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Abstract: Radiation sensitive protein 23 (RAD23) is a nucleotide excision repair (NER) protein that plays an important
role in Ubiquitin-proteasome pathway (UPP). Schistosoma japonicum radiation sensitive protein23 (SjRAD23) cDNA
sequences were amplified by PCR and cloned into pET28a (+) vector to construct recombinant expression plasmid pET28a
(+)-SjRAD23. The recombinant protein was expressed as both inclusion bodies and the supernatant in Escherichia coli
BL21 (DE3) cell. Immunofluorescence observation shows that SJRAD23 was mainly distributed on the tegument surface of
the worms. ELISA assay reveals that specific IgG, IgG1 and IgG2a antibodies could be detected in the sera of rSJRAD23
immunized mice. Western blotting analysis shows that the recombinant SJRAD23 could be recognized by serum specific to
soluble adult worm antigen of S. japonicum. BALB/c mice vaccinated with rSJRAD23 combined with 206 adjuvant
revealed 35.94% worm reduction and 40.59% liver egg reduction when compared with that of the adjuvant control

group .This study suggests that rSJRAD23 has the potential as a vaccine against schistosome infection.
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E3 C
(Ubiquitin-associated motif UBA)
N
(Ubiquitin-like domain UBL)

(10] Rad23
RAD23
RAD23
RAD23
(] RAD23
RAD23
(SJRAD23)
NCBI
(SJRAD23) (G1:226470141)
SjRAD23 Western blotting
ELISA SjRAD23
1 AREFE
1.1 ##
1.1.1
(SPF) 6-8 BALB/c
( 2.0-3.5 kg)
1.1.2
206 SEPPIC QP239129

Xho BamH T4 DNA
Ex Taqg Hot Start DNA pMT19-T
TaKaRa DNA marker
DL2 000 DL5 000 DAB
DH5a BL21
(DE3)
QIAquick®Gel Extraction Kit Qiagen

Agarose DEPC DNA latter Bradford Reagent

(Whatman)
Bacto-yeast extract
Bacto-trypton Oxoid Ni-NTA His
Bind Resin (Merck-Novagen)
(TMB)
«C )
IgG-HRP
pET28a(+)
1.2 7%
1.2.1 c-DNA
2 000—-20 000 42 d
Trizol RNA
TaKaRa
1.2.2 SjRAD23
SjRAD23
(GL:226470141) ORF
42 d cDNA PCR
ORF cDNA

P1 GCGGGATCCATGAAGGTTACTTTC
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P2 CAGCTCGAGTCATACCATTTCATC

PCR 92 C 10 min
92 °C 30s 56 C 30s 72°C 1 min
PCR
pMD19-T
DH35a 12-16 h
8 h

pMD19-T-SjRAD23

cDNA NCBI
DNA Star ORF

Signal (http://www.cbs.dtu.dk/
services/SignalP/)
CBS (http://www.cbs.dtu.dk/services)
TMHMM Server v.2.0

1.2.3 pET28a(+)-SjRAD23

SjRAD23  ORF

5' 3’ BamH Xho
pET28a
pET28a(+)-SjRAD23
BL21 (DE3)
PCR
LB 37 C 250 r/min
OD =0.6 1 mmol/L
IPTG
SDS-PAGE
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Tris-HCI
pET28a(+)-SjRAD23
1.2.4 rSjRAD23

30 6-8 BALB/c
3 10 PBS 206
rSjiRAD23 PBS
100 uL  PBS 206
100 uL 206
PBS 54 uL
rSjRAD23
rSjRAD23 206
206 54 uL
rSjRAD23 (20 pg) 46 L
1 3
1 1 1
37°C 1h 4°C 2000 r/min
-20 C

100 pL

10 min

40+2 42d

50 mL
20 mL I mL
10% NaOH 56 C
20 min 20 uL

(EPG=

=[1- /206
1x100%
=[1- EPG/206
EPG]x100%



SKE %/ERMBS SjRAD23 REMEREAR ERBAR RN BERIPUR

1.2.5 ELISA
rSjRAD23
0.05 mol/L
rSjJRAD23 10 pg/mL
96 100 pL
1:100
IgG-HRP IgG1-HRP
IgG2a-HRP 1 .5 000
TMB 100 mL 2 mol/mL
450 nm
1.2.6 SjRAD23
42d
10 um -20C 30 min
10% 2 h
rSjRAD23 BALB/c
1h Cy3
IgG lh
10 pg/mL DAPI 5 min
1.2.7 Western blotting
rSjRAD23
rSjJRAD23
SDS-PAGE (NC)

1.3 FHitEHR

I¢G-HRP (1 : 5 000)
(DAB)

Graph Pad Prism 5 t

2 #R
2.1 SjRAD2I EFEMZEREMERFESH
42d cDNA PCR
ORF  SjRAD23
ORF 1053 bp 351
37.88 kDa
4.46 BLSAT

NCBI GenBank
(RAD23 GI:226470141)
100%

2.2 SjRAD2I EFMFEZFIEREFEHERWN
HILRETE
PCR
pET280(+)-SjRAD23
( 1) pET28a(+)-SjRAD23
BL21 SDS-PAGE

44 kDa ( 2

2.3 [8#% ELISA ;&4 F ik s
ELISA

rSjRAD23 IgG

rSjRAD23 IgG
2 IgG 3
IgG
206
PBS 3 IgG

206 PBS
1eG (P<0.01)
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A B
bp bp M 2
2000 O
4000
1000 1 053 bp
750

1 500

500 1000 1 053 bp

1 SjRAD23 EF 87 M R EH RN EE:
Fig. 1 Cloning of SJRAD23 gene and the identification of
recombinant plasmid pET28a(+)-SjRAD23 by EcoR I and
Xho I digestion. (A) PCR Product of SjJRAD23 gene. M:
DNA marker DL2 000; 1: PCR product of SJRAD23 gene.
(B) Identification of the recombinant plasmid
pET28a(+)-SjJRAD23 by BamH [ and XhoI. M: DNA
marker DL5 000; 2: production of the recombinant plasmid
pET28a(+)-SjRAD23 by BamH I and Xho I digestion.

rSjRAD23
IgGl IgG2a
206
IgGl  IgQG2a
(P<0.01)( D

24 [EEFERERRKXSTIT SjRAD23 BIH{ALAE
MEMLER
Cy3
IgG DAPI
( 4A)
( 4B)
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kDa 1 M 2 3
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60—
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. . B < 44 kDa
40—
30— l_ - —

—
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El 2 SDS-PAGE 74 pET28a(+)-SjRAD23/BL21
EHEARRIE

Fig. 2 SDS-PAGE analysis of the expression products of
pET28a(+)-SjRAD23/BL21 in E. coli. M: protein marker;
1, 2: expression of plasmid pET28a and recombinant
plasmid of pET28a(+)-SjRAD23; 3: purified recombinant
protein of pET28a(+)-SjRAD23/BL21.

1.2

3 PBS *
3 206 adjuvant " )
1.0+ mm rSjRAD23
0.8
< 0.6F
%
0.4r
. T
0.0

A B C D E

3 BALB/c/MNRILiEH rSjRAD23 455714 1gG
SRS

Fig. 3 Specific IgG level against rSJRAD23 in the
serum of BALB/c mice by ELISA; Mice were injected
with rSJRAD23, 206 adjuvant, and PBS. A: preimmune
B: first immune; C: second immune; D: third immune; E:
6 week after infected. The asterisks (*) indicate serum
antibody compared with the PBS control (P<0.01).
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F 1 rSjRAD23 FES 4 BRI E 4 4
Table 1 Analysis of the level of IgG subtype induced by vaccination with rSjRAD23

Days IgGl IgG2a IgGl/IgGZa ratio of
rSjRAD23 206 adjuvant rSjRAD23 206 adjuvant rSjRAD23
10 0.637+0.086" 0.267+0.043 0.295+0.050" 0.113+0.017 2.159
25 1.890+0.084° 0.277+0.049 1.045+0.079° 0.125+0.034 1.808
40 1.898+0.081" 0.363+0.081 1.113+0.071" 0.106+0.007 1.705

The results are presented as XS for each group. The asterisks(*) indicate statistically significant compared to group of

animals immunized with 206 adjuvant (P<0.01).

1 2
2.5 Western blotting 5 T E4H & H rSjRAD23 -
HIR 1%
rSjRAD23
Western blotting 44 kDa
()
rSjRAD23
= = ] Ve '\?'2:‘:
2.6 FNPRIPMELI SR 17—
pET28a(+)-SjRAD23
206 rSjRAD23
BALB/c 35.94%
40.59% t T
(P 0.05 ( 2 rSjJRAD23  BALB/c 5 E4HE B SjRAD23 HJ Western blotting 43 #7

Fig. 5 Western blotting analysis of recombinant SJRAD23
protein. M: protein marker; 1: probed with mice serum
specific to schistosome adult worm antigen preparation;
2: probed by negative mouse serum.

3 Wik

5 um

Bl 4 SjRAD23ZEHR7E 42d HAMKRABIKFE % 2012
SR O FEAL

E_E—/\/ELL (IOOX) . . . 240 597 [12]
Fig. 4 The localization analysis of SjRAD23 by

immunofluorescence in 42 d worms (100x%).
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%2 BALB/c /MR BHERIPYR
Table 2 Results of protective efficacy against S. japonicum challenge in BALB/c mice induced by rSjRAD23

Worm burden Percent reduction in . - Percent reduction in
Group _ Eggs/g liver (X£5) .
(X%£s) worm burden (%) liver egg count (%)
206 Adjuvant 24.00 £+ 9.49 -—-- 55729.34+ 7957.58 ----
rSjRAD23 15.37+4.96 35.94" 33105.09+£7683.24 40.59"

Statistically significant compared with group animal injected with 206 adjuvant (P<0.05).

(Ubiquitin-associated motif UBA)

N
(Ubiquitin-like domain UBL)
[13-14] 26S
[15] [23-24]
SjRAD23
SjRAD23
ELISA
[16] Western blotting rSjRAD23
RAD23
(Radiation sensitive mutant RAD)
(7] SjRAD23
(Nucleotide excision repair NER) rSjJRAD23
TFIIH RADI4 DNA IgG IgGl IgG2a
(18197 RAD23 IgG1 Th2 IgG2a
Thl [23] rSjRAD23
Th1/Th2
PBS 206 3
rSjRAD23
[20] 6
rSjRAD23
(1221 RAD23 RAD23
E3 C 26S
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RAD23
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