
blotting 4 1E. 1, HLif 5 His fli#s TUBB3 #iA%H (Af) Western blotting
#E 4L 2, His Kr8Hi/K 5 His -TUBB3 Fill4r 4K 11 /) Western blotting 45 4. B)
2 U REUARE S PERE R M3 FIHIE1 2(4) B 5L 1117 Western blotting 454
A) Showed the result of Western blotting using His-tagged gecko TUBB3
protein as the antigen. Lane M, standard MW protein; Lane 1, showed the
result of Western blotting by using the generated rabbit polyclonal antibody
against His-tagged gecko TUBB3 protein, while lane 2 showed the results of
Western blotting by using commercial monoclonal antibody against His
protein. B) Showed the result of Western blotting using the total protein
from gecko brain (lane 3) and spinal cord (lane 4) as the antigen. Lane M,
standard MW protein.

A, AR RIS S B . B = SR B
W AR ) 5 — A A B R R T RE 2B Re )
RS aRE IS, Wil 1R e AT BE A )
BLER =S s e e i AR R A I & R -
I, FRATTSEE = AR I T — R CAT S AT kB i A
IR %, B2 PERE IR (Gekko japonicus, Gecko).

BE PR e — M AERE IR 3, 23N BRI R
R RE 32 Sl 21 A — PPk T B, T HL R T
—IRAE AT LS TR A Re k&, Hrhd
FEE RE I A, XM BE A AR AR o, I L
MW . A RARGE SRR R O AR
HRIE (Alibardi, 1995; Cristino et al, 2000; Echeverri &
Tanaka, 2002), FZLZ2GEPFEPINGA, JUH L BRI,
R A AL FE AR A (W B S 0 SRR B, 84Tk
(R RLADO 2D, AH 2 TRAT 2R84 kAL EokE B
s, O T s, Bk, R RE AR
LA S AR ML v] RETE H T LK, JF HpEAE
JCAT KB PR R A R e s AR AN =, TRk
QAT P AR AE I A B b B SO AR PR 5k
TATIL 5 % DL 2 P BE IR by v WX p 2 451 40 A s
HEHAEMNFRNE, CEIFRT —RINNHH,
T ZPREFR AT BEAL 2T cDNA SCPE(Liu et
al, 2006) , i 7L RGBT ITE (Gu et
al, 2007), FL T AKAENME RGP (Liu et al,
2010), K HIATTVENGE T 2 Posis g 5L KI41 K /)
(Liu et al, 2010a), JFEIxf 5 ph2 440 A AH G KL
CD59 (Wang et al, 2011). Noggin2 (Liu et al, 2010b) ,
GFAP (Gao et al, 2010). PDGF-C(Liu et al, 2009)
EHAT TR . RATCER R T 290
EER ) 8000 42 4% EST, FAITAI LA kit —Le HA
BT Re R R EAT e B S S ) D RERFIC . AT
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SRHL () 28527 v RACE-PCR K, Bl cDNA K ¥
P 4 18 $2 A (rapid  amplification of ¢cDNA ends,
RACE), K4355¢# ) cDNAS'FI 3% . FATIHZ T
3R A3 2 P BE PR I B ) TUBB3 4K
cDNA J¥41]. J¥49 ORF [XK: 1350 bp, %ihid 450
MREWR, & & 075 WX kI 2 PR g
TUBB3 & SR AR MK TUBB3 & e 5 A,
Uil TUBB3 & AFEEA 20 DR 5T SR NT 14k
WA R, AE A —AMREE R EHES Y, 2 PRk %
) TUBB3 & 1555 91N TUBB3 & (A 7E1E
NS T TP NN VIR TP 2 S8
FAD RS, FFA AL 4 T % BEE TUBB3
FES iy, AN T pET M RIE RS, %A
Gi IR GRS E A E AR TREEAT
4lifk(Choi et al, 2010). 7EA[FAIE FRIESKM K
WA E AWM RERE, REEFELRAE 0.1
mmol/L IPTG, 16 C, 150 r/min, 16 h [{1iF 5 &L 51F,
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AMEIE IR R R IA B, R nT DU G M
KIEFEAK TR, FrrtEREmAEN, %)
WG, BEIERAFPUNLE, b 2 JeBE A i A 5807
Mt — A piik T H.

LU TR BE LR IR A O 5 SRR S P AR B2
(IR, Bl SRk A DG 4 R A 10 B 7R B S0, FRAT
TERESEARZ T UML) o0 B S, A HEHI0
B A= 248 T I AR i A5 SE 56 ARG B Y T %L
. Ji4h, TUBB3 & 1Bk T2 M4 Joifibaic 8 A A5,
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