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pyruvoyl tetrahydropterin synthase)f1GTPCH(GTP
cyclohydrolase) /& B WE G B id B% 1 G5B, SPRZ
5 BH, I #M O H, dJE BHA M Sk B Uik 4 Hh i
Je — 2 T AL, [ a2 2L TR
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SPRIYMMEAE S, HERBIER FE R TRARH
Mo Andrades ! i 5 % B R3S & Blsprid) 2 25
P 55 BE FE AR (o R (0 AT B OCEK , BE  fi(Danio
rerio)BEAE Ji 42 3k IR LB (A K41 ffe, 72 h
HORMpPHE L, RELE, SPRULHEEHEOR
ARG Z T BEE T AR ROR B R
R, B (0 2R M E G ROE T S A T BE R
A, 375 I 3 R TR ) BB, QTTILE Aoz 1 AT 7
i HOR o SR LERF AR Th7E T Bl . B b 0 5%
B, HEESgpchRiptpstl ., RE
SPRYE M BE i % b AT s BAE T, (HE v fakrh
spryeFEFI DI RE A BB #20
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(Cyprinidae) . #%J& (Cyprinus), R@EH H 28,
AT R A 100250, BA R EMNR
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BEAR 22 SR ARAS o (H 22 5% 32 I
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5 H.cDNA4 K, F|FqRT-PCR., Western blot,
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2132 A RNAlaterfi0.5 mL EP 14 °Cid % J5
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), $2H044H 2 MIRNA(TaKaRa/A ), Kif),
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Tab.1 Sampling materials of koi

ey K HIEAES |
name quantity tissue
F4i41 53 4%  F, whole red koi carp 6 Bk, 4. BEF . L. JHRE. WmiE
F,2li 143 F, whole white koi carp 6 N N
FiZL A8 F, Kohaku koi carp 6 g Rk, B85 SRR AtBE. K. 885 BT

1.2 sprEERE

F 4 PrimeScript 1l 1st Strand cDNA Synthesis
Kitfg Ui B 45, e $2 B BT A L 2L RNA S SR
—#if cDNA (TaKaRa/A F], Ki#). M SEEK: = /i
FRAT 1 4 A A . B Sy A BB R O o 5 spr A
KW, NCBI#EFTBlastkbxt, 78 IF il 15 52 HE
1 Bl B % A AL M A v 1 XS O OE e 5 1
(#2). LIS —4%E cDNA N B 747 PCREL N -
2xPCR Mixture 10 pL | R 751 #450.8 uL . #idk
4 pL. ddH,0 4.4 pL(TaKaRaA &), Ki%), K
2F M. 94°C2min; 94°C30s, 54.7°C30s,
72 °C 2 min, 35ME¥; 72 °C 5 min, %375
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W8 e F kR I 5 DD R, dlifk . MR AL
PRV PCRAG I PH M s b, 26 i A T A48 )
M

W g spr 8] 7 Be )P 5% 115 F13'RACES |9
(#2), HHESMARTer RACE 5'/3"i& 7 & i 1 $3
HATPCRY # (TaKaRaA A], Ki%), PCR™“=¥£:
1 %35 1 W E RS 0 I 1 AT B Il i L 3 4 g%
fb, 3% LAY wNT
1.3 R spr -DNAFFFILL XS R R Gk o3 i

14 3K 15 19 spr cDNAJT 41 1] Lasergene 8K {1 i
7P, NCBIJEAT Blastn[|] P8 4 53 #7 (https://blast.
ncbi.nlm.nih.gov/Blast.cgi), ORFfinderff il H: JF jik
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Tab.2 Sequence of primers used in the study

514 FPol(5-3") &

primer sequence (5'-3") usage
spr-F CTGAAGGAGGACATCATAACCCTG

thE B partial sequence PCR
spr-R CTAGAGCTCGTAGAAGTCCAGATG
spr-3'Out GTGGTCAACATCAGCTCTCTGTGTGCG

3 8 3'RACE PCR
spr-3'In TCGTGGGTCCTTTACTGCACCGGGAAAG
spr-5'Out GCACTCTTACATCCGGCTCCTCTGC

5 S'RACE PCR
spr-5'In GAAGCGAGACACGTCACCCAGAGAC
qspr-F TTTCCTCGCAGTCTGGGTCT

SEHPCR  real-time PCR
qspr-R AGCACTCTTACATCCGGCTCC
UPM-L CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT

JEAEIY  universal primer
UPM-S CTAATACGACTCACTATAGGGC
B-actin-F TGCAAAGCCGGATTCGCTGG

WZE K housekeeping gene
B-actin-R AGTTGGTGACAATACCGTGC

[52] 152 4E 5 2 1t % 2L 2 )T 9] (https://www.ncbi.nlm.
nih.gov/orffinder/), SMART# 1T H 4545 4381
(http://smart.embl-heidelberg.de/), MEGA 6.0%]5 %
Bk R G dE AL A (bootstrap=1 000),

14 $REEsprAAMFE L AN RIAST

WA SR AT 1Y TT 75 1) BEAE 77 31 15 11 qRT-PCR Y |
W(E2), L-actinfE i NZ, $% i PrimeScript RT
reagent Kit With gDNA Eraser(TaKaRa/ZA A, K
)i A A i — 5% cDNAJEFTqQRT-PCR.,  JZ i
AZ }@0pL): SYBRI10pL, I FilF5141450.6 uL.
Fitl2 pL. ddH,0 6.8 uL, ¥ HFEF: 95°C 30,
95°C5s, 58°C20s, 40MEH, HAFEM3INE
i, RG22 B sprAE AN TR 41 4UR &
(AR O R ik it .

1.5 $R8ESPREVAALE SR

PATPZL# % + PMSF 100 : 1% HL 451 Fic i &
EAERBECEE s RAFE], i), $REsiza, 4
FORITZL B B J ik . BB SR Bk R SR
BSAIRXF &M E & AW ECE s RAH, L),
25 mgHE [ #EAT SDS-2R P s Tk e #6E % L VK (SDS-
PAGE), VIiE. %M, TBSTZE this i ve3ik .
BIKS min, S%ELAEWIR B A1 h, —Hi(Abcam’ZA
A, JEE)4 CCHEF A, TBSTS vh i WK Uk
3 BERS min, ZHUEE ., TBSTZ: s MIH Uk
i [E 7K 77 %% 4> 32 /) sponsored by China Society of Fisheries

3% . £ ¥K5 min, ECL & (Thermo Fisher/\ d),
FE)., fer B -

1.6 $REESPRYE T B 992 7 E L

afi 21 F 2001 B R TR T 4% 22 3R
RIS K, —HEW, A, YA
um), Bk, 3%XEIKIFH 10 min, PBSZE A
WG VE3 YR, RS min, 5%4- 1137 °CEF 4120
min, —¥$i4 °CHEF LK, 37 °CHFE 30 min, PBS
SR E VR, BRIRS min, #1037 °CHFF 20
min, PBSZ MG VE3K, B IKS min, DAB
At e EYan, )6, ddH,04
IR, FRARREY, WK, &Y, thrEw
BR, AR A MIE BB BRI
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Image-pro Plus 6.0%%{f:(Media Cybernetics 2y
A, FEDNITAELL . Sl LD R R B
M%) SPRAGAPDH AL EI 45 5L, s A
)45 T AR D% B, S A iR & (I0D)=5%
T AR (px) <P B % B (0D), SPRE NS HEH
GAPDHX I, #E472FE &4 FIHISPSS 16.0
One-Way ANOVAZ: 14341 i 15 840 Jf- # 4 7LSD
FlDuncanlC HE, 4559 V-3 {E 45 #E 1% (mean+
SE)#&R 7N o
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2.1 sprcDNAZKRHIEBRFII O

X} v B AR A5 R A B s pr e 51 E AT PEE . cDNA
4K 879 bp, U132 bpHyS'IEgILIX, 134
bpf 3 AE S S X K 510 bp il IT L e S24E , 4 i
1702 R, HEH B FBiE N18.74 ku, “FH
FORH6.10, LA & EikF15.9%, & FH
fh & IR, S5/ EUSPRES S —5, H#HESPRE
Asn-36F1Asn-634 B8 5F A9 N-# 3 Ak 45 & 1
o SPREZMHIME FKBFIINIKY Z —,
SPRAE H H A 3445 1 £ 11 B TR 21> 2 11 CI g
AR TL AV 15 . SMARTHUIN SPRZJEIR 51 25 #4y
B, 138 —13-165% 5 5% K adh_short C2{4#
AR, E2),

22 SREESPREEELFIIEIRIE LB R G i
ot

A FIMEGAG.08K {5 7 B SPR24 HE 2 J¥ 5] 5
4t (Carassius auratus No. XP_026124531), #i
(Cyprinus carpio No. XP_018926689.1), K44k
il (Sinocyclocheilus anshuiensis No. XP_016306632.1),
B £ (Danio rerio No NC_007116.7), &8 X8
il (Ictalurus punctatus No. NC_030443.1), HAH
# (Oryzias latipes No. NC_019870.2), E[J & ¥
(Oryzias melastigma No. NW_020100721), 4R KR
W5 £ (Oncorhynchus kisutch No. NC_034202.1), HT
i (Oncorhynchus mykiss No. NC_035105.1), KP4
P (Salmo salar No. NC_027310.1), #i7 JINiE
(Xenopus tropicalis No. NC_030677.1), B 2=
i (Pogona vitticeps No. NW_018150876.1), 5 3k

1 ctgasggaggacatcataaccetgtacgggggacagaaccagetggacgtecgetgtptgeaggecgac

70 ctggagaagaaggacggegtgeaanaaacagticaggeagetanagagacttcagtgteagaaATGGAC

M D

139 CACATACTCCTGATCAACAATGCAGCGTCTCTGGGTGACGTGTCTCGCTTCGCTGTGACGTTCACGGAT

3 OB T L LT NN A A S

G DV S RFAVTFTTD

208 CCGLCGGAGGTCAACCGGTATCTGTCTCTGAACGTCAGCGGAGCGCTGAGTCTGACGGCCGGCGTCCTG

26 P A E V N R S e L N Y S G AL S LT AGVL
277 CAAGCGTTTCCTCGCAGTCTGGGTCTGCGGCOGTCOGTGLTCAACATCAGCTCTCTGTGTGCGCTGAAG

49 Q A F P R S L G LR

RSV VY N L 8 51 CATLK

346 CCCTTCCOGTCGTGGGTCCTTTACTGCACTGGGAAAGCCGCCCGCGACATGATGTTCCGCGTGTTAGCC

72 P F P S W V [ Y C_T

K 4 A B D M M F R V [ A

415 GAGGAGGAGCCGGATGTAAGAGTGCTCAGTTACGCACCCGGTCCTCTGGACACAGACATGCAGCTGCAG

95 EEE P D ¥ RV |3

AP G P I D T 00 M QT 0

484  GCGCGGCLCTCCTCCGGAGATCTGCAGCTGCOGCGCTCCTTCTCCTCCATGTTCTCCAAGGGCCAGLTG

118 A R R S S ¢ [ [0 |

R R S F S S MF 3 K G O]

553 CTCTCCTGCGAGGAGTCCGGAGCCAAACTCATGAAGCTCCTGCTGGACAATGACT TCCAGTCCGGCGLT

141 L5 C E E 5 G A K L

K L L L D NDF QS G A

622 CATCTGGACTTCTATGAGCTCTGAtgeccacageteteaaactgtacatactgtgeacagaggtttata

164 L L DF YEL *

691 atgttglgletaatgttgtlgatagalitetatietititagglellanaaalet gltaagaaatgela

760 tgtttttatasaaggaataaatiaatgaatgllcaggeadananasaaaadadaaaanaaaaaasanaa

829 aanastaasasaasaanaaaandaanaadnacanaaanaaaanasasasana

E1 4IER@EsprFiMasEiFy
NGFEG NS ARG XA ARG X, *FORKILE N T RO T RAR RN EAEG T, B NH&RRadh_short C245#35K, 4
O T R RR PSP B AL, SRR R ROR NS AL 45 & A, B 1 R R R 1 CIR R A IR 6 o s

Fig.1 The spr mRNA sequence and amino acid sequence of the red koi

the marked purple line is the initial codon, whose front is the 5’ non-coding region, and the TGA marked asterisk is the termination

codon, followed by 3’ non-coding region. The black underline is the adh_short C2 domain, the red underlines are the calmodulin

kinase II sites, the green underlines are the N-glycosylation binding sites, and the blue underlines are the phosphorylation sites of

protein C kinase
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KFaPEtE S.salar ALTGAS ety A ssoek drilongassoaira—LvRow G BlEsVVAKFs-se0 - 105
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H A8 O.latipes Beodsrafolody \ (SGDESRANQAERIDSEAGRAG—LKNQVAVAZIGRTESBEAT Ith‘h‘.\;.\l SN 95
B R SR 1 punctatus “’ﬁ KERSALEK] ig\r EpKREQEDSS GG —LLIRCYWA EsVIKELRDTP-850 102
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B EL U Pvitticeps RVHGQU -RGUPATSEPWVP SrGRWNRKEFILLPLSS 41
i% G.gallus MEAEFGAERRRWAANS BFERs SnLip Rib gJ:L.I,I'_I_AﬁEL\!f\a ANEIRDSCPELR— \fLLv’ﬁmcmjrﬂnwwm\R!LLI'GGP 98
A Clivia S—CIVEPIFTSSK 17
KW M.musculus MEAGG Lacmmsmmmm }"\E n*fm!m'!hu JeAQPOLE——NVLAAN m RLLSAVRELPRPEG 92
A\ H.sapiens YECG——LGRA ;u‘rﬁm‘ﬁaljw DE x!nn‘h AEJGAERSELR \wm AEALIQULLGALRELIRPRG 91
C tgas g £ a
Calmodalm (CAM) kel ol P i'suut (oiRe RS n
i8¢ C.carpio varkoi A ' ook 108
i Cauratus || A i i | volGRA 208
i C.carpio | el i | e 116
IR B S.anshuiensis 1l _ S | b 208
P D.rerio L g t Kk 210
K vERE S.salar ' S A ¢ ki 213
EETH 8% O.melastigma N ! A f ¥ 503
KRG f1 O.kisutch ) i 0 (& T 213
W% O.mykiss ] 2T 14 Rt 213
HAE# O.latipes Sl ! { 203
BE R SURAM 1punctatus RN ﬁ b 210
s - £ ! ! i 200
ey INWE X tropicalis | s N | A 199
BN EZ DM Pvitticeps ||| I 1 | ¥ 142
X G.gallus .- | " | 206
LLi A .. g
Y Clivia Sl 9 ok 122
K M.musculus S 1 | & 200
N H.sapiens i i | ( !_ 199
CA i
Calmoig ICAM) kimsl adh_short C2
it C.carpio varkoi | 7] ur kBT AN 85 170
& Cauratus @818 Qr- iSE in-. 0 B 270
## C.carpio | m_ﬂ ot . 8 ! 178
ﬁﬂ(ﬁ?ﬂ%ﬁESanshmenszs oA gﬁ miy A Eﬂ' S 270
Bt D.rerio [0l 0 K In g e 272
KGR S.salar | Elm B g e 275
ENFEH 8 O.melastigma Gt 0 S i ¢ B E 2 | 265
HLCRIA i O kisutch g}ﬁ a1 o g e 275
U8 O.mykiss | Tﬂ W 'y - Iﬁ i 275
FA# 8 O.latipes g8 ' 44" : . '1 ; . %gg
ﬁf,‘f—ix}%ﬁ@[punctatus L}# _I_.. I! .. |‘ ﬁ| ! 1] .'E:. j—7
e e } e L 0 ofs iR - 261
Pt I X tropicalis Dﬁ & i . ! 0 0. 261
VISR Pririiceps B 8B4 mh sy 504
3 G.gallus B o8 B R | e E 268
48 Clivia Q08 B il'! L gl off 184
KW M.musculus @ DR L Bl T ; h g | (T foc - - 262
N H.sapiens B8DEQUGHET ! ﬂ!} IR 000Ny TDVLYQYRLAPSASPEMEMELADPRQUVRGFHLPTNESGL 305
PBdt Ma A 466 6L 1 5 SGall6D &
E 2 $RESPRS H fthfa X SPREEHEL BRI bk xF
XN SE AL, KO XN T5S%M L FBAE R JRadh_short C245 IR, ZIAE R4S A R IR IO A1, ZRAE RONN-BE S0 45 & 41

A WE R R B CI 1B RR A6z
Fig.2 Koi carp SPR homology comparison with other fishes SPR amino acids

The black area: completely similar; the gray area: 75% similar; The black frame represents the adh_short_C2 domain, the red frame represents the

calmodulin kinase II site, the green frames represent the N-glycation binding site, and the blue frames represent the phosphorylation site of protein C

kinase

W (Protobothrops mucrosquamatus No. NC_029519.1),

X (Gallus gallus No. NC_006091.5),

Y (Columba

livia No. NW_004973535), A (Homo sapiens No.
NC_000002), % .(Mus musculus No. NC_000072.6)
() SPR 24 KL 2 ¥ 4 47 A IR LA, SPRYEffi

£ 20 B PR SR R 5 (65.7~97.7%)
54

P, H97.7%;

5 4 A

2ot | WRAEEEIE 028

o [ 7K 7= 42 2> 32 5 sponsored by China Society of Fisheries

(I RR LR T-85.3~94.8%, 5 H Al 11 2 (9 A b1 1
H65.7%~71.5%; SWMGEZE ., 1T, SR
FLA AU BAR . BEF SRR T 9 Lh ) &5 41
WHRAGEEMN, 4R ER, BESPRYE &S
il WK ELKMER R —/NE, HikiE4em, M
i HH MM ARy — K, X5 HREER 2
PLAH—S(1%13),

http://www.scxuebao.cn


http://www.scxuebao.cn

556 KoOoE ¥ 44 45

56 Kttt Ssalar
5 100 [LAR KBRS 18, O, kisutch

| W68 O.mykiss
83 BV EEE i O.melastigma
100 L— | A 75 i O.latipes .
100 BE i X M Lpunctatus f% f <
PE . D.rerio

418 C.auratus

¥R C.carpio var. koi [FAS
cypriniformes

99

i C.carpio
G IK G ERAE S.anshuiensis
il INWE X.tropicalis — Wifli2% amphibians

WM EZINMT Pitticeps
P .
JR A 3k Pmucrosquamatus } JE47 2K reptiles

53 ‘
Y G.gallus o ke s

32 4|7 A Clivia } 52K birds

47 KB M.musculus N

ik
4‘)()‘— A H.sapiens } i 7.2 mammals

0.05

A
B3 &SPREEEFII ARG MUK
Fig. 3 Phylogenetic tree of the SPR proteins in fishes
2.3 REEsprtAR A EMERBTIE D Ja 7+, 2 dph (day post hatching) & iA m i &, W&

qQRT-PCRZS S 5, sprfE LR . Btk . 8% = T4 dph A6 dph (P<0.05), {H 112 dphFEiLEA
oo BEBE. W R A4 ik, e lkhgkak FRIERAEIESE(P>0.05) (4-b).
B0 T A4 41(P<0.05), WIAKZ, % b AN [) A o 6 0 5 € 3 AT M A 4HL 2 kAT
Hh IR IR AR (P<0.05) (Kl4-a). sprie ik sprafik ot (1814-¢), SELZLHR B R K hspra ik i
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Fig. 4 Relative expression level of spr

Different lowercases indicates significant difference (P<0.05); (a) 1. muscle, 2. skin, 3. scale, 4. liver, 5. intestines, 6. fin; (b) 1. 2 dph, 2. 4 dph, 3. 6 dph,
4. 12 dph, (c) 1. skins of whole red koi, 2. fins of whole red koi, 3. scales of whole red koi, 4. skins of whole white koi, 5.fins of whole white koi,
6. scales of whole white koi, 7. red skins of kohaku koi carp, 8. red fins of kohaku koi carp, 9. red scales of kohaku koi, 10. white skins of kohaku koi
carp, 11. white fins of kohaku koi carp, 12. white scales of kohaku koi carp
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Fig. 5 Western blot results of SPR in different koi skin colors

(a) (¢) 1. skin of whole red koi, 2. fin of whole red koi, 3. Scale of whole red koi, 4. skin of whole white koi, 5. fin of whole white koi, 6. scale of whole
white koi; (b) (d) 1. red skin of kohaku koi carp, 2. red scale of kohaku koi carp, 3. white skin of kohaku koi carp, 4. white scale of kohaku koi carp,
5. tail fin of kohaku koi carp
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Molecular cloning and expression of sepiapterin reductase in
Japanese ornamental carp (Cyprinus carpio var. koi)

HUJu', FENGCai', MAXiao', WULimin', LIU Huifen,
SONG Hongmei®, HU Yinchang®, ~TIAN Xue ', LI Xuejun'

(1. College of Fisheries, Engineering Technology Research Center of Henan Province for Aquatic Animal Cultivation,
Henan Normal University, Xinxiang 453007, China,
2. Key Laboratory of Recreational Fisheries, Ministry of Agriculture and Rural Affairs, Pearl River Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Guangzhou 510380, China)

Abstract: The origin of teleost skin color is from chromatophores. Different chromatophores synthesize distinct
pigments, including melanin, carotenoid, pteridine and purine. Sepiapterin is a yellow pteridines, which could be
transformed into tetrahydrobiopterin (BH,) and yellow/red pteridines pigments together with sepiapterin reductase
(SPR), dihydrofolate reductase (DHFR) and other enzymes. SPR is the last enzyme in the process of de novo BH4
synthesis. In order to explore the function of spr in koi carp color formation, this study amplified the whole cDNA
of spr and analyzed the spatio-temporal profile. Furthermore, we also detected the expression and distribution of
SPR in the skin, fins and scales of koi carp with different colors by Western blot and immunochemistry methods.
The results showed that the size of spr cDNA was 879 bp, including 132 bp and 134 bp 5" and 3’
untranslated regions, and a 510 bp open reading frame encoding 170 amino acids. Sequences alignment
and phylogenetic analysis revealed the spr gene of koi carp contained a adh_short C2 conserved domain and had
97.65% similarity with gold fish. spr was expressed in every tissue, especially highest expressed in skin. In the
four ontogenetic stages, the expression level of spr firstly decreased, then rose. The expression level of spr mRNA
and protein in skins, fins and scales displayed the same condition among three colors (whole red koi carp, whole
white koi carp and kohaku koi carp). The highest expression level was detected in whole red koi carp and rarely in
white skin, fins and scales of kohaku koi carp. The immunohistochemical positive signals were detected in both
skins of whole red and whole white koi carp, and intensively exhibited in red skin compared with white skin. All
the results might indicate that the spr gene has relationship with the xanthophores/erythrophores differentiation and
formation, involved in koi carp color formation.

Key words: Cyprinus carpio var. koi; spr; cloning; pteridine metabolism; color formation
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