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B R ERRingRE3)Z ZiEIZEE MARCHS AR [F 7
Rz A TRHRIES

KAR, #HEE, KO, o oW, IFFT

(1 8RR K 220, AR AR KA e SR B R S0 %, il ] 3610215

2. Fp R RE AT TT B AT W TR, R AR BT A S A O R AR G, TR TN 510300)
ME: NIRRT AE EMARCHSAW %2 fEF , £ R A R # FKPCRA A T iZ 4 H #y cDNA
FFFl. ZJFFl2K1045bp, A4 1K F % 867 bpthy JF ik A A2, 4 #2881 A AL B
Floa#r B %% B4 1 MRINGvRHAN B R M. #hm o kA RFaEFLILD
MARCHZ ik & G (5 ML st MA ), [E&XFA L NMT A, MARCHSA ) & X 45 &
B, HEagHEMMRM =45 EMARCHSBEF & — R W £ 7. K HEE EPCROMTE
T, MARCHSAEEREEM SN AR P A RE, RO P XL ERE, H
KA, MAEFEMEZ Y REERD . ABRERERAESE, MARCHSA%L
EkEEMRERELE LH, F2RAMNBAMNIOSE, FHTH. w8E. BEMKET
W H R A B R T, EH TR, %R KA K #E & MARCHSAZ HU R # IR A% & % %

mEREFTRAEEZEA-
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Sy, 5L 3h YA b LS R P e 9% 2 #) K
. pH. DGR WA 2R R
Ml o PR, 2 K B e A A 2R RN BT SR g R
YER i E#2 Membrane-associated RING-CH
(MARCH) J£—25RING BIE37Z ZiE /. H A,
XTI LS F 58 & B, MARCHZE H i 114 5 7t
. XREARNEFEN AN, HF
Sk H S A5G, WIMARCHIFIMARCHS
A FJHMHCII, CD86, TfR, HLA-DM #l Fasf¥
#ik, MMARCH4MMARCHOA Fi#MHCI,
A2.1 FICD4R KR, FEfa2s, {URebl5 4 il
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1H EEA YR MRAKRIE, BT KA
PR, PREE T e F 28 N 5 JRUIN 38 32 B FR
il PR, A A R HE R A R
B2 B R R AT RGN TE, LI B —Fh )
SR AT B RBE BT IR T I

1 MEHSIE

1.1 SEIe#w
Lt K, F YRR R

(130+15) g, W A8 TR TR IX, 2F A HUR
P AE TR — AR T, BT, HE
TT e A6 R B 2h 52 56, i S 50 0 G ffl 8 e A% 1R
R A A 3 2 A HURR S

B IeAZ R K H CRG B AT AR R
AT, SR A R A0 K U8 Tt S AR RS BE i
AR, AR, WEE25~26 °C, HEFR2.5
d, Wb,

A ik KIBFFE DHSo fl pMDI19-T
IR B K& TaKaRa 2\ A,

1.2 R R RERFERIRE

X TR R RS, SCHET, KI5
10 d, MRS LR, SIS R R H fa, R4
BRAME . ONE . 8. FFRE . MOAE . E AT
KL H L miE ., Rk, LR R e, 124>
ML, FHARNAGRY I, -80 °CHEAT .

Xof U A R YL S, K R ) R SR
XTI, R0 ., LImdl, FMmik2h N
F1%) SR R B A R Ty o R g R R A, SRR R
25 0004y HU/EENY H I R A L 4y B £
WG, WO SRR BTV, A8 9% 5E IS B
B, 3 AR YR, SRR M,

TG AR, IR Y3 AR R B R
o XF MR B AN R YL AF A A, BT Ab S S
A . P AR OB, SC AR B A
BREY 56 h, 12h, 1d, 2d. 3df5d, 3t
6/ [] A5, 430 SR A KB £ i R L B L R RN
KB, A R S R A

S RNAREUFcDNAA B

W ZH ZURE % BR Trizolial R & AR, T )i
A TRNAROHEE . BIRNAHDNase I (Promega,
JE50) 37 °C, 30 minZBRAEFIDNA, B e
JE HL Uk K I RNA Y 52 B ¥, JF FH Nandodrop
2000347 20 B2 73 B R B2 72 o KA cDNASH —
B 1) A B PrimeScript Reverse Transcriptase
(TaKaRa, Ki%) i 5%3k75 .

14 MARCH5AEE R cDNAF 5N

FRYEAS S0 % O KB 2 A 8L % St
B EDFHEMARCHS AFEINIcDNAF S, FH48
P PF 12 19 cDNAJF F 5 1T 5 I MARCHSAF/R (&
DY ¥ MARCHSA., PCRJZ N 251495 °C 5 min;
95°C30s, 57°C45s, 72°C 1 min, 30 MG ;
72 °C 7 min., PCR =¥ H 1% 430 BE i HL Uk
AR, [ BB, Jf e EpMDI19-T
#ZAk, B i InvitrogenZs 7 o

1.5 MARCHSAMEMEBFE D

I FHINCBIF Y BLAST T EL (http://www.ncbi.nl
m.nih.gov/)#EFTMARCHSA 43 L1 4 [7) I8 % 51) 1t
XF o HoEFMARCHSAR) cDNA Map®] K i £ 4> 3
B, W& T KERE N/NT750 000 .
R4 MARCHSA cDNA J B i) e 1 25 o o
53 BT MARCHS AW JE PR 41 45 ¥4 F1 7T 28 85 U] 15 91 .
R Map#| £/ -blastZE R, EFE /NI E-values4h

1.3

x1 KAREAARSIFS
Tab.1 Primers used in this experiment
519 gl &
primer sequence ( 5-3') purpose
MARCHS5AF AGTTCTACTTTTCAGGCAGGTTT
cDNA identification
MARCHSAR AGCCGACTCTCTAACGGACACTT
MARCHS5AqQF GGTCGTGGGACATAAGAAGGGT
qRT-PCR
MARCHS5AqR AGCCTCACGATGTAATCCTCCC
B-actin-F TTATGAAGGCTATGCCCTGCC
qRT-PCR
B-actin-R TGAAGGAGTAGCCACGCTCTGT
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RIITMARCHS AR LRI ZH 25K FIT AZ BT 1) 741

BeAh, R Expertd H 73 H 2 42 (http://www.
expasy.org/) Wl & [ 43+ & M4F L 5, Signal
41T EE A {5 5 k. ProtParam (http://web.expa
sy.org/cgi-bin/protparam/protparam) XJ 25 [1 FJ 1k
PERHEAT 4081, FF45 G ProtScale (http://web.expasy.
org/cgi-bin/protscale/protscale.pl?1) 43 #r £ F Jii )
Bi K M. SWISS-MODEL(http://swissmodel.expasy.
org/interactive)7F £k Wl & H 454 . SMART 4.0
(http://www.smart.embl-heidelberg.de/) 53 #1 ¥ 1] 25
H RS 25 5. DIBE Y o SR HIClustalw
(http://www.ebi.ac.uk/clustalw/) FIMEGA 5.0
(http://www.megasoftware.net/mega5/mega.html) X}
AR B3 PRI L2 MARCHE
s S Bii =g b | R AP O S B o T
R G
1.6 qRT-PCR%#h

K H SuperReal PreMix Plus (TIANGEN, b 5%)ist
# &, f# FHABI 7500 Real-time Detection System/3
o VAU SRR cDNAH AR , i 2 51 9 i 3
R, JF AR BB R v B . LUILBh 2 1 (B-

actin) A WS KL, & EPCRAY S 1A & .
2xSuperReal PreMix Plus 10 uL, 1E& [ 54
MARCHS5AQF/R(10 pM) 40.6 uL, cDNAMi 6.8
uL, 50xROX Reference Dye 2.0 uL, JZh SAK R
20 L, BHMEMAEY ELSEM, FAREL
3% . qPCRIZ M 454 495 °C 1 min; 95°C 10s,
60°C20s, 40MEFR; 72°C32s, BimabsE. R
i 5 H PCRAF H 19 CofE 1 H 5 3 A A I B RQIE
(RQ=2*YIT1 0 ZpHr th L P B A X ik &,
mean=SE3K %75 . {# I SPSS16.048 i1 4k 8 %t B4
WATREAR B E T2 700, P<0.05 2R RE.

2 4

2.1 XEf MARCH5A HIcDNAK SIS #r

W R 0 B SR A B BRI S . A PCREFIA SR
31045 bp MARCHS5AY cDNAJT 1] (GenBank, No:
KT023068), {14581 bp 5'AEHIEIX, 97 bp 3'dk
B X 1867 bpH ik 4 2 HE (ORF)(El 1), ORF%i
2881 & KR, 11 RINGvVES 5§
(C4HC3,11~67 aa), 44~ B IX 45 #38(100~122,
137~159, 204~223, 233~250 aa)(/&12-a), Signal

B 1 XE&MARCHSA/BS E b ¥)FHMARCHS R E B 5 %Il b 3F
LMA. K#fiMARCHSA; LMB. K3 fiMARCHSB; DMA. BE % i MARCHS5A; DMB. Bt % i MARCH5B; HM. AN 2$MARCH5; {0 [X 15,

RS IR X IR, AR LU FE 1)

Fig. 1 Alignnment of the deduced amino acid sequences of L. crocea MARCHS with other orthologus

LMA. L.crocea MARCHSA; LMB. L.crocea MARCHS5B; DMA. D. rerio MARCHS5A; DMB. D. rerio MARCHS5B; HM. Homo species MARCHS; black

background. identical sequence; grey background. similar sequence

http://www.scxuebao.cn
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2 MARCH5A/BERAEEW DR
(a) SMART Tl FIMARCHSA/BRE (1 4 K18, J7HEARE 1/ RINGvES M 10 4/ 5 5 45 My 3 (TM); (b) LL 8 40 W7 K 3% 1. B 0 0 D A 2K
MARCHSS:F 450 . TTIERFSE T, HERENET T SPE T RN A T K 45 27 BUR 1 L7 RUF 7 AR 7

Fig. 2 Structure features of MARCHSA/B genes

(a) Schematic representation of LcMARCHS5A/B domains predicted by SMART programs; (b) Diagrammatic comparison of MARCHS gene from L.

crocea, D. rerio, H. sapiens; exons are represented by boxes, intron are represented by boxes; exon and intron lengths in base pairs are shown on the top

and bottom of each figure, respectively

4.1severs AT /8 HoB A {5 5 Bk . Expasy i il 3
EHS T4 4932.096 ku, %5 5 oh8.48, [FUR L
X R KB M MARCHSA S IR 2L HE 41 4
(Stegastes partitus)(FHLLE90%) . U1 5 (FH AL J3E
84%) . BE Dt (Danio rerio)(AHMLIE79%). A
(Homo sapiens)(F1LLFE 64%) I MARCHS [A] i P 55
o

2.2 KEfBMARCHSAREEEFY D

L 5 AR S8 aE KW a4 SE P AL B X
RIMMARCHSAT A W] AZ BT U145k, FEF A 2K
2160 bp, KK 4544 5 5 5 R0\ 2K BE TR 4544
KEHMFE, LiEeMsb R FMmsNmEF, JF+H
2. 3. 5HMEFKEEMARCHSA/BIE R 51 1 (K]
2). MARCHSARIRINGvES #8k i 26 24~ 71 2 F 4

http://www.scxuebao.cn

B, B 2R 3 B MR IX 43 3] fR R 4R A 5N A
iy, NS VR4 BE BRI 3 A3 . 4FNS. 64b
B F IS, X 5MARCHSB 445 5 X 43 1]
Xf AN [5) B A0 B g i R R W] Y . b, (AR
HREMIE, MARCHSAR) N K 8 3k 4k %
(< 1000 bp), MMARCHSBIIN & FHKE K ZWM K
(K # A MARCHSBII3AN N & T REH KT
1000 bp, AZEiA%|29 337 bp).

23 KEBEMARCHSAMERBEHMREM=4
D

2 ProtParam*¥f MARCHSA#EAT /0 A, HI & %
iR )7 3 oAl 1E H far B9 RS 2R (Arg) A A TR
(Lys)2E314~, 7 £ L faf 19 K 4 2 R (Asp) FT A &
MR (Glu)d274>, AFEFRECN49.75, HATEE



34 KR, 5. MR MRingB E3VZ R % He i MARCHS A [F 76 ) B % UL T Y 38 43 7 293

PEEH . 455G ProtScalesi A, 14 3| Hi /K {H (grand
average of hydropathicity , GRAVY)}-0.130, #&
MARCHSAZH K PER 1, (HEK P IFAS 5 (K 3-
a), X} HEMARCHSAFIMARCHSBEfb M, J5#&
M 1E FL a7 18 &R (Arg) R BR (Lys) 3314,
HEA7H faf B9 R & E R (Asp) FI 45 & R (Glu) 3t
234, ARCERECN3T7.86, NEEWEA. &
ProtScalesr#r, 15 # B /KME H0.153, #K
MARCHSBA B K P & 1, (B 85 /K 2 37 A ik (1A
3-b).

1 HH SWISS-MODELZ; il X MARCHS A/BiE 1 7
S YESER TN, 45 R R T3 A DO
ML (K 4), % HEMARCH5AFIMARCHS5BHE 1
ity RM_EHEESEW A -2 ESM, U
W~ HERe B A —E Mtk 5.

2.4 MARCHZREEBHLH 5

UL BT & B, MARCHZ % i 114
WS, EPMARCHI~11, &[22 a2 3 A
6] Y 2 443 A 'S, B F Ensemble FINCBHE R T
A MARCHZE G 1, &K ERMARCH105},
BE A HAR M MARCHFR 1% 8 1 (B15) o 1 K
A MARCHI~I A EH ., MRIHIL AT
ZPMARCHEEE WA, MmKH74
MARCHS, 24-MARCHS, Xn]REH T AEiifk
SRR kAR 4 TR 24 f518 (whole genome duplication,
WGD), SEfadF 2 myE, (Rt
MARCHZ % & 1 = B 72 0 3L 30 i h A 34
A ZKEAH I MARCHI0, T K8 kg H & M
I"'MMARCH10, Jf H 5W#FL 3 MARCH103# 1k
SEaANm, HAh 2 IF R A BIMARCH104E

3 MARCHS5A(a)FIMARCHSB(b)ZE H i 7k 14 75
Fig. 3 The hydrophobic prediction of MARCHSA (a) and MARCHSB(b) protein

E 4 MARCH5A(a)fIMARCHS5B(b)E H 4 FHI 55 [E] 4543
Fig. 4 The spatial structure of MARCHS5A (a) and MARCHSB (b) predicted by SWISS-MODEL
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E 5 MARCHREERRGZHAK S
] £ # 73 9 K # fAMARCHSA/B,  B152 0 73 AR EEMARCHZ 1 A A 1) B 1 AR I

Fig. 5 Phylogenetic analysis of MARCH family proteins from different species

Underline presentes MARCHSA/B of L. crocea, grey background indicates the different proteins of MARCH family

M. Itsh, kB2 MARCHS, MARCHSBS
WP . SRS L IE B i, B —
%, MMARCHSA S HAb KW A —, Mm%k
AR —FE A
2.5 KEf MARCHSALBLEFRIKIESHT

POCER G R IB N, MARCHSA] 124y 4 1
e B R W A A M . WO DE L B BT L OMRONE
B, k'E. B . k. LR AN R 1292120
i (E6), Hoh e .o lE b s E R e, H
YA SSRGS, T B R B ke ek et b
2.6 FHBEZERREXESIFS MARCHSA
RRIEDR

H T I MARCHS AJE 15 2 5 il 3 Bk H %
Pk SRR EMGRIEN S, SR N FqQRT-RCRAS:

http://www.scxuebao.cn

Y S R A R Y JE R B R B R L B2 R
AR . SkEF QA FEEAERE)ITW
MARCHSAZF K & A4k, LIS 8 e ol 33 B A
R A R s X B . 7E R Bk P (B 7-a)
MARCHS5ATE R BaAz BUS L W16 h % 2 dR Ik
HEELEHE, 28 X BEHaAN6.86, 1.25,
3.71F19.656% (P < 0.05), FfiJ5, 7EEYL)S MY 5
3K, MARCHSAZF k& B E T, Jyxi A m
15.13%, 455K, MARCHSAZ A RIRE 25
HAKN, LEEER(F7-b), MARCHS AR FEAE B Y
IRk LR a0 AR Ak, B S B2 R RIS
3SRFRERET M, RNESKWKE Z X 4K
- FERELE AN K 5 R (18] 7-c, d), MARCHSAZ K
LT I | R 1 N i O 191 S L
MARCHSATE BRI S 1 R RIRE T M, 56
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6 MARCHSTERBRABRGHNARALFHIRIENH
EREMERRIE, P<0.05; Bnfidi#; HtOfF; GLHE,
Le iFAE; Sn lfE; Ky.'BHE; HKK'S; Sh.B; Isfg; Sn ¥
ik Me LA Bd.IfiLiK

Fig. 6 Constitutive expression of MARCHS in healthy
L. crocea tissues determined by qRT-PCR

* indicated significant expression, P < 0.05; Bn. brain; Ht. heart; Gl. gill;
Lr. liver; Sn. spleen; Ky. kidney; HK. head-kidney; Sh. stomach; Is.

intestines; Sn. skin; Me. muscle; Bd. blood

2R EE BT, HBAUCH X R A 14065 . 7Ek
B, M6 hBEE3K, MARCHSAR I Fik & 2

I, HEESK, KikE T,
3 iR

FE KA LR ALR S o I AN W AH T ) aod
o H 322 R 51 3% 1K (pattern recognition
receptors, PRRS). PUHRIFEFHIE > FH(recognize
pathogen-associated molecular patterns, PAMPs)Hl
{5 TH A > TR E3iZ R el v] LA
W S5 Tl h P TR RS, WAl
U5 AR BRI, TR AL Y S K g o
A AL H, Ok B BT R
MARCHZ R 15 G RGN, &—HKE
T BE AR DG HE O RIS AE K B AR
Wik T 2K 5 A FIMARCHSAE 1, ZENA
IA~E37Z 3 % B2 W R A7 (I RING VAL 25 4 3R 44~ 15
JE DX 25 # 3% (1 1) . MARCHZ J & 1A 24
(MARCHI1-4, 8, 9, 11), 41 (MARCHS5)F1134>
(MARCHO6)#E i X, {HMARCH7HIMARCHI10J:

7 RHRZBRBRARENRS, MARCHSEEMRIED T
(@) ks (b) 8 (o) s () k'E: *R"REHE LT, #RREE TR, P<0.05
Fig.7 MARCHS expression of L. crocea infected by C. irritans detected by
real-time PCR at different time points after challenge

(a) skin; (b) gill; (c) spleen; (d) head-kidney; * and # indicate significant up-regulation and down-regulation, respectively, P < 0.05
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WA BBX, X FERXAOER, BRidie
lbo

HEAL B 23 A7 26 B K B A MARCHSB 5 i 3L
XK. BEMMSEER N —L(ES5), MMARCHSA
5N —, RIFWMARCHSA N 2545 H
o A T (81 3)Fn = 4 25 44 (K1 4) 53 #r
K HMARCHS5A 5 MARCHSBIs 7K 1 F1 25 14 45 #)
HETER R 22 5, EWIMARCHSATE D) fiE - Al fig
5 MARCHSBAETE—E W3l o esh, g4y
Hr (K1 5)Z BHMARCH1/8, MARCH2/3, MARCH7/10
MMARCH4/9/114 % — %, MARCHS5 A
MARCH 673 5] B4 5 gy — 3 o A SCHR 4l 18
MARCHI1/8 FIMARCH4/943 51| ¥ 45 41 il 2% 1fi
MCHITFIMCHIZE 73 F 19 3R i85, MARCH7/10F
WRINEHE, 258 FMEE™", MARCH2/3
L) &2 MARCH115 MARCH4/91% /5 Fl & 75 A A A
Frik— 258 S35k, AZEMARCH7A 34 AY
BB o — 3, T 2EMARCH10 H R Y 7E K B
iR R, H5 AKEMARCHIOZ LI
B, DL EAE SRR X e AT e B H AR A
IVER .

MARCHS]™1Z 3 A 78 T A6 0 11 feke J3e R 2 £ 11y
1242 2 (L 6), A 7 I v RO B 3R 5K
B, FLVR A ORGSR B R R kR 3R
R, XS5 MARCHSA T EFKIKTE M
EE\ BRI A—2, "TRES W, KE B

WAL S AN RIA S, K% 5 MARCHS Bl #:
ﬁz\ﬁqu@ U, RAECE R Rk IR
7, XYL BRI LA — e E S,
Ah, TFL B MARCHS B 357 L 400 . Ik
G211 N 2 R VN2 O A7 A R <<
W E NS O E S e AR, I LIS
CL 4 B R0 B 28 0k 40 ff 2 e g A B, A Uk
MARCHSH A 7] B 5 HLA S e 4G .

MARCHS5 X FREARAATZ K 1% 4R (mitochondrial
ubiquitin ligase, MITOL), ¥ 40 5 {7 T4 ki
T, 2R 2 — A B A M e (R S i 5 T
5, AXEKERHZ AL R IERERNS 50K %
f”““ A 97 3 WY R £ 7 o) IR R A R g
T, MARCHSATE Bk . 68 . JGE Ak B b 3R Gk
R B, FITRE, JUHAE KRR
Xif HEZH 1996565 (K 7)o X T il 54 B M A Rk gt
LA HE HAE 7 iR b (B e R e ik i 3 I
¥4, WNrdp1®¥, TLR21%%, IL-8, COX-2, C-

/]

/
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type lectinflitransferrin™’1, gL Ak, AL 64
MARCHSATE G B P H i 44 T 1 i 975 B (VHS V)&
PN, EECP RS RN Iy
MARCHS5%%5 & - 8 14 K631 72 ZILTANK, K i
bR T TANKXT TRAF6 R4l , M IE 1) 8 #25
TLR7{7 538 #3284 £ WIMARCHSATE K
B SR e N A A B R VE
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Expression analysis of fish-specific Ring type E3 ubiquitin ligase MARCHSA
gene with Cryptocaryon irritans induction
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Abstract: MARCHS, as an E3 ubiquitin ligase, is one of the important immune regulatory factors in mammals. To
investigate the immune function of MARCHS5A in large yellow croaker, Larimichthys crocea, the full-length cDNA
of MARCHS5A was identified in this study (named LcMARCHS5A). The full-length of MARCHSA cDNA is 1045 bp,
containing an ORF of 867 bp which encoded a 288 aa protein with one RINGv domain and four trans-membrane
domains. The analysis of phylogenic tree showed that there are 11 MARCH family proteins, same as those in
mammals. However, there are many isoforms of MARCH proteins in fishes, and MARCHS5A is fish-specific gene
copy, and there are some differences in physical and chemical parameters and spatial structure between
LcMARCHSA and LcMARCHSB. Tissues distribution showed that MARCHSA transcripts were broadly distributed
in all detected tissues, with high expression in blood and heart, moderate in gill and brain, low in kidney and skin
as indicated by qRCR analysis. After Cryptocaryon irritans challenge, the mRNA of MARCHS5A was significantly
up-regulated early in the skin and reached a peak with 9.65-fold to the control at day 2, then down-regulated
thereafter. In the gill, spleen and head-kidney, the expression also increased early, and later decreased. These
results showed that MARCHSA plays an important role in fish defense against C. irritans infection.
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