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BE H R 4 & W A TR (Amphilophus citrinellus) 2 & X @i fn E 6 Z 0 8. Bhb 4
Rk, MEa KRG FMMEKRFE, AARXUBERTWENRE, . HIRALNHH, &
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¥, F+ 0B K B 2B B (TPA). W30, bFGF By DMEM ¥ # #3376 Zamt ik, 54
BERefiftuam N EZaEs, AR TFRIEHARTUOREE, ERET, A0 EH, 26
F 4 o i T Percoll 3R 7| 45%7H0 35% K & & 2 18], # @ % 40 (LT Percoll X 7| 35% K & & £, 2 f#
BEAMBBEREE R, BHEFEHEAEZLN, BaRAMNNEAERZECER MK, MTEER
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M2 e RaREARFNENFERE AT RELTHERNEMEEEFHRMEE R4 RN
BRAGYEET®, h#t—FTREREFEBHRSNARET R 2 FIEFTRERET @REA,
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KR ASEERE, 21 AR EARRNRE,
FER AT B RN A 47 52 5] — R 40 L 35k R A A B
Z 19 24545 (Colihueque, 2010), HAK @M A5
OREMA K, THORT K. 8 MEgRr & aR
ML RIS | B L oA St ER A0 = B A R B
(Inaba et al, 2012). (A2 402 SR8 L0 e A
BRI AR, BT, EREAEE DA EORE
Jitd (xanthophores) . 4T {7 2 41 /it (erythrophores) . M %
4 fifd (iridophores) . {0 & 21 /id(leucophores) . B E
4fi }fd (melanophores) . 1 % 2 4fi i (cyanophores) Fl1 4241
6, 2 4l Jfd (erythro-iridophores) 7 FAS [R] (1Y €6 2 40 ifd
(#RFE%, 2007; Goda et al, 2011; Inaba et al, 2012;
Singh et al, 2015),

B 43 B AR b BE 57 (0 3 Al i R AR ST s ik (1
AH I R A 2 D) R I BE A, 02 T M A 2R IR (B TE A
AR AR 3 FHLBLAYHTHE (Gola et al, 2012; Shigeki
etal, 2011), Eisinger %5(1982)i i 0.25%J5 i 114 1k Ak
PN 25, 38 Gk B0+ DO b Ik I B 2 TR TR
(TPA)FIEE LB R (CT) B WL 4 B RSN R 32 T A
14 34 R A ; Tamura 25(1987)38 i ARG $2 By A
TPA, HIIM/NEZ BRIRTF AR AM . s, A5
ARG AE A B Bk T A B R R A,
I (Vicugna pacos)(FHi4%, 2013). 1% 1 (Gallus
gallus)(FH i N4, 2014). JK(Vulpes vulpes) (fiflfilize,
2015) {FLfE U f 24 €0 22 200 b 2 5 455 3% O RH DG iR
A FEAE S Z T W L 30 4 45 (0 3R A0 M B ORI 9 1)
A b, DAEA SR A R 6 0o 7R (R K 8
) I €5 00 TR £ (Amphilophus citrinellus) Jy 5256 %
%, Mg R R OZMM R GRS b
FERYEE Tk, B M 2SR AL D g i o R ik 4
OAERY , SRR FHAAR S RG 57 6 2% A M A T £0. 28 60 2 Al i
A3 AR AR RCHL R 4 AH SEATF 5T B4 5 JE A

1 WS 7%
1.1 SEIedEl

S 6 A7 € 0URE TN A7 2R ] K R A A 5T B
BRYLAK =0 5% B W0 5% el AF 5% F b, Bk 356 (A3 TS 477 1)
R R, BT AREK K (5.040.5) cm, AN
WISE A K A (7.0£0.5) em, {RIE H F £HE R IE 76
BB, RS B FRFE /K IRL(23 'C~28 C) Fl 78 A2 I T 4o

1.2 FERKF

K-SFM 553k . DMEM basic (1x)55 3£ . bFGF
(RS | RS 8 S PN R N NS R s e = E 1 BB )

H Gibco (3£ H); [ I (Typsin 1 : 250 for
biochemistry) . EDTA(Z —J&PUZ12). TPA, DNase
I (AR R 1), 99%J2F 1L 7% (FBS) . i it il
I (Collage I ). DMSO(ZH E W) H Sigma 2~
H(CEHE); A EZ M (L-DOPA)IE [ MCECER); 4
M¥EFE . Percoll W H Invitrogen /A F) (£ H);

FOrR K FIREE, 1175); PBS Bl . SSC 4438k uf
WOEA S, LiF); RNA $2BULHIE Total RNA kit
I g B OMEGA 2t wl (3R ); J e 3l &
PrimeScript™ I 1st Strand ¢cDNA synthesis kit I [
TaKaRa (HZA); BHUEW (TR 100 U/mL, FE&HR
100 pg/mL)E [ E B 2= B 22 B AR Y B 2= TR
s AR B 0 B N B R A R A R A F .

1.2 L HE

121 Ayl mSeEmiay s B 5
MERBONEGE, FH 01%H G /R KAk 3 %, HH
T5% R E A IR TR AEE . k.
5 420, KRR LI E | mm® K/NGHUIR,
50 mL B0, DA B A BEA I 40~45 mL,
R-), 25C~28°C FilHfk 6~8 h, FEfRE FBHAW ,
1xPBS 7 1000 r/min &0 Y% 5 min, TR Sk, £
PR 2R . A R A WOR ), 25°C~28TC
TWAL 12~15 ho A 25 pm S ALJE B M3 g4 2040
41 BCE 5 min, 800 r/min 2.0 8 min, 11 IESRMA.
W 2 mL 40 HOFE &, BT Percoll 43 25 (M
FERSE N 55%-45%-35%), 1000 r/min 5> 20~25 min,
it A o 2 TN IV EE )2 o

122 &Emipeissi, LS K W5 B Y
CEMBERERE KCl iR FHE T, Wiy
A1, BB RAEM T 5 mL KClEFRIEM) 25 mL
ANESIEFR S, BT 28 CHFHM P RS F, If
A —HRIK, PRUERE FRAE N B TR .

3 h AR ACAN A AR O, AR K 2= 24
90%M}, KIFFRWL, BREAEEL, HILE SRR,
A KC 5534 fbanfil, & F 28°CRi a7, 3K
1R alifb ) o Z 4

afi Ak ik (%) BE it J A 20 R A 0 15 RIS 80%~90%
B, A MC2 553838, B4 dg, JEATaimifeit.,
BIZERT 25 mL A#EIKEFM P IMA MC2 KRt
S5mL, A 1 yEgifbid g, &1 28 CH M+
Kigto X 2~3 AT TR A2 S LA
123 & EZmM I HMNRER % % B
B R AR DOPA L {f ik (Wang et al, 2013), 435l
s 3 MAERK IR 2 FE R4 1SmL, A
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RETHGR: A (U I i 08 (0 R AN A o (R AR B o L R S M 55

4%Z B EERE E 10 min, FH 1xPBS #E¥% 3 K, HIA
0.1% L-DOPA iAW, W& 4 h, 2 h#3® 1 &k, #I1E
e f, % R A TG T A A KA B o
PR 3 VAR IEIEAY 2 P Z A0 15 mL,
1000 r/min #5.0> 3 min, F FIEW, AIA 1.5 mL 4%)%
TR E WS, ARET 4°C . 7E JEM-1400PLUS &Y
7 5 T M (H A8 HITACHI) T WSS IR, 4347 60,
AL
124 &Emihéra*i R PCR X% 3 B
55 10 AR KRR 2 Fh R 41, JH Total RNA Kit
Il (OMEGA)#£HL RNA, HH PrimeScript™ I 1st strand
¢DNA synthesis kit (TaKaRa)& M3 %] ¢cDNA,

H 45 . NCBI ) GenBank # 4 J H 48 2R 5547 (2 DU AR
5 3 KA 2[R RS Rl Y MCLR, EDNRB, TYR JE A
K H Primer Premier 6.0 #1417 PCR 5|94 i1 (5 1), 5l
YR M A B ARG BR A /A . LA 2 Fh 2R 40
Mu4RH RNA U5 54109 cDNA sk, FIH 3 %514
Sy #E4T PCR ¥ 4%, S M4k % (50 pL): ddH,O
32.5uL, 10Xbuffer 5 pL, dNTPs 8 uL, K cDNA
(200 ng/uL) 2 pL, Taq 0.5 uL, EXA5Y
(10 pmol/L)#% 1 uL. PCR Z4(: 94°C HiAZ 4 4 min;
94°CAFME 30 s, 1Bk 60 s GERAIRE WK 1), 72°CLE
130s, 3£ 30 MEF; 72°CHEM 7 mine HLUKKG Y
HZER

®1 KWETASIY

Tab.1 Primers used in this study
1% 51975 B Jr Bk
Primer Primer sequence (5'~3") Annealing temperature/C Amplicon size/bp
MCI1R-F GCATCCTCTTCATCGTGTATCA 55 520
MC1R-R TATCACTTATGGCTTGTTTTATC
EDNRB-F TTGACAGGTATCGTGCCG 60 650
EDNRB-R CCAGTCCTTTGCCGATTT
TYR-F TTGTTTCAGCCAGTTCCC
TYRR AACCAAACCTGCATTCGC o8 230
> R 55%-45%-35% K AR RE B0, RO RN TS
A

21 BEIAEWEBRAMIE. BHHRIUR

211 &Emiedriv DL 2 DR B
HAFNE O G RUERR fa AR, $RIBGRIS R 2 R,
RIS EA SO 1A), @it Percoll i

BE 2 45%~35% 2 01 1B #ik b Fr4g), it Z 4
MIfr T 35%E R F (K 1B #isk a fifg), W2 Mz
B F IRl — Percoll MR EEBAEE B0, 2 Fh i R AN AE
WAy, BAEAMEE T2 1C &3k b fr
18), 1T 45%~35%Z 0], BEOFEMIN T 35%HE 2
T (E 1C Fik a rfs).

e

P A% U (0 3R A )

Fig.1 Isolation of pigment cells from A. citrinellus

A 2 P EERAEIRER; B: Percoll 2MZJS MY 2 F R AL C: [l — Percoll HMJZH) 2 R AR AL
a: HORMMZ; b ROXMELZ

A: Mixture of two pigment cells; B: Two types of pigment cells stratified by Percoll, respectively;
C: Two types of pigment cells layered in the same Percoll. a: Xanthophores cell layer; b: Melanophores cell layer
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212 pBEREEEWMITYEFILEAR |
AR 2 e RAMEEEER 2R, BN L
B, SO F AR T R B0 25 A0 R (0 3 A
(K 2A . 2B); R4 TSGR 1 AV K40,
RIB AR MR, A% R 6OR PR G Al
AN 2C), T (0 2 0 R A0 AR R B AN,
ST ATAERE IR AR . o 0 R A AR R SR, A )N
AR RYE(F 2D, 2E); it kidE, éﬁﬂ’éuﬁik
6~12 h 55 FRFLR ML 70% )5 40 il AR K, 18
R WG FE 2 IR AR Y 90%KT jt/\ﬁi
RN R (K 2F), 576 R E EE WM AR

YT AR/ NFEA —F

213 HewAmEhk e FmETEFNE H
5B @R AN ST L, 435 A €6 XU
A AR A B0 PRI A T BT
Rt T RAMENE, IR Ak F e RN 4
KB, BRI LA AR, Ao RE 2 FE
A(E 3A), Kk e, Mh, B
SRAA RN v (B A R RIS AEAE , A AR AN (s R A fa Ak
g R, kR, dEAS ARt RCN; IR AR
YA VRECIR, SR T RARMMT)Z, RN E
BLSE G W TR (] 3B). B tafafk L RATC B AR

’-‘!

P2 A% SO I (0 3R AN B 57 S5 R 25 L
Fig.2 Morphological observation of A. citrinellus pigment cells in culture

A FI B I B p R R AN AN B (LR A C A D S BRI R R B S (0 5 A AN B B R 8] B (0 SR AN
E. F 5535 6 h 12 h b it 2 €5 3 41 it
A and B: Melanophore and xanthopore obtained by the cells, which are flocculated; C and D: Globular melanophores and single
elliptic xanthopores in early culture; E and F: Xanthopores at 6 h and 12 h of culture

P03 A 0O i s A (0 2K 2 i

Fig.3 Pigment cells from scales of A. citrinellus

A: BEM; B: KEM; C. BEM
A: Black period; B: Gray period; C: Yellow period
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Mo, RS MARBCRI B E RN, A B4
CRIRHARLL, REERAR, BT ORAEIE 30).

22 2HBRAMNERUREENFETE

221 L-DOPA # & %% Z & & by &1
BUE 3 AR K IE R B R A iE 4T L-DOPA Jefa,
P SR A R AN Y I O, T LB SR A
SR (6 BB (5 20, L-DOPA Y8 52 [ (1] 4B), 2
R AMMBA Z Y, 20 UL (2 28 20 M 5 1 11
Tk, HBEMRAEE T MEHAE KGN

222 HHVEHH SIBURToE NN DU -2 S
YA f, AT UL N S R A R AR/ IME(E SA). B
T, REE B A F AN NI R ERS R (B 5 7k I dE
a) M2 MR W 5 Bk FTds b), A0 paERss
H5EHE

223 2 & £mi MCIR, TYR #= EDNRB A H #)
PCR #1] 5510 AR K R BE Y 2 60 2K Al i A v
Z 4 fd MCIR, TYR il EDNRB ) PCR #6145 5 2 7%,
WS S R (R 6), DRSS A B K A0 i
TR 0 2R 20 3 DR R 2 i I A E s

Kl 4 A G OUE i R 5 L) L-DOPA 4 (4
Fig.4 L-DOPA staining of melanophores of A. citrinellus

A JeHT; B:

e

A: Before staining; B: After staining

'.iih_;"‘

s FLBRE UL T €0 3R 400 D B €0 2R A R ) 0 e 2 1

L S

Fig.5 The ultrastructure of melanophores and xanthopores observed under electron microscopy electron microscopy

A BREORMM; B: HORMM. a: WA, b K1Y MR

A: Melanophore; B: Xanthopore. a: Sepiapterin; b: Carotenoid vesicle

3 SIS

TEARM T B R R R, s TSR] T AL B 42U AT
TH AL AL PRS2 0 A 4R BOSCR A 2R, 725 Y
JLFP L ZUH LG |, Dispase T T Rz k20 2L A AR X
85, Z T FLsh Py IR SR O R A R o B B R
(BN, 2015); Fp PR F R AP AR ] T A 4R R

F . B ORIV BB, AR N S5, BT
FHERLEE I ENAR >, ARMERS 2 e 58 28l AR
1 B 7K 200 B TR0 J5T r 7 8 1 BT, B A 4 ) g~ A
BRI RS, DI 40 0 531805 P g 1 1 FH T 46
S L AU B SRR X 4 ) 5 = A T AR PE A, HL
X 240 AR B M AN K, B 20 AR DR AR =5 0 ) (FH
%, 2014; #IN%E, 2015), AR5 5% Inaba 25(2012)
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T1 El1 E2 M1 M2 T2

750 bp
250 bp

K6 {(Z4IE% TYR, EDNRB Fl MCIR 3L iy
PCR Bty 3%
Fig.6 PCR amplification of TYR, EDNRB and
MCI1R fragment in pigment cells
T1. E1 1 M1 435°F TYR, EDNRB il MC1R £
B FE AN YA, T2, B2 F1 M2 2351y TYR, EDNRB

A MCIR 75 R (0 32 4 i (9 2 08
T1, E1 and M1 were amplification of TYR,
EDNRB and MC1R in xanthophors respectively; T2,
E2 and M2 were amplification of TYR, EDNRB and
MCIR in melanophores respectively

B 75 B ektE, 78 25°C~28°C T 2.5 mg/mL Y
HBHH LA S 6~8 h, RERFREL ML, F5H 0.1 mg/mL
J2 S T BC ) AR e AT I AL 12~15 h, A0S
PAFE MR R AR MR B 2 P R 4
TE Percoll #fEE K IR Z.OfF 0 2, diEE
(] 35%M Percoll 72, I EE (5 22 41 i ¥ (o
RN, i 2 B ZE 41 70 2 B T #E Percoll
WA, AT F —20 S0 19 2 5 57 i fb 4 i 25
e

o R YR A1 5 57— R FH K-SFM A e 4t i 455
F7#% . DMEM, M199 %, F# K-SFM Fll DMEM/F12
2 PGSR E L B T UM A KA A, &
M K-SFM i A F T B8 TAifustsE, Kismh
MU 22 . SGAE DY, SE AR BURE T SR (5 A
45 2016), HFINIZE(2014)LL K-SFM 5 35 38 4 J5 A% 35
FMA M 2ifk, L DMEM 35385 0 i 24501532
ST S B R AR R, AR S EL S
F15 25 (Deveci et al, 2001) A 55 3% 732 in LAdk st , R

FE S BT 2 40 A0 A DA A K A9 K-SFML R 773
PEAT AR AR B SR AN AR i 4ifk, L1 DMEM E53: 35 h
AR R, R EHRES RN O E g,

IS R | B TR RI R B8 AR 22 1 D 2T A 41 A
FARANM , B S T R R A0 RN B (6 R A
L, BEMMEE g, Je g 2 brdE o ocst, 5
FEIETP IR T TPA W] X A [5) 40 Jf 7= A= e 4
BEMEVEH . TPA RELEHE (0 28 40 43 Wi 1 A K
T, ARIEANME A ARG | ORGBRE RIS AR, 0 AT A A
K AOTRTE Y, 35 30 6 B 2T 26 20 i RS B 5 2%, AT
AT Al ALY (5, 2 40 (Yaar et al, 1991), B, AHFSE
TEJRACHE TR R A e 264k IF 3 K TPA 4 (10 ng/mL),
{EAEARREFEmE, s/l TPA FHEE(1 ng/mL), DL/
XF 2 Fofr 2R A0 M A s PR S

AWFSETERE F I B AR B R B B 2 R R
WA, R A A FE s L, B Y 2 A
ORI EAT B TSR 20k, (AL REF 51 — e
MHEZEANNE, N IR BN A R A TR
A G RE S KA s PRI AE, X B R AN AT R
FEIE MWL, KB 2 Fha R aeiEs Ak, K
H, EOERMEREA K, MRAMERE R, SRR
o EROIR o 38 1 22 B Y 0 138 S H g R WL B A 2R /N
AR S A R A () £ ML 75 7 (Deveci, 2001; Fuller
etal, 2001; Hu et al, 2007), £ M4 @R358 B G E 40
e S B BH P S, v A3 475 S P 5 X 45 £ 2 200 i Py 38
ShkE, IR SRR K/ MA B A2 40 P S AT L
MRS B N R, 2 KM N ERES M ST
KR 41 (Oncorhynchus keta Walbaum) 5z Jik 2 1 18 i
FA B W 2% 3] 1R S A BL(Djurdjevic et al, 2015), IE
AHIGE T EE T BRI 43 88 FMA S| 35 3747 005k o £
IRFEI B2 M Ry 15k

o JE PRI 2 A FIE R 32 2 R o A R
KR EBEARMEI A, aaRUNEREER
2 R RE WA R S oy e, E YR RA
A NG S, #7EmRZMRE N (TYR MY TR
i5(Lin et al, 2007; Fi{#E, 2012), i Agouti F K Fl
MC1R J [F 7E 0 28 A il 1% h i 5 2 LTI 5671
1E H (Adalsteinsson et al, 1987; FMEILEE 2016), 1E
EEYMEE T, EDNRB H:[E BEAE b 2205 40 A 1)
BEBE, JE 20 A0 i o)Ak R €6 R 41 il (Parichy et al,
2000). P, ABFZEMNER . B 2 Fi@ KN R
S RNA, e il £ 22 41 g 44 ta G s 3 ) TYR, EDNRB
I MCIR B3k, L BUREY 1 A5 e 47, R
FRAT Y PRS0 M RN B AN B R AP R A e
RIS
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0 PR R R B A R A s . R 59

AWFFEFI Percoll 46 B2 150 43 B4 €4 0Ue il £
R0 2R 20 RN B (B R AN u K-SFM H5 35 BL (45
10 ng/mL TPA)#EAT JFAC M 4ifb 3G 5%, ®IGHF# T
DMEM 53538, I 7841 1 ng/mL TPA 20 ng/mL bFGF
1% e G FR A, J#L T 2 P R4
RFRIRR, FRAESHE . ZEY 6 BB
FFIVAR €, b G 5 R 22 TR 6] B % 20 B i e PEHEA T RIF 5
Shy 1t — 2 ) A €0 LT T i D €0 25 4T R e R A
MR PEERLR, N T RO RMMAE T . IR EIEL
BRI H Ty RE SRS %

ADALSTEINSSON S, HERSTEINSSON P, GUNNARSSON E.
Fox colors in relation to colors in mice and sheep. Journal of
Heredity, 1987, 78(4): 235-237

BAI R, YU Z H, FAN R W, et al. Culture, identification of
alpaca skin melanocytes in vitro. Chinese Journal of Animal
and Veterinary Sciences, 2013, 44(4): 549-556 [ %, T i
%5, zafﬂﬁ)‘ﬁ, S R RR R MRS SR YE . B

27418, 2013, 44(4): 549-556]

BAO J R. Analyzing coat color differences between red and
silver fox (Vulpes wulpes), pigment genes cloning and
tentative functional investigation of TYRPI. Doctoral
Dissertation of Chinese Academy of Agricultural Sciences,
2015 [HIiNZE. AANHEREANE @250 . EFRIEH 5
WE S TYRP1 THRERIALAISE. P IEAOL Rl B A5 A
2B SC, 2015]

COLIHUEQUE N. Genetics of salmonid skin pigmentation:
Clues and prospects for improving the external appearance
of farmed salmonids. Reviews in Fish Biology and Fisheries,
2010, 20(1): 71-86

DEVECI M, GILMONT R R, TERASHI H, et al. Melanocyte-
conditioned medium stimulates while melanocyte/keratinocyte
contact inhibits keratinocyte proliferation. Journal of Burn
Care and Rehabilitation, 2001, 22(1): 9-14

DJURDIJEVIC I, KREFT M E, SUSNIK B S. Comparison of
pigment cell ultrastructure and organisation in the dermis of
marble trout and brown trout, and first description of
erythrophore ultrastructure in salmonids. Journal of Anatomy,
2015, 227(5): 583-595

EISINGER M, MARKO O. Selective proliferation of normal
human melanocytes in vitro in the presence of phorbol ester
and cholera toxin. Proceedings of the National Academy of
Sciences of the United States of America, 1982, 79(6):
2018-2022

FULLER B B, SPAULDING D T, SMITH D R. Regulation of
the catalytic activity of preexisting tyrosinase in black and
Caucasian human melanocyte cell cultures. Experimental Cell
Research, 2001, 262(2): 197-208

GODA M, OHATA M, IKOMA H, et al. Integumental reddish-violet

coloration owing to novel dichromatic chromatophores in
the teleost fish, Pseudochromis diadema. Pigment Cell and
Melanoma Research, 2011, 24(4): 614-617

GOLA M, CZAJKOWSKI R, BAJEK A, et al. Melanocyte stem
cells: Biology and current aspects. Medical Science Monitor:
International Medical Journal of Experimental and Clinical
Research, 2012, 18(10): A155-A159

GONG H M, BAI R, JIA Z F, et al. Effect of two kinds of
culture medium on the alpaca hair follicle stem cell growth
and proliferation. Journal of Shanxi Medical University,
2016, 47(5): 424-428 [ 2H, H%i, BI5AE, 4 PR
FRHEXT S BE BT AN AR RS A 2. I PYBERER
27224k, 2016, 47(5): 424-428]

HU D N, MCCORMICK S A, SEEDOR T A, et al. Isolation,
purification and cultivation of conjunctival melanocytes.
Experimental Eye Research, 2007, 84(4): 662

INABA M, YAMANAKA H, KONDO S. Pigment pattern
formation by contact-dependent depolarization. Science,
2012, 335(6069): 677

JIANG Y L, SONG HM, LIU Y, et al. Cloning and expression
analysis of the developing sequence and tissue expression of
TYR gene in Amphilophus citrinellus. Journal of Agricultural
Biotechnology, 2016, 24(5): 697-707 [¥%#E¥%, RLIME, X
25, % WG EXGER G TYR SR se ke & B I F A
HBGRBT. LAY AR 2=, 2016, 24(5): 697-707]

LIN J Y, FISHER D E. Melanocyte biology and skin
pigmentation. Nature, 2007, 445(7130): 843-850

PARICHY D M, MELLGREN E M, RAWLS J F, et al.
Mutational analysis of endothelin receptor bl (rose) during
neural crest and pigment pattern development in the
zebrafish Danio rerio. Developmental Biology, 2000,
227(2): 294-306

SHIGEKI O, YOICHI I, YOHEI O, et al. Generation of human
melanocytes from induced pluripotent stem cells. PLoS One,
2011, 6(1): el6182

SINGH A P, NUSSLEIN-VOLHARD C. Zebrafish stripes as a
model for vertebrate colour pattern formation. Developmental
Biology, 2015, 25(2): R81-R92

SKOLD H N, ASPENGREN S, WALLIN M. Rapid color
change in fish and amphibians: Function, regulation, and
emerging applications. Pigment Cell and Melanoma Research,
2013, 26(1): 29-38

TAMURA A, HALABAN R, MOELLMANN G, et al. Normal
murine melanocytes in culture. In Vitro Cellular and
Developmental Biology, 1987, 23(7): 519-522

TIAN Y G, LIAO C Y, XU D L. Primary culture and
identification of skin melanocytes from black-bone silky
fowl (Gallus gallus Domesticus Brisson). China Poultry,
2014, 36(12): 6-10 [HFINI, B, HAEF]. LE K
J RO R A e A IR M e TR KB, 2014,
36(12): 6-10]

WANG C H. Brief summary on genetic basis of pigmentation in
fish. Journal of Shanghai Ocean University, 2012, 21(5):



60 W B B a2k
103-108 [FHilE. fa Ao S i A4 L ml A o8 1 e fif chromatophore and body colors' genesis of carp and cruscian
. IR EE2ER, 2012, 21(5): 103-108] carp. Acta Hydrobiologica Sinica, 2007, 31(1): 67-72 [#&1Hh,
WANG D, XU X, MA H, et al. Optimization of the method for Zb B, W, 4. LR eREEE G E g AR e L A
the culture of melanocyte precursors from hair follicles and HIWREE. FKAEEY)2EH], 2007, 31(1): 67-72]
their activation by 1, 25-dihydroxyvitamin D3. Experimental YAAR M, GILCHREST B A. Human melanocyte growth and
and Therapeutic Medicine, 2013, 6(4): 967-972 differentiation: A decade of new data. Journal of Investigative
XU W, LI C T, CAO D C, e al. Observation on scale Dermatology, 1991, 97(4): 611-617

(%4 LG

I solation, Culture and Identification of Polychromatic Midas cichlids
(Amphilophus citrinellus) M elanophores and Xanthophores

SONG Hongmei', ZHOU Kanggi’, TIAN Xue®, WANG Xuejie',
LIU Chao', LIU Yi', MU Xidong', HU Yinchang'”

(1. Pearl River Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences; Key Laboratory of Leisure Fisheries,
Ministry of Agriculture and Rural Affairs, Guangdong Modern Leisure Fisheries Engineering Technology Research Center,
Guangzhou, Guangdong 510380, China; 2. China Southwest University, Key Laboratory of Freshwater Fish Resources and
Reproductive Development, Ministry of the Ministry of Education, Chongging 402460, China;

3. College of Fisheries, Engineering Technology Research Center of Henan Province for
Aquatic Animal Cultivation, Henan Normal University, Xinxiang, Henan 453007, China)

Abstract This study aimed to investigate the methods of isolation, culture, and identification of
melanophores and xanthophores in polychromatic midas cichlids (Amphilophus citrinellus) and to thus
observe the growth characteristics of pigment cells in fish. In this study, the caudal fin, scales, and skin
tissues of A. citrinellus were used as the experimental material. To separate the pigment cells, the tissues
were digested in trypsin solution and collagenase solution for 6 h and 12 h, respectively, at 25°C~28C.
After the cell suspension was filtered through a stoma nylon net, xanthophores and melanocytes were
separated and collected by means of 35%-45%-55% Percoll multilayer density gradient centrifugation.
K-SFM medium was used for primary cell culture and cell purification to inhibit the growth of fibroblasts
and keratinocytes. DMEM supplemented with phorbol ester (TPA), double resistance, and bEGF, etc., was
used for the subculture of pigment cells. The morphology of the cells was observed by L-DOPA staining
and transmission electron microscopy, and the cells were identified by molecular markers. The results
showed that when the cells were separated, the melanocytes were located at the boundary of the 45% and
35% Percoll reagent layers, while xanthophores were located on top of the 35% Percoll layer. Both
pigment cells condensed into flocculation. Transmission electron microscopy showed that the
melanocytes contained a large number of melanosomes, while the yellow cells contained the MTX and
carotenoid vesicles. The melanocytes were positive under L-DOPA staining. The 10th generation of
pigment cells was used for PCR detection of the body color related genes MC1R, TYR, and EDNRB,
which showed strong specificity of gene amplification bands, indicating that the two pigment cells
obtained had good biological activity. In this study, methods for the isolation, culture, and identification
of melanophores and xanthophores of polychromatic midas cichlids were successfully established,
providing a cell model for further research on the molecular mechanisms of body color cell differentiation
and body color formation in fish.
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