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WZE: XA RACE J7 ik, w18 7 % A T % 50 8 K theromacin 2L F #) cDNA 2 77|, %R E
7~ ,1% cDNA J7 7| &K % 870 bp,5'35 4 # % X 104 bp,3'35 3 1% X 460 bp, I % [ 13 42 K K
306 bp, 3t % 25 101 NEA KR MM 2 FEHN11166.9u, HEEMNME T, ZEERDHE A
5 Z 1 W % theromacin 2 H A X B F A WM E&R&E, h 73%; 5 BT XA 7 E K
defensins ,mytilins . myticins f# mytimycins % 4 # % & AL & &% 1%, B T Macin £ % ( B % 5 .
KJ598604) , LrtK €& PCR p &R E 7, ZEEAE MR I S EE 8 F R A%
HAFHHREL,ENERTHRLERT  EHV UL PN RAERK, EE KA L HNES
SR AN KL ERINAE LA ES A S BAEF £ R, theromacin 3 B 7

REFALEHGRERNFREZER,

SR A LA theromacin % 3 4T 45405 cDNA &3 B 4 4 (RACE) 5 5 i 2

% & PCR
HMESES. Q785; S917.4

DU e /Do S 1k e 3 R 48, BRI A0 993 T 1Y
R T BRI RR R e o R R
BEMKEE TP K 7 P B4 R SR A R e I 1
K TER o PUR KVE N Ho i) — D EH B A N 1,
JTIZ AR T U 2 O B $ROE KR
RGN A . B 1980 4 & BUHE S E A —
PUHIK cecropins™ ™ F HHT A 1k, ATE & B
SYBSARTE 1200 ZREA PR E LML M
XF A MESI Y, ¢ T DUZEPT v IR B i 5 3a L A D
H T, DU 0 o Ik 0F 53 3¢k 32 100 19 02 R DL B0 TR
JkOTT A LB B R — R A DR B B B
F 2K, e H— 2 25 B RN TR 0 S ) T LA
SN 4 2. B % (defensins) P77 Mg I &
(mytilins) """ 7% D1k ( myticins ) "' R i D1 2
% (mytimycins) "7 B4 B KA A R R B9 AR
ARG, B o #h 58, #4980 T MR DU K 4K i &R

%5 B #9:2013-12-19 & B B #§:2014-03-14

XHERFRER A

g5, BT, R B — 2B Wk AR %
Macin,, 5 H A& 35 2 B 20 B8 19 5T IR ], 2
FEF b B A K JE i BE A0 it . B
R, B 48 % BLIY Macin K8 6L A 4 B, 2090

(7 m\ mytimacin[m p 2|

N hyramacin>
neuromacin' ' . Macin K % ) theromaicn 3£ K E
S )5 1E W 1% ( Theromyzon tessulatum )" | /K i%
( Hirudo medicinalis )" | = ff Wl ¥ ( Hyriopsis
cumingii) "> F1 14 ( Cyclina sinensis) ™' WG .
WA IG5 1 (Anodonta woodiana) J& 3 #8 2
( Lamellibranchia ), # H ( Unionoida ), #f #}
(Unionidae) , JG 15 1 J& ( Anodonta) , 52 3 [F &k 7K
KA T Z R e R RR S Yz — , HE
TE CABRE L, ZT AL, HEl, BN ETH
11 TG 15 I B i A OG5 TR 1 F 9 R B R D AR LS
MR B3R5 89 = WU theromacin F£X cDNA &

theromaicn

FENE - [H K A ARPHA G (31101939) 5 BT = P13 2001 H (13Z2128) 5 b i @ A M UIR 55 °F 5 3T H (ZF1206)
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54 HRAE A B K R PTRI K theromacin 2N cDNA 2331 si g S R iR 70 A 667

51 KA RACE 3, LA #f1 JG U5 B g F 58 4 6
ok T 8 A G I theromacin & ) cDNA 42 )7
G o X theromacin F PRI 45 46 FEAE T 20 55 1R )7 9] i
T30 H, W98 12 58 TRTE 5 1 G U7 Bef S [) 41 4 o
14 235 S g 7K S0 I TR I HE S R 3R Gk R AR, DL
HE— P PRI P K Macin G5 A8 ¥ £ JC 17 I fo
RGP RIERT, A T R IR K DL S R R 40
9 3 B 36 B8 FR Al

1 MRSk

1.1 SEI#r#y

SEE Y 3 W R 0 IR R B WL A T L
TR B HR A BR A A A T AR b, T 5 6T
(50 cm x30 cm x 35 cm) H 8 FF, /N BR i —
Jil o SR HTRBAIL 0 2 1 07 =X, 20 o 2 30 2H RN X B
SRR S ML TS 1 mL W2 3 x 107 CFU/
mL {48 7K AH R (K TR ) X BRATE S 1 mL
PBS, fERUL)5 2.4 .6.12 .24 48 72 h B 43 5| HL
SO B 5 Xof RO ) I L AR R R R

iy A A GHE AR R R R AF T -80 T
1.2 KBHE

H RS E RS RNA IR (R IR %
BB A G AP E B 41 100 mg 24 B T 1.5
mL JCHES 0 H L A T mL RNAiso™ Plus i 5]
(AW TR (KRE)FRAF), 25005 E 05
P& 5 T8 BEU0E 75 % RS I Uk, TS 0. 01%
DEPC( —. £, & fE ik [ Jig , diethylprocarbonate ) b B
i K A B RNAPY S 1. 2% 1 BB W 5 e
HL UK S8 S RNA R 58 B, I F 20 D66 B T H R
OD {8 , #4724l B 73 #r o

theromacin 3 B & ¥ cDNA ¢ ¥ 3 % & Ho
A7 ol o O 3K 8 = A
theromacin 3K cDNA 551", F] Primer Premier
5.0 ¥FIF 454 BLAST #)3 iit e s 51 9 H
Tl e B3 SR g 4 RN A O E A B
(R D) Hh EilEETAYWREARARAF
B o

x1 SBPEFASY

Tab.1 Primers used in this study

519 SIYFEI(5'-3") JHi&
primer name primer sequence usage
theromacin-F ATACTCTGGCAATCCTCT ) B B

theromacin-R ACTGACACTGCCAAGC fragment amplication
3'-RACE primer TACCGTCGTTCCACTAGTGATTT 3'-RACE il 514
3'-RACE GSP AGTGTCCCTTCACAAACGAG 3'-RACE 5|9
5'-RACE UPM CTAATACGACTCACTATAGGGC 5'-RACE i 514
5'-RACE GSP GTGTCCCTTCACAAACGAGGCTTGGCAG 5'-RACE 5|9

theromacin RT-F
theromacin RT-R
B-actin-F
B-actin-R

TGTCCATTCTTTTCGGCATCA
GCACTGCCAAGCCTCGTT
AAGAGCCGTGTTTCCATCCA
TCCCAGTTTGTTACAATTCCGT

TOLERTIY
primers for ¢ PCR
W23k K

housekeeping gene primers

3Ky 3l ] 3’-Full RACE Core Set Ver.
2.0 X 7 & (TaKaRa A H]) . PCR [ 7% 1 : 94
CHAVE 3 min, 94 C 30 5,55 C 30 5,72 C
1 min, 30 MG ;57 72 CHEAR 10 min, A FF
5P PCR 74, 5" K Ui 4 4% fff F§ BD SMART™
RACE cDNA Amplification Kit 5 Advantage® 2
PCR Enzyme System i 7] & ( BD Biosciences
Clontech /A7) » PCR W &5/ .94 C i A5 4 30
5:72 C 3 min,5 IG5 ;94 T 30 5,70 C 30 5,72
€ 3 min,5 fE ;94 C 30 5,68 C 30 5,72 C,3

min,30 MEH .

RACE 4" 14 7 1 25 1% 1Y 35 B W5 568 e vl vk 43
BRI, A TIANgel Midi Purification Kit( K A=
R BR 2 | ) il H i B PCR =4, 4lifl
J5 B RACE 72 ¥ 5 PGM-T # 4k ( RAR A LB
Ee) SUNEIDRCE s R e i i A L L D N
Hil E. coli DH5a, % LB E-AR (4 Amp ' .IPTG i
X-gal) ¥i ¢ 5 , i % 25 4 7 0474 A 7 Bk, By
AAT 0 B e R e b 335 AR WD HORAT R W)
1775 A&

http : / www. scxuebao. cn



668 Ko

EE ¢

38 &

A WAZ 8T AT it BLAST %45 44
% (http: // www. ncbi. nlm. nih. gov/BLAST) , 43
PrZ R Iy 51 & HE R Jy 3] 1Y AH Bl 4 5 12 Ji] ORF
Finder 72 /&% ( http: / www. ncbi. nlm. nih. gov/
projects/gorf/ ) #f & JT i [ i3 #E ( Open Reading
Frame , ORF) ; Jfj Protparam ( http: / www. expasy.
org/tools/protparam. html) F2 J3 il I 22 & i /7 41|
4 B2 %0 ; 1 Sigal P 3.0 server ( http: / www.
cbs. dtu. dk/service/SignalP ) i i {5 5 k; A
TMHMM ( http: / www. cbs. dtu. dk/services/
TMHMM/ ) 53 1 24, 3 2 5 % 45 #4 5 F] ProtScale
(http: / www. expasy. ch/tools/protscale. html) 4}
Mr @ B v 5 i i K X5 L &% F] MEGA 5.0 #4 #
NI R & BB R — R4S ] Jpred3
(http: / www. compbio. dundee. ac. uk/www-
jpred/advanced. html) #E47 i > ),

OB A 8RRk A | Al RNAiso™ Plus
) (TaKaRa, K 3% ) S UM AP R I E
7 By B RNA, 2 PrimeScript RT reagent Kit
With gDNA Eraser i3] & ( TaKaRa, Ki% ) 5 ¥4 5%
% cDNA, -20 CLRAF . R B-actin VR N 2 Hk
H(F 1), SEm2¢ 0% & & PCR R i SYBR
premix Ex Tag™ i %| £ ( TaKaRa, k & ) 7£ Bio-
Rad CFX-96 ( Bio-Rad, 35 [# ) s I %¢ 6 %€ & PCR
X E#EAT . PCR LR 25 wL SR & 46
Premix Ex Tag™ (2 x )12.5 pL. | . Fi#Eg1# (10
mol/L) % 0.5 pL.ddH,0 9.5 pL % #5; cDNA
2.0 pLo Hrp &R I B 05 B FAR R B N 2
FEH AT 4 ER . RV RRTF 95 C At
30 ;95 C 5 5,60 T 20 5,30 I~ 4E ¥ ;65 ~95 C
ARAFIE AR 2. XA MERR E B cDNA Al i
16 AN BE R B RS, 4B B2 DL 10 S B, T
FIVEEH MR SNSRI Rl 2. X RE
R E o A S 2745, R A SigmaPlot.
12. 0 ozl 558 &1, i F SPSS B {4 k47 B [
EVIE =Y

2 45

2.1 theromacin B & cDNA ¥ & 5 = 5| 4% 1F
i

P4 Oy 3 A e B A & S RNA
1. 2% 3 5 W 56 Je vi U ARG DN, 8 IS I AR A WL 5%, 1%
3 RIE MY 55T AT A M 0N IS RNA Y HF

A7 Nanodrop 2000C 4336 ¥ & i1l OD
{8 ,0D,s,/OD,o, N 1.97 , F WIHEHU A B RNA A LS
JHF RACE ¥,

RACE ¥ 375 2009 B i i BE & o el )y )5
F BLAST L[t %f 7 58 5 theromacin 3£ K ¢cDNA J§#
G, T P BT 51 5 ) Be 4G 7 51 P, B
1523 Tt 0 theromacin F:H ) 52 %% ¢cDNA J¥
SICE 1), 4K 870 bp, Horh 5" 3 4k B % X
(UTR) KK 104 bp, 3" %k #% X. (UTR) £ 460
bp. TP BEHER O 306 bp, 4 fith 101 % HEPR .
3'UTR [X & A7 S0 7 1) 22 BB AT 1. Jn 8 15 5 )% 971
AATAAA F PolyA &,
2.2 theromacin EEHKERF 5 5

M5 25 £f JC 15 I theromacin ¢cDNA 4 K i ]
BE101 AN, 0 73 Cugy Hiy N3 0, S 5
Sy FHEN 11 166.9 u, PGS 0y 8,77, KR
FEFRBCN 54,27, R UL AR A MR AR E .
JRa R (Thr) > e 2 W2 (Cys) Fil 22 2 2 (Ser) 11
EEBE, TN 12.9% 9.9% F18.9% ; K & IR
(Tyr) M&RR (Val) & AR, B 1.0%

AL T AR A IO Y theromacin J
& LR 75 (Aw) 5 = HWLIEE theromacin £ A
M2 HE IR ¥ 51 (He ) Ay theromacin 5 [H] 1) 24
275 (Ac) JKIE theromacin F R 1) 24 3 1R T 5]
(Hm) F1 )i 4% () theromacin J [F ) 24 55 1R )7 )
(TO) AT HEXT (B 2) , 455 & B Macin 52 % 5 B
FP 3 HA —Br i WSRC 41 5 1 R sF P 81, HE
T A -
2.3 TEARATIIKYE theromacin EE S EBF 5
R ER S FiHL S0

M TC I theromacin J& H 1) S 3 1R 7 51 [)
PSSR WoR , 5 = MWL He B AH L BE fie e >
73% ; 54 Ac K8 Hm FiJ7 08 Tt i AH BB 43
K 56% 38% F135% .

JH Clustal W %R -4 A< 52 5% Jir 15 19 20 2 B2 )7
) 55 Ay 9 AN TR B TR K 1 B R ) 8 i AT 2
HF A X, 455 MEGA 5.0 54 L) 45 51
LGBz (NT ) M R it (&1 3) JFE A
1 0007% i) H Jig ( Bootstrap ) 6 3 11 5% & 73 3 /) #
fE1H o S5 BIR A [F Py Fl AS 6] 28 7Y 14470 7 IRl
ST o5 AR HEAAR 0 AS TR] 43 3 : 9 G DL i DL K
(Myticins ) 1/ D1 2 ( Mytilins ) 28 7E — 2 5 K 2 |
40 TR IR R AE — s B HE S (N S/ B
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54 HRAE A B K R PTRI K theromacin 2N cDNA 2331 si g S R iR 70 A 669

R TE — e, ANSZE 5w B r 18 5 A NI SR 0E DL B K R AR TE — R, Hh ot eT DA HE D
theromacin ¥:[H 5 € & R W JLFF T EHES 9 = M FE A JE T Macin KIEFEFA
FA LI | 7 % 45 BT 8 K Macin 5% 3 FAH 58, 1 AS

ggtgtccatcaatcggcaacaagggaagegttaaacttttgttategagggttcgteaca 60
ttaggttcaaatatttcttcggaacttcagagaacaattgtaaa 104
ATGGCCTTAATCAAGACAATGTCCATTCTTTTCGGCATCACAATCCTTGCGATACTGACT 164
AL 7T KT ¥ S T I F ¢ I T I L A4 7T L 71 20
ATGACCCCATCAACTGAGGGAAATCCAATCACGGACTGCTGGAATACGTGGAGCCGTTGT 224
W 7 P S TFE GNP TITTDC CWNTWSRTC 40
ACAGGATGGAGTTCCGGGGCCACAGGAATACTCTGGCAATCCTGTGAAGACAGATGTAAA 284
T G6GWSSGATGTIULWQSCETDT RT CZK 60
TGCCAAGGTTATGCCACCGGTACCTGTAGGAAAGTTCCTTCGAAGTGTCCCTTCACAAAC 344
CcCQ GYATSGTT CRI KVPSKT CPTFTN 80
GAGGCTTGGCAGTGCCAATGTTCTGGAACACGTTCTGGACGAAGACCAATTTGGTGCGGT 404
EAWQCQCSGTI RS GRIRPTIWCSG 100

TTCTAA 410
Fox* 101

cgggcttaaaatggaatgtgcacattttgettctatgttcgagaaggacagaatgtattt 470
ctttgaatatgaacaacgacactacatatgaagtgaaaaatgtcaaatgtttaaaaaatg 530
ttggtctgagagagattaacattatgatccaataacctgaaagagactcagtaatacata 590
ttgttatttatacgatgttttgctgecagcaaaaatgaaggaatatcgacaactttggtat 650
tttcctgataacggttaaatgaaagaaatgaagctaacatttttatttctgacgtatttt 710
tcatgtttcaagttatcatttagcaacttttatattaattadaataaahtatcaacaget 770
tggctttacatttaaagaaccttcatgttttgtacacaaaataaatatgagtatatatca 830
cagcacaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 870

1 EREEY theromacin B E#) cDNA F 51 K Ul 0 K E B FF 51
INE R ER ST, A G X 8, RS R AR i B X A, b R T R S, X T IRy e B B R R R A5 AR ATG 3
ARG ERS T« FoRAARE T AN RHA R IR R TR KU1 5K 51 HELR A aataaa” 22 T RN AR 5
Fig.1 theromacin gene cDNA sequence in mussel and predicted amino acid sequence
Sequences of 3’,5 untranslated regions are shown as lowercases; Coding region is shown as uppercases, where the upper sequence indicates
the nucleotides and the lower shows the amino acids;Italics ATG is used to indicate the initiation codon; Stop codon is marked with asterisk

( = ) ;Italics amino acids in box represents the signal peptide ; Putative polyadenylation signals( AATAAA) are boxed

Aw MALIKTMSILFGITILAILTMTPSTEGNPITDCWNIWSRGTGWSSGATGILWQSCEDRCK 60
Hc MALFKTVTVLSGFMILVAIIMIPSIEGNPITQEWETWSRESRWSSPATGILWQSCEDRCK 60
Ac -ACMDKKAANGG-———=-=-=-————— KEKGPLEAEWDEWSRETGWSSAGTGVLWKSCDDQCK 47
Ho e SFEIWSRESPSTASATGVLWRSCDSYCK 28
Tt MELKSGLSILLCFG-——-=-=-==-—-— ICIAVINAGCFEQWSRJSPSTSRGTGVLWRDCDSYCK 51
en wkkks 3: Akgkkws. Ak
Aw iEQGYATGTCRKVPSK—EPFT-—NEAWQCQCSGTRSGR——RPIWEQF 101
Hc —CLGYATGTCREVPSR—EPLT——DKAWQCQCSGTLSGP——KPENE—— 99
Ac —KLGKSGGECVLTPSTngFTRTDKAYQCQCKK —————————————— 78
Hm YEFKADRGECYDSPSLNEPHR—LPNNKQCRCINARTAKDNRNP?EWA 74
Tt VSFKADRGECFDSPSLNgPQR—LPNNKQCRCINARTAKDNRNP?EWA 97

* ok * % * % . Kk ek

2 EBERFTiEYS theromacin SRR F 53ttt
= KR LB e B SRR R 1T, IR PRAY I B AL R AR AL , - 7R (R 51 0 0 I BR AR . SRR AR A B AR IR, C Rn A ) iz B
142 It 24 R 5k 2 , HEZR A 7R Macin ZEE AR ST )7 51
Fig.2 theromacin amino acid sequence in A. woodiana compared with amino acid sequences of other species
— indicate the amino acid gaps which are necessary to align these sequences; * is used to indicate highly conserved amino acid residue; :
indicate conservative amino acid residue which was replaced;. represents simily amino acid; C indicate a cysteine; . residue which was at

the same position. The conserved sequence of Macin family is boxed

http : / www. scxuebao. cn



670 Ko7 R 38 5

99 AEC50045 Hyriopsis cumingii theromacin
49 { @ Anodonta woodiana theromacin
20 ACQ90304 Hyriopsis cumingii theromacin
56 ABE26989 Hydra magnipapillata hydramacin
87 ABF21076 Aplysia californica theromacin

ABW97519 Hirudo medicinalis neuromacin
93 47 { ABV56569 Hirudo medicinalis theromacin
100 AAR12065 Theromyzon tessulatum theromacin

ABF69125 Haliotis discus hannai defensin pre

ACQ76258 Crassostrea gigas defensin
99 AAU44785 Mytilus trossulus mytilin C pre

69 { ACF21701 Mytilus gal mytilinD pre

68 ———— ABU80394 Mytilus gal myticin B pre
100 CAMS56801 Mytilus gal myticin C pre

‘100|: ACK99494 Mytilus gal myticin C

— AAH20612 Homo sapiens Hepcidin
100L— AAH21587 Mus musculus Hepcidin

B3 AELBERAERESEBFIEEN NI Rt R
#i 5 {3 GenBank J¥ 515 ; Clustal W B} #E47 5 51 ) X (L HE ST, Mega 5. 0 B4 b ) NI B gt B, 35 5 B9 505 42 1 000 Wiy A
J# (Bootstrap ) % & {5 {8
Fig.3 NJ phylogenetic tree of different types of amino acid sequences of antimicrobial peptides

The sequence number comes from GenBank; sequence was aligned by software Clustal W, NJ law contribution was made by Mega 5.0, the

numbers on the node is repeated 1 000 times since the exhibition( bootstrap ) test confidence value

2.4 B RSN theromacin RNEHLARRIE ST

F) 22 ) 52 )6 % 5 PCR 23 81 T theromacin
BE A W AP E I B A A 6 S ZH A
F IR B0, % FE R AE LA B 6 A4l 20 v 5 ¢ 3k
(F4) HRIKEAEN R 2ZES  Hh bR
IR R IR TR UE B b S A HE I T B
theromacin 3 [F 3 B 78 76 5 o R G e 1E -
2.5 BHRITEHINEIS theromacin AEHA
BB R MR IE A

VE AR 2o g K B M B S, LW theromacin
Tkttt 2 h JFIFAG TR ,48 h B ik B fe 72 h
I FF 4 28 R B, BR2 hAM Yy 5 % B 4L B 2
SR, B 2 h /IR TS, R T B,
48 hilf ik 2w, 72 h i THRE , 5 X M4 A W]
WaRRAERS 2 h GG, B EE T
TW,48 h i ik B fe i, 72 h T 05 E R
FRE B 2 h R TR Ah , R S5 XA
Wi 22 s 8ib g 2 h FIFIG T, P EA BT T
W ,48 h Ik B R m, 72 h iR R R R T
o bR 2 h AP ST A A B 2R 7 2l
2 W5 F iR T 4 hik Bl ARG UG T 1% ,72 h
Bl TR, BR 72 h AR SR A B B 25

J i 2 h S IRAG TR, LA B, £ 72 h impik
B, SA ARV RIS (ES),

60
%
§ 50 1 N
o] ~T
s 0
W2
Kz 30 x
==
:E 5}
*L20r
=
210+
1 — —
Bl Li Ma Gi Fo In
HR
tissue

4 BRI EY theromacin EEAREARFIEER
BL I ; Li. JiIFAE; Ma. 4bERR; Gi. fifl; Fo. 7% 2; In. . LA
B-actin NS IR JEHEATIH — LA BT SR 19 R AH X E
SRR T BE = B, T RIR P <0.05
Fig.4 Expression of theromacin in different
tissues in A. woodiana

Bl. blood; Li. liver; Ma. mantle; Gi. gill; Fo. foot; In.
intestines. The relative expression of the gene transcript from
qRT-PCR analysis was calculated to the B-actin mRNA level.
Data are given as plus or minus the standard error of the means

(means + SE) , = P <0.05
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140
120
100
80 r
60 ol

40 r %
0} ]
O —t— 1 I I L I L p——

RN R IR
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2h 4h 6h 12h24 h48 h72 h pbs
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time
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250
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—_ —_

(=3 w
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relative expression level

L alas

0 2h 4h 6h 12h24h48h72 h pbs
I 18]
time
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%

L. ﬁﬂﬂ /]
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relative expression level
Y I
(=) (=)

2h 4h 6h 12h24h48h72h pbs
P ]
time

(e)

30 1
251 %
20
15
10 -
5t *

0 I_I ’_Y_l [

2h 4h 6h 12h24 h48 h72 h pbs

i DIEE

relative expression level

i)
time
(b)
600 1
*
S 500 | =
5
1% § 400
K2
E 300 ¢ *
TE .
55; 200 t . .
= 100 | H ﬂ ﬂ
—
0

2h 4h 6h 12h24h48h72h pbs
Bt 1]

time

(d)
70 1
60
50
40 r
30 f

*
20 + * H
oL = []
2h 4h 6h 12h24h48h72 h pbs
P 1)

time

U]

Ry
relative expression level

B 5 TRLiGHE theromacin EEFESEARAEEHANBENRIEIE

(a) L ;s (b) HFME; (o) ShERE; (d) 88 (e) F R (D,

© o T RON X BRI R T X AR A (P <0.05)

Fig.5 Relative expression of theromacin in various tissues after induction

(a)blood; (b)liver; (c)mantle; (d)gill; (e)foot; (f)intestine. Asterisks indicate that the relative expressions are significantly higher

than those of the corresponding control samples( P <0.05)

3 11e

W5 R RACE 5, N5 1 TG 14 i v 5 [
T Hi# Ik theromacin FEH /) cDNA 2551, A
ST RPN, K 18 Macin & 9 6 > 8 B theromaicn
M neuromacin ¥ 5 A 8 A 5F 19 2 bt 2 B2 5k
LU ARG LA T U B mytimacin BF5E H IR K
BLEA MR 8 MEST R E R R Rk .
IR HEM , Macin 58 1 & X 7T BE 24 B A A [A] 19 8
AORSF 02 e 2R Bk 2L, FT LUJE B 4 > i B, 1)

Jit, Cysl-Cys6 . Cys2-Cys5 ., Cys3-Cys7 , Cys4-Cys8
14 B S5 48], 1 245 A8 AT BB 5 9% S Bk TR Y ) e A
Ko ARSI RIGHE M TGN theromacin 3 K 1
GHEIR O FIFE 5 A 8 AN PRSF 1Y 2 I 2 IR Bk 2k
WAL I 55 AR PIA PR SF 21 e 2 IR Tk BE A A 7E L X
5= AWUEE i 05 R K A2 1 theromacin B2 — 3%,
VLW AT BB theromacin K& [H BT Jl A 1

i 28 X Macin 57 % JE R % 8 1 0 (] 9 1 2 —
LA A B, Macin 575 5 R ) R <7 P i ik, He A7
TH 1A 2 72 b A R = (8] A7 7E — BOM [a] 1Y
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38 &

WSRC J3 41, #EM 1% ¥ 51 7T 68 5 12 5 1 2 9 19 26
Wy hRE VI AR SR Y theromacin K
HWAE e BEF 51 . Wi, A 5o & & 2k ik
R P E IKT REE R IR LA 2 M,
o 1F Macin G0 4 % 16 B B IR R A g A ok 2 — F
P b R A T B BT K .

AW LE R IR | theromacin Fs R 7ET5 f T v
WER AU A ek, HA G A 22 T e
FOESNER PR R R R, SR KR
mytimacin-3"""' fBFSELE B — B X AT RELS DL
AT 2 PEAR G, DRy DL 7 8 £ RN I B A1 g
f14 2 B2 40 A5 K A 6 Ak 0 L Bai TN =
PRI (4 S04 B 5 A 2 P o IR TR, G v g A 4
Macin ZESEH ARG ™ 5o 050 R B, MK IR
F R S AR R TE 15 B A AL i AN i o 2k, O B R
AT p T LI A1 I A % R 40 el
Aese DA S M e e ) — B EE BB £, BT L
Macin Z % PR 7R SN IR 10 23k 1 e o

AT 5T 45 e B, AE W K A MR A 5 ), 5K
R4 theromacin 3 78 45 A 4 23w () A X 3R 58
HHEAE ML, S EAE R EEES. F
F4h 5,6 NHLFBIT LRGSR T
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Full-length ¢cDNA cloning and expression analysis of
theromacin gene in Anodonta woodiana

ZHANG Guoping' , WANG Guiling'* , GUO Shizhao, BAI Zhiyi', LI Jiale'*
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources,Ministry of Education ,Shanghai 201306, China;
2. Aquaculiure Division , E-Institute of Shanghai Universities ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract ; Anodonta woodiana belongs to the Unionidae that consists of freshwater bivalve mollusks and it is
the main freshwater mussel in China. Theromaicn is an antimicrobial peptide that is an important component
of the natural defenses of freshwater mussel. In this study, a theromacin gene from A. woodiana was
identified and characterized. The full-length cDNA sequence of theromacin gene of A. woodiana was cloned
by rapid amplification of cDNA ends(RACE). A 870 bp cDNA sequence contained a 306 bp open reading
frame ( ORF ) encoding 101 amino acids, a 104 bp 5’ untranslated region (5’ UTR), and a 460 bp 3’
untranslated region(3’ UTR). The molecular weight of this mature peptide was estimated to be 11 1 66.9 u.
Homology analysis indicated that amino acid sequence showed the highest similarity with theromacin in
Hyriopsis cumingii (73% ), and lower similarity with defensins, mytilins, myticins and mytimycins in
mussels. It belongs to the macin family. Real-time quantitative PCR showed that theromacin gene expressed
in a wide range of tissues including the mantle,blood, gill, foot,liver and intestine, with the highest level of
transcripts in mantle, followed by foot, while in other tissues it was lowly expressed. After being challenged
with Aeromonas hydrophila, the expression of theromacin gene was increased significantly in 6 tissues
compared with the control mussel. The results suggested that theromacin gene might play an important role in
the immune reaction of A. woodiana.

Key words: Anodonta woodiana ; theromacin gene; molecular characteristics; RACE ; real-time quantitative
PCR
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