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Identification of heat shock protein Asp70 family genes from
Rana amurensis and its expression profiles upon infection

LIU Tingting, GUO Jingjing, CHEN Zhaodong, LIU Yufen', JING Legang, LIU Peng’,
ZHAO Wenge

College of Life Science and Technology, Harbin Normal University, Harbin 150025, Heilongjiang, China

Abstract: Heat shock proteins (HSPs) widely exist in all organisms, the structures of which are
usually extraordinarily conservative. They are also well-known stress proteins that are involved
in response to physical, chemical and biological stresses. HSP70 is an important member of the
HSPs family. In order to study the roles of amphibians HSP70 during infection, the cDNA
sequence of Rana amurensis hsp70 family genes were cloned by homologous cloning method.
The sequence characteristics, three-dimensional structure and genetic relationship of Ra-hsp70s
were analyzed by bioinformatics methods. The expression profiles under bacterial infection
were also analyzed by real-time quantitative PCR (qRT-PCR). Expression and localization of
HSP70 protein were tested by immunohistochemical techniques. The results showed that three
conservative tag sequences of HSP70 family, HSPAS, HSPA8 and HSPA13, were found in
HSP70. Phylogenetic tree analysis indicated four members are distributed in four different
branches, and members with the same subcellular localization motif are distributed in the same
branch. The relative expression levels of the mRNA of four members were all significantly
upregulated (P<0.01) upon infection, but the time for up-regulating the expression levels were
diverse in different tissues. The immunohistochemical analysis showed that HSP70 was
expressed to different degrees in the cytoplasm of liver, kidney, skin and stomach tissue. The
four members of Ra-hsp70 tamily have ability to respond bacterial infection to varying degrees.
Therefore, it was proposed that they are involved in biological processes against pathogen and
play different biological functions. The study provides a theoretical basis for functional studies
of HSP70 gene in amphibians.

Keywords: Rana amurensis; HSP70 family; sequence analysis; Aeromonas hydrophila;
expression profiles
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SREABOZEEAY, BOUFRN NV EE A .
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& HSPs ML E sl SRt , i o 5
FEINRE . WK H B OV . JBAME) HSPs W]
it SHERES S RE &Y, PR
(antigen-presenting cell, APC)n[ifiif HSP Z /&
TN EAE R HSP-HUIE K A Y k1748
0, DT 384 T 4 S 345 B IR APC 2Z ) 52
XEBWA R, TR AT T bk A
AT AL o 3K B T Ak 1) A0 L ALV BRIy | 41K
TEVRRE ) B 2 S R

HSPs 48 77 41) [ 5004 7 435 1) AN [] AT
474 HSP110,HSP100, HSP90 ., HSP70 , HSP60 .
HSP40 FI/ HSP K%k, Hh HSP70s & iEfk
iRy . RXERSMEORKZ —, 3
PRV A 2 AR A T
HSP70 (heat shock cognate protein 70, HSC70)J&
THINSHERD, FELS 5055 K5 |
RESFHEMERY, FFA HSPT0 760 4
A TS, FERES IR,
PrEE A BRI TS, S 5 R0 & H
Xt BRI 38 i 32 RO HSP70 KRR A
3 DIRESS M I N-OK o % 1 R 45 6 1
(N-terminal nucleotide binding domain, NBD)t1
FRA ATP J3l; C-R i IK 4 45 & 3k (substrate
binding domain, SBD)WFR M AL &35 i C ¥
IR Y 2780 C-umZb b, 25 M52 T
FEHALAAEME 5 Y (major histocompatibillity
complex, MHC) 1Y 45 4 Bk "> H /i 56 F
HSP70 ZhfE R W ST 3254 o X ek oA 1wl
JL, W O SR D IR U B I ST A D o AR AR R
S5 RS R T A P AT 2 B 55 52 300 Dt T A R e 5
ANREZMME, %F HSP70 ZEH e H iy
LM, JFRMZE HSP70 MR AT 15
T sE,

M VTR (Rana amurensis)S J& T P 24
Jo 8 H gl (Ranidae) br i J& (Rana), [E P £ 2
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S TARIE=AMASEHIX, & TR LU
FEV SR A DL b XA 5 AR T H g ik
TR, BB K A A TS R SO, e
R B AT AAZGNT ) AR Ry 44 St e R 2
M, HARESNEEMEMZ N, 9500
ARl X E A e B R Bt 2 Sl
PEFNAE IR A WEAL, B A SRR VTR R
RERCR B, N TIRFAEMRX B IR, HIF
BT R 2 B 22 B IR AR 42 28, 5k
BB B R R B UAE (L FRELIR ), K<
PR & (Aeromonas  hydrophila, Ah)Fkj2 F 22
s T 2z — PO ARWRSYE DL TR AR AR AT i
WPy R IEVEAR IR S BIE R S, i i Al g
KA M TR B B R, IR S Y SR R YT
MRS [E] 5, . AN FRIHSH 1 Ra-hsp70 Fb
FEDH (R 5 SR L EA T RGN, P45 & S g 28Uk
2EVEXT HSP70 2 FIFEA R ZH 1 e i 3R 815 04 T
3T, TR Ra-hsp70 FI05FE ARG 41 T
B FRIBFEEIEA T 8, VIR HSP70 JE [ 7840
R 1 S D RE I SR AR IS

AR

1.1 ##
1.1.1 R R E

N T FRFA R BUA R e T TARIE[(20+5) g
e K S B AR DW1701-1909 (4h) i A 5236 5
OB SEE o AR ARKE IR S I A P AR A I T
WO, I ilEl4s 1.0x107, 1.5x107, 1.0x10°
' 1.0x10" CFU/mL Ht 4 A4 BB B () 1 B
W RMMEETNE, &5 1, BRUE,
1 2 PR VAR 1) 21 BB FE ) it (median lethal
dose, LDso)>N 1.5%x10" CFU/mL.
1.1.2 i\ FI RS

FEEGR . FEREEIA pMDI18-T FIERCK
WAFF R DHSa B2 A4, FEAY TROGE)
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A B2y Al ; DL2000 marker, Ex Tag DNA B4
fitf . T4 DNA #E#:0H . ANTPs. BiJg L &
KA & . TRIzol X F| & . HiScript I Q RT
SuperMix for qPCR (+gDNA wiper)fl ChamQ
Universal SYBR qPCR Master Mix, R &tifiMEH#E
(Vazyme) 4 W BHE B R A A5 10%1E % L2 1
1 TAEM(CO1-3001), fedi HSP70 £ silEhiik
(bs-0244R) . F-4ifs HRP (bs-40295G-HRP), 1#
BARAEDHARAC)ABRA A 10%48 K AR
W IIAKNE Y O AHA Rk ™ M4t
FEALAS . =R R E D HL(Allegra-64R,
Beckman); PCR J #4{%(T-Gradient, Biometra);
BEIE 814 2 55 (Smart Gel 101, Jt 5t 288 B B
FABRAFD; 219 7 HL(820 %Y, Nikon);
ABI7500 L1566 2 7 PCR {Y(Thermo); Hi T
Y1485 (Nikon FX-35, Nikon).
1.2 REAHE
1.2.1 BATHERRRENHEFERRE
W HE 22 30k [22], XA SIS % (R A7 1 g
IR TR R R T2 T30, 38 3 S A T
W E N 1.5%x107 CFU/mL, 1EHL 36 K JpiT
MR BEAIL 4> A 6T BR A R g 4, AEel 18 A,
BE 3 AFAT o N BE AL AR 56 21 45 R FH R s 1 i
RS SEAETI( mL)# LB AR SR FRE K
AP TR BN (1.5%107 CFU/mL). 43591 13 5
JEHY 8, 16, 24, 36, 48 Fll 72 h 3 6 A~iHA] &
RAOME . AR BEUNE . BE . CERE. R2RK .
WURFIE 8 NSRS, ST IR A R IR AT
1E-80 °CUKFi#5 Mo ARl ML 3 Hig
EWOH, SCB AR O SR A AR T . SRR VIR
e 42 1 52 ] ] 37, AR BF Y e (National Institutes
of Health)3Z 56 % s W) BRAN FH 48 5 1) 213 52
Jti it X o ASWEGE I 22 E G SR I T R 22 A i
Bh2 HHEOR 2 B sh W) SE g I 22 B 23 (S5
HNUARIA2021002) 8 #% i@ 3k o
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1.2.2 5 RNA BJ4EBLS ¢DNA WY& R
FH Trizol 4R HUR P VTR IE X BR 41 ANt
41 6 ANHF A 8 FhALLURE Fh W 5L RNA, R 4841
4366 1 (Beckman) & = A 5L RNA Al
B, SR 1% 7K P2 B B w58 e i Uk e Mk
LR . XA A% 6 RNA PR IR R 7
SR S ERAEL B, & cDNA % —4f,
cDNA {77 F-20 °C, HFI/aLeikid .
123 SI¥MIT 5 &M

4 NCBI £ b €& & 19 v [ bk
hsp70 . hspa5 . hspa8 Fl hspal3 B ¥ %)
(GenBank %5435k . XM_040323479.1 .
XM_040324885.1 XM_040326389.1
XM 040338799.1), F|H Primer Premier 5.0 %X
PR SRS 1, AR AR A5 19 S s VT Aok
HSP70 & HZK WL 752 e 514,
NS5 PRI 2% SCBR 1913819, T T /a2
qRT-PCR. 5|¥yh A= T A% TR (i) An A
BRAF G, 51790 L% 1.
1.2.4 Ra-hsp70 RIFEFRNREREVMERFE
Vi

DL RO IEA SR cDNA 55—k R,
% H8 Tag plus DNA R4 Bl B 152647 PCR
RAMIECE, RN AFMEHR: 94 °CHIASYE 5 min;
94 °CAEME: 30's, £55 °CiB K 30 s (FHEA R
RIGREEAIE, W3R 1), 72 °CiEfifi 30 s, 324>
TEFR; 72 °CAAEA 10 min, FHE [E1C I 7] 2 %)
PAFH) PCR Pt fr g sifk, 5 pMDI18-T
BRI AT I B N R A TR R 7 A A e
DHS5a H, ZH 7% PCR &, #7751,
W 25 PCR Y3515 Ra-hsp70 F R 1Y P
YR BE. i NCBI 7E£E M3 (http://www.ncbi.
nlm.nih.gov/Blast) 4T [F] I 3 PR 1) 25 F- AT 2%
FIJHH DNAMANS.0 3 44%5 i 7 25 R i 47 Df 4z
SRJG A NCBI 304 %2 51T BLAST HXF40#7 o
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x1 KHREAAIIHFT

Table | Primers used in this study

Primer name Primer sequence (5'—3") Purpose or length (bp)
HSP70-F1 CACAGCGATCATATCACAGC 582

HSP70-R1 TTGAGTCCAGCGATTACCC

HSP70-F2 GATCATCGCCAACGACCAG 1263

HSP70-R2 GCTCGCTCGCCTTCATACA

HSP70-F3 GGGGCTCTACACGTATTCC 1082

HSP70-R3 GACTTGTTTGACATTTTCCTATT

HSPAS-F1 CTGATTCCGAAACCGACTG 632

HSPA5-R1 CATCCTTTGTGGCTTGACG

HSPAS-F2 CGTGATTGGCATTGATTTG 1900

HSPA5-R2 CAGTAGCCAAAGGGTCATA

HSPAB-F1 CCGTCATTCCTTCTCATTT 397

HSPAS8-R1 GGGTCTTCCTCCATCACTAA

HSPAS8-F2 TTAGTGATGGAGGAAGACCC 1816

HSPA8-R2 CAGGCAGATGGAGTGGATT

HSPA13-F1 CATCAGTGAGCGGAGCAGG 171

HSPA13-R1 TGGAGTGGGCATAGGCAAA

HSPA13-F2 TTTGCCTATGCCCACTCCA 1211
HSPA13-R2 TTGCCACTCCTATCACTACAGC

HSPA13-F3 CAGCAAGGAGCCCAACAC 277
HSPA13-R3 ATACATTCCAGGAAAGTCT

HSP70-F-Q ATGTGGCTCCTCTTTCCTTG qRT-PCR analysis
HSP70-R-Q GGTTGTCTGAATAGGTGGTGAA

HSPAS-F-Q GAACCATCTCGTGGCATTA qRT-PCR analysis
HSPAS5-R-Q CACCACCAACAGTTTCAATAC

HSPAS-F-Q AACCACGCCCAGTTATGT qRT-PCR analysis
HSPAS8-R-Q TTCAAACCTGCGGCCAAT

HSPA13-F-Q AAACCTTTACCGTCACCC qRT-PCR analysis
HSPA13-R-Q GTTGCGCTGTCTTTCATC

B-actin-F AAGAATGAGGGCTGGAACA qRT-PCR analysis
B-actin-R GTGCGTGACATCAAGGAGAAGC

F A ProtParam (https://web.expasy.org/cgi-bin/ HH Y4B % (neighbor-joining, NI)JEH) 2 R Gtk
protparam/protparam), SOPMA (https://npsa-prabi.  #f(bootrap F 1 1 000 1K),
ibep.fi/cgi-bin/secpred_sopma.pl). SWISS-MODEL 1.2.5 Ra-hsp70 RIEEFRNEERIEDH
(http://www.expasy.ch/swissmod/SWISS-MODEL. VAL 2R g TR A R ZH AR GO E . AT
html)SFELARAMEXT Ra-hsp70 FGFENGEATE  WEL BOUE. AR . SRR, Rk, WUAFE )R
WG Bl A B = 4e iy B . A REIRFRIS(8. 16, 24, 36, 48, 72 h) cDNA
ClustalW #/F0 BIETIAREE S S E MRS AN, KA SYBR Greenlif & 4¢ 't 2 46
R 7 A EA T IR B X, B MEGA-X 8 Ra-hsp70 FGEFEF BV SREDL . B4 YR b
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HE 3R, HAREE 3 K. L p-actin VE NS EL
[, qRT-PCR W5 |HHIHNSRS MG 1.
VAR ZR U . 2xChamQ Universal SYBR qPCR
Master Mix 10 puL, 50xROX Reference Dye2 0.4 uL,
5945 0.4 uL (10 pumol/L, % 1), cDNA
B 1 pL, ddH,O 7.8 pL. Jwi &4k 94 °C
10 min; 94°C30s, 60°C30s, 72°C30s, 404>
PE¥; 72 °C 10 min, RIGIEMILZ. HSP70 X
I mRNA ARk R 2729k 7
TR, R SPSS25 B4R A LR K Ty 22 43 ik
(one-way analysis of variance, ANOVA)ZHTHAH
XA, SiTEE SO P<0.01 5 P<0.05, F
H Graphpad Prism8 #K{F#E /R
1.2.6 EH;IHEE HSP70 EAMGEAHLAILS
g

TE R g VAR I X B4 AR B0 4l 8. 16,
24, 36. 48 F 72 h I . EINE . R JRFNE A
2, 10%16 /K B bk W 1 E 24 h, SRR
KGR A AR TR B, VIR JEEAE 5 um
KA, RIE TR A sins . W IR Ab
PG 3% E AL (97 mL+3 mL 30% H,0,)%
TR E 30 min, LATEER IR S ALY
PG ;s 1 0.01 mol/L FFTE IR Z% nh il fulisl Jin 44
HATHURESR ;. 10%1E % 1L =FE 1035 £ 7] 30 min,
MR EZRWAK, 1k i 250 155 B bt
HSP70 £#i(bs-0244R), 4 °Cit s dE , BUL)G
37 °CE i 45 min; %0 1:2 000 HRP FRic i
Pt Pt 1gG (bs-40295G-HRP), 7E 37 °Ci4H
% 30-60 min; DAB #% R @RS, TR
K gy . RAGEWE RIS o BB
WEE HSP70 & M FRIL, B HMULER R G40
e, BERERERE 3 A BHME X AT 4 e,
FIAT Image T 31X £ 45 A T AR P20k
RSP AT, SPSS25 srtrH i E M.

&: 010-64807509

2 ZERE55

2.1 Ra-hsp70 RixEFEH72[&

DLER IR VT pR e O AL 20 cDNA AR,
HEAT H B 1 o MR E T AR Asp70.
hspa5 . hspa8 Fl hspal3 VU557 5B S 51
YR 1), s Bore Mk, s liikas T
ok 582, 1263 F1 1082 bp i 3 EX hsp70 W F
B 1: A1-A3); B5FESN 632 bp A1 1 900 bp
(9 2 Bt hspa5 091 BR (B 1: B1-B2); B5 4 397 bp
F1 1816 bp AY 2 Bt hspa8 B B(E 1: C1-C2)
PR WSk 1711 211 #1277 bp (1 3 Bt hspal3
R B 1: D1-D3), fidiit DNAMAN #ff
PEH A5 28 B e TL AR Asp70 1) 4 ga 5 X
1920 bp. hspas BI2=4ut%IX 1962 bp., hspa8 )4
it X 1 944 bp F hspal3 W4 4mLX 1383 bp,
4 KIFHN B RS E NCBI s, &35 45
Bk MZ736885. ON540145, ON540147 Al
ON540149, 5 kR E M hsp70 . hspas .
hspa8 N hspal3 ¥AF R IT 51 1 — B 4k 2|
97%LL b IR T R B v MR Y 4 0 T UK
PCR %7E, PCR &AW —I5MT, SHM A
BER/ANVSE
2.2 Ra-hsp70 RIEERB D
2.2.1 Ra-hsp70 KixEEMIEERFT 54

Fr APt 825159 2 BB VIR hsp70. hspas .
hspa8 1 hspal3 1) 5¢ % 4t X (coding sequence,
CDS)IF4, 4354t 639, 653, 647 il 460 4~
IR . X F R E SRR T AN AT b, AT
SIS0 ) B 8 BT AR G A R A il 70.44
72.20. 70.87 F1 51.24 kDa; PRS0 5
5.73. 5.06, 5.37 #15.63; iz SOPMA /44y
M, 4 R s oS n o t20E s
WG 41.78% (267 aa), 43.64% (285 aa). 42.04%
(272 aa)fi137.83% (174 aa), B FrEHE 6.73%
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Al A2 o
500 bp 582bp | 000bp 1263hp
Bl 5 1 B2 N 1
1 500 bp 1900 bp
500 bp 632 bp
= M 1 D2 M1 2
1 000 bp 1211 bp
100 bp <171 bp
1 2 THREE hsp70 RIREE R 18

Figure 1

M1
1 082 bp

1 000 bp

Cl M 12 C2

1 500 bp 1 816 bp

250 bp 397 bp

D3 M1 2

250 bp 277 bp

Amplification of Asp70 family genes in Rana amurensis. PCR amplification of Asp70 (A1-A3),

hspa5 (B1-B2), hspa8 (C1-C2), hspal3 (D1-D3) fragments of R. amurensis. M: DL2000 marker; Lines 1-2

(arrow indicated): PCR products.

(43 aa).7.2% (47 aa) .6.8% (44 aa)Fll 6.3% (29 aa),
TeRRE R 32.24% (206 aa) . 30.32% (198 aa).
32.77% (212 aa)Fl 34.35% (158 aa), FE{HEESF T
19.25% (123 aa).18.84% (123 aa).18.39% (119 aa)
F1 21.52% (99 aa);i# ik Hphob./Kyte & Doolittle
BILEE(F 2A2D, IEEE/REKYE, AEE
TNGEIKE, WEAE AR R SR R, RILEG R
WAL F/NF 0 —M, w] LURG E R
HSP70. HSPAS5 ., HSPAS Hl HSPA13 ¥ a1 3%
KEH .

XF Ra-hsp70 R JGEF R Y 4 25 2 LR 7 5] ik
T2 H st , KB HEA HSP70 K% 3 B
LT R RRIEARZE P A, 4 00l R B AE N i 4

http://journals.im.ac.cn/cjben

HARSE KBS GIDLGTTYSCV il 2 i T JF 4
DT AR ST X 8 FDLGGGTFEDVS #i
VLVGGSTRIPK ., /£ HSP70 Fl HSPAS HY 2 2R
J7 50 o A7 AE R A M2 R AR A9 57 RARFEEL I
C-AR i (14 YL RY Jf o U bR A5 367 EEVD, KB
X2 iR B R A B R A A SRR
fiE, BT S T4 BT A BT &R 5 HSPAS
M2 FE IR 7 4 C-oR o B A N 5T I 48 ) 7 47
KDEL, &% 8 F1 B HA N B M B G A
FEMRFHE, J& TN BB T, R
iR 21 78 (glucose-regulated protein 78,
Grp78). iR &5 3 41 A Ao T 14 4 Br 285
A —5, ks, HSP70, HSPAS Fll HSPAS H)
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Figure 2 Hydrophilicity analysis of the amino acids of HSP70 family proteins from Rana amurensis. A:
HSP70. B: HSPAS. C: HSPAS. D: HSPA13. The positive value indicate hydrophobicity, the negative value

indicate hydrophilicity.

C Koy EBA 1 NF 4 4 GGXP MYk F41,

HSPA13 1) C-R U A HA %75 (Kl 3). i
BLAST A4 X 7 93204 T Ho e & B, 2Rk
VLMK HSP70 Z Y 4 /> H¥ 5% HSP70 \HSPAS |
HSPAS Fll HSPA13 Z [H] () 24 JE R )7 51 AR AL 4 R
60.58%, H:F41 HSP70 5 HSPAS Fl HSPAS (¥ ¥
HIAAIE S 5K 58.95%H1 82.72%, i HSP70
5 HSPA13 fIFESIARMIE Sy 22.92% (1&1 3), %
BIAE TR — P Bhrb 43 A 6 AH ) 48 i IX 2 P9 1Y
HSP70 Z [a] A LI B i 5 FA R VAR A HSP70,

HSPAS. HSPAS #ll HSPA13 [ 4 S5 & FEMR 41
A3 515 v EARIEEAR ) Y HSP70 (XP_040179413.1).

&: 010-64807509

HSPAS5 (XP_040180819.1), HSPAS (XP_040182323.1)
F1 HSPA13 (XP_040194733.1) R KR ¥4 A
TR A LE(98.12% . 99.06% ., 99.02%71 98.04%),
R R VIAREE 5 AR R R
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Figure 3 Amino acid sequence alignment of HSP70 family four genes in Rana amurensis. Consistent amino
Conservative amino acid substitution is indicated with “:”;
amino acid substitution is 1nd1cated with “.”. Three signature sequences of HSP70 famlly are shown in
shadow; motif of non-organelle features indicated with single underline; cytoplasmic signature motif EEVD
and endoplasmic reticulum targeting sequence KDEL are boxed; GGXP tetrapeptide sequence location at the
carboxyl (C)-terminal is indicated with black dotted line. Amino acid sequence of HSP70 family four genes

“*”

acids is indicated with

in R. amurensis: Ra-HSP70, Ra-HSPAS5, Ra-HSPA8 and Ra-HSPA13.
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Figure 4 Deduced three-dimensional structure of HSP70 family from Rana amurensis. 3-D structure of
Ra-HSP70 family designed using Swiss Model workspace. A: HSP70. B: HSPAS. C: HSPAS. D: HSPA13.
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Figure 5 Phylogenetic tree based on putative amino acid residues of HSP70 family between Rana
amurensis and other reference species. The phylogenetic tree was constructed using the neighbor-joining (NJ)
method within MEGA-X. Numbers on the branches represent bootstrap values for 1 000 replications.
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Figure 6

Relative expression of HSP70 family in different tissues of Rana amurensis. Graphical

presentation of qPCR analysis shows changes in HSP70 family gene expression in healthy R. amurensis. All
data were normalized by the relative expression for heart. *: P<0.05; **: P<0.01.
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Figure 7 Expression analysis of HSP70 family after infection with Aeromonas hydrophila in different
tissues in Rana amurensis. A: Heart. B: Liver. C: Spleen. D: Lung. E: Kidney. F: Skin. G: Muscle. H:
Stomach. The samples were collected at different time points upon A. hydrophila challenge (x-axis).
Expression of 0 h as a statistical standards, S-actin as an internal control. The results were expressed as the
x=xs error (bars) of three replicates. *: P<0.05; **: P<0.01.
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Figure 8 Distribution of HSP70 protein in different tissues of Rana amurensis. Observation by
immunohistochemical staining in different tissues of R. amurensis challenged with A. hydrophila. A: Liver. B:
Kidney. C: Skin. D: Stomach. 0: 0 h; 1: 8 h; 2: 16 h; 3: 24 h; 4: 36 h; 5: 48 h; 6: 72 h.
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