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WE K TR K F 4 % (Pelodiscus sinensis)H] & B 41 4 4 2 & 4 & K (major histocompatibility
complex, MHC) Yy 25 #4 Fn 3 &, A#F % £l RACE $ K ik 3 72 (& 3K 45 4 % MHC [l 3 7 cDNA
2K FF, HKEH 1296 bp, JF# B AE(ORF) Y 807 bp, 4 268 NA KRR, 2 4 &5 K77 .
I XALANBMTIR o EMHER . 1Gel ST R 5 LM 4 Nl S, @i NI EWEN R R
SR A LR, AR 5 B A (Chrysemys picta bellin)F 48T, THHIK, HER & KE
Y%k RET, Kot EE PCR %R T, MHC la mRNA 7 4k § NMA B FIgH KK, M, 0.
FER A 5o Rk KRG, EIAAR TRk &R, B LE KA M TH (Aeromonas hydrophila)
12h J5, $4% MHC la mRNA ZEFAnfp A A P kX BE R R 1de, ARALRTHRSL
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complex, MHC)J&: g it == B4 2V 25 T J5E 10 66 PRI 7 FIE K4, 2020; 4 HIZE4E, 2008), Hashimoto %5(1990)
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AR R R EE RN AR E N —, B
B BB FRNE S, I RRE TE R &
ralas GZIRAE, 2018; BRITARESE, 2020). HAT,
LA FRIE | Fh TR AL Kb A R 5 S 8oh A s
AR, ISP AN FE R AR Y, 5 EOK
255 B K FE B M (YA RE, 2018), (HOG T Hi4E
AR RE FE DR 138 40 BT AT PE I ST 2N AR G 4D AR
WFFEH H RACE £ sg b 4R ¥ MHC I o 5 1A cDNA
2K, LI K Y5 (deromonas hydrophila) M Rl
Y, ot tEss MHC Ho RERTEA 29 ) Rk R
Tk, BTE T ffrh AR B e B S e 28, A
s 3 B 7 v AN B PO L &R A R AR S IR

1 #wREFE
1.1 LI

SO i A B ) [ T R T O R £ 3R A R M, e H )
ek . RFEN 100 g 24 R AR 4 s 60 K,
BEML R 2 24, A 3 A4, P17 10 K,
SR TR Qe CRIE ST . BHREER,
STUG TS 0.1 mL ¥R JE R 10° CFU/mL 1Y R 7K <,
PR, XTHRAEEST 0.1 mL AEFER K, A3 B S
JG6h, 12h, 1d, 3dF15dHEErRFIE. M.
Bk K 38 4 FPAHZF A RNA -5 A9 1.5 mL EP
B, BF20CHAAFAR . [FRE, IR e
o 3 L, R, Ay BIBCHFE . BAE B
Jai . HE. LA, B EH AL T 1.5 mLEP 4, W)
RBHIE, —80CIR-AF .

12 FEHRSKF

RNA 48 Bt 50 & At e [l i il ) &+
Omega, SMARTer RACE 5'/3' Kit, TA srREAH ]
fl TB Green Premix Ex Taq Il W A Ki%E AW T4
(TaKaRa)A #], 2xTransTag-T PCR superMix (+dye)
At 444U cDNA A BAH &4 [l Thermo

Scientific 2\ &) .
13 XEWHE

131 314bem R AR R 20 SR AT 1 v A s e
SEABHE, R Primer 6.0 #{FE IR RED Y
(MHCHX-F, MHCHX-R), SRS 075, IR
P O AN B R S [ I(MHC T -F, MHC I -R),
AT RS A K 9, 2Ot i PCR LI GAPDH
JHNBIEN, P59 GAPDH-F #1 GAPDH-R., 5|
Y3 VR iR AR R A BRA F A B

x1 XHRFASY

Tab.1 Primers used in this study

5% Primer )31 Sequence (5'~3") H B9 Purpose
MHCHX-F  CACCAAGTTCGCCAG  #:LF3)
GGAGTTC Core sequence
MHCHX-R  GCAGGAAGGGCAGGT  #.0 541
AGGAGAA Core sequence
MHC I -F AGCGTGACGTGGCTG  cDNA-3'
AGGAA terminal,
qPCR
MHCT -R GGTAGGAGAACTTGC  cDNA-5'
GGAAGGC terminal,
qPCR
GAPDH-F CCCATTCATTGGCCTC HZ5|¥
AACTAC Reference gene
GAPDH-R  CCCCACTTGTTGTTAG HNZ&5|¥
CAGGAT

Reference gene

1.3.2 RNA #IA cDNA #)4 s (qPCR) FH

RNA #2HUAH] & (Omega) IR HLAS 4141 RNA, LK
VEF B S Ui 1530017, 3145440 RNA 5T
TR EEE it B, 9k I i BioSpectrometer Basic 1% iR 25
H X (Eppendor§) {6 il HL5¢ #E 5 | e B oA ¢ LUl , %
& ODyg0 nmaso nm 1ELTE 1.8~2.0 Z 0] H A4H 522 B I
RNA FIFJE4E cDNA 4 1.

133 P4 MHC [[a % B cDNA 4% %% Lii!
$& SMARTer RACE cDNA amplification kit(TaKaRa)
VEIIHA R 5/ 3/ A0 cDNA KM , -4 IR 4T
Tkt HRBULIA A543 M T MHC I a 3ER ) 5'8% 37
Ui [ B A 1S PCR R 3R - 5'5X 33 cDNA #i4R 2 uL,
10xUPM 5|#) 5 uL, 5'8¢ 3@y #4514 1 uL, ddH,O
17 uL, 2xTransTag-T PCR SuperMix (+dye) 25 uL. )]
Y90 25 IMEFR: 94°C 30s, 68°C 30s, 72°C 3 min,

PGS H ) PCR 2%ty FHEE I T ic A0 & i, 3%
2 pMDI8-T Vector A5

134 AYELFHINARZGEA AL i
Chromas K I 7 25 3 rp i 800K 7 91 Bk, LA
DNAMAN 6.0 #{9¥s 5e b i B b4, 15 8] fe
MHC Il a #:H 4K ¥, it NCBI £ 8 2 31714 He
581 . FIH ExPASy translate 78 2% T E 10 g 5 1) =
), FIH Protparam 7EZR A4 T 26 1 i FRAL
P, A SMART J% SignalP 5.0 %5 7528 4514 750 2
45K, 4 SWISS-MODEL 71 £k #5143 & 1
i SR LER . B MEGA-X 5k, SR FAABA A
(NI MR EILR R G LB, JF'E Bootstrap &
1000 %, RS EFRE.

1.35 #k% % PCR 1.3.2 & LAY cDNA ikt
S5HifE, BC1 pL FER SO 5 PCR Al , BEHE 3 4>
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# . GAPDH NS, WSIERHNGIPRHFE 1
1) GAPDH-F Hl GAPDH-R, %)% 51 Wl 1]
MHC I -F #1 MHC I -R. iz ] CFX96 %)t € f PCR
¥ (Bio-Rad)iF17%¢ . % & PCR: TB Green Premix Ex
Taq 1l (TaKaRa) 5 uL, L. FUE5I1#4% 0.4 uL, cDNA
FEHL 1 uL A& 3.2 pL ddH,0. AR : 95T 30s;
40 MEFRIK 95°C 155, 60°C 20 s, K CFX manager
3.1 (Bio-Rad)# 4 AL F1 4 BT 6 X 3Rk i 858, IR

SUR AR UE o Z50938(44~125), IGel 45kt (143~
214) K 5 A5 1(230~252) 4 D IIRELEIR (A 2).
ProtParam tool il MHC Il « & H 4> F X N
Ci345sH2081 363038585, 70T HM 29.75 kDa, LK
5.67, RFEFIEAKPE(GRAVY)H-0.220,

Marker

A GraphPad Prism 7 34 & .

2 HRESH

2.1 & MHC [a EE cDNA &K F 54 #

WL RACE HARY HIARAG T e MHC o 5
cDNA 2K JFF(E 1), @K~ 1296 bp (GenBank
o5 MT834970), HIFHL B HE, 807 bp, i

i 268 N2 FLHL , A SMART H 4 T £ 1 25+ 38, Bl 1 MHCIT a3:H 5/3'RACE HiJk
A MHC [l o IR 7 9565 5 k(1~37), 1284 Fig.l 5'/3'RACE product of MHC Il

1
1

CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGTAGRTGGGACACCCAGCCAGGTGCCGGGAGAGGAGATGGGCGCGGGACGGGGCGGCCCCC
MGTPSQVPGEEMGAGRGGEP

106  CCATGGCCCAGCTGGCCCTGCTCACCTTGCTGGCCCTGCCGGGCACCAGGGCAGTGAAAGTGGAGCACACGCACGTCCAGGCGGATTTCTACCTGCGCATGGAGC
20 P MAQULALTLTLLALPGTRAVYEKVESHTHVQADFJYLERME.
211 GGCCCCAGCATGAGTCGGGGCAGGTCATGTTCGAGTTCGACCAGGACGAGATCCTGCACGTGGACCTGGATGGGAAGGAGGCCGTCTGGCGCCTGCCCCAATTCA
55 R_P QHE S G6GQV MFEFDGQDEILHYVDLDGEKEAVWRLEPQEF_
316  CCAAGTTCGCCAGCTTCGAGGCACAGGGAGCCCTGGGTGCCATCGCGACAGACAAACACAACCTGGATAACCTGATCAAGAGATCCAACTACACACGGGCCCAGA
9 T K F A S FEAQGALGATIATDIKHNLDNILTIKRSNYTRAZQ Q_
421 ACGTGCCCCCGGAGGTGACCGTGTTCCCCGAGGACCCCGTGGAGCTGGGGGAGCCCAACGTCCTGATCTGCTTTGCCGACAAGTTCTCCCCACCCGCGCTCAGCG
125 NVPPEVTVFPEDPVELGETPNVYLTICFADEKFSPPALS
526  TGACGTGGCTGAGGAACGGGCAGGAGGTGGCCGAGGACGTCTACGAGACCGACTTCTACCCCCGCCCGGACCACGCCTTCCGCAAGTTCTCCTACCTGCCCTTCC
160 V.T WL RNGG QEVAEDVYJYETDFEVYPRPDHAFREKFSYLEPEF
631  TGCCCCGGGCCGGGGACGTCTACACCTGCCGGGTGCAGCACGTCAGCCTGCCCAGCCCCCTGGAAGTGCGCTGGGAGGCGCAGTCGGACTCGGCCAGGAGCAAGA
195 L P RAGDV YTCRVQHUVSLPSPLEVRTWYEAQSDSATRSEK
736 TGCTGACGGGCGTCGGGGGCTTCGTGCTGGGGCTGATCTTCCTGGTGCCCGGACTGGTCGTCTACCTGAGGAACAAGAAAGGGCGCCCTGTTCCCCAGCCCGCAG
20 ML T GV GGFUVLGLIFLVYVPGLVYVYLRNEKEKSGRPYPQEPA
841  GGCTCCTGAGCIAGACCCAGGCCTCCGACCCCTCCCAGCAGGAGCGTCCGACCGTCTGTCCCAGCACCGCGCCCAGCCTGGAGAACACAGAACCGGGACCCGTCT
265 G L L S *

946  CTTCCTGTCGCCATCTGCTCCCACCCTCCTTTGCCCCAGCTCTTCCCTCCTGGGACCCGTCCCTGCCCCCGTCCCAGCAAGCCCCTGATAGTGCCCTGTGCATCC
1051  GTTGCAGTGTGACCCCGCTCCCGGCCGCCTACCCGCCCAGCCACAGACAGTCCCCCGGCECCCEGCCGCCTACCCCTGTGATCCGCCCTCCCTGCGCCAGACGTC
1156 CCAGCCATGGACTGGAAGCAGCGCCCGACCCGCCCAGCGCCCTCGTATTTCCCCCCCCAGACAGCACCTGTGGCCAGCCCCATATCACCCCACTAAAGAGCTGTA
1261 CCCAGACAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

A IR BB 1 (ATC) M AL B 5 (TAG) I T e S 5 (5 S I T RIZebnzn s TR BURATEDUR o Z5H 38 HE T R 2o 5

The start codon (ATG) and the stop codon (TAG) are indicated in box; the signal peptide is underlined; MHC Il alpha domain is
indicated by dashed underline; IGel domain is indicated by wave line; Transmembrane region is indicated by dot underline

Bl 2 MHC o 515 cDNA 2K 751 Kofe S 1) 1R )7 51
Fig.2 Full-length cDNA and deduced amino acid sequences of MHC /[ a

IGel ST IR ebnon 5 B BEAS A SR 20 R 3 S
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22 HEE MHC o ZEHARRIME

1E NCBI Fi &8N (Homo sapiens, CAA25142.1)
AR (Pan  troglodytes, XP_003950844.1) . 74 s 57 14,
(Chrysemys picta bellii, XP_005315098.1), Pk
(Pseudonaja textilis, XP_026577346.1). $9%9R8(Strigops
habroptila, XP_030366648.1) . #%3%(Coturnix japonica,
XP 032297688.1), W) &i(Sander lucioperca, XP_
031149428.1) [ 41 & 75 J5 i (Takifugu rubripes, XP_
029695924.1)3 8 Ffr gl i & s 0 MHC Il o = SE1R
Fe31l, M MEGA-X B NI RGEERS, A
AR S VYR R TRl — o S (18] 3), SRECR R B

100 Chrysemys picta bellii
@ Pelodiscus sinensis
Strigops habroptila
Coturnix japonica
Pseudonaja textilis
——Homo sapiens
100 “—— Pan troglodytes

T Sander lucioperca

100 L Takifugu rubripes

0.1

Bl 3 MHC oW &RGRKER
Fig.3 Phylogenetic tree of MHC Il a

23 BEEMHCIaHMEAR=Z5H%EWM

i J] SWISS-MODEL 7EZ K A/F 1 MHC 1T o 1)
HEAR =R (K 4), SWISS-MODEL il 45 5 i
N, VCECAA AR 5 MHC I o S JEPR 791 — 8% N
60.67%, GMQE {H} 0.59, QMEAN f{H }-2.08, %
B MHC IT o F4 25 15 = G5 F4 T 25 S T 15 o

B

A MHC lTa mRNA TE {5 i A2 R [m) 41
ZUh AN Rk, AT AR B 22 7 45 R R,
MHC o mRNA FEHPARES R IEL . 0 AT B 80 3
KSR, B T LA i S E 4 41(P<0.05),
TEWLA LS Rk AR (] 5).

2.5 MHC Ifa mRNA BB RKi%

Ji e 1 S W K AR LT S, A3 b T AR A L B
7 B B HAIAEAS TR A] (6 h, 12h, 1d, 3d K& 54d)
) MHC llo. mRNA FAXTRIEAKF-(E 6)c MHC o
mRNA 7ET 3 BB AR p 2 e e 2 R ek,
K HEY MHC Too mRNA FIXFFRIKEIITE 1 d B .
EAENR . W B 3 AU LA X RIR Z5 b T IRER

24 MHC [Ta mRNA A41

IR, ZEM IR TE 12 h )2 3 d i 52 R IR,
TEHI IR AR 3 d If 2 TR, EERNREEE
12h NE FIEBEHRLI 3 dRHE FREEL,

Pl 4 MHC [[o 1) 3D 25 Fi
Fig.4 Predicted 3D structure of MHC / a
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Fig.5 Expression of MHC /[ a gene in different tissues

*. ] 22 7 1 2 (n=3, P<0.05)
*: Significant difference between groups (n=3, P<0.05)

MHC S:RTEEHES Y b2 e, HRZH
Tlal = geafhk b, B s 280, e hvie bt
e B R E R 8 2 H Pk AR RIL T WEA, MHC
W HE 8 MHC- T . MHC- TF MHC- T, #{H %
FER R AL, (BAEFRIRHGURA | S5 A . I
T B L 2 AL YA 2R (EL RS, 2012;
WA HESE, 2018; Lindqvist ef al, 2005), MHC- [J25HEH
Wit 4 MHC-D, X145k MHC-DR. MHC-DQ .
MHC-DP “F WX (JUHB5E, 2014), HAT, Ki=sh¥
MHC- IR RCE Rz, KRB ELES
e, PE1S 3| 5 M (Ctenopharyngodon idella) . Bt
O, ffi (Brachydanio rerio var). 7% ffi(Rachycentron
canadum) . ¥ W (Paralichthys olivaceus) . K Z& &
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542 &

(Scophthalmus maximus)=5 ) MHC- 125F: K cDNA 4=
K (van Erp et al, 1996; Hideki et al, 1992; ZFHii%:,
2010; Prapansak et al, 2004; Zhang et al, 2006), i
FHEEFOKT= Y MHC- THFE WD, Hpg
B MHC FED 505 4 AR A M R IE o A ST T
RACE AR MRS th s MHC o J:H cDNA 4
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Fig.6  Expression of MHC [/« mRNA in liver, spleen, intestine and kidney of P. sinensis after bacterial challenge

* BFZEF(P<0.05); **

s B M 22 R (P<0.01)

Significant difference between challenge group and control group was indicated with the asterisks (“*”P<0.05; “**”P<0.01)

MHC 558 RZGEAHVIRER, Hawih =i
THMEER L, Z55R28, 5K78% . K& X
FLA Wy iy 82 1% ZREPE L PO P B 2R 7 R A AR G
(Ruan et al, 2016; Johannes et al, 2013; Zhou et al,
2003; A%, 2002; Katarzyna et al, 2012; Lopucki
et al, 2016; Lindqvist et al, 2005), MHC- [[Z5FEH (140
14k BAT 22 FME(Liu et al, 2002), ARTFFE 56 E
PCR Z5 R IR, MHC [ o FE H TEAg e A2 5 sl 1)
8 MNEHLUh A RIE  fErh BRI IS , SCR I |
R . i B B MHC o mRNA A 355
PIRELE LR, B L d s, IR B8
JE . Bl K A S e IR G, R, AR

MHC llo N2 5 T PR,

ARG WA T A8 MHC o FEHE 2K,
FEXZIL R P 50 K 2548 | P s 1) 24 LR 7 5 I 254
FEET T, WEMHCREREM, FE TR
P a2 MHC- T IEH P, ik — SRR P AR
MHC Il o B G2 WAL R AL T S ARYE , A H)

TR i AR B AR BT R R R

2 % X M
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sequencing analysis of the effects of sanguinarine on Trionyx
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Cloning and Expression Analysis of MHC [l a cDNA in Pelodiscus sinensis

TONG Zhengfei', GE Lingrui'**", HU Yazhou'”, YANG Tao', TU Kaifa',
WANG Pei', ZHOU Xianwen', WANG Xiaoqing'*", XIONG Gang>®

(1. College of Animal Science and Technology, Hunan Agricultural University, Changsha, Hunan 410128, China;
2. Hunan Biological and Electromechanical Polytechnic, Changsha, Hunan 410127, China;
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Abstract To study the structure and function of MHC (major histocompatibility complex) in
Pelodiscus sinensis, we obtained the full-length ¢cDNA of MHC [/ a using RACE-PCR (rapid
amplification of cDNA ends PCR) technology. The resulting sequence was 1296 bp in length, including
an ORF (open reading frame) region of 807 bp. The peptide-encoded MHC [/ o gene could be divided into
four parts, including the signal peptide, MHCII alpha domain, IGcl domain, and transmembrane region.
A neighbor-joining tree showed that the MHC /o gene from P. sinensis and Chrysemys picta bellii cluster
into one cluster. The P. sinensis gene had a close genetic-relationship with C. picta bellii and a farther
genetic-relationship with mammals, aves, and fish. Using qRT-PCR in all 8 tissues, the highest expression
of the MHC [/a gene was observed in the spleen, heart, liver, and intestine, while the lowest level was
found in muscle. Meanwhile, MHC Ilo. mRNA expression levels were significantly up-regulated in the
liver and intestine (after 12 h), the spleen (on the 1st day), and the kidney (on 1st and Sth day) after being
infected with Aeromonas hydrophila. The liver, spleen, intestine, and kidney are closely related to
immunity, which indicates that this gene has important effects on the immune response.
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