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Nramp ,

Nramp )
1
1.1

240 (150g+20) g,
(24+£2)C 2
; 2.5 20 (1500+200) g
(Aeromonas

hydrophila)
1.2 RNA cDNA

, RNA

TaKaRa PrimeScript®RT reagent Kit with gDNA

Eraser cDNA s
-20°C
1.3 PCR
GenBank Nramp(GU290344)
f-actin(M25016) cDNA ,
(Nramp-qRT-F ~ Nramp-qRT-R)
(Nramp-F Nramp-R) (B-actin-F
B-actin-R) 1
cDNA Nramp ,
642 bp, : PrimeSTAR®HS

&1 PCR¥EBFAIMFTI
Tab.1 PCR amplification primers used in this study

(5-3)
Primer sequence(5'—3’)

CGCGGATCCAACATCGAGTCGGACCTTCAGTGT
Nramp-R CCCAAGCTTGATGGAGGACTCGATGAAGTAGTA
Nramp-qRT-F GCTCTCAACAGCACCATCCTC
Nramp-qRT-R AACCGTCCCTCTGAAATCCA
p-actin-F CCTTCTTGGGTATGGAGTCTTG
p-actin-R GAGTATTTACGCTCAGGTGGG

primer name

Nramp-F

DNA Polymerase 0.25 pL, 5xPrimeSTAR" Buffer 5 pL,
dNTP Mixture 2 uL., cDNA 0.25 pL, 0.5 uL,

H,0 16.5 uL :94°C 10 min, 98°C 10 s,
56C 15s,72°C 40 s; 30 ,72°C 10 min 1.0%
, Omega
[-actin
132bp 220 bp PCR
94°C 30s,58°C 30, 72°C 30 s, 30
10 min

14

:94°C 5 min;
; 72°C

PCR , Nramp

2 ~AAG SPSS13.0

b

1.5
BamH1 Hind I
pET-32a(+) ,
, pET-32a-
DH5a ,
, PCR ,

Nramp

Nramp,

1.6
pET-32a-Nramp BL21(DE3)
4 mL LB
(  Amp 100 pg/mL), 37°C
1:100
LB ,37°C ODy0
1000 pL >
-B-D- )
37°C ,
pET-32a
1000 pL, PBS 2 ,
30 uL PBS , 10 pL 4xloading buffer,
10 min, -20°C , SDS-PAGE
, G-250 ,

Amp 250 mL
0.4~0.6 ,
IPTG(

0.5 mmol/L,
2h 4h 6h 8h,

5 min
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1.7

(12000 g, 4°C) ,

I1xPBS ,
4xloading buffer ,
5 min , SDS-PAGE,
G-250

1.8

B

10 min, —20°C

, 8 mol/L ,

SDS-PAGE

b

2

2.1 Nramp
RT-PCR

1A

Nramp

BCA

pET-32a(+)
1B

pET-32a-Nramp

DH5a,
BamH 1 Hind 111
5000 bp
DNA ( 10), Nramp
pET-32a(+) 4

2.2 Nramp
PCR
Nramp

(P<0.05) 2A

(P<0.05)

]

Nramp )

]

, 1.0%

750 bp

>

mRNA
, Nramp
(P<0.05),

>

, Nramp
(P<0.05),

2B) ;

3 4M25MI  bp

7500

5000
2000
1000
750

A

1 Nramp

M1: dI2000 DNA marker; M 2: dl115000 DNA marker; 1, 2: Nramp
; 3 pet-32a(+) ; 4: pet-32a(+)

pet-32a-nramp

6-8:
Amplification of Nramp gene and pet-32a-nramp
recombinant vector construction
M1: d12000 DNA marker; M2: dl15000 DNA marker; 1, 2: Nramp
gene product by PCR amplification; 3: pet-32a(+) with
none digested; 4: pet-32a(+) recovered by agarose gel after
double digestion; 5: amplification products recovered by
agarose gel after double digestion; 6-8: double digestion
identification of the recombinant plasmid.

Fig. 1
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Nramp 12h
, 48 h, 72h 96 h
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, 24 h , 48 h
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48 h, 72h 96 h , 7d
; Nramp
12h , 24h  48h
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23
pET-32a-Nramp BL21(DE3)
, SDS-PAGE
40 kD , (2h 4h 6h
8 h) , 6 h ,
6 h ( 4

>
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Fig 2 Expression of Nramp gene in different developmental stages and different tissues of Ctenopharyngodon idellus
A: Expression of mRNA in different developmental stages of grass carp; B: Expression of mRNA in different tissues. Nramp gene
mRNA levels were expressed as a ratio relative to f-actin levels in the same samples after real-time PCR. Significant difference
(P<0.05) is indicated by asterisks.
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Fig.3 Expression of Nramp gene in four tissues after injection with Aeromonas hydrophil
Expression of Nramp gene in four tissues (liver, head kidney, spleen, intestines) after injection with Aeromonas hydrophil (0 h, 4 h, 12
h, 24 h, 48 h, 72 h, 96 h and 7 d). Nramp gene mRNA levels were expressed as a ratio relative to f-actin levels in the same samples
after real-time PCR. Significant differences (P<0.05) is indicated by asterisks.
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M: Marker; 1-3
pET-32a
pET-32a-Nramp
Fig. 4 The influence of different induction time on the ex-
pression of Nramp protein in Escherichia coli
M: Protein Marker; 1-3: pET-32a without IPTG induced,
pET-32a with IPTG induced for 6 h, pET-32a-Nramp without
IPTG induction, respectively; 4—7: pET-32a-Nramp with IPTG
induced for 2 h, 4 h, 6 h and 8 h, respectively.

pET-32a
6h pET-32a-Nramp ;4-7
2h 4h 6h 8h

24
pET-32a-Nramp BL21(DE3)
IPTG , ,
(9, Nramp
2.5
SDS-PAGE
( 6 BCA ( )
2.58 mg/mL
3
, Nramp1

Nramp

M: Marker; 1: ;28

Fig. 5 The identification of the fusion protein expression pattern
M: Protein Marker; 1: Fusion protein in precipitate; 2: Fusion
protein in supernatant.
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6 SDS-PAGE
M: Marker; 1, 2: ;3,4 .
Fig. 6 SDS-PAGE results of purified protein by urea gradient
washing
M: Protein Marker; 1, 2: the purified proteins; 3, 4: the proteins
not purified.
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Expression characteristics and protein expression of the natural resis-
tance associated macrophage protein (Nramp) gene in grass carp
(Ctenopharyngodon idellus)

YANG Kang, WANG Yiya, LIU Tiezhu, LI Tongming, JI Xiangshan, WANG Hui

College of Animal Science and Technology, Shandong Agricultural University, Taian 271018, China

Abstract: To explore the function of Nramp in the grass carp (Ctenopharyngodon idellus) immune system, gene
expression was analyzed in different developmental stages and tissues. Four tissues of grass carp at different times
after challenge with the pathogenic bacterium Aeromonas hydrophila were analyzed by real-time quantitative
RT-PCR. The 642 bp Open Reading Frame (ORF) region of grass carp Nramp was expressed using prokaryotic
expression technology. The fusion protein had a relative molecular mass of 40 kD. Real-time quantitative RT-PCR
analysis indicated that the Nramp mRNA level in embryos gradually increased during embryogenesis from cleav-
age to fry stages after fertilization, with the highest level in the fry stage. In adult fish, the Nramp mRNA level in
different tissues significantly differed; Nramp transcripts were found to be highly abundant in liver; moderately
abundant in the head kidney, spleen, and intestine; and least abundant in the eye and bladder. After challenge with
A. hydrophil, with uninjected groups as the control, the Nramp mRNA level in the head kidney, liver, spleen, and
intestine significantly increased (P<0.05). There was significant up-regulation in head kidney at 12 h
post-treatment, with a maximum level at 48 h post-infection; significant down-regulation at 72 h and 96 h; and the
expression regressed to the initial level by 7 d. Nramp expression in the liver was significantly increased at 12 h
post-treatment; followed by a decrease at 24 h post-treatment; another increase at 48 h, with a maximum level at
72 h post-infection; and the high expression level was maintained at 96 h and 7 d post-treatment. There was sig-
nificant up-regulation in the intestine at 12 h post-treatment, with a maximum level at 48 h post-treatment; sig-
nificant down-regulation at 72 h and 96 h; and the expression regressed to the initial level by 7 d. In the spleen,
Nramp mRNA level increased at 4 h post-treatment, with a maximum level at 12 h; then, there was significant
down-regulation at 24 h and 48 h; and the expression regressed to the initial level by 7 d. Bacterial infection can
increase Nramp expression in immune-related organs, which may indicate that Nramp plays an important role in
the innate immune response of grass carp.

Key words: Ctenopharyngodon idellus;, Nramp gene; expression and analysis; prokaryotic expression; protein
purification
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