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FIMAFSHERRERNMEE A KY
HIECH 1 nmol /L~ 10 nmol /L~ 100 nmol /L ¥ [E#6 &
) PKC #1 il 77 B 1 & (ST H-7 L(£)-1- (5-iso-
quinolinesulfonyl) -2-methylpiperazine* 2HC1 ] 5 i &
H# %l 7] W-7 [N- (6-aminohexyl) -5-chloro-1-naph-
thalenesulfonamide® HC 1¥4 # - 41 5 5% 4 il 3% 2 X
104 ~5 X 10*1™ /mL A BTN T 96 FL3E T4, B
E3AFAT. [FOBEFEMBIE R 4 K, X5
FrALH I SE 2B TR 73 AN 100 pl AN R B2 1Y
ST ‘H-7 fl W-7 @G 1 RIEFR4L, Bl inA
200 uL bR . ST Al H-7 B b B2 1 18] O 221G
3 min-WB 20 min-WU 10 min. W-7 FJ&b ] 6] 4
% S min+WB 20 min-WU 5 min.

1.3.2 BREBRINMLE AC MEFFSER B8
PDE MEHFIEEZBERNRAER ACHUS
7l =] BT AR (FSKD F Az 22 55 /K B il A% 1 nmol /L
10 nmol /L. 100 nmol /L FI¥ FE#f 5, PDE FH W 771 2%
g A A 2 K BE A 0.1 mmol /L 1 mmol /L.
10 mmol /LIR R T . 20 5 32 40 B i 855 7= A0 Ak 2
J7 R E . FSK R0 ) Ab #R B (6] 35 0 22 H% S min
'WB 20 min-WU 5 min.

1.3.3 ERHE APKA MG FERLFENER
SRR PRIER  PKA #HlT H-89 [N-[2- (p-
bromocinnamylamino ) ethyl J-5-isoquinoline-sulfon-
amide*2HCI I £ 2 # /KB H B 1 pmol /L 10 pmol /
L100 pemol /L R & 86 T . 4T £ 3% 40 i 1) 15 57 A

A

REERTT A b H-89 HIAL BRI [ D 1S 20 min.
WG 20 min.

2 ERE5SH

2.1 ARIEKAWOSETIEEMPEETNIE
A

WB 7EF 0~10 min I, 5 2040 8 3% 40 f i 45,
o ROk A1 R R R B . (0 R UL B B AT e
M1 G BAERBEANE K & 20 min BV, 41 AR 4R 4L
WedE, B4R FEE AN K. H O WB X 41 i {0 2% ok 1)
BaEmARER, HEESFRA R BIEHEL 1
22000 (E D,

5 WB I AR, 2 WG 4b 32, 115 5 55§
REME RN A FIRE— 2 58, B2
PR 1, RIS WG B9 4F F B T 3 I 3 70 min,
R PR BRI AN S IA B =

WU it 41 §1) 6 41 (5 3% 40 i (5 32 J0R0E Bl 72 )
e BB 1EF 10 min P 8k AT LA L 68 3 F0RL )
0 i S B A AN R R IR, AN R 4E . T
B 18] ) WU 7 F U 45 400 32 41 i B R L (AR v, 1%
WA S A RANE , ACRE R R AR E R A
TEFMLEF 1 yE 2% . WU 1EH 20 min, T A 40 J #6H B
T 4E, B S 0 WB AR R A R
e R O I R e n R Rl e
2.

B

1 WBXEEHBEZIALEINEM (X100
A:WB 0 min; B: WB 10 min, KB ; C: WB 20 min, BRBR# — B E, 47 L m B RZBH.
Fig.1 Effect of WB on the movement of pigment granule in erythrophores (X 10)

A:Under WB 0 min; B: Under WB 10 min, pigment granule aggregated; C: Under WB 20 min pigment granules aggregated con-

stantly; arrows show pigment granules.
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C

2 WU X & R4 & R IRLZ 2 13 (X 20
A: WU 0 min; B: WU 10 min, 8.2 208845 ; C: WU 20 min, B2 40 05 2 45 87 225 D: WB 10 min, 0.2 20 3 £8 2 #— 2000
Z E KRB RN
Fig.2 Effect of WU on the movement of pigment granule in erythrophores (X 20)
A: Under WU 0 min; B: Under WU 10 min erythrophores constricted; C: Under WU 20 min- pseudopod of erythrophores constricted
and ruptured; D: Under WB 10 min; erythrophores pseudopod ruptured constantly; arrows show pigment granules.

2.2 AFMASGIERAMEERBRENNGE SOEREERN.

SiRE

2.2.1 EXFREEPFNERERNFRLEYRIT
DAG-IP;i& 28I &l ST #l H-7 & PKC 47
T A THRABEH T DAG B 55 0 F &
ERN. 4R ER, ST Al H-7 #AF 1 WU 5/ iz
RPN REE RN (H 3. #ill DAG FTREA S

W-7 &M E T ASHEEEME T, AT
Bl 1P; REZ 5B SHERRERN. 4RE
7 WS INT W7 B4 £ EROOR SRR TR, A R
4 T EL 4B R A ) T S W-T RO R, W
B, AR AR (B 4018150

C

3 10 nmol /L ST X2 F 4 & Bkiiz sh 11 & (X 15
A: BEETIALHE 3 min; B: WB 5 min, B2 B0 24 ; C: WB 20 min, B RBR # — PR E;D: WU 5 min. BRI ERE, RG4S, 55758

Fig.3 Effect of 10 nmol /L ST on the movement of pigment granule in erythrophores (X 15)
A: In dark 3 min; B: Under WB 5 min; pigment granule aggregated; C: Under WB 20 min, pigment granules aggregated constantly; D: Under WU

5 min- pigment granule aggregated constantly and erythrophores constricted; arrows show pigment granules.
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- -
- -
4 10 nmol /L W-7 X 8 Z 4l B &8 RRR I ZH IR | (X 15)

AR 10 nmol /. W-7; B: BEE 5 min, BRBUN L, GHMULT; C: WB 5 min, K418 55 4 W45 D: WB 10 min, 20 i &
&5 WB 5 min TTZE 5 ; #7 3k 7m & R0k

Fig.4 Effect of 10 nmol /L. W-7 on the movement of pigment granule in erythrophores (X 15)
A:10 nmol /L W-7 was added: B: In dark, 5 min, pigment granule aggregated and erythrophores constricted: C: Under WB 5 min,
most erythrophores constricted completely; D: Under WB 10 min; erythrophores didn’ t change; arrows show pigment granules.

E'S 100 mmol /L W-7 X & FE 4 JL & RFALEE IR I (X 15
A: 50 100 nmol . W-7: B: BHE 5 min, B REFU R E T4 5, 40 858 2 04 87 ke B .
Fig.5 Effect of 100 nmol /L. W-7 on the movement of pigment granule in erythrophores (X 15)
A:100 nmol /L. W-7 was added; B: In dark, 5 min, pigment granule aggregated and erythrophores constricted completely; arrows
show pigment granules.

#14%

2.2.2 FSKFZEWAEREMNEERNPHIER
FSK & — M IF T M AL B S ), al e s 4l i i
Fl cAMP 7KF. %50 1 nmol /LFSK 2 & 70 4bBE 40

EERE, H WU 1EH 2 min, 40 48 75 52 8 200 45,
7R 2 M A R T (6. I 100 nmol /L
FSK EHE AL 5 min, /£ WB /FF 5 min J& @ &5

A E A 5 min, I WB 43 5 min J& & 5 JOkL 45
B S EURE AR /N WB AL 22 10 min 1 20 min J5 5
%I%%FK@E 750 10 nmol /L B FSK AL 4T 5 3 4
fi, BHEAEF S min BN 541G — 2 R 46, WB
Mﬁ 5 min J5 4 RS> BT 4k SE4E FH 25 1S min A
RS HORE P 3 0, T 7E 20 min B4 iR A2 04,

FLA B S HUORE P LA A 2 41K, WB /E A 10 min 8
FURLAREE 73 8, WB 1E S 20 min 78557/ 0 40 Al
GRIRE T AR AR BRI Al IR AR R 7 8. WU &b 3
1 min PTF 4 AR K 46 2% 5, WU 40 #E 2 min 418
24, WU 3 min B WU 2 min I 40 BRR &S —
. XK FSK AT LAHI ] WB 5| 2 i € 38 ik 2R
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£ R N, T BRI HIAE A R = AR 8 WB 5k
e FERPRRERGES cAMP KFI T AL, M
cAMP K-FH R RN RTAE R BT Gi A RIAEH
T AC IR 5 E A

AW —F cAMP — PDE FH T, &40 PDE
Ff2 cAMP- %500 0.1 mmol /L B 4% Tk 22 B 4b #2
5 min, 285 WB 42 5 min- 10 min & 50 H I 4
B AN B 2, WB AL R 20 min J5 40 B T SR W04
WU 4 # 2 min °7 A 251 & 4 B K 4. &
1 mmol LA T8 215 AL EE 5 min J§ WB A3 5 min

622 FRL 5> H WB 10 min #— 25 %, WB 20 min
AR, 5 F WU AbEE 2 min A7 2005 4 Al
g5 (B 7). 30 10 mmol A A58 RS AL H 5 min,
FiH WB 43 5 min J& 8 F R 5> §, WB 4t #
10 min~20 min &5 B0k 4% 22 9 §%, ¥ F WU 2 min
JUPART i 3 Bk IR 4 . IX 3 B S H AT 401 WB
IR M 3R R SN, X T WU K& 1 %5
FIERE B BN 0 0 A R AR M, KT
cAMP A FI Tt F 50k 1 4 8UE A

B 6 10 nmol /L. FSK X & Z 4l I & KB IBEhR 1\ (X 15
A: B 5 min; B: WB 5 min. B 2 500 78 C; WB 15 min. B R B & &R £ D: WB 20 min, B RBHR#E— SR E, E: WU

2 min, BER R 91 B4 s §F K on RN

Fig.6 Effect of 10 nmol /L FSK on the movement of pigment granule in erythrophores (X 15)
A: In dark; 5 min; B: Under WB 5 min, pigment granule dispersed; C: Under WB 10 min, pigment granule aggregated; D: Under

'WB 20 min, pigment granule aggregated constantly; E: Under WU 2 min, pigment granule aggregated and erythrophores constrict-

ed; arrows show pigment granules.

2.2.3 HY HBETROMENFEER HS89
2 PKA FF 590+, 1 PKA B cAMP #35. 35
Fr4d E’J’é?ﬁéﬁiﬂ’@ 7E AR NN H-89 B, 1Y 4b #
10 min G A4 AR ZR 22, ﬁ*ﬁﬁ‘%ﬂ@ﬁ”*ﬁ& WG
403 10 min ’é?—%ﬁj\%ﬂz,wc AL PR 20 min 41 A0 (5 AR
o LEMA 1 pmol /L H-89 J&, FBREALFR 10 min, 143
UKL IR £E , AN AR 4, FEHE AL FE 20 min TR B AL,

2 WG Ab 3 10 min 6 32500 2 DU 05 1 41 R
Fitamg A (8 8) . AN 100 pmol /L H-89 HJ
AN, £ B ALIE S min Nk D0 €8 3% 40 A i
g5, 0 R HORL R, A AR (K 9) . ERE AL
10 min-~ 20 min, 40 B IS8 B A TE . WG 4
# 5 min+ 10 min 4l B /NAAE, 20 min /5 41 R EE
k. XK BRE Y, H-89 ol LLIEH 155 (0 R
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RLZ AR, M HE SRR S R R AE L o 0, Ty ELH: S WA A AROR v R B2 1Y) H-89 1
T WG S EH (MO > AU Y, H-89 AT A4 WG AF RIAH RN 18] T, 5 3R R00RE 73 B R P D 2>

B <

7 1 mmol /L FH 4 F M &R RS 0 (x15)
A: BT 5 min; B: WB 5 min, &2 MR 580 C: WB 15 min, & 2= BURLHE— 227080 D: WB 20 min, B ZEFHNEERE;E:WU
2 min, BRTEERE, G HIEEE; 67 ko B RBUR.
Fig.7 Effect of 1 mmol /L theophylline on the movement of pigment granule in erythrophores (X 15
A: In dark; 5 min: B: Under WB 5 min- pigment granule dispersed: C: Under WB 135 min, pigment granule dispersed constantly; D:
Under WB 20 min, pigment granules aggregated lightly; E: Under WU 2 min, pigment granule aggregated completely and ery-
throphores constricted: arrows show pigment granules.

C

8 1 pmol /L H-89 X & EFFLZEE I (X 15
A: VRN H-89 1 pmol /L, & ZFEFKL5F #L: B: B 10 min, B R RE, 44T C: BIE 20 min, AIEE S 10 min TEH;
D: WG 10 min, & R BRI 508 7 Lo R Bk
Fig.8 Effect of 1 ymol /L. H-89 on the movement of pigment granule in erythrophores (X 15)
A:1 pmol /L. H-89 was added; pigment granule dispersed: B: In dark 10 min, pigment granule aggregated and erythrophores constricted:
C: In dark 20 min, erythrophores didn’ t change. ; D: Under WG 10 min, pigment granule dispersed lightly; arrows show pigment granules.
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e ' ..5

9 100 pmol A H-89 *I & & FALZEZ I (X 15
A: RN H-89 100 pmol /L, R TR 5 #; B: BUE 5 min B R RE, B R MM 72 WL 57 K 7m B R,
Fig.8 Effect of 100 pmol /L. H-89 on the movement of pigment granule in erythrophores (X 15)

A:100 pmol L. H-89 was added: pigment granule dispersed: B: In dark 5 min, pigment granule aggregated and erythrophores con-

stricted completely; arrows show pigment granules.

3 g

3.1 EXOSIE ERMAF I

1E 1948 5t O R I 8 XK S5 5 HEBh 0 1 44
ek g mi, MRS 2 AR H A6
(Platypoecilus maculatus Giinther) 5 B 1 B LA
M 5dH 20% 4 =AM sk R EE
JGIER A 400 nm 420 nm H L O, AR DG K
410 nm 7= A7 H BLE AR, 16 KR T 500 nm #IO6
U RIR T @R B (Rhodeus ocellatus) 1T 4
fig v 1) B ik B B A B AR B AE D IR IG L  H EL 3
R B R K KL 0 420 nm B, EHEAEB fh {
K iKa TR (Trematomus bernacchii) 8§ 7 5% 7 (AR
ANMAE S T R EO, B THERT WL, 24k 4k
WATG AL R MM SR . G KR 365 nm 5 5k
R B T A (Tilapia nilorica) A A TR
e g e b0l

ARG T FBIE 2R IABAT OE R AN
SRR RAMAE W . FREY, 1KLL
ZAF T, A8 B B KA P R s g, R BUR
WP AW Ag sl R AR S Y, (R S N AR B s
o BRETHUL T, K2 B A0 M L 65 R 4R A
IR (350 nm. 450 nm) JEAEH T, (LR A fR 25
P BRI B AN 51 B 2R R S Y R
B, K TR 2R SN2 A R IE mT B BT 68 A MR B O
JETE R o T 2O R A AT RO B AR
T (550 nm » 5 % WUk L2 5 18 2 4y BUE R
BTOME, BETIEARA T 2D EL. EPHR
7oAl 1 S 5 A B N B A R, i
w (Orizias latipes) 7 410~420 nm TSI A

FAMA e R R AN, ALl R B Bt
RAMAEC BN 400~440 nm T 550~ 600 nm H
P RRE, SOBIKAE 470 ~530 nm Z (6], (55>
R R e U2) . B B R A A% 4 5 3R A
RIUAT 4 B WL HE P9 A £ 36 1) mRNA [ #3812,
U, RN A RN SO R AR RS E
RIRL R G, IR R YR A — WK T
A 0l 2 13,
3.2 xdslaeRMRgmmnESESBETNR
KT MAME 5 0 2800 32 40 i (0 Bk iz 3 Y
O AR RRIE. RGO RARBRZ5)
(RIRITFU 77 T, #0283 UKL 1 70 BUPE BE A cAMP
ACTH LT 14160, A 5 3 8% 31, AC (1) 0 7
FSK A LU WB 515 i € 3 B0k 2 4R SO, 15
T F UKL 10, PDE F 40 8150 2% BB A R T 3
R . XA 7R cAMP /K F ) T iR fF B A 5 3%
UKL 8, 55 Oshima 1745 145 RAHLL, FHw 19
L0 AR O'E T1 AE F) £ FOR 2 A S AT g 2 I
BRI cAMP KPR SEHLH . R, A8 256
HPKA 067 H-89 AT WG 51 (1) £ 5
R T ELA o 23 R 58 S ) R E B . X R
Bl PKA 2 55 0 3 ORI 20 80U B, T i B cAMP
K B PKA. AT 51 € 3 Bk B 2 B8 &
Ban 276 B A #2415 F 40 A 350 45 L2 — B
Ban fRIEE 155 B & P 4 (0 R A M A R BkLE
g2 Gi AW Gs FAWRA NI cAMP K
PRI, LS5 R 7R, 000 0 BRI 7>
HOE PN 2 T O 5 4 M IS b B ks e S R 4 s
I AC HITEE, 32 cAMP /KF7H &, B PKA, A
T 5 1 7 € 3 ) 7
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Effects of photoresponses on the movement of pigment granule in erythrophores of
Xiphophorus helleri and the mechanism

LIU Li; LIANG Lan-qing; ZHAO Hui-hong: SUN Ji-jia WANG Hai-fang ZHAO Dian-hui, LI Gui-feng
(College of Animal Science: South China Agricultural University: Guangzhou 510642 China)

Abstract: It is well known that long-term adaptation to a background induces morphological color changes in
fish skin, which result from changes in the density and morphology of pigment cells. The migration of pig-
ment granules within chromatophores is under the control of both the nervous and the endocrine systems: al-
though these cells often respond directly to light. To study the mechanism of erythrophores in photore-
sponse> the effect of photoresponses on the movement of pigment granule in erythrophores were determined
by fluorescent microscope and pharmacological techniques were mainly adopted. Firstly, erythrophores in
scales from Xiphophorus helleri were dissociated and cultured at 25 C in a water-jacketed CO, incubator in
medium Leibovitz L-15. The movement of pigment granule in erythrophores were observed under dark con-
dition; wave length 350 nm (WU ;450 nm (WB) and 550 nm (WG? . Then, staurosporine (ST) , H-7, W-7,
forskolin (FSK) ; theophylline and H-89 were applied respectively to exam the signaling pathway in photore-
sponses. The results indicated that the movement of pigment granule in erythrophores was influenced under
wave length 350 nm, 450 nm and 550 nm. Light at 550 nm could induce pigment granule dispersion in most
erythrophores, however; pigment granule aggregated at 350 nm and 450 nm. Neither ST nor H-7; inhibitors
of protein kinase C, affected the pigment aggregation induced by light at 350 nm it suggested that DAG
didn’ t take part in the reaction of pigment granule aggregation. Howevers W-7; a calmodulin antagonists in-
cresed pigment granule aggregation in a dose-dependent manner: pigment granule aggregated and ery-
throphores constricted completely at 100 nmol /L. W-7 within 5 min in dark. The result that W-7 did not in-
hibit the response also lends support to the irrelevance of calcium in the light-induced aggregation of pig-
ment granules within xanthophores, which suggested that IP; could inhibit pigment granule aggregation.
Pigment aggregation caused by light at 450 nm was inhibited by forskolin; an activator of adenylate cyclase;
in a time-dependent manner: in the case of 10 nmol /L forskolin, pigment granule dispersed at 450 nm within
5 min and then pigment granule aggregated. Theophylline blocked erythrophores response to light in a dose-
dependent manner: 10 mmol /L. theophylline abolished the response completely. It suggested that the level of
intracellular cAMP was related to the movement of pigment granule: low level of cAMP induced pigment
aggregation, vice versa . cAMP seems to function as a second messenger in the photoresponse. H-89, an in-
hibitor of protein kinase A could block pigment dispersion induced by light at 550 nm. These results implied
that stimulation of erythrophores by light at 350 nm and 450 nm is followed by a decrease in intracellular
cAMP levels and inhibited AC; which in turn inactivate PKA leading to the pigment granule aggregation.
Moreovers an increase in intracellular IP; levels mediate by G and activate PKC, which in turn activate
Ca?* /almodulin, leading to pigment granule dispersion. [Journal of Fishery Sciences of Chinas 2007, 14
4):523—531]
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