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Prokaryotic Expression of Amphioxus BRA Protein
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Abstract: Homologues of the T-box gene Brachyury play an essential role in notochord specification of early
embryo development of chordates. Amphioxuses, also called cephalochordates, represent the most basally
divergent lineage of chordates, being the sister group of urochordates and vertebrates. It is now generally
agreed that amphioxus is the first animal group to evolve a real sense of notochord in all metazoans, hence

studying Brachyury in amphioxus would shed important insights into the origin and evolution of notochord.
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In order to explore the function of Brachyury in the developmental regulation network of amphioxus, we
generated a mouse anti-amphioxus BRA polyclonal antibody. Amphioxus possesses two Brachyury
homologues genes: Bral and Bra2, encoding two proteins with a sequence similarity of 93% (Fig. 1a). It is
very hard to distinguish specific epitopes between them. The transcriptome data showed that the expression
level of Bra2 was much higher than that of Bral (Fig. 1b). Further analysis of BRA2 sequence feature
indicated that ideal presume antigenic determinants located in the N-terminal of BRA2 (Fig. 1c). Therefore, a
696 bp gene segment was amplified by PCR from Bra2 N-terminal (Fig. 2a) and inserted into prokaryotic
expression vector pET28a (Fig. 2b). The recombinant plasmid pET28a-Bra2-N was transformed into
Escherichia coli BL21 and induced to express the tagged protein (Fig. 3a). We obtained a huge amount of
soluble recombinant protein with an expected size (31 ku) (Fig. 3b) and purified the tagged protein using Ni%*
affinity chromatography (Fig. 3c). Three ICR mice were immunized to generate polyclonal antibodies against
amphioxus BRA2 with purified recombinant protein (1.3 g/L). The enzyme-linked immunosorbent assay
(ELISA) showed that the titer of mouse anti-amphioxus BRA2 antibody was 1 : 256 000, with a high
sensitivity (Fig. 4a). Western blot experiments showed that the polyclonal antibody could not only effectively
identify recombinant protein (Fig. 4b) but also recognized amphioxus BRA1 and BRA2 (Fig. 4c, Fig. 5a, b).

In conclusion, we successfully generated the mouse anti-amphioxus BRA polyclonal antibody that would be a

powerful molecular tool for further investigating the function of Brachyury in amphioxus.
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1996 > . -t i i ( Lampetra fluviatilis )
(Sauka-Spengler et al. 2003) Z5H A HEN P
HOAHARRIE T %R, A AR DRI 7 S
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2008) 15 . SCEAEIA L RAPIIEFK,
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BRAL1 .EEEVOMuAeIgw VS . . L e RN PN DRI 7 W..oo.. [075]
BRA2 PVLKVNVSGLDPNAMYSFLLDFTAADNHRWKYVNGEWVPGGKPEPSVPSCVYIHPDSPNFGAHWMKSPVSFSKVK[150]
=12 [150]
BRA2 LTNKLNGG IMLNSLHKYEP I GGPDNQ STHTFLETQFIAVTAYONEEWTALKI PFAKAFLD [225]
BRAL ..........Qcccceueeuan R T P [ T [225]
BRAZ2 AKE POIISQLGGWFLPGTGPICPPPNPHQFAPSLGLPSHGCDRY STLRNHRSAPYPHPYQR [300]
BRAL ... .G.[€. .00, 0. . b, . ... it e et e e [300]
BRA2 SSPPTNYGHDTAASLPMMPTHDNWSGLPVSTHNMLSMSAMPHTTTSTHAQYPNLWSVSNNNLTPTTHAQTHMSGT [375]
=32 [375]
BRA2 MGTGLPHQFLRTTAPAPYHSIPTCTVPTTASSSPVYHDSHEVSSTDSGYGHSTTPPAPQTRITSNNWSPMTYPSY [450]
=12 E . E [450]
b
180

AHRS 3L
Relative expression levels

m Bral
123 o Bra2
120 f
100
80F
60
20+
0 — ——

2sefielyl  JRBEIRER MR MR Rl R iR

256-cell Early gastrulae  Late gastrulae  Early neurula  Middle neurula  Late neurula
c
0 232

3 1l T T T T T T T T T T T T T T T T T T T T T T 1
usﬁciim 0 40 80 120 160 200 240 280 320 360 400 450

2
23

=} W

jan

Antigenic
index

Surface
probability score

REATREPER D busdhg

B 1 % RAEMA BRAL M BRA2 BAFFILR () « HIXRERMT (b) K& BRA2 BEFFUFIENT ()
Fig. 1 Protein sequence alignment (a) and relative expression levels (b) of BRA1 and BRA2, and analysis for
protein sequence characters of BRA2 (c)

a: [ SREMHAERER, BRAGTERR EZRERER, MAMSRARIRERER, o KBERREAVIFH TH &Ry EA

JF 41
a: The dots represent the same amino acid; White letters with black background represent different amino acids between BRA1 and BRA2; White

dashes represent the missing amino acids; c: Long dashes represent antigen protein sequences.

W CEIRARRF) MRS, KL Braz  FiEEEEET Bral & (E 1b) . 44
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IR, AT A BRA2 1R PR R A,
HE—20 H Lasergene 7.0 X EX BRA2 & A )74
HEAT 0T, RIVBARPUSFREX HIAE C iy 28
315 %55 392 Z LR 2 [H], 1 N il 7 — £
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KB A G N
2.2 pET28a-Bra2-N Fik# A g
BAVERE 2 NMEAFYIZE RN ER, H
HAR S HUR L BRA2 22 19 N St dE 47 K]
FEHITilE (RZIRIT51) 696 bp), Hygt % Rike
. LASCE fi cDNA SR, 3l PCR 4143k
27 700 bp ZEATHITUHA TREANE (]
2a) , K HFEAN pET28a il &Lk,
fir4 4 pET28a-Bra2-N, HEH 41 ik XU 1)
(EcoR I Fl Xoh I ) %552, 3kf4 5341 bp Hifk
BRI 700 bp 224 H R B BIASF BUY
BHARNYFFETI (B 2b) . pET28a-Bra2-N
FOI 45 9L 5 Bra2 JE[R CDS J@ol—3, {FF
a b
bp Ml 1 2

2000

1000
750
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Kl 2 Bra2-N FBy# (a) K pET28a-Bra2-N B4
BRSNS (b)

Fig. 2 Amplification of Bra2 N terminal fragment
from B. floridae (a) and identification of recombinant
vector pET28a-Bra2-N by double digestion (b)

1 BHPE8Y; 2. BITEXS R 3. KUY JS 9 pET28a-Bra2-N Jivhi;

M1. DL2000 DNA 43 ¥ bRt M2. DL5000 DNA 43 ¥t brifk;
F ko H R R B

1. Positive amplification; 2. negative control; 3. double digested
pET28a-Bra2-N plasmid; M1. DNA marker DL2000; M2. DNA

marker DL5000; White arrow represents the objective gene fragment.
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¥iill, 1 pET28a-Bra2-N JFikifE4k BL21 ) 3
AT 2 ANE 31 ku B B — 40
(R R4 (K 3a) , 5 BRA2-N Rl
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Fig. 3 Induced expression (a), dissolubility (b), and purification of recombinant protein (c)
a: 1. 3. 5. BRAAHEA, 2. 4. 6. BREAWEA: b 1. 3. BREBAWE LT, 2. 4 FSEBESEEIOE ¢ 1. 2. 3

4. AULEAUE AL M. BHAS T RUEAE; RO O oREY R A RE LW

a: 1, 3, 5. Whole protein of bacteria solution without induction; 2, 4, 6. Whole protein of bacteria solution induced with auto-induction method; b:

a, ¢. Soluble lysates from induced bacteria solution; b, d. Insoluble lysates from induced bacteria solution; 1, 2, 3, 4. The eluate of purifed

recombinant protein; M. Protein molecular weight marker; Black boxs and the black arrow represent the bands of recombinant protein expression.
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—o— | SR (No.l antiserum)
1o @ —o— 15 AT IMTY (No.l preimmune serum)
—— 25 MY (No.2 antiserum)
0.8 —— 205 F A IS (No.2 preimmune serum )
& 35 R (No.3 antiserum)
: 06 -8 3% il S BT  (No.3 preimmune serum)
&
0.4
0.2
—a— &
’ $
N & $ N N & N N
& § S \@Q 5 @‘Q@ @,OQ .S S}@ G}QQ
N : . : - . - . ) Y S
N N N N : , _ .5
> > RN S N
MR Serum dilution gradient
b , c
i & 4 R
N RV
kv M L R S - A S S ke M1 2 3 4 5 6
8B= 72— ’
M— . - — 55 =— . —
20— 43—

B4 ZHOFBFOHRA (2. HETEFREGSHN (b KN EEARRESHRN (o
Fig. 4 Titers of polyclonal antibody (a), detection of antigen-antibody specificity (b), and detection of antibody

against total protein specificity (c)
b: FEANKEPURE (LA 1 500 BUERIR: ¢ 1 RBZRSON, 2.4 4000, 3. TR, 4. R, 5 e, 6. s,

AL EREEI 20 pg MR M. A TR ARYES

b: Sampling amount of each lane of antigen protein gradient dilution as 1 : 500; c: 20 pg embryo protein for each lane; 1. Unfertilized eggs; 2.

4-cell; 3. Blastula; 4. Early gastrula; 5. Late gastrula; 6. Early neurula; M. Protein molecular weight marker.
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