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YT AR ferritin H 35K 5 % & H A
MR G T FIRIEZAL T

Xks A EBR ER A BXE KE

W JRVE TG R AE Rl 2 SR 22 BE BRI 150025

WE: SEAZAAETEMEN, AR ELIM N o0 R & BRI R E H RS 5P RN .
ITERKNMER G, BRI (Rana amurensis) FHRESCE LI T B, AP RBETESEARERE
2N B B R PR R R IA AR, TR LICA SR T AR S AN R LRI A iRt B . AT %k
K H PCR BiARY 38 B Ip TRk 8 1 H W75 R A R [X e 3 o0k Hodh AT A28 B2 o0 s TR A <k
262 & PCR HiAR (RT-qPCR) & IR AREE W /K SR PEE (deromonas hydrophila) 1245,
BREEA H WIESEREIIT. B B Bk R AL U 5 ST AR s B SR s e e
MHEAR, HSHEKSRMEEGE, BRI ES H UREAREREN. SREW, SRR
XA 534 bp, Hafid 177 NEEERE; STZEER BT AT 47, HEBRMAKE: (R, temporaria) #H
S [R [l R i, 1K %] 98.37%; RT-qPCR 45 R EIR, A A H WAL K E BRI AR R T iz 77
fE, EMEKSPEIERYYE, P8 H T mRNA /£ B RITAREERT . . B UL LA L2 )
FREBEE LI (P<0.01) o RERICRMEE T LI, EREEKSEEEG, 2EQ H WAEATE
BIRTTAREE AL R R h G A RIFRERIA . 4% B RRY, BRI E D H AR
S iEIT LRI R BN B R G, tHUEHENNZ AL 25 T B e TR R 40 B 1 S R

REEHE: BREOREE; BORVIAE; KSR, SR O A0
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Abstract: [Objectives] Ferritin exists widely in organisms, which can maintain a relatively stable iron content

in cells and also participate in body’s immune response. In recent years, due to bacterial infection, the

EETE  ERILE BARERESEA S SIH (No. LH2021C053) ;

* JHIAME®, E-mail: liuyufen0825@126.com, zhaowenge311@126.com;

FE—EENA AR, L, WLRRE: BFROTN: BRI E-mail: 3476083930@qq.com.
W E I 2022-11-29, #&FIHH: 2023-06-19  DOI: 10.13859/j.¢jz.202322299



+ 882 - B2 E Chinese Journal of Zoology 58 &

IR ICER, MR RS EEE R e

AEMR P AEAE R SR 1 (ferritin, fer) W DAZE
A Y IR P S Y Fe™,
X4 B N R34 T B R R 4%, B 14 B A%

population of Rana amurensis has shown a downward trend. This study explores the expression pattern of
ferritin H genes in bacteria-infected R. amurensis, hoping to provide a reference for the study of the
mechanism of R. amurensis resistance to bacterial infection. [Methods] In this study, PCR was used to
amplify the coding region of ferritin H (ferH) gene of R. amurensis and analyze its bioinformatics.

Quantitative Real-time PCR (RT-qPCR) was used to detect the transcriptional changes of ferH gene in the
liver, spleen, kidney, skin, and muscle tissue of R. amurensis after Aeromonas hydrophila (Ah) infection. The
transcription level of ferH gene relative to the reference gene was calculated by 2 **“T using EXCEL 2019.

Finally, immunofluorescence detection technology was used to analyze the expression of ferH protein of R.

amurensis after Ah infection. Three positive regions were selected for each sample to take photos, and Image J

software was used to analyze the relative average optical density. The above results were expressed as Mean +
SD. SPSS 26.0 was used for statistical analysis. One-way ANOVA was used to compare the difference

between the treatment group and the control group, and the statistical significance was P < 0.05. GraphPad
Prism 8 software was used for mapping. [Results] The results showed that the encoding region of ferH gene

was 534 bp, encoding 177 amino acids (Fig. 1). The amino acid sequence analysis of this gene showed that it
had the highest homology with R. temporaria, reaching 98.37% (Fig. 2). The results of RT-qPCR showed that
ferH gene was widely transcribed in R. amurensis tissues (Fig. 3), and the transcription level of ferH gene was

significantly up-regulated in liver, spleen, kidney, skin, and muscle tissues after 4/ infection (P < 0.01). ferH

gene in liver, skin and muscle tissues reached the peak of transcription 6 h after infection, which was 11.95,

24.31, and 24.72 times higher than that in the control group (P < 0.01). The peak transcription in spleen and

kidney tissues was 18.22 and 18.19 times higher than that in the control group at 24 h after infection (P < 0.01)
(Fig. 4). In addition, immunofluorescence assay results showed that the protein was expressed in the

cytoplasm of the liver and muscle tissue of R. amurensis to varying degrees after infection with 4A. ferH

protein expression was highest in liver and muscle tissue after 44 6 h infection, 11.63 and 4.82 times higher
than in control group, respectively (P < 0.01) (Fig. 5). [Conclusion] In conclusion, the ferH gene of R.

amurensis is up-regulated in response to bacterial infection, suggesting that the gene is involved in bacterial

immune response.

Key words: Ferritin gene; Rana amurensis; Aeromonas hydrophila; Cloning; Bacterial infection

BOTR S EM AT AR SR N b /s ferL) PIAPSEALSE
2015) .
AL RED S A TR £ REH,

WA

B FI AR PRI,

FAE BRI BRI,
#t Fe (I L% #2 (Sonia et al.1992)

£ 24 AMHEA R (Arosio et al.
X P PR W ER AR B AR A —
FE )RR R I
25, FECH AL AN EA AFT
Thee, H I TT Fe Ak, 1M L IR LR

SN T E A A S Das i iR (Finazzi
etal. 2014, Sunetal. 2016) . WFF R, ik
HAFE T K2R EZMmMrt, mESE (ferritin
heavy chain, ferH) FI#%% (ferritin light chain,

i, ferH 2L AL 2 M 7 B 555

I HMKRHF R K ferH EEAUFTUZE
Mo TR AR, B R 2 SR F% )
N, I H A58 R 1) K A 5% (Salatino et al.



6 34 RS SRIEVT AR ferritin H & P8 v [ S HAR R RHR S R IORIB A0 - 883 -

2019, Haschka et al. 2021) .
HORVIMEE (Rana amurensis) 3 J&:E}
(Ranidae) tRiEE, HABGRALETEAHELH)
Re7T, AL X LA F . BT
U VAR I A O T N B E N B A, A
HE B AT EMZAHME, #8518 AR i
X HE WA (AT 2022) o LAk
VTR FR I A BT 5k, FRIAR IR T
2 AR I R, TSR AR A —
TERFIRVE. R, R VTAREEIR 25 5 52 B 41 1
SRR G, Horhr, WK ST (Aeromonas
hydrophila) 7& 5 B MR KRS 1)
HEHHE 2 — CHFHZE 2019)

A S AR o 4y 1 v SR AS R e VAR
ferH £ 9t X 741, FiE H RT-qPCR A
G M RE T AR e 75 20 B R G R ferH B [
MFIEBE, IR A g H 24k e A 2B
TR 2 ferH A RIATH . NI
SerH FE PR (1) 595 T e 85 5E B A, 1008 VTR
Uk R BT N IR 5 DL S R TAE SR T
58 o8

1 MEFE
1.1 SERENY)

SIS BT B OR VI AREERE (18 = 5) g
(n=30) , T H MR TR 3 X T SR P % Ak
WEFRTEY, TEIEAE SO A0 F R IE OL F HEAT
HARLEEAE .

12 HiE
121 ferH ZRKEEREDERFZM T W

PERKINAREE (R, temporaria) ferH FEINF 7

(GenBank &35 : XM 040328412), 1
Primer Premier 5.0 X A4F 11— XT 514 fer-h-A,
T 38 BRI AR foH RN, %% E%

(2022) W5 77v%, FIH Trizol 57 & (ROO16,
R R RAEYA R A F)D E A N SR
FUPLE R e VAR A28 RNA, 6 Sk
cDNA 1EJHR, LA fer-h-A NEIYH 1 ferH
FEMH . PCR AR PN T : 94 CHUAZTE 5 min;
94 CAEPE30 s, 56.6 ‘CiEK 30, 72 ‘CLEf
1 min, 3£ 34 NMER; 72 CLIEH 10 min. &
W% PCR %58, B Wtkis 2 EilgA TAY)
TREBA A BR 2 F HEAT 2 E o FHARHE 3RS
(1) ferH LR P51 5E1H—%F T RT-qPCR 1%
H519) (fer-h-g-B), WZKH pB-actin HEH,
519015 B 1.

f#i Ff DNAMAN 6.0, SMART Chttp://smart.
emblheidelberg.de/ ) SWISS-MODEL ( http://
www.swiss-model.expasy.org/) fl MEGA1l #
FEXT ferH F2DR gAY X PP 5 HEAT AE00E B2 00
fr, ZEWFMEENE 2.

1.2.2 RAEBBIES WIESE R (RE
20227 7€ 1 SRR VL AR I - H L7 B (median
lethal dose, LD50), K ASLE % {RAFHIFE K
L E A (DW1701-1909) #EAT Bl 77 4
1.5 x 10'° CFU/L(CFU Jy# ¥ %X colony forming
units), fEf7FT 4 C#&H . BUERILARE: 30 K,
BEHL 53 SR 0t HE 2 A IE 7K B B B IR G 4H (A
4D, %15 R Ah HES 1 ml KA H
MR, SREEES 1 ml 5 4h AR

K1 KRFASIDER

Tablel Primer information used in the experiment

594 %K Primer name %] sequence (5'-3") H i) Purpose J B ACEE Length (bp)
fer-h-FA AACAGTGATTGGACGGAACC S 2 E B PCR 534
fer-h-RA AGAGGATCTCAGTCGTGGGA RT-PCR
fer-h-q-FB TTCCTCCACGCTGGTTCT S 52 E B PCR .
fer-h-q-RB CAATCGGCAGGTCAATCT RT-qPCR
B-actin-F AAGAATGAGGGCTGGAACA SN2 E B PCR 17
B-actin-R TTCTTACTCCCGACCTTGT RT-gPCR
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Table2 Reference species and sequence information

Yo

BH RS RS
Species Accession No. of nucleotide

AR B
Accession No. of amino acid

FR AR Rana temporaria
HHARIE IR Bufo gargarizans

w1 1L &4 Nanorana parkeri
41 R. catesbeiana

EINTUE Xenopus laevis

AT X tropicalis

Y118 Alligator sinensis
K# 1 Larimichthys crocea
BEE 4 Danio rerio

KPGEESE: Salmo salar

WL 4% Oncorhynchus mykiss
KEEHT Psetta maxima

B X RAHE Ietalurus punctatus
Je % ¥ HEf Oreochromis niloticus
JR3S Gallus gallus

N Homo sapiens

/INBR Mus musculus

KM Oryctolagus cuniculus
452 Ovis aries

f Bos taurus

¥ Sus scrofa

XM_040328412
DQ437112.1
XM_018565189
BT081921.1
AF538970
NM_203677.1
XM_006019073.1
FJ788423.1
AF295373_1
NM_001123657
NM_001124547
GU182880
NM_001200338.1
XM_003445695.4
NM_205086.2
AF088851
X52561.1
XM_008274404
NM_001009786
NM_174062.4
NM_213975.1

XP_040184346.1
ABD75379.1
XP_018420691.1
AC052052.1
AAQ10928.1
NP_989008.1
XP_006019135
ACY75475.1
AAG37837.1
NP_001117129.1
NP_001118019.1
ADI24353.1
NP_001187267.1
XP_003445743.1
NP_990417.1
AAF89523.1
CAA36795.1
XP_008272626.1
NP_001009786.2
NP_776487.1
NP_999140.1

AR LB WiiARE e S E 20T 6.
24, 48, 72, 1120 h 3L 5 ANEAES, HUE R
TOARBERT. MR B R BFILAI LR
M3 K, AT a8 .

1.23 SERREEERE PCR H#F  HREUH R
A HESTAREERT. B B AR
HILRNA, ¥ 51EH RT-qPCR RS AERR,
DL fer-h-q-FB fl fer-h-q-RB N 5%, LA -actin
NN B IR, #4T RT-qPCR N o [ N FE 4%
MRl B L TR UL kAT, %
B3 RBREE T 2 TR ferH L
FHXS T B-actin ZEFIH) 3R 1L . RT-qPCR J VA%
FanR: 95°C30s, 95°C10s, 60°C30s, 3t
40 MIEF .

124 HPZERCRW  EHOSHREA A4n IR
T VT AREE 64 24 F1 48 h IFFAILAIALZN, KA

RPUEE A Z wESURE AP, BRIl
Pif 1gG 1R N = t, #ATHLUE R EM T,
BARTNESH R (R 2022). Ak
3 ANBHMEX BT IR CROG B, Zeiss
Axio Imager A2, fE[E%w]), FH Image J
AT RO P30 5% FE 43T o
1.25 H¥EHH U EZERBLIOFHE + ix
#E% (Mean+ SD) B, KH] SPSS 26.0
M EARHEAT G b, R BRI R T Z A
(one-way ANOVA) VELLH Ah HEXIEA 2
(B 22 S M, Gt R SO P<0.01 B P <
0.05. F|H] GraphPad Prism 8 %A HEATEA.

2 4R

21 ferH ERHWESEYEREL
LT AR T 42 ) cDNA AR 4 4
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ferH BE[R, HELIKATIS H LR i b, 5 T
MR B2 (B Do &F5E, BT
MR ferH SRR SEAE (open reading frame,
ORF) X 54K K 534 bp, 4ifit 177 NI .
FFAIEL B4 NCBI (B354 ON815294).
KA SWISS-MODEL 7 £k 541} B2 Jo VT Ak
i ferH 25 A =K 4584, LI/ (Mus musculus)
ferH & AR =4E458) 3wnw.1.A IR, XfH:
BT A RSV EE ferH & (1751 5/
B ferH & B 45 WAL, 75— 8k 3
86.53%. 2% I BT AREE ferH & (A2 —Fh s
IERIRE - 35 DNAMANG.0 #5444 ST
WREE forH R EERTHIER 2 21 A5
AT FIURELE XS, BEORYT AR 5 R AR
0 g e R 1 25 R O A (R U T o e, A B
98.37%. ¥l MEGA11.0 #4752 Jp T Ak ferH
FERNARER RGO, H5 RO AR AL T [F]
—ARAME S, SRGRFRERIE (E 2D,

750 bp
500 bp

| Sl
B 1 EEiThkE: ferH EEREE

Fig. 1 Cloning of Rana amurensis ferH gene

M. DL2000 DNA marker; 1. Negative control; 2 and 3. fer-h-A PCR

amplification products of R. amurensis.

—85: K¥& 4 Larimichthys crocea
52 KZE6F Psetta maxima

41

58

Je B B k4 Oreochromis niloticus

99

KPGEEEE Salmo salar

W48 Danio rerio

29

B X B #H Ictalurus punctatus

21 99

U1 4% Oncorhvnchus mvkiss
Y782 Alligator sinensis

9% { 7 W Xenopus tropicalis
99 rh4EiEER Bufo gargarizans

th E K5 Andrias davidianus

BT Xenopus laevis

35

93

& 14t Nanorana parkeri
Heig: Rana catesbeiana

99 —|: Ay YT AR R. amurensis A
89 kYA R. temporaria

JERS Gallus gallus

99

58

¥ Sus scrofa

99 I: #32E Ovis aries
50 4 Bos taurus

/N Mus musculus

69 —|: N Homo sapiens
57 K Oryctolagus cuniculus

B2 B ferH ZREERT I R

Fig. 2

ARTHFYFIFEA . A indicates the experimental species in this study.

Phylogenetic tree of amino acid sequence of ferH gene of Rana amurensis
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22 HAHERFTHREAZFNELARFHESR
KF

2 RT-qPCR 73 HT K ferH 2 RI7E SR RYT
PRIERT . BB B B RRRIL N ¥ RIE,
HAEMAH LA RIA B fem, HIEREE N
MR UG B RRFIRALZ  (F
3,

3 =
—
Q
28 | =
.H.K{'U 2+
= 8
X .8
Ee —
< < ——
22
&
0 1 1 1 1 1
JiF i 1 Rk LA
Liver Spleen Kidney Skin  Muscle

B3 BERITARE: ferH ZEREEHR P IRE S
Fig. 3 Expression of Rana amurensisferH

genein different tissues

23 BKRERERLEHRERERELRF
HZ W FoKF

KA RME RS ferH BERTE B IT
PRIEE S A 4 3 R AR T et B ArEKA
FRIER G 6 h 5, IS ferH REH 1) FRIE
BAET R EIEE, AXTIRAM 11.95 5 (P<
0.01), HJGFIZHIFFE, % 120 h BhE T
450115 (P<0.01) (KH4a); EMALF,
ferH FERIMIAE(R e 24 h N LIk B i, xR
I 18.22 £i%, ZAZHY 120 h BB T X HE 4,
JEXTIEZH Y 0.82 5 (P<0.01) (K 4b); 7E'H
MR, ferH FERHRTER B 24 h JGik B i
FIRE, AXTIRLALN 18.19 £%, 1E 120 h WK E
EXHER 3.53 1% (P<0.01) (K 4c); A
IR ZIF ferH R FRIA TR B YL g K S
MBS 6 h JEIAFIEAE, 3 % AL 24.31
PLR 24.72 4% (P < 0.01), TEIKYLIE K 5
B 120 h J5, JEkA ferH JER R IE &4 X

MR 3.22 fiF, (HAENKWHLAF ferH HH
TR MK T xR, (ORXF R 0.96 (A
4d, e)o
24 WEKSERERPREREQESHEHAR
HRIE

XF Ah AT R ZH 8 e TR AR ALY
ferH 25 H BT S0 28 YeAa I, P4 ferH & H 1Y
ARk, HERIENKPAAEER. NERH A
Je B APk D, Ah AR RILA L 25
B2 EAMMERRL, 28T Image J “FROEEE
5, FFULEWIRAHZ 1 ferH & IR GLE
KAHMEE 6 h JERIEER &, 75 x4
) 11.63 PLI 4.82 1% (P<0.01), J&#L 24 h J5,
ferH 25 [ 76 WAl 40 4P IR R OE TR0 22 R P
e, HE 48 h B E TR IR, Rl xR
(1) 8.71 F13.77 £ (P < 0.01). A LAHEN ferH
BRSSP KF L4 RS RT-qPCR
AR (S, 6),

3 Wik

PR DR LR R (0 238 ST EE A B R G
i AL, BT AREEAE A R AL X AL A
YiFh, SRR SRS A4 HNME. 2020
5 H BT GHIR R BUR B IR 9 32 5
HNRPSRIHIFE, BN TR BT
IR H 23K, (H T H IR % s T8 A
RA S BRIAFLE KT AR Y 1 o) /(O [ 4%
2022) o FEIKS B AE NP SE 5 1B S5,
FHFL G “2 i B S EUE R N E T
=R CHEfRIAR 2019) © BFFEEH, ferH
FRREAEFH T HUEAR N, R 2 5 ML 6%
Ri%s, A RER T H A T RE OB AL A Rl
(Salatino et al. 2019) .

AT BBV ferH JERFHAT T 50
W5 F54 4. 4 DNAMAN Hox, &S5RG
MR AR s 2T ferH £ RS R T 5
Bk @ A b R, SRV AR 5 R AR
BT F— AN NS, SRGRRRIT. [F
=R AR 24 DTIERGRZ O
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Fig.4 Therelative expression of ferH genein tissues of Rana amurensis
after infection with Aeromonas hydrophila (Ah)
a. s b M e B odoBIR: e WL o ROR SXAMBEERKEZE (P<0.0D).

a. Liver; b. Spleen; c. Kidney; d. Skin; e. Muscle. ** means very significant difference compared with the control group (P <0.01).

HOIRE A, X5 Mohanty % (2021) Xt AZEE  altivelis ) CFR & FH %% 2017 ) Hl B £
AL TS R 3, IR ferH EE 08 (Ctenopharyngodon idella) (ZEZJ 2021)
TE PRSI 2 AE HARA) b b 25 K R AR DR 5T @Eﬁ[ﬂﬁl (RIRIE FE 4 AL . 7E RE VT ARIE IR
HEMILAEA A AT A0 5 Dh Rt mT REAHI . HAF ferH FE R mRNA Fik & e, BAEY4E
SerH BRI FE AR FURAS T 10 BE e VLRI &2 FRERAaA T ARG AR, P AR IA B2 47
Lz RIE, RE5XRTHM (Plecoglossus (2124 ff A BB Uk (Sorokin et al. 2022)
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B 5 MKSEMREERYE forH BEERBILAEEHR F RFRIE S0
Fig.5 Expression distribution of ferH protein in Rana amurensistissues after

Aeromonas hydrophila (Ah) infection

a. XTRART: b~d RY 6. 24 F148h AT: e XTRAMA; f~h. 12Y< 6. 24 M 48h LA

a. Control group Liver; b - d. Infected liver at 6, 24 and 48 hours; e. Control group muscle; f - h. Infect muscle at 6, 24 and 48 hours.
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P c=on o crocea) TN 12 h 1 fertl SEN R A HE
é 20 - E. g:lh HE AL (Zhang et al. 2010) . FKBH ferH 3%
g%’ sk _— 48 h Kl 1] e A2 2 5 R VT AR S IR B 1 4 12k
§§ 22 » TP o1, I H R ZH0E RREAH S RIEER AU
g_é 10 - ik il FAHe FIRBE AR h BV (Recalcati et al.
g .| " 2008) .
8 RIS DA R B 2R 12 i
0 JF Liver 8 Spleen FEIEE CTHEE 2017) o RSLIGH4IE 6

ZH %1 Tissues

B 6 ferH EAMMRMNFEEEREMA
Fig. 6 Mean optical density values of positive
ferH protein reactions
w6 Ron G AL ZERREE (P<0.0D),

** means very significant difference compared with the control group

(P <0.01).

X R B S e YU MR 1R I 2H 2R 0T e 5z P 2k
TR A R AU BAHIG, R H T B P
KE)EERERE, X455 5t A 5 i
ferH B AT BES 5 [ BB ETTARIEE ) S 2 R 2 S
¥

W AIESE, B i Mo m iR A K
wHE R, PUAEE SR RS, <
o BB AR R IR S 2 SR T
MNP 4595 SR AR X 2T R A (Hu et al.
2010) o PHRSSTESZ B RGeS, 2iEnd b
WA -1 Unterleukin-1, IL-1) . A4l
fuf2&-6 Unterleukin-6, IL-6)  IIEIRFEIA
F-a (Tumor necrosis factor-a, TNF-a) - y T
& Unterferon-y, IFN-y) FERFIEL, PR
e 40 W I R A5 A R R 8 ) SR 5 3 JORE I
N R4 (Khamees et al. 2022, Titon et al.
2022) o ZRATH R GLE K TR S,
B AR ferH ZERI L B E = (Xiong et al.
2021) o FEASYGH, JRYER T RMIR G 6 ~
120 h, IRV ferH B PRIRIATE & 4R
FEE LR (P<0.01) , 5 ERGRE
[E I A FE I, R IA (WA 22 B304 Hh A e
J5 6 ~24 h W, X5KEM (Larimichthys

Kmlgh RN, 2R KA RMER IS, ferH
RO E RIS A, X—4R5%
iE T PLEg5e. b, @it Image J P3G
FEAE 3 H, I RIX —45 R 5 RT-qPCR 45 R A
T, Ui B BV ferH J DR 75 55 S B 1R K
FRAEG—M. RTH Lk (Megalobrama
amblycephala) ferH [ % 5 G I F2
7~ (Ding etal. 2017) , 7EFE/KS ML B 17 4L
Ja, M ferH SEARKEF B, ERG
24 h ik B, ASIRSE R S HAHT, {HEH
PEE S I IS (ERS G S, X 0] 5P Fh
A K. 545 Ruscitti 55 (2015) #FFURIL,
B AT /R IGHE  (adult onset Still’s disease,

AOSD) HIANFEFHHLAT ferH & H&RIL T2
BN, X OTREVEH ferH FE R 7E N 0 B e
Fpgi R E R AEE R, KT ferH %
DRI 7E f 92 3 R v 4 T e 1) B AR WL 1) 3 4R
.

AW FCIRTT BV IR ferH 5 [R 9 [X
cDNA J741, %7 HILEA R FR A A —E Ik
SEPE. WEIK AR AR Y m 1A A s S5
PR R A T RBE LR ARV IRA T
SferH FPRITE BT MR I 2 B P JB% G rh 1 SRR
o FHHEN ferH R P RES S | BT AREE)
B L B

Z % X W
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