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ALl MyDSS M oI R A AR RN RIXERHH
R, F OB, TR, FER

(1. WL R 2B W RL 2 e, WA S I B B S =, W7 B 310029
2. R 2SR 2 B LK 400716)

% Z . MyD88(Myeloid differentiation factor 88, MyD88 ) s % #t TLRs( Toll like receptor, TLRs)
e P EEE LS T, HERIE MyDSS( Myeloid differentiation factor 88, MyD88 )
TIR % #4934, ( Toll-like/IL-1 receptor domain) f& <F [X #% it & 55 5| 4, # 3+ PCR 4 3 , ik o b M
4 R HE cDNA #4734 H 351 bp B EARF 51, T J5 & 8 An 7 7l B oA, 3 8 B
Hr AR My MyD88 TIR 543, 1% )7 7] 5§ K # & 35 % 3 4 20 4y iy MyD88 #y TIR £ 453 7 7|
Bl IR e An AU 2 Ry 72.9% ~86% 1 T7.6% ~83.6% o LA K IE 5 K R B ML T R b 4R
KgAK OtEE PCR AN , & 48 h W, T J# Ao ' 41 R o MyD88 mRNA A8 &t % ik & 3 H H
B AR L G Ao, ok DA oF e B 0R B N PA ,  XE PR 4L Eh 6,89 3 5 A 4R JIE A A 4 A 48
%20 ng LPS #|# 5 1 ~8 h,MyD88 Xk EAfrikEm 24 h WRA EHRE. ZHAXERE AT

e AR B RN SR BT R

KR PE; M WE T 88; TIR £ AAKE; EAIEME; IR

hES%ES: Q785; S917

FIRAIZE N 2B HE B W R S ) B —
BB 2k, ML AR AR R G0 2 i f S IR 1 Az K
(pattern recognition receptors , PRRs ) i J5L A& AH 26
43 F 1 2 ( pathogen associated molecular patterns,
PAMPs) [R BIBR HLIA ) TSR S i i o Toll
A% (toll-like receptors, TLRs) /E S — 2% PRRs
FEXFAHIE B PAMPs P51 )5 , 43 TLRs f) TIR 25
FIEA G0 I 5 MR A& TIR S5t 4
KA FEE 5 55 S PO AT 5 |
BN A TR FGR

MyD88 J& TLRs (1) 3¢ 8 4% 3k 7 +, HLIR 1Y
MyD88 {7 55 TR 2 & TLRs 55 1% S i
Z—o MyD88 /3 T i1 C ¥ TIR ( Toll-like/IL-1
receptor ) Z5F4 I, B8] X AT N 3 46 T- 4544 35} ( Death
domain, DD)3 ANINAEXIRALR ' . SHLIASZ 1L
J& , TLRs Jfid v TIR Z5#430 5 MyD88 TIR £ 443
FHE.AE HIIE i TIR-MyD88 42 & 14, 42 & 1K | J
MyD88N i ) DD 48 % IRAKs ( IL-1 receptor

W3S H #3:2010- 04-08 &8 H #3:2010- 05-06

SMCERFRIREG: A

associated kinase , IRAK) , £ %% = IRAK4 JRAK2 A
IRAKI, IRAKSs HHZkH IR 16 I\ MyD88 | fif 5,
F5:8 TRAF6( Tumor necrosis factor receptor-assoc-
iated factor 6, TRAF6) 8% , TRAF6 j@ i N i RING
ZE#y 18, 5 Ubcl3 ( Ubiquitin-conjugating enzyme 13)
FiI UevlA ( Ubiquitylating factors ubiquitin-conjug-
ating enzyme E2 variant 1) & &4 5 %G TAKL
( Transforming growth factor-b-activated protein
kinase 1,TAKI1) , TAKI Bfi )5 38006 T R IKK (IkB
kinase ) 1 MAPK ( Mitogen-activated protein kinase )
i TG % 57 [ F NF-kB Al AP-1, 5132 4 1
AFRIREC o ST MyD88 £ K R frusis vh i1 &
BE, CHZ ML Y. &3 MK E Y
MyDB8 43 FARARGE R o SR, PR B )
A A A IR T 49 B ) 24O 1k i
MyD88 735450, A (Trionyx sinensis) VF 2
BRI A KA AT Sy, AMUTEAE ARk BF 5 o
BArEEf AL, m RGBS 25

TR : [/ R+ — T B AT (2009BADBIB09 —5) s A H i B KL W% B3t H (20082332Y03)
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i, BB IR B 1 Bk = Rt Rl —
Wyt AR B MyD88 su e 7 AT, I LA
IR W KRB B A T AR, ULEE MyDBs
mRNA 7EH ARG FE 2 5, KL LPS A1
SRR 55 0 R AT ZEAE A P MyDB8 mRNA 3
IRIRBOC R o AIPIOR A BT T A R AR
BT N B S HALAE

1 BPR Tk

1.1 MyD88 &5 FF 5=

2| 3% 3+ F= cDNA 4 &% I, % GenBank
HOAS TR P B MyD88 3k 5] T 41, F) Hl DNAStar
BAFcrt—xt i 9 514 (MyD88-dF , MyD88-dR )
(1), ] RNA $li $2 1177 & ( Tiangen ) 2 X 2
LPS(Sigma,L1.2630 ,E. coli 0111 :B4) %i]i% 24 h /
AR JIE B9 3 RNA 1 g, HIBEBL 51 9 A
SuperScript® IT Reverse Transcriptase ( Invitrogen )
HEAT BURE SR J cDNA

PCR B Ak & Ao Fc PCR [ BLARZR N -
cDNA #iR 3 pL,10 pmol/L | Ria|441 uL,
10 mmol/L dNTP Mixture 1 pL,2 x GC Buffer [
25 uL,TAKARA LA Tag® 1 pL, E5F /K=
50 wLo BOhj 25 :94 CHIZEH: 3 min;94 CAZ
30 5,56 CiBk 30 s,72 C4E{H 2 min, fHF 35
;72 CHEMH 10 min, 1% 35t B I v DK ARG
PCR =4y, ¥ H i B DNA K [ 55 &
(Axygen) [FIWCE FH T e REAIIN A
1.2 SYBR Green I %3t = PCR #ill MyD88
Rix

% k2% PCR 3| 4%+t R4 Genbank
|+ B-actin F:[H ¥ 1) ( Accession No. EU727174. 1)
FIE ve B I 1) op A2 B MyDB8 3k [A ) 3], H]

® software version 2. 0 ( Applied

Primer Express
Biosystems, USA) 4 1% 31 2 X514 ( B-actin-F,
B-actin-R Fil MyD88-F, MyD88-R) ( 3 1) Jf: Jii
BLAST ( http; // blast. ncbi. nlm. nih. gov/Blast.
cgi) FATHE RS SIE

%A ZF PCR 7 ik 5 % SYBR®
Premix Ex Tag™ %] & 5B im A 2 x Core buffer
10 WL FIHE J9 0.2 wmol/L (5|14 K 2 pL
AU cDNA, B F iQ™ 5 Multicolor %% Y6 1& H#
PCR {¥ (Bio-Rad, USA) F 174l S i & %
$:95 CHiZEE 1 min 5,95 C 10 5,61 T 10 s,

72 °C 15 s [ 40 AR, 72 T SLiH e e (s
B, 65 C #]95 C 4k 6 s Kl 1 1
AEER, RIS A cDNA [ BRI

&1 RCRIMKKEE PCR 3|
Tab.1 Primers for PCR and real-time PCR in this study

319 SIREI(5'3")
primers information sequence(5'-3")

MyD88-dF GTTTGTSCABGAGATGATC
MyD88-dR GCVAGNCKDDYCCARAACCA

B-actin-F AACTGGGATGACATGGAGAAGA
B-actin-R AACATGATCTGGGTCATCTT

MyD88-F CGAGAGCTGGAGCAAACGGAGTTCAAG
MyD88-R GCTGGCTAGTGATGGACCACACGCA

1.3 AERIEG*T MyD88 kKR

MREHRAEIOA TP TR B B
24 FKEE Sl 450 ~500 g fERR A (I B WL
FEAN AR A FR A )) BEPLAT R 2 4, B4 12 H
A5 0 d, % IR A H 5T 0.5 mL PBS( Gibico) ,
REGALE 4 90 T K% 30 min''" i 10° CFU/
mL FE7RK NI (AS 1. 927, 1 { o [5 371 {3l A
PR 0 ) 0.5 mL, f H RS Ul ] 57 T K
IRAE(30 £0.5) T 50 cm x50 cm x40 cm K%
Farh, AR,

HHES 1.2 4 F18 d, xf BRAL AT K4 40 )
AbFE 3 A rp AL B WS B I ML T AN i 4
21, 1% I RNA 2300 & 32 BOAR [R] 41 2LE RNA,
SR J5 F] F] Nano Drop 1000 ( Invitrogen ) ] i& &L
RNA [y &, — & & 19 5 RNA JEEHL 5| ) Al
Rever TraAce [z % 5% ( TOYOBO) % 5 H
cDNA, -20 C A,

R ERIE LPS ) B o A8 B I R 45 e 4 2
Mo KR AR O I AT HERE 40 i (CSSTHL, Iy
H O RIBE SRS SR ) D 2 D1 25 B WA %8 ) e
F 6 FLAR AL EEFh AN B Ry 4 x 10° N4,
524 35 3% 3£ [ 70% DMEM ( Gibico ) + 20% FBS
(Gibico) +10% H,O 8537 F 28.0 C 5% CO, 41 /iy
BRFeAt T, M A K & 85% il & LR, 8 2= 41 i
BiSR W, ] PBS ( Gibico) Bt 2 WKUa, A 31l &
0.10 ng/mL F1 100 ng/mL LPS ( Sigma, 14391,
E. coli 0111 :B4) 5535 5 (90% DMEM + 10% H,0)
2 mL, 55T 28.0 C 5% CO, 4y 32464 . B
WE3 AN, Higk 1.2.4.8 F124 h J5, IR
JfL, RNA filida7n] G4 5 RNA JE T S e o,
B cDNA T =20 CLRAFAR o
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1.4 HIEAEBINFEIT S if DNAStar 5. 0 #¢f: 1(#) Clustal W MegAlign 43

mRNA I3} % 35 B AR Livak 25 g7 1
PR A RS I S0 i a Ol s
MyD88 mRNA ik %5 B-actin X 1F,2 "1t
BEE R IPAE AN Ct = (Ctyyum —

Ctygpram ) — X IRAL(Cygaem — Clygpraem) o

2 4k

2.1 R4 MyD88 B4y Fr 5l 5e bE K E B IR M AN
TEE S AR

PCR "1 1} 351 bp K H IR RS
MR R T 5 WK 1, 8 E BT 5] 4 SMART
(http; // smart. embl-heidelberg. de/) 43, 1% 5 11
i EA TIR 45455 (& 2) ,E {4 5.00 x10™°, j#

Br, 345 1 Hh A2 ¥ 7 51 5 38 ( Gallus gallus ) (NM
001030962. 1), 9F W JI\ 4% ( Xenopus laevis) ( NM
001016837.2) , A\ (Homo sapiens) (NM 002468.4) ,
K (Rattus norvegicus) (NM 198130. 1) , 5 ( Sus
scrofa) ( AB 292176. 1), 2~ ( Bos taurus ) ( BC
102851. 1) , B I £ ( Danio rerio) (NM 212814. 2)
FIK 3 1. ( Pseudosciaena crocea) ( EU 978950. 1)
MyD88 TIR £ 4] faf — FCPE FIAR L 73 By R W (3R
2) , 508 AEPIE A8 KRB R B aFR
WA AT 9 — 853 R 86% \76% [16% |
75.4% \75. 4% 74.9% .75. 7% KN 72. 9% ; @ HFR
FEFIE I 405 83. 6% 81. 0% 82.8% 81% .
83.6% .80.2% 76.7% 1 77.6% (K 3) .

TTTGTGCAGGAGATGATCCGAGAGCTGGAGCAAACGGAGTTCAAGCTGAAGCTGTGTETE &0

F % G E M | R E L E G T E F K L K. L C V¥
ITTTGATCGGGATGTCCTGCCAGGGTCATGCGTGTGGTCCATCACTAGCCAGCTCATAGAG

F o IR D ¥ L P & s € ¥ W S 1 T 5 @G L 1 E
ARG TG TAGGAAGATGG TG T TG T TAT T TCAGATGATTATC TEGGAAAGCAATGCATGT

K R C R K M ¥V V¥V ¥ | 58 D DY L E S8 N A C
GAT I T CAGAC CAAATT TG TC T TAGCC T TTCCCCAGGTGC TCGCCAGAAACGGCTGATT
0 F @ T K F A L % L &8 P G A R Q@ K R L 1
CCGEETCAAGTACGARACCATGAAGAATGCATTTCCAAGCATTTTGAGGTTCATTACAGTC
P Y K % E T M K W A F P § I L R F I T
TeCGAC TACAC TAATCCC TG CACCAAAAAATGGTTTTGFACCAGCCTCGC
cC D ¥ T H P C T K K W T i L A

Bl 1 ssels MyDSS cDNA 5% 51 5 5k SO SR 5 (FHEH TIR SHSRFER )

Fig.1 Partial nucleotide sequence and deduced amino acid sequence of MyD88 cDNA of

120

180
240

300

Chinese soft-shelled turtles ( Box indicates the conservative motif in TIR domain)

2.2
MyD88 ik % RHIF M

MREERKSEREYREEAASD

B2 WEgaETEE
2t W5k 8 3k http ; // smart. embl-heidelberg. de.,
Fig. 2. Domain within the query sequence of residues
by the website of http: // smart. embl-heidelberg. de.

22 AR CK I W KRN T e b AR
MyD88 mRNA fEAs [l ] A [F 4L O B L A
/N AR FR K W 4o Rl 24 s
HIEFIFAE F MyD88 e st K F- B HH BRI S 3 &,
XHHEALAY3. 14 FI3. 1945 548 h ), W I 1y

&2 MyD88 TIR Z£MiFZHERFI( L=A)MESEER(T=ZRA)ERESTE

Tab.2 Percentage divergence of nucleotide ( above diagonal) and deduced amino acid

sequence ( below diagonal ) of MyD88 TIR domain %
1 2 3 4 5 6 7 8 9

86 76 76 75.4 75.4 74.9 75.7 72.9 1 H14E 8% Trionyx sinens
83.6 72.6 75.4 74 74.9 74.3 75.7 74.3 2 ¥ Gallus gallus
81 77.6 73.4  73.1 72.9 72.9 74.9 72.9 3 LV TIE Xenopus laevis
82.8 78.4 78.4 87.7 93.4 91.1 72 72.6 4 N\ Homo sapiens
81 77.6 77.6 95.7 87.4 86.3 72 72 5 K Rattus norvegicus
83.6 79.3 79.3 98.3 94 92.6 75.1 75.4 6 ¥ Sus scrofa
80.2 75.9 76.7 95.7 91.4 94.8 74.9 75.4 7 4= Bos taurus
76.7 73.3 75.9 77.6 77.6 79.3 78.4 79.1 8 PE 4 Danio rerio
77.6 74.1 77.6 75.9 76.7 77.6 77.6 85.3 9 K th Pseudosciaena crocea
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MyD88 X Feih Bl |- T, X IR 5. 06 4%, s B AT IR B9 2 B 0 S BT B Y R R
JAUIE b s B RREE T X BRAERY 6,89 A, 1 iR/ N h MyD88 mRNA A X 2ik A8k
JIPERY ki S B PR S SO X IR 1,45 KB

Tricwmvy sinens

[iya1]
Crallus pallus 676
Xenopis laevis i3l
Hewror seapriens 704
Ruttiis morvegicus 0h7
Sux serofa 658
B Ronnrnes o7
Dnie rerio 63l
Prewdoscicena crovea &30
Triotyvy sineins H20
Crallus paliuy H26
Xenopuis faevis a1
Herer saprieny B
Ruartis morvegicus 817
Nux scrofa Hit
Bivs feuriis 817
Ditnier rerin 781
Prewdoscicgena crovea T
Tricmvx sinens a7
Crrllus goifis 877
Xenopus laevis A3
Hiwno Sapuiony W7
l'f““” ¥ IMERVERTCMA Hixd
Sux serofa B39
Bers fawrrnes BO3
Dhirniier revio Hi2
Paewdosciorn crove H4l

3 HiEzh¥ MyD88 TIR Z54935 iR 14 L2
FHEFIR 5 AR — B 5
Fig.3 Multiple alignment of MyD88 TIR domain amino acid sequences of different vertebrate species

Shade with solid black residues that match Trionyx sinensis exactly

9 " AR O IE AT HERE A ZE 20 ng LPS il 24 h

2 = al —b— T kidney
:. :-:I s —s— Rl spleen J& ,MyD88 FTEEE1.24HM8hy4.52.8.49,
=2 5 —o—[HFBE liver 19.4 Fi112. 54 4%, 4 kb 200 ng LPS #li 4 h 55
= 5. —=— /x ]l intestine
2 e 345.34% |
U 4l
:f;—_i g 100 T Oin O2n
Z v | 53 . Eih  EHih
a z = Mognb
E = L = L - L — & = B2
R 18 % 192 52 .
L 60|
el /1 EE ™
time after injecting il
é :5 L0 F
4 RIGEEKSERMEXPEEHLR MyD88 mRNA £ %
= w 21
FIEWEM (n =3,X +SEM) Z 2 ’oﬁh&i
Fig.4 Relative expression levels of MyD88 mRNA in e a — —~!
2010
different tissue of Chinese soft-shelled turtles against LPSHI i 7 ng
heat-inactivated Aeromonas hydrophila , amount of LPS

as determined by real-time PCR @ 5 LPS XTJ. EP 1'42 glﬁ\ﬂﬁﬁﬁ§$éﬁﬁéﬂiﬂ@, MyD88 mRNA

2.3 LPS Xt &R A 4 R0 R MyDSS 3 FALMFI BB R BRI T (n =3,X +SM)
SEAT Fig.5 Time-and dose-response of LPS to stimulate
5 & 57 LPS 5( j‘ A 5 0 T 2T 4 A 4T MyD88 mRNA expression in heart fibroblast cell of
/ \J V1IN

the soft-shell turtle,as determined by real-time PCR
MyDB3 mRNA K3 14 1] 5 R0 A1 [A) S50 56 2%
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3 Wik

it MyD88 BEFR iR )/ N USRI AR R 2%
B, BT TLR3, K4 TLRs {5246 5155 MyD88
A B, 2SI a2 SR HE
I MyD88 7 C 4 ] (24 R ICT T3 )
i) MyD88 /3 H1fief DL AiiE . AN sop i) A s
MyD88 # 4 cDNA J 514 BLAST #1 SMART 43
¥, MyD88 43 F ) TIR 4% ¥4, 24& Clustal W
MegAlign [ #5, 5 3% 1) 7 51 B A 85 1) — Btk
(86% ) FIMILLYE (83. 6% ) , Matsuda %3 3 1,
ARG B B G 5 AR 6 SR YL
ILF—30, B R m PR SE v, i sl 4 B 3t
A RS YR T 210MYA (1) BUFL IV 49 14 490 g T 4 AHL
56, e B P ARG R B T Ok, X
ARSI AN A Al 25 R AR — 3k, 250
R, BRAG 1Y ¥ 51 i A7 7E RDVLPG #l FW JE ¥,
SR, X P JE P AR L3 TIR Z5ta b £t
SPILY, JUHZ RDVLPG 357 i Lys I Arg 5%
FLIE R BB-loop X, X%} F TIR-TIR HAEA %5 B %
FIVER o RS R, SR 51 o e
MyD88 53 cDNA J¥51], 0] Gg A7 7E 5 HAth 2l 4 41
LIEhRE.

T EIA S , MyD88 1L i B 2H 2 h 2%
i (H B AT IESE, MyD88 1] 18 16 L3 ) 1
B HEA L K A R H AR B KA —
ERES Y mMES R —EER"
XATRESE R MyD88 AN 5 £ 4~ TLRs IL-1 5%
TRH IL-18 2 M5 55 34 5, T HAlL 55 TFN-y
LN RN T SN N 1 T e ok o e 3 i)
FAY R 7K AP TR R T i A A R 3 ) o e v A
s, UEE MyD88 7R L L B /N 1) 5% 5K F- o
FIBUG 24 h, rh AL B [ AT H MyD88 1§ 5k
TRV S B L I 4 2 MyD88 138
HTERIUG 48 h BGEIEAE, 7351 b 24 h g T
2.19 f119. 72 £, Yao %" H K 3§ (9 Vibrio
parah-aemolyticus | ¥ K B¢ 1 J5, WLIE o
MyD88 [/) K 7E 48 h 3K B WEAH () 45 R HA —
. [d #%, Skjaeveland %'*) i SAV3 ( Salmon
alphavirus sub-type 3 ) #ill 0 P - fi: #1163, AL JIE
o MyD88 153 | #4733k HAESS 7 REFHRIA
i o PIEE AR K R e, & A K
2 GRS ) e e 40, sk L 40 i B

W 2N R AR SR A, TRk, S AMIR A LA AR
AP 33 26 4 i 0 3 1) B 80 I 5 | 2 AH I 1Y
B SIS AEL R T 0GR 1 A [ F0 9 o ) 22 5 55
PUZR , SR AN LI TR AR D928 O 14 IR ] 14 £
PE FATREWAFTE M 25 57

LPS 2 G~ A 4 M BE 1) 2, 07 -
PiJ (O-antigen) ZWEFIIET A(Lipid A) =&k
PR, HeH Y Lipid A J2 B0k KR o5 o 1) 32
. 24 LPS g LBP (LPS binding protein,
LBP) i . 456G Fiz)5, 5 CD14 \ TLR4 Fl MD-
2 ( Myeloid differentiation protein-2, MD-2 ) J& i}
LPS & & ¥))5 55 MyD88 73 -3 ii% ML 1) 48 14
JREEY o BEFE R R R R LPS f) s fe
AL, N2 i IR BRI O 55 5 S5 8 HESh )
X LPS J 5 fak i o e 51K S A 2l 4 22 30
H— R RS2 2 . LPS A d o) , 76 5 R 40
M o B FE — A 1 ~1 000 ng/mL* A
ZH1,20 ng LPS 7] 5 v A 00 I 780 £ 4E A 20 i
24 h J5, AT AT RIS TLR4 (1) MyD88 4K ffi {55
IR

W E ke 1 A2 MyD88 431~ 1Y &
FE, I LAt oy 5Ll , R 1 AR A ) 254 i 3R
KFES . RN — Tt e MyD88 JFE[H ik (4
FIZHRE T3 A LA K Hh AR B S e L S AH DG 58 S At
THEREGORL

SE -
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Cloning of MyD38 partial cDNA sequence of Chinese soft-shelled turtle
( Trionyx sinensis ) and its expression in different tissues

ZHU Bing-lin', LI Jun®, FANG Wei-huan', LI Xiao-liang' "
(1. Zhejiang Province Key Lab of Preventive Veterinary Medicine ,College of Animal Sciences ,
Zhejiang University , Hangzhou 310029, China
2. College of Animal Science and Technology ,Southwest University ,Chongging 400716 ,China)

Abstract: Myeloid differentiation factor 88 (MyD88 ) , which is considered as a pivot adaptor molecule for
signal transduction of all toll-like receptors( TLRs) except TLR3 ,possesses important function. In this study,
degenerate primer pairs were designed from the conserved regions of the Toll-like/IL-1 receptor ( TIR)
domain of myeloid differentiation factor 88 (MyD88). A 351-bp length target sequence was amplified by
PCR successfully from the spleen cDNA of Chinese soft-shelled turtle (CSST) , and is found as the TIR
domain of CSST MyD88 as shown by sequence alignment and domain search. Its identity is 72.9% —86%
and 77.6% —83. 6% respectively at the nucleotide and amino acid levels as compared with the MyD88 TIR
domains of other vertebrates(e. g. yellow croca[ Pseudosciaena crocea | ,chicken). Real-time PCR revealed
that mRNA expression of CCST MyD88 in the liver,spleen and kidney increased to varying extent within 48
hours after intramuscular stimulation of CSST by heat-inactivated Aermoans hydrophila. In particular , MyD83
expression in the spleen was 6. 89 fold higher than that from unstimulated control. When the heart fibroblast
cell line of CSST was stimulated by 20 ng LPS, as stimulator , MyD88 expression increased slightly from hour
1 to 8,but significantly at hour 24. This study has laid good foundation for further study on innate immunity
of CTTS.
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