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Abstract: Thymosin B4 has antibacterial properties and inflammation inhibition function which can promote wound healing. This
study cloned the gene sequence of Pfthymosin /4 from Pinctada fucata. The total length of the gene was 261 bp, with 126 bp open

reading frame encoding 42 amino acids. Bioinformatics analysis reveals that the theoretical molecular weight of Pfthymosin 4 was
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4.78 ku, which had typical “THY” motif and thymosin beta family signature sequences. It was highly conserved and had more than

90% similarity to other species. The results of qPCR show that Pfihymosin 4 was expressed in all tissues with the highest expres-

sion in hemolymph, followed by foot and gills. Hemolymphs and wound tissues were collected after the mantle-transplantation. The

expression of Pfthymosin 4 in hemolymphs and wound tissues increased significantly and reached the maximum at 6" hour, which

might be the reason that it promotes hemolymphs to move to the wound to participate in the wound pre-repair. The expression level

of Pfthymosin p4, which elevated at metamorphosis stage, was detected at each developmental stage of P.fucata. Therefore, it is spec-

ulated that Pfthymosin p4 might be involved in metamorphosis of P.fucata.

Key words: Pinctada fucata; Pfthymosin p4; expression analysis; wound repair; developmental stage

Wi 22—k /Ny F 28K, H Goldstein 2
T 1966 FFENG M AP E ORI . RIEE R
SEHLA (P BUARTE], AT LAERR R i o By =
G, ARSIl PISS | 5<PI<7, PI>7"7,
HA iR B e — B & 40~44 SR H AR
PRSI Z AR, 245 BRI T 15Fh, JIZfE7E
THMES IR 2 hY, MiRE p b
R, BA— RS NhE A4 G rgsih sl (LK-
KTET), S5siEAL S5, ERNshEHGELLHR
R RAETE T AN BRIb =2 4h, g2 p4
AR M AR et kR
U e s R AR
BT e
AR A T A R R e AR A M
HRER p4 MW 9T E 2P TEE . BB . MR
BRI RAEE A T, TEKAEEY)
IS MR SR ZE TP . SCE i (Branchio-
stoma belcheri) W R """, B (Barchydanio
rerio) BN RLOME A 2 AR LA ER BE DL (Pi-
nctada fucata) IS o

B BRBE DL AR E [RBRBEDL, & T 3R 3h )
1. XGed . BERIVEE, B ETHEKERAT
WENFEEI, AR F I BEh S EERN
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BFE, AT A HE F 2k DLHERS ™ op i i
PERR & B PR A AL RE A5 AL T — 18 G A%
FARAVIRE, NIRRT P Atas A R L F 2k I
SHER /N B, ARG SRR N T
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BRI U B IRE TR A S A, A
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fife A3 FUE S R 45 Bl o - AR A SO P A FE
HARS|— e LB B A I AR, i
RSB IRIE O, R BRI E T R
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5E, EHEIRS, S SRR, DI
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TR IR B BV B TR s, DI
ERERRE UL B S A F-HLR BRI TE %R, 5340,
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1.1 EIedrsd

SEERT 2016 4F 12 HFEMFE R4 B K Bk #aiy
KPR R i AT . BEALER 10 2 A ks D
[(47£1.25) mm, 12 H#&] MR L E R . M52
WL, 88, ShERE, K. B gnieHFRE RS
K BERIB T BIHEREE DUAS] & B I A A
ZIRFEBBEPIRITE, EAHEREE DL TP
ZHEIGEE 8 /NIF L B 24 /BT, B 14 K| B 20 K
FE 24 RIS DAFARE B (FH4%H . DAY
B, eI RS AR MORES, BENET
WedE 345, BEADT 500 4R E R E
(27£3) C, #HJE 301, W70 BT FAR,
HEIBHADNIAIHAKEZ, HFTHO. 2. %
4. %6, B 12, 55 24 RIS 48 /NEFAE 10 HITEY
MM (6 000 g 5.0 5 min YA 1L 40 ) A5 1140
21 (BRI 2 mm) T3P T ARG 25 /bt
M 20 AL AR A 2R Rk oo AHEURE s b on
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RNA, Bt 78 [F30 45 ik . A% IR Tl i o
¥ NanoDrop-2000 Kl & RNA AR EE . 4B
Asgo/Ass [Ho F M-MLV (TaKaRa) S % i/t 47
Ffesk, A cDNA 5, JHT cDNA JPFIY ;] Pri-
meScriptTM RT reagent Kit with gDNA Eraser (TaKaRa)
R @455 cDNA i, FHT5EmE i PCR S5,
1.3 SRS NMIEE p4 EFEWIE

TE G B B DU S 20 B3040 e v 6 4 11 e i 2R
B4 ¥%, FH Primer Premier 5 %1154 TP4-1F
(AAACCCATTACCGACCAAAGAAA) Fil TR4-1R
(TTGCTGGTTCACTCCACTGTCATAC), L
cDNA Jy#itl 47 PCR, SNLEMAR 20 uL, W&
51945 0.8 uL, cDNA #i4R 1 pL, W FEFIE: 94 °C,
3min; 94 C30s, 53 C30s, 72 °C 30s, 32 F
i 72 °C 10 min, 48 H 8 R BT R (AR
T), ] pMDTMI8-T (TaKaRa) vafit & kA7 14
%, Akt DHSa (2xU4) P PRI e, TR
PCR ik tH B PO R 3% 28 B4 TAEY) TR
A B wIY
14 HHEXKESINMERE p4 EEEYMEEFEIT

BLASTX &K FFH A T1ERE; ] ORF Find-
er (https://www.ncbi.nlm.nih.gov/orffinder/) Tl
JRCBEEAE 5 F BLASTN ##E47 5 P54 AH B 53 #T
T ECHAB Y 0 i iR 2R S0 T A S A R £
)X A SignalP 4.1 (http://www.cbs.dtu.
dk/services/SignalP/) #4715 5 KT 5 FH Ex-
PASy ] Protparam JJfE (http://web.expasy.org/prot-
paramy/) T EE AP ; TMpred (http:/www.ch.embnet.
org/software/TMPRED_form.html) Fiijill 5 45t ;
5 B 2B A I A 500 Ff TMHMM (http://www.cbs.dtu.

dk/servicessTMHMM/); H SWISSMODEL (http://
swissmodel.expasy.org/) #1T = 4ES5Fg i ; H
SMART (http://smart.embl-heidelberg.de/smart/
set mode.cgi?GENOMIC=1) #F47Re AT ; i
H DNAstar #4178 ) ZHE5/ Tl ;32 H PR-
OSITE (http://prosite.expasy.org/) FEAT I REA. 5 Tl
M5 WERRALA 25 7500 F Netphos 3.1 (http:/www.cbs.
dtu.dk/services/NetPhos/); #HFEALA7 &5 NetNGlyce
1.0 (http://www.cbs.dtu.dk/services/NetNGlyc/) i
s fifFH Clustal X Fl Texmaker #5472 751 L X ;
I MEGA 5.0 04847 #H3i% 7% (neighbor-joining,
NJ) F AR
1.5 SERREEE PCR

FIMORRZE B4 [ TR4-1F F1 TR4-1R 514, DIG
T EREE D) 18S [18S-F(GAGAAACGGCTAC CA-
CATCC). 18S-R(CACCAGACTTGCCCTCC
AMWER NS LR, #4750 qPCR, 4% TaK-
aRa " SYBR Premix Ex TaqTM Kit (Perfect Real
Time) YW HRCHIVARR, FVAFERE 95 °C 2 min;
95°C 15s, 53 C 15s, 68 °C 20s, 40 MEH,
AEES 3 REE, BRikE 3 A E AL L
FIACT ¥ (275" #4749, B4JF T SPSS Sta-
tistic 17.0 FEATRIRGETT 04

2 4t

21 BHEREGNNRE p4 FISEMEEFESH

B R B ity I e 2 2R 5 G T B R DL s 2H e
AR M R 4 PR ARTE, K HAr 44 Pf-
thymosin p4(I8 1) HeRZAT IR 91 & $2 52 2
NCBI, 4303 K ¥ 55 5 MF807225, Pf-

1 GAAGTACGTTGCAGAACCCTAGGTTAAACATAAGGACCAAAATGTCGGACAAACCAGACA 60

1

M DK P D MY

61 TGGAAGAAGTTACAAAGTTCGATAAATCAAAATTGAAGAAAACTGAGACACAGGAGAAAA 120
s E B vl kP Dkl kLKKEMERMOQEEKN-L

121 ACCCATTACCGACCAAAGAAACAATTGATCAAGAGAAGAAAGGATAAGGAACGTATGTCA 180
% PLL P O KEfM 1 DAQEKEKG = a1

181 CCATAGCTTCTTAAAGGAGTGCCTGTAGCGGGTGGGGTATGACAGTGGAGTGAACCAGCA 240

241 AACTCTCGTTTTTTGAATGAA 261

E1  Pfihymosin pA%EF cDNAFSI @R
A RIR B P &R T, FRIZE “THY” RERR, B WINARER B RIGAFIETH, HHEIRBERR LA AT
Fig.1 Exhibition of Pfthymosin /4 cDNA

The start codon and the stop codon are in bold. The underlined is the "THY" characteristic pattern, and the shadowed section is the thymosin f family

signature sequence. The box represents the phosphorylation site.
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thymosin p4 1) SHESLIX (UTR) 41 bp, 3'UTR 94 bp,
TR B BEHE 126 bp, gk 41 R EERR . Prot-
param FUNASH Pfthymosin p4 W H BLIS 1 &
N 4781.43 u, BHESFHLL (PD) 2 6.19, H 14 Ffa
BRI, H AR (24.4%) IR (14.6%)
B HBCR, KRl 30 h, ARUE RECH 31.58,
2 TMHMM , SignalP 4.1, NetNGlyc 1.0 fil TM-
pred T, Pfthymosin P4 %A BSARL5 I . (55
JIR ARG S N EARE X . Netphos 3.1 il
RIMFERAG 7 RN S 2 D2AR . 5490
ZMR). DNAstar B4 H —R&5HAH 3 4> a-
WRE, 4 BTN G . E P S 4ELS R T
ML NIE 4 . #H SMART F1 PROSITE i
WA, Pfthymosin p4 H ¥ FI P HIEE 7 4
40 MEAEFRZ AZ ALY “THY” FREBIA, 2
18 A% 29 MR IR 2 7] (LKKTETQEKNPL) (14
SERRF IR MR R B ZRARE S
2.2 HgpRE p4 EREF I 5L o0

ZHEIFH T ERY], MR B IR AR
w (K 2). WEIERRITIIRE , MIMRE B HKIGERE
HEF%1) (LKKTETQEKNPL) Fil MSDKPD J# 41 f
SEPER S MR A, SHABY R AR R A 3
T 90% VAL (1), AUIMER R ARRE R EE (Lepi-
sosteus oculatus) . W HATRINGIE (Nanorana yunnanen-
sis). HBHEW (Nomascus leucogenys) . Bt A
BEES 1 (Notothenia coriiceps). {LIEME (Kryptolebi-
as marmoratus) . 1§%% (Exaiptasia pallida), FH{IPE
N 95%; TMi—BEikE] 80% LA L, et — 8tk
90% PSR AR (Aplysia californica) ;- RS2 88% HY
TFZERIAEE S . N NJ RSB (1K 3) thrl LA
#|, Pfthymosin B4 Jc 5K 445 (Crassostrea gi-
gas) 1Y thymosin B R —3, -5 RgCA RS fa 5
F—32, EJa Sk RS RO .
2.3 Pfthymosin p4 BRI = RiE B EXHEZFARF
A[E % & A B i i fiz

Pfthymosin p4 TEA TR B VLAY 20 i (7 2Rk
e, LR AR, MR, WHAEE¥E. Mot
WL, AhERAGRA R, WA REER (BS5).
TEARF LT BB Pfthymosin p4 Y4 Fik (K 6),
AT ST AR SUH A AR IR A G2
rES, DR T T2 40%, FHXT
TR ARSI A B e, MRS 2.2 f%

(FEXT R IR I P BUERER RN, n=4),

TR ARG, MM Pfthymosin f4 HIXT
FAREAEN 2. 5 4 T 6 NSRRI, JRAESH
6 /NI A B s FE R R, A 24 /NIE[E] A GE K
S, 5 48 /NIRRT 1A (B 7-A); T HAHEUR
FEXT R IR ORI RS A TR, 205 6 /N8R i
R, 12 /BRI, AR 24 /TR OE

N

W A A8 /BT TR, MR R IRAR (& 7-B).
3 PhHe

W B 22T R T SR Pfthymosin B4
T “THY” FROEBAAFBGIRE B ZE M FRE )T
G, RWFTARIGEEA DR R p FIGERZ — .
“THY” JEMafR 3R B Z 05 5LV Re A IR AR
F#E 1] LKKTETQEKNPL J&— BAFE Ml & B4 &
e RS I E R TS, W S S S 4
E MR B4 S LA (145 A R MR E B4 K
R —AE 2SR, 4 Pfthymosin B4 i
D BS REEE R . ARSI BEER A AL A B R e
X, JE—Ag5H /N F . Pfthymosin
B4 HIAFaE 2B H 31.58, 1] LIHEN Y Pfthymosin
B4 REFEAFTE TOKI W . ZEFH) X451 B
AN, A EREE DU AR ER p4 S A A L — 2k
e 80% LU b, H 5004 5 — Boh: 2k 3
90%, VEHINIRER p4 & — MAFHEIR M E H
T Pfthymosin B4 5 /5 W8 532 vl 4 00 il i =
B4 TEATH BB DU N A 5 B9 D RE T B & 7E HAt
YRR, BAARSEG OaE . mEER. =
SHUABCRFIRE AR TGS SR DB . AL
1540, Pfthymosin p4 Fc 5K AW thymosin B R H
—3, MSMICARIE R, RESkED)
Y. WNEESISRNEEA, XA BHSEYE R
MG o 1 CARE B STk A7 7E B AL 45 S,
H TS B 5L PR SE 5 R AT 1Y DR — 3,
RG-S @ MM AR —, HE
TEGIHIREE DL OAR SEA i iE (e rh, 5
NEEREFR G TR GRS HERE, &
Ji P AT A A Rl — 5
A S0 1) SE O B R IR Pfthymosin B4
TEM MRS e f sy, HUOR R S8, MR . 1H
fEERE. ML, SRR AN A 5 5 1 4
ROAR FEARZEAR A, B DA R IR A A ] Bt e T
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Tab.1 Species used in phylogenetic trees and multiple sequences

Y44 HH — % AR/ % B

species gene identity positive accession No.
1§35 Exaiptasia pallida thymosin beta-12 88 95 KXJ22858.1
1ES Kryptolebias marmoratus thymosin beta-12 88 95 XP_017290006.1
FAMA BEES £ Notothenia coriiceps thymosin beta-like 83 95 XP_010773615.1
BN Homo sapiens TMSBAX 83 92 AAHS83509.1
FEHE M Nomascus leucogenys thymosin beta-4 85 95 XP_012356370.1
XA Nanorana yunnanensis thymosin beta 4 85 95 ABQI2775.1
4RF Ovis aries thymosin beta-4 83 92 XP_014959023.1
A0 Xiphophorus maculatus thymosin beta-4 85 92 XP_005812264.1
NREE4EHE Lepisosteus oculatus thymosin beta-4 83 95 XP_006637965.1
TEWALE Aplysia californica thymosin beta 90 94 NP_001191437.1
Zutatl Cyprinodon variegatus thymosin beta-4 85 90 XP 015247492.1
¥ B Rattus norvegicus thymosin beta-4 83 92 AAA42246.1
IRE R Monodelphis domestica thymosin beta-4 83 92 XP_001364937.1
WFIRSE Camelus ferus thymosin beta-4 83 92 XP_006195381.1
FIWERS Corvus brachyrhynchos thymosin beta-4 83 92 KF055790.1
538 Gallus gallus thymosin beta-4 83 92 NP_001001315.1
KALWG Crassostrea gigas Thymosin beta 85 92 AKC01246.1
BEh 4 Danio rerio thymosin beta-4 80 95 NP_001124169.1
4 Bos taurus thymosin beta-4 80 92 DAA33518.1
AEINIEE Xenopus laevis thymosin beta-4 80 92 NP_001084321.1
VUERER G, Chrysemys picta bellii thymosin beta-4 80 92 XP_005287825.1
A5 IREVHI% Myotis brandtii thymosin beta-4 83 92 XP_014400899.1

HA PRI, Wl aER FiRHA
Pfthymosin 4 Fi5 AN T AR 22 o X4 EC
#%:86] (Haliotis discus discus)[m o ARG ESE (Erio-
cheir sinensis)m] . JUfL# (H. diversicolor Supertexta)[zg]
SRR R S AU STARAL, AT & L PRIk
f ot s s HUAE SR R X AT SO E
PCR S8 R BUHAE SRS B, RIS 5T
MRS IE RN 5 WG A X B Hs 4t W5 (C.hongkon-
gensis) TS IIR 28 B4 FIAEFE IR (Vibrio algin-
olyticus) WIRA WG K B BAT IE G R i e N
RIZhAE" . AIEREE VLS Takshy, HA LK%
B, GRZRRS I, DAY S D RE 32 A
MLZfE, EId Pfthymosin p4 FE 20 B = K1
MR AHGE L G, o LUEN IR R B4 78

B RATRE S 5 T RRE UV .
TEATHERBE DA B B SEI E B 1 4558
KB, Pfthymosin p4 FEAHEEH | FETHARINR S =~
[y FRaA W ARk, 5ZAHL D AU AR T
T, AR AR L 2.23 £, AREE NI
YIE AR B ISR, 7R A S 4 0 AR 0% ) 1
SRR, IR TG I AR TS . DUEIE
R EZ BT A 15
Me o He AR B T T RE S e DL IS B A8 A A — el
ST, MO AR C OB T B TS,
g pf e A= ot Al, 54 HoxrAhFRigs T 1 U
PERESR, IS S54RSS R B kK EiRR
TR Rt X TR R p4 58 HMIE A fl
CMRFRE AR WAMIE, (HEA A MR
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BE 44 Danio rerio MSDKPIURAENMSF DKIWK LKKTETQEKNPLP SKET I EQEK Q A[SS %
ARBE & Lepisosteus oculatus MSDKPRMINENMEYF DKK LKKTETQEKNPLPSKET IEQEK QAJS S 2!
SRR =R F R e N T2l SDK PDMAETEKFDKSKLKKTETQEKNPLPSKET I EQEK Q A[G3SRES]

“ Bos taurus MSDKPDMAEIEKFDKSKLKKTETQEKNPLPSKEFIEQEK QA[¢3aS s
R3S Gallus gallus MSDKPDMAEIEKFDKSKLKKTETQEKNPLPSKETIEQEKQA{€YS| S

M Z R Rattus norvegicus MSDKPDMAEIEKFDKSKLKKTETQEKNPLPSKETIEQEK QA{¢)2S IEeI{
PFUKTE Camelus ferus
#i K H45 Myotis brandtii

MSDKPDMAEIEKFDKSKLKKTEQEKNPLPSKETIEQEKQA .44
BN Homo sapiens

MSDKPDMAEIEKFDKSKLKKTETQEKNPLPSKETIEQEKQA[GISESY

FEWERS Corvus brachyrhynchos MSDKPDMAEIEKFDKSKLKKTETQEKNPLPSKETIEQEK QA RS
VR SISl e Oy e SDK PDMAE INKFDKSKLKKTETQEKNPLPSKET I EQEK Q Afe)af S X
2E Ovis aries MSDKPDMAEIEKFDKSKLKKTETQEKNPLPSKETIEQEK QA[e33S RIS
[ e e e 8./ 1A | S DK PDMAEIEKFDKIK LKKTETQEKNPLPSKET I EQEK QA{e)alS ¥
eI Xenopus laevis MSDKPDMAEIEKFDKINKLKKTETQEKNPLPSKETIEQEK QNS RE¥
KA, Nanorana yunnanensis MSDKPDMAEIEKFDKKLKKTETQEKNPLPSKETIEQEKS 44
%% Exaiptasia pallida . 95

8l & 1 Xiphophorus maculatus MSDKPDEFDKSKLKKTETQEKNPLPKETIEQEKQA )
1EIR M Kryptolebias marmoratus USRI S|AV T S|IEIORCENANNN QDN T/ GHRRANNA|GS . . . 42
Ze il Cyprinodon variegatus MSDKPDEFDKSKLKKTETQEKNPLPKETIEQEK Y]
KA4LWi Crassostrea gigas AL R ARG

BIERLE D Pinctada fucata MSDKPDMEKFDKSKLKKTETQEKNPLPI’ETIEQEK . .41 > 50fartE
[CL RS AT TR . < ) P D M E 1 TIF DKIIK LKK TETQEK NP LPRKET I EQ FRE ey e B =855 <
conservation 000000000000000000000000000000000000000000000 l/ o

K2 Pfthymosin p4-5 HABY I i 3R pPRIERRFF 51 i) 22 H Lo
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Fig.2 Multiple alignment of amino acid sequences of thymosin f§ from P fucata and others species

The similarity is indicated by the size of the first line of letters and the number of amino acids on the right side of the sequence.
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Fig.3 NI phylogenetic tree based on amino acid sequences of Pfthymosin 4
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Fig.5 Relative expression level of Pfthymosin (4 in different tissues

Significant different letters above vertical bars indicate significant difference (P<0.05). The same case in the following figures.
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A. hemolymph; B. wound tissue
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