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FEE: HHTEA FHHPLC-MS/MSHIII L s Z BRI 1170 M A1 € BEPCRECAR, ¥R 2 I IR (Valproic acid, VPA)
1ENAHREL 2k DL [Pteria penguin (R6ding, 1798)| B R IGm A KIAEMEE. ARMEAERERRE. EMETES
MR, =R BE(100 mmol/L) A I FR 1 I 24h RV AT 2 32 B AR A7 26 4283.3%(P<0.05), FAFTE BH 2 I B [A] 41t 2
%, 10 mmol/L TN R & 1 I 72h 2 fie K I 2 448 FH VR FE AR F IS 1) P IR PRI FH 40 B & 30K, 10411100 mmol/
L7 KR 1 720 7] DL 25 32 2 A RSB Bk D1 BB (0 K 5 B:43.7%(P<0.05)F1147.1%(P<0.05), F1 i 5 1R & 6 = BRI
(A A bR B )T 1 59.7%(P<0.05)F1136.1%(P<0.01), W 7 JGHR 1T LAAT 2 i i3 £ RS 22 Bk DLIK) 28 66 3%
G Re X ER IAE & 2 A R I, TR G IR mT DL 25 38 /N HR AH DG #% 3[Rl F-(Melanogenesis associated
transcription factor, Mitf). %% FRH&(Tyrosinase, Tyr). Cdk2 (Cyclin-dependent kinase 2) 1 Bcl2 (B-cell lymp
homa2)% BB 3K A BAH SR IR [ 3Rk, (H 0 PR3 IR 1 2B JC 44 45 4 85 I (cAMP response element binding
protein, Creb2)f) 31 o &5 35 52 M, i BH T IR L A2 il i Mitf- Tyr-melaninig 122 5 40 3B £k B AR5 A . WF

AW/ Eta UG w0V 57 QUIN<TRGERE o 1/ s 7 N7 S s 2%

REZIE): IR, RGBERIL BREER, WA, DIRARSCHSRIN T At

FE S $968.3; Q175 XHEkFRIRAD: A

W HE 2k Ul [Pteria penguin (R6ding;1798)]
AR5 RN KEZ BRI 2 R, 3 1E R
“HR M R BA W TR R . BRI G VA
BER MR E R bR, BTSRRI 2% E
Dlasgpf, W RASRORYIANE, X FERRT
BRI, FEEER A R K Y
sRA, Wi IR AR S E, AEE T HATERT
KWK Bk, KIE LR =2 2R i .

KR (Valproic acid, VPA) K B A | 41 5 A
a3 N R (SR i) I A< E S 2.7
VELE BB 25 T T R R . T e,
SRk 22 BIF 9T R I R LA (i N 2R R B R 4 i
A RAE RS e IRATTRT R ST R BN, IR R
TR AT DUINVR A RE IS Bk D1 1—7 B WS HE DL 58 2, T ANF&
A TG E R 7 R 7T DA R A 8 12 2k 11
BOZEE Y, T TE2H IRt 3 E R,

Ysis B HA: 2020-05-07; 1837 HHA: 2020-07-12

XEHRS: 1000-3207(2020)05-1105-06

W LB B R A e — AN R R R, &2
HSEIFES S TR KB AR
RHFFIRD, M IE 78 BA5 T Bk HRkIE . FRATHT I
FUR I, P IR 1 8B Te A 45 6 B 1 (cAMP respon-
se element binding protein, Creb2). /NRAHICHE 7
[%] ¥ (Melanogenesis associated transcription factor,
Mitf). BEZ RN (Tyrosinase, Tyr). Cdk2 (Cyclin-
dependent kinase 2) I Bcl2 (B-cell lymphoma?2) 45
EAETREZH T A2 HRINBRORGR, —1
Creb2-Mitf-Tyr-melaninil 1] e A7 7E T R ER I
SRS TERH . WA, KRR E A
W ARG R VLR I BB 3R 1A R, SOl B
AR RAEAE R, O BEAHR S 1 0 2

T U EHB, A0 Sl 405 R ki,
3BT AR b A R TR IR A FH AR S RS [ 5 )
HIHPLC-MS/MS e I A1t 2 IRl 3 1 23 A, 36k 7

EEWMB: | RIFER OB R T T1(230419094); Bl %K=L GIHT QDI IIZRITH (CXXL2019001); )™ Z- 44 s i v flifll R R &
Tj(B201601-Z08) % B [Supported by the Guangdong Innovative and Strong School Project (230419094); National Innovation and
Entrepreneurship Program for University Student (CXXL2019001); Guangdong Marine Fishery Development Foundation

(B201601-Z08)]
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IR ARG 2R UL BB R A A2 3@ i real-
time RT-PCR, 43 BT A K& X Mitff TyrSs— 251 2
R OCHE RIFRIA 52, DA B D 3G e 2 A 98
Bk B EARERINERER.

1 #R5ERZE

1.1 I

S B A RS2 2R DUECE T PE AL 5,
#H400—450 g, 7K 13—15 cm. 5L DIFE25—26°C
(978 T v K o 3R 1R, TR o B R E (Iso-
chrysis zhanjiangensis)FNHE T 55 4 4 J (Platymonas
subcordiformis).
1.2 AXBRLERGFEEERSHN

YRGB BE DAy a2l B30 FEN, . SETR
oA HZRE N1, 1051100 mmol/LIFI A KRR
JAbFE24h, 48hAN72h, Hid5 B T R K AR TR,
xRN S T R (g K TR . ST RAS, T
LA AH SRS DURAF 76 2, BUOANE IR T 2R R 3Rk
T BEE R BEE 1  b R0 B L AR
1.3 ZSERNAREUFCDNAS K

{ FHRNeasy Mini Kit(Qiagen,Gaithersburg
MD)FEHUA#G 2 Bk T AP E LS RNA . 1%35 g
B E I HL VKR M RN AJ =2, FINanoDrop ND10004)
HIEEE N ERNA S . F H Superscript 1l poly-
merase kit(2 304, Jbt, )R 5 S icDNA
14 RKHAEEPCRITH

F|FHSYBF Green gPCR Kit(Thermo scientific,
Waltham, MA, USA)F1 7500/7500 Fast Real-time 5
4 (ABI, Carlsbad, CA, USA)#1TqRT-PCRAG M
PAAREE 2R DL18S rRNAE AN 2, FANFE S i34
B, BAMONTATRE . R R
TR A XS R IE K, TSI R 1.
1.5 BREEREGIEME AT

0.5 g G2k UAMERZH 2L mL 0.1 mol/
L W82 5 22 /L (PBS, pH 6.8), K 212; 10000 1/
min &0 10min, ULIRTS EIEWE; #0.5 mLA R i
%+ 0.5 mL 5 mmol/L L-DOPAF12.4 mL 0.1 mmol/L
PBSVR&%], F37°C/K 0% & 30min, 757066
1475 nm AR IR OEAE . BS = R B G 475 nm
Ak 5% 30mind 0 ss b B ROEAE SRR, B
FroA~TATHE A o
1.6 EEZNERSEL

0.5 g/MERRLH LR, S KA EMA15 mL 0.2 mol/
LR 22 (pH 7.4)F10.3 g(2% m/v) K K& A i,
55°C NEgfE20h, B OWUERDTIE . KIKH2 mL A i
Mk /K CEEAN 2 B TR e, e TR B A

1 FASIHFS
Tab. 1 Primers used in the study

5| #)Primer ¥ %1Sequence (5—3") Ap}fﬁifﬁon
PpTyr-qPCR-F %}gTTGGTAATGGCAGAGGG qRT-PCR
PpTyr-qPCR-R E%gATAAAGGTATGGTGGA qRT-PCR
PpCrebr-qpCRop AACTCCCAGTGAAGCAGAC (i peg
PpCrebr-qpcrr GCTCCCCAACAGTAGCCAA gy peg
PpMitf-qPCR-F g(c}lﬂéACCTAAATCTGTTGAT qRT-PCR
PpMitf-gPCR-R ﬁééngGCTGGACAGGAAG qRT-PCR
PpBcl2-qPCR-F ¥GAGGCACAGTTCCAGGAT qRT-PCR
PpBcl2-qPCR-R éCTCTCCACACACCGTACA qRT-PCR

PpCdk2-qPCR-F  TGGATTTGCTCGGACACTTG qRT-PCR

PpCdk2-qPCR-R TCTACTGCCCTGCCATACTT qRT-PCR

18S tRNA-F éTGTCTGCCCTATCAACTTT

18S rRNA-R

qRT-PCR

TGCTGCCTTCCTTGGATGT  qRT-PCR

ZHL . ARJER B 2O VAR T8.6 mL 1 mol/L
K,CO;#10.8 mL 3% H,0,JE & W, 100°C /K
20min; B H A 20 2% U 5 IMA0.4 mL 10% Na,SOs
&1l e M, F16 mol/L HCLf i pHA 1.0, &0 J5 Y
38, 70 mL B HRIR, T3R8 45 8. FH0.5 mL
10% FEE AR, 0.45 um B HLBERE AR it g, BN1S
BRSSP T Hre4F
ITFE
1.7 LC-MS/MS%#f

FIHLC-MS/M Sl 2 €4 25 5 14 S 40 7= 4 (1)
SRR P R O € 2R S (Waters,
Milford, Massachusetts, USA)X 61 73 2, Hfa it
AWaters ACQUITY UPLC HSST3 (2.1 x 50 mmol/L,
1.7 um). VBIAHANO.1% (v/v) FHER K ISR, SN AH
BH0.1% (v/v) R B . 53 AT FF 4R i i sl AR
AFIBH ELA 23 51 90%A R 10%B; 3minji, 3 FH £k
PR B K U S A B I 23 5038 i1 22100%; Smin5,
FH 2810 P F I sh A LR A R BTG 264, B
FR7Tmin, #£40°C F LL0.3 mL/min ¥ AT 5047 .
ff FIXevo TQ = H PUAR AT 5t i 1) ESIAL KX 2k /T MS
IR JRIRFE N150°C, EVEFIMLEE NS550°C, M
TEAMRGENS50 L, 223 FI SRR 1100 L,
filh 4 S AR B 90.14 mL/min(G<). 8 FIMRMAE
Aarill, ZHnk 2.
1.8 FHitFHH

K HSPSS19.0(IBM, Armonk, State of New
York, USA)EAT F7 22 50 #r, KA [F) 4 A 18] 22 S5 1)
W B2 R DL R IR(P<0.05), 3 2
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PL** K IR(P<0.01).
2 R

2.1 AKXRERBVES RN

R TR P R A RSB BR UL AR E 1, R
I 52 A 7= b ] 22 Al A P R R R AR A B T
FATEI T 1. 10, 100 mmol/L VPAEH 0. 24h.
A8h AN 720X A RE S 2R DA R A2 . an il 1 BT
7N, 1F110 mmol/L VPA{EF0—72h, X} #5222k I
(R AETE R TE B 2 5 (P>0.05) . {H100 mmol/L
VPAYEI24h. 48hAl172h & % FEARAFIE R £83.3%
(P<0.05), 76.7%(P<0.05)F170.0%(P<0.01), I &7~
HH S AR TR RN o I 156 B A< (100 mmol/L)
P R AE 240 LA X A RG22 DU DU A — 5 (1)
AEWFEYE, 10 mmol/LAE FH 72h & e K i 22 4 i Ik
J5E FAAE F B ]
22 AXBREMCBEHRINECZNEE

T BRI A A AT 52 AR RS IS Bk DL B
AR, FIHLC-MS/MSZ-#11. 1041100 mmol/L

2 RIENSH
Tab. 2 Details of mass spectrometric detection
S = S TR v .
s mEr e SR g e
Com- Parent- Production

voltage Collision  Rentention
pound ion (m/z) (m/z) (V)g energy (eV) time (min)

PDCA 15598 138.01 30 8 2.97
PTCA 19999 182.09 30 8 4.15

o 3 48h
150 - 3 24h E3 72h

Kk

|—||—|I—|I*_|
—  ——

100 .

T T

50 |

1% 2 Survial rate (%)

[T AR TARANANT
[T AT AT AT

[T

pagis 1 10
PN 7% % Valproic acid (mmol/L)

K1 T RER A3 EAS IU
Fig. 1 The toxicity test of valproic acid on P. penguin

Sy 0L 1. 107 100 mmol/L A JRERIZ RSB 2k 1T 0.
24h. 48hAI72h, BEAMBONEE, S AIER . R R#E
PEZE F:(P<0.05), ** TRl B35 1 2 7:(P<0.01), WA R Id FR
To i E % 7 (P>0.05); T

The survival rates of P. penguin were analyzed after 0, 1, 10, 100 mmol/
L VPA treatment for 0, 24h, 48h and 72h. Each bar was a mean of
30 pearl oysters. *meant significant difference (P<0.05), **meant
highly significant difference (P<0.01) and no sign meant no
significant difference (P>0.05). The same applies below

IR AL FE72h 5, SRS ER DI ANE R S R 5
BN FEBORNEERS A TR
R FIDHI(5,6-di hydroxyindole) FIDHICA(5,6-di hy-
droxyindole-2-carboxylic acid), {2 H A% M4 b =9
PDCA(Pyrrole-2, 3-dicarboxylic acid)fIPTCA(Pyrrole-
2,3,5-tricarboxylic acid) 7] ¥ T ER V& Wi FI A T,
IWPDCAFIPTCA# vz T R EA KM 2 A E &
Ihr. I 20178, 1 mmol/L VPAXT RIS Ek LK)
RS RINE BE R (P>0.05). 10 mmol/L VPA
Al R B AR E(PDCA+PTCA)43.7%
(P<0.05), 100 mmol/L VPAR] & 3 = B K&
E(PDCA+PTCA)47.1%(P<0.05). LA %#5 i i,
T BEE () T TR R (= 10 mmol/L)E FH 72h il A S ik
el 3  WINIDEEEER St yo

] % 3 10 mmol/L

1500 r

Y I mmol/L E3 100 mmol/L

—_
(=3
(=3
(=]

500

tissue (ng/mg)

PDCAFIPTCAR &
Quantity of PTCA and PDCA per

PDCA PTCA
I {5 & Malanin

PDCA+PTCA

K2 IR B3R A S
Fig.2 The effects of VPA on melanin content of P. penguin
rHIF0. 1. 10, 100 mmol/L 7 &R 1B ARG 2k WL 72h, £
MM EER B ERE &, FAMNES; TR
The melanin content was performed with samples from 0, 1, 10
and 100 mmol/L for 72h groups. Each bar was a mean of 6 pearl
oysters. The same applies below

23 AKBRIESTISISH B SEREEEMY

it S R g 2 B0 20 A T PR I, S e R T
YTt B R A R EERE. RN IRR
A BRI J5 AN R S BR B E TE, A — 2B e
IR ARG L Bk BRI .. LA475 nm
H K FL-DOPA¥; 4L % I 43 (Dopachrome) 1)
FACKEREFRBFETE . 1 mmol/L VPAYEF72h, %t
1% 2 R g 05 PR A B 3 2 (P>0.05); 10 mol/L
VP A ] A i S B B P4 0159, 7%(P<0.05), 100 mol/L
VP AU R A % R v 2 B N 136.1%(P<0.01,
Bl 3)o X B R A FE (R PN R (=10 mol/L) AT LA
EW ARG 2R VR IR B
24 ARBATECZARBEERNETIE

N IR TR IR R HEAE FH S T i, AT
PR ER AL B 72 f5 P8 4 35 A O DG IR ) I8 134T
S3HT. WA 45178, 1 mol/L VPAXS Creb2. Mitfy Tyr
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Bel2 I Cdk2 %5 FE TR (1) 3R 1A 35 J6 . 3 52 W (P>0.05) .
10 mol/L VPAF] L& 8 M Migf ) Rk 21.65F%
(P<0.05), 100 mol/L AI &5 & 1.93£%(P<0.05). #H
NiHh, 10 mol/L VPAT]fH Tyr¥k S AR SE B 421,385
(P<0.05), 100 mol/L RJ i Tyrik e A$E m 42,1045
(P<0.01). 10 mol/L VPAMEINBcI2#4F A %1.901%
(P<0.01), 100 mol/L VPAYE IIBcI2iE 5 A 522 .73 1%
(P<0.01). {HSE, VPAXT Creb2 ()33 A B 2 5
(P>0.05), BIf VP AR B 535100 mol/L. 734k,
10 mol/L VPATW] i 3 2 15 Cdk2 R 1k /K- 2 1.47 1%
(P<0.05), {H100 mol/L VPAXF Cdk2E1 A ;=4 B . /)
20 (P>0.05).
3 iTig
3.1 AXREBRAUAYRHCIBEHENEGRENK
BORZE THIEZ A LR, OFEE
. BRI . AR R A, B 2 5 5 A
T R B mE R, T
KPEEN B BB A R F

k%

(%)
(=3
(=)

200 —_—

100

fit R R R
Tyrosinase activity (% of control)

(=3

i 1 10 100
N X & Valproic acid (mmol/L)

3 TR T R S 1 O
Fig. 3 The effect of VPA on tyrosinase activity of P. penguin

4 ¢ I X <3 10 mmol/L

XY 1 mmol/L E 100 mmol/L

BRI AR R R
Relevant expression of genes
[\S)

PpCreb2  PpMitf  PpTyr PpBcl2  PpCdk2
#: Rl Genes

Kl 4 TN PR T 3R I I 5 DR RIS ) S
Fig. 4 The effect of VPA on expression of PpCreb, PpMitf,
PpTyr, PpBcl2 and PpCdk2
PL18S rRNATE N A FF, B M6 ER

The 18S rRNA of P. penguin was used as an internal control

RS RR, EUA B R Ao S 2 e YT
PrikoEar et AR B RPN AE KB G R
- R, A R 75 7 D25 B AR AL AR R AR
18 o AW TR AN R BE 0 TR R Ak 38 A 5 25 2
DURS DY, 30 =10 mol/LA R AL FE72h m] LA i 3 1
IR &, BN R B 52 1 A RS 25 2k DL 2R
BRAE M. RN, PSRRI AT B 5 = I R RS
P, DR A T S TR T 2 B 0 35 A B ) O PR g, T
SRS T N B AR S R EE R E", I,
V% T T 1 1 v — 2 UE SE TR TR R TT AR K
AR A RE S 2R T BB R A .

3.2 ARBRBIMiBREENCBEHRNERSR
=34

TER FLBN P (1) 2B B 2K B Gl B, Mt izo0
e W T, W5 Tyr s 31 T BIM-box(CATGTG) 8k
E-box(CACGTG) % &, Wik 2 0 K A pi R i g
Tyrffi#ik, 2 5B e RRaR" . Mt n] LUE
T BTG Bel2 B R, 2 55 U 15 28 €0 2K 40 i 1 A7
GECD 2 E N SRR CAR I N, B 5 B R
a0t . AR R, IR S E RN T
MitfiZ2i% /K, RN &4 & 1 Ty Be2HICdk2
IR M RIE IR, B 7R TN R 7T g 3 ik Mgt TR
SR T AN R R A R AT A A B I AR,
Wk — I SE ARG IS Bk DL M VR i O e 56 R 7
FIrTREME . 75 Z A /&, 100 mol/L VPAR] fi
Mitf5% s AR B2, HH £ B FH RS CdE
Ko —/NATREMJE IR IR VP AN 4 i B —
ERRAIER, XMERERARTARMAELK. &
SRVPAIE G RIE T KEMITFEH, (EMITFE £ 5
57 BRI A OGN A5 T RE, AT Bham g
REAAER,

Creb2 & — MUl otz N e K7, B A
R R AR . fECREBRERRAL S, 7T LLiR 51
MitfJ& 31§ FJCRE(cAMP response element)/3 %1, 1
Mt FE Y, 18RI, ARFR T VPA
AJ DLIE 25 4 i MU LR IR SR R G 3Rk, (HANRE
SN Creb2 (M3RIE . —FPA] REMIMERE /&, VPAT]fE
s2I0 | CREBHBERE (i 72, (H6 Creb2 e s 0H
S, VPAYS /& it Creb-Mitf-Tyr-melanin & 3% {E
F o LinZs ) /N BRP 1220 B 32E AT 1A 1 S 56 42 0,
VPAR] DA N B AL CREB I /K °F, #2 5 CREBIH
P, BOE CREBK # Y c AMP/E 5@ B, 1X 9 FRATTHY)
WSRO T HEIE . VPAREZIN Creb2 15 — 7] g J5
R, VPA AN T Creb2 K 3EAEF, T S i ik 1
il 3% 55 R 7 1A ¥ Mitf- Tyr-melaninifi 14, i 2485 4>
RS ER IR ARG K



5 1

TARARSE: RIS I Mgl BR e BE ARG B DL R B R A AR

1109

33 AXKBRZEERREMIERRE S

IR 2 B AFAEF RIE & — /N 41 i)
5, LinZ ) OR T RER T AR IR R L2 A
7 P2 BN, VA AT RIE R . ChodurekZ™'%)
8, 1 mol/L A KR 1F FH 3d R mT 2 35 42 mn A28 A-
3754 BRI S &, IR ER. A
LRI, 1 mol/L N JRERX RS Tk IR AR
B BEREE S M A eI R R IE AKF PL A7
FRINT R Z I 10 moV/LH M ERALFE 720 7] 3 35 41
FEORNEGE. BRRE AR & K R A
I, AR R DL A3 24T 6 5 3 52 M {H100 mol/L
NIRRACFE 720 R B AR S 2. TR R
PEFIAH S HE R 2R 1K B[R A, 0 38 8 B AR T R DL A7 3
Ho FUL, BAR TSGR L N A0 i B R 3 S
i 52, {H 5 EE (100 mol/L) ) 7 LRI o D122 B
H—E MM, 10 mol/LTA IR AL HE 72 hit T 1Y
BB D] B8 A 55 R FH A B A g KA R B T, 3XA
TEA T BRI ER DU b B AR SR T 2
s o
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VALPROIC ACID ENHANCES MELANIN SYNTHESIS BY
Mitf PATHWAY IN PTERIA PENGUIN

YU Fei-Fei, WU Jin-Xian, ZHONG Zhi-Ming, LIANG Qi-Wen and LIU Yong
(Fishery College, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: The winged pearl oyster Pteria penguin (Roding, 1798) is an important marine cultured species that can pro-
duce high-quality seawater pearl. Melanin is the main pigment in P. penguin and largely affects the color and value of
the pearl. This study analyzed the toxicity, function and signal pathway of valproic acid (VPA). Toxicity detection
showed that 100 mmol/L VPA significantly reduced the survival rate of experimental animals in a time-dependent man-
ner, and 10 mmol/L VPA for 72h was identified as the maximal safe concentration and working time for P. penguin.
The liquid chromatograph-tandem mass spectrometer (LC-MS/MS) analysis showed that the content of PDCA (pyrrole-
2, 3-dicarboxylic acid) and PTCA (pyrrole-2, 3, 5-tricarboxylic acid), main alkaline oxidation products of melanin, in-
creased significantly by 43.7% (P<0.05) and 47.1% (P<0.05) after 10 and 100 mmol/L VPA for 72h. Tyrosinase acti-
vity, a marker of melanin synthesis, increased by 59.7% (P<0.05) and 136.1% (P<0.01), correspondingly. These results
indicated that valproic acid can effectively accelerate the melanin synthesis in P. penguin. The qRT-PCR (quantitative
real-time PCR) showed that valproic acid increased the expression of genes in melanin synthesis pathway, including
Mitf (microphthalmia-associated transcription factor), Tyr (Tyrosinase), PpBcl2 (B-cell lymphoma 2) and Cdk2 (cyclin-
dependent kinase 2), but had no effect on PpCreb2 (cyclin-dependent kinase 2). This suggest that valproic acid can en-
hance melanin synthesis of P. penguin via Mitf-Tyr-melanin pathway.
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