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94 1min, 42 30s 72 1min; 72 10min
1.2 RNA Invitrogen Trimol 1% ,
, #) pPMD19-T (TaKaRa) , ,
RNA, - 80 , PCR 3
1.3 Vg :
RNA, Olig dT(TOYOBO) ,
ReverTraAce (TOYOBO) , 1.4 NCB |
dDNA , dDNA DNA star , NCBI
- 20 DNA , (http: //
ammBF. WCSGCRTGCAACTACTATAA, ammBR: WWw. ncbi. nim. nih. gov/ Structure/ cdd /w p sh. cgi)
GGCTGGAARWAACGN CKV GG ! PCR P450arom
PCR 2% L, 2mmol/L NTP2. 3 L, , ClustaW ( http: / Awwv. ebi. ac. uk/
10mmol/L 0.3 L, ExTaq(TaKaRa) 0.5U Clustaw /) MEGA4
PCR 94  3min ; 35 (NJ)
a DL2000  Cyp19b

b
ACGGCGTGCAACTACTATAACGAAARATATGGCAGCATTGCTCGEGTTTGGATCAACGGAGAAGAGACCGTTATACTCAGCAAGTCCTCCGACGTGTATC 100
T A c N Y Y N E K Y G S | A R \4 w | N G E E T v ! L S K S S ] v Y

ATGITCTGAAGAGCAATAATTACATCGGGAGGTITGCCAGTACAARAGGTCTGCAGTGCATTIGGCATGTTITGAACAAGCGCATCATCTTCAACAGCAACAT 200
H k' L K S N N Y | G R F A S T K G L Q c 1 G " F E Q G 1 I F N S N !

CACACTGTGGAAGAAAGTGAGAACATATTITACCARAGCTCTTACAGGTCCAGGTCTCCAGAAGTCAGTAGACGTCTGTGTCAGCGCCACCAACAAACAG 300
T L W K K V R T Y F T K A L T G P G L @ K s v p Vv € VvV 8§ A T N K Q

CTTGACGTTCTGCAGGAGTTCACGGACCACTCAGGACATGTGGACGTGCTCAATCTTCTGCGCTETATTGTGEGTGGACGTTICCAATAGACTCTTCCTTA 400
L D V L Q@ E F T D H 8§ G H V D V L N L L R C | v vV D VvV § N R L F L

AAATCCCTICTCAGCGAGAAAGACTTGCTGATAAAGATCCACCEETATTTCAGTACCTGGCAGACAGTICTCATACAGCCAGATGITTTCTTCAAACTGGA 500
K ' P L S E K ©O L L ! K ! H R Y F s T w Q 7T v L ! Q P D VvV F F K L D

CITTGTGTACAAAAAATACCACCTGCGCAGCAAAAGAGCTACAGGATGAAATGCAAAAGCTTGTGCAGCAAAAGCGACAGECCATCAATAAAATGCGAGAAC 600
F VvV Y K K Y H L A A K E L QG D E M E K L v E Q K R Q & | N K M E K

CIGGATGAGACTGACTTCGCARCGGAGCTGATATTTGCTCAGAACCATGATGAGCTGTCTGCGGACGACGTGACGGCAGTGTEGTGCTGGAGATGGTGATCG 700
L D E T D F A T L ! F A Q N H D E L 8§ A D D V R Q@ C vV L E M Vv !

CCGCTCCAGACACCCTCTCCATCAGTCTGTTCITCATECTICTGCTEGCTGAAGCAGAACTCTGCTEGTGEAAGAGCAGATCETACAGGAGATACAGTCTC 800
S

A
A A P o T L S I H L F F M L L L L K Q@ N S A VYV E E Q | v Qa E | Q Q

GATAGGTGAGCGGEGACETCCAGTCGGCCGACCTGCAGAACCTIGAACGTTCTAGAGCGCTTCATCAAGGAGTCTCTGAGETTCCATCCGGTGGTGGACTTC 900
! G E R D VvV Q@ s A D L a N L N V L E R F 1 K E S L R F H P V V D F

ATCATGAGACGGGCTCTGGAGGATGACTACATCGATGEGCTACCGEGTAGCAAAGGGGACAARCCTCATCCTGAACATCGGACGCATGCACAAGTCTGAGT 1000

1 " R R A L E D o] Y I D G Y R v A K G T N L ! L N i G R " H K S E
TTTTCAAAAAACCAGATGAATTCAACTTCCGAGAACTTTGAGAACAACECTTCCCAGTCGTTTCTTCCAGCC 1070
F F K K P o E F N L E N r E N N v P S R [ 4 F Q P
c | 50 100 150 200 250 300 350
[ p450 superfamily J
1 8
Fig. 1 P450aramB of Gobiocypris rarus
a 8 DNA RT-PCR ;b 8 , DNA , :
, ;C

a The anplification resultsof dMNA fragnent of Cypl9b; b. deduced amino acid sequencesof Gobiocypris rarus P450aromB. The top line isDNA s=-
quence, the nether line shows the amnino acid squences, numbers marks the nucleotide bases the arrovs shows the primer sites ¢ Analysis
reaults of the conserved damainsof the protein
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I (substrate-binding)

G.rarus B TACNYYNEKYGS IARVWINGEETVILSKSSDVYHVLKSNNY[IGRFASTKGLOCIGMFEQG 60
C.auratus B SACNYYNEKYGSIARVWISGEETFILSKSSAVYHVLKSNNYTGRFASKKGLRCIGMFEQG 60
C.carpio B SACNYYNEKYGS IARVWINGEETFILSKS SAVYHVLKSNNYTGRFASKKGLQCIGMFEQG &0
D.rerio B TACNYYNEKYGSIARVWINGEETVILSKSSAVYHVLKSNNYTGRFASAKGLQCIGMFKRG 60
E.akaara B TACNYYNNKYGSIVRVWINGEETLIISSTSAVYHVLKSANYTARFGSKMGLACIGMEGNG 60
lLpunctatus B TASNYYNKKYGCMTRVWIQGEKTLILSKGSAVYHVLKSSNYVARFASRSGLRCIGMDERSG 60
O.latipes B TACNYYNKKYGSIVRVWINGEETLILSRSSEVYHVLKSAHYTSRFGS QKGLRCIGMDGRG 60
X.laevis FAANYYNNKYGE FVRVWINGEETLIISKSSATFHIMKHSHYVSRFGSKLGLQCIGMNENG 60
M.musculus SACNYYNKMYGE FMRVWISGEETLI ISKSSSMFHVMKHSHY I SRFGSKRGLQCIGMHENG 60

.Q_bhht- . H qua LA A S SN ) ~ :b:: -t RN W . LR RS 4
G.rarus B [IIFNSHI TLWKKVRT YFTKALT GPGLRKSVDVCVSATNKQLOVLQE FIDHSGHVDVLNLL 120
C.auratus B IIFNSNMALWKKVRT YFTKALTGEGLRQKSVDVCVSATNKRLNVLREFI DHSGHVDVLNLL 120
C.carpio B IIFNSNIALWKKVRI YFTKALT GPGLOKSVOVCVSATNKRLNVLQEFTDHSGHVDVLNLL 120
D.rerio B IIFNSNIAKWKKVRT YFTRALTGPGLRKSVEVCVSATNRQLOVLQEFTDASGHVOVLNLL 120
E.akaara B IIFNSOVELWKKLRTYFSKALTGPNLQKSVGICVSSTAEHLDSLQEKT DPSKHVDALSLL 120
l.punctatus B LIFNSNIPLWKKLRTYFAKALT GFGLQRTIVGVCVHATNKHLDVLCE FMDSSGHVDALNFL 120
O.latipes B IIFNCOVPLWKKTRMYFSKALSGFSLQRTVGICVSSTAKHLARLQOVIDSSGHVDALNLL 120
X.laevis IIFNSNESLWKVIRPYFIRALSGPGLMQTTENCIRSTNHYLDNLSNVTINELGNVDOVLKLM 120
M- musculus IIE‘NNNPSLP:RTIRPFF}ML’I\:PGLVRHVEVCVESIKQHLDRL.:EVI'\IS SYVOVLILM 120

OQ. s .- - vﬁ -ﬁﬁ-th - s - : - - - Se s ﬁi-h_::

G rarus B RCIVYVOVSNRLFLKI PLSEKDLLIKIHRYFSTWQTVLIQPDOVFFKLDFVYKKYHLAAKEL 120
C.auratus B RCIVVDVSNRLFLRI PLNEKOLLIKIHRYFSTWQAVLI QPOVFFRLNFVYKKYHLAAKEL 180
C carpio B RCIVVDVSNRLFLRIFLNEKDLLIKIHRYFSTWQAVLIQPOVFFRLNFVYKKYHLAAKEL 180
D.rerio B RCIVVOVSNRLFLRIPLNEKE LLIKIHRYFSTWQTVLIQFDIFFKLOFVYRKYHLAAKEL 18
E.akaara B RATVVDCSNKLFLRVPLNAKOLLLKIHNYFOTWQTVLIMPDI FFKIGRLYNKHKRAAQEL 180
l.punctatus B RCIVVDVSNRLFLRIFINEKDLLVKIHKYFOTWQTVLIQFDIFFHLAWMYKKHHQAAKEL 18
O.latipes B RATVVDISNRLFLRVPLNEKELLOKIHNYFETIWRAVLIKPOVFFEMGWLYNKHKRAAQEL 1£0
X.laevis RLIMLOTSNNLFLRIFLDENE TVLKIQKYFDAWQALLLKPDI FFKISWLYKKYEKSANDL 180
M.musculus RHIMLOTSNMLFLGIPLOESATVKKIQGYFNARQALLIKPNIFFKISWLYRKYERSVKDL 120

W WA K& hOE ks, , TS WD NE_ ohbgod; NoshRos SN M2, 2,32

i Helix

G.rarus B QDEMEFLVEQKRQAINKMEKLOET -DFATELI FAQNH 239
C.auratus B QDEMGKLVE QMRRQATNNMEKLOET - DFAIELIFAQNHD!LSVDDVRQCVLEW‘IMPD’IL 233
C.carpio B QRDEMGKLVEQKRQAINNMEKLDET - DFATELI FAQNHDE LSVDOVROCVLEMVIAAFDTL 239
D.rerio B ROEMGKLVEQKRQAINNTEKLOEM-DFATELI FAQNHOE LSVODVRQCVLEMVIAAPDTIL 239
E.akaara B QOTMEVLLECKRKMINHSEKLODAFDFATELI FAQNVGELSADNVRQCVLEMVIAGEDTL 240
l.punctatus B QEEMGRLVEEKRFAINGMEKLGET-DFATELIFAQDHGEMSEDDVRQCYLEMVIAAPDIL 239
O.latipes B QDSMESLLE IKRKMINEAEKLDODLDFATELI FAQNHGELSADNVRQCVLEMVIAAPDTL 240
X.laevis KEAIELLIEQKRKLSSSEKLOEDOMDFSSELIFAQNHGDOLTAENVNQCILEMLIAAPDTM 240
M.musculus KDE IAVLVEKKRHKVSTAEKLE DCMDFATDLI FAERRGOLTKENVNQCILEMLIAAFDTM 240

g3 3 Qtﬂ QQ- Se R s .Q--‘.ht.- N o & ﬁh-"ﬁm.t Q'Q
G.rarus B BISLFRaLLIKONSAVEEQIVRE IQSQIGERDVQSADLONLNVLERFIKESLRFHPVVD 299
C.auratus B SISLFFMLLLLKQNSVVEEQIVRE IQSQIGERDVE SADLQKLNVLERFIKESLRFHFVVD 299
C.carpio B SISLFFMLLLLKQNSVVEEQIVQRE IQSQIGERDVE SADLQNLNVLERFIKESLRFHFVVD 299
D.rerio B SISLFFMLLLLKQNSAVEEQIVRE IQSQIGSRIVESADLQKLNVLERFIKESLRYHFVVD 299
E.akaara B SISLFFMLMLLKONFOVELRIVEEMNTVLSDDS-ENIDYQRLKVLESFISECLRFHPVVD 299
l.punctatus B SISLFFMLYVLLKQKPEVEQCILGEMRNVLGGREVE FAELQKLTVMESFIKESLRFHFVVD 299
O.latipes B SISLFFMLMLLKRNPOVE LQVVEEMNSVLDEKATESIDYESLRVLESFINESMRFHPVVD 300
X laevis SVSLFFMLVLIAQHPKIFEGIMNEMOKVIGORDVE SNDIPNLKILESFIYESMRYQFVVD 300
M.musculus SV'ILYM.LLV]\EYP‘!.'VEMIIKEIHTVVGDR!}I[’IEDIQNLKVVENFINESHRYQPVVD 300

A : : : - L - s . H H ~ s .. LR S L R
Ste Bind
G.rarus B FIMRRALEEDYIDGYRVAKGINLI%EISRKHK—SEFFKI’.PDETNL!:HFENNVPSR!‘FQ 356
C.auratus B FIMRRALFE DDE IDGYRVAKGTNLILNIGRMHK-SEFFQKPNE FNLENFENTVPSRYFQ 356
C.carpio B FIMRQALEDDYIDGYRVAKGTNLI LNIGRMHK-SE FFQKPNE FNLENFENTVESRYFQ 356
D.rerio B FIMRQSLEDDYIDGYRVAKGINLILNIGRMHK-TE FFKKPNE FSLENFENTVESRYFQ 356
E.akaara B FTMRKALEDOT IEGIKIKKGTNI ILNAGLMHK-TE FFPKPKE FSLMNFOKTVENRFFQ 356
l.punctatus B FIMRRALDDOFIEGYRVAKGINIILNIGRLHKSAE FFPKANE FSLENFENNVESRFFQ 357
O.latipes B FIMRKALE DDE IEGTKIRRGTNIILNIGLMHK-TEFFFKPTEFSLANFEKTVPSRFFQ 357
X.laevis LVMRFALEDDIIDGYYVKKGINI ILNLGRMHE - IEYFPKFNEFTLENFEKTVPYRYFQ 357
M.musculus LVMRRALEDDVIDGY PVKKGINI ILNIGRMHR-LE YFPKFNEFTLENFEKNVPYRYFQ 357
hh::ﬁ:ﬁﬁ ﬁ:ﬁ s :ttﬁ:hﬁ' L 2 :h: h:. Q_ Qﬁ_ﬁ Qﬁ:;'ﬁﬁ Q:QQ

2 8  Cypl9b
Fig 2 Multialigoment of aromatases of different animals

* .
’ . 1

Identical and smilar anino acids are marked by asterisks and dots, repectively. The three conserved regions are franed and marked with I—II1

1.5 8% , GSParamB F: CGGGA GGTTT-
RNA M g, GCCAGTACA GSParamBR: GATGAA GTCCAC-
ReverTra Ace dDNA DNA CACCGAAT PCR 94 3min; 35
, 0.3uL , , 94  1min, 55 30s 72  1min; 72

PCR, 5min B -actin ( B -actinF: TCCGG-



DNA 751

TATGTGCAAA GCCGG;P -actinR: CCACATCTGCTG-

GAA GGTGG) , PCR, 94
3min; 25 94 1min, 60 30s 72
Imin; 72  5min 1%
2
2.1 Cypl9b dDNA
aromB F/aomBR 54
RT-PCR , 1kb dDNA
( 1a) , 1070bp,
357 ( 1b) NCB |
, Cypl9b
P450 ( 1c)
, 3 , (1
ubstrate-binding loop) -1(Il,Distal helix

)} ( , the steroid-binding domain)
( 2
2

(Carassius auratus, PA50aromB , BAA 23757) (Cyp-
rinus carpio, P450aromB, ACB13198) (Danio
rerio, PA50aromB , AA G12245) 38 (Ictalurus
punctatus, P450aramB , AAL 14612) (Epi-
nephelus akaara, P450aromB , AA $58447) (Ory-
zias latipes, P450aromB , AA P83449) (Musmus

culus, P450aram,NP_031836)
P450arom, NP_001079122)
, ( 2
54
, 57%;
#7 67% , 69%

(Xenopus laevis,

75%:;
91% 92% 93%
P450aramA (AA 163004)

P450aramA (ACB13197) P450aramA (AACA4013)

P450aramA (AA $58448) 4
P450amA (AAB32613) P450amA (BAA 11656)
( 3
) A B ,
ki B
A B

73 I punctatus B

08 I punctatus A
D.rerio A
K00 looié('.mrploA
68 C.auratus A

| X laevis
100 M.musculus
0.05
3 P450arom

Fig 3 Phylogenetic tree of PA50arams
2 A B

The abbreviations are the sane as in Fig 2. A indicates ovarian
P450aran, and B indicates brain P450arom. The numbers indicate the
hits supporting the branching pattem from 1, 000 bootstraps

2.2 #  Cypl9b
RT-FCR ,
750bp ,
( 4a) Cypl19b
Cypl9b
5 RT-FCR,
GeneTool
( 4b,0)
, Cypl9b
2.3 Cypl9b
RT-PCR ¥ cyplob
, ( 5)
, 5d
10d , 30d
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Q 3 ; 1.44
G 10 M kb l‘(" I
Cypl9b 2 .
d 1 14 B
0.75 12 T
0.5 1 -
B-actin 2 08 TN
I 0.6 2%
0.75 04 £%
05 02 S
Cyp19b/p-actin 131916 11 101212 14 1010 n e
Q
4 9 Cyp19b
Fig 4 The expression of Cypl9b in various tissuesof fenale( ¢ ) and male( s ) of Gobiocypris rarus
a 8 cyplob RT-FCR b ¥ cyplob Sc 6 8 Ccyplob

a rewltsof RT-PCR analysisof Cypl9b in various tissues of Gobiocypris rarus b. results of RT-PCR analysis of Cypl9b in brain of fanale( ¢ ) and
male( ¢ ); c satigtical resultsof sami-quantitive RT-PCR for Cypl9b in the brains of fenale and male adult fish
M:DL2000 marker; E:  (eye);B: (brain); G (gill);H: (heart);L: (liver); S (opleen); I (intestine); K:  (kidney); A:  (air
bladder) ; O: (ovary) ; T: (testis) ;Mc:  (muscle)

a M Z Mt B G N AM TB MC GE HL 5d 10d 15d 20d 25d 30d M kb

b 1.8 r
= 1.6 “— T
S 14t T
& 1.2}
f 1+ T
5 08}
T 06 r
0.4 [
0.2 B .
e e -
Z Mt B G N AM TB MC GE HL 5d 10d 15d 20d 25d 30d
5 8 cyplob
Fig. 5 The expression of Cypl9b in the enbryos and fries of Gobiocypris rarus
a Cypl9b RT-PCR ;b Cypl9b ,
a RT-PCR reaults of Cypl9b during enbryonic development, b. triplicate sami-quantitive resultsof the expression of Cypl9b during enbryonic development
M: DL 2000 marker; Z: (zypte) ; Mt (multicellular stage) ; B: (blasula) ; G (gastrula) ; N: (neurula) ;
AM: (gppearance of myamere) ; TB: (tail bud) ;MC: (muscular contraction) ; GE: (greyish eyes) ; HL:

(hatching) ; 5d: 5d(5d after hatching) ; 10d: 10d(10d after hatching) ; 15d: 15d(15d after hatching) ; 20d: 20d (20d éfter hatching) ;
25d: 25d(25d after hatching) ; 30d: 30d(30d after hatching)

57%,
91% —

e
<

Cypl9b dDNA , 93% ,
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CLONING AND EXPRESSIONAL ANALY SISOF Cypl9b GENE
FRAGMV ENT I N GOBIOCYPRIS RARUS

CAO MengXi', YANG Yu-Hui', JANGWenBo', WANG Yu-Feng', HU Wei’ and ZHAO HaoBin'

(1. Hubei Key Laboratory of Genetic Regulation and Integrative B iology, College of L ife Sciences Huazhong Nomal U niversity, Wuhan 430079,
2. State Key Laboratory of Freshwater Ecology and B iotechnology, Institute of Hydrobiology, Chinese Acadamy of Sciences Wuhan 430072)

Abstract: P450 aramatase (P450aram) , an enzyme catalyzing the synthesis of estrogens, is thought to play a key role in
<X differentiation of neural and reproductive development in vertebrates Most of the manmals have only one aromatase,

but many teleost fish, including the zebrafish (Danio rerio) and medaka (Oryzias latipes) have wo ifomsof aramatase
encoded by tvo distinct genes, Cypl9a expressed predominantly in the ovary and Cypl9b in the brain. Gobiocypris rarus is
an emerging model fish in China because of its snall size, trangarent enbryonic biology, gpavning round the year, easy
breeding, short generation and sensitivity in toxicology. However, the mechanisnsof sex determination and differentiation
are till unclear in thisfish. Aromatase as the important factor in the differentiation of sex is al© unavailable, © that the
exact roles of aromatase gene in neural or ovarian development in this fish are unclear. To understand the mechanisns of
=X differentiation and the ole of aromatase in thisprocess, we cloned the partial sequencesof Cypl9b dNA of Gobiocyp-
ris rarus by reverse transcription-polymerase chain reaction with degenerate primers dependant on the conservative s~
guences of the gene in other vertebrates, and we al® exanined its expression pattern in the tissues of adult fish and the
developmental processof enbryos in thisfish by gene ecific primers The partial sequence of Cypl9b of Gobiocypris rarus
we cloned consisted of 1070 base pairswhich encoded 357 anino acids Structural analysisof the deduced anino acid s=-
quence indicated that it contained three gecific domainsof aromatases, substrate-binding loop, distal helix | and the ster-
oid-binding domain. Multiple aligoment and phylogenetic analysis showed that this protein of Gobiocypris rarus shared
57% —93% identitieswith PA50aram proteinsof other gecies and itwasmost smilar o P450aramB sof D anio rerio, Car-
assius auratus and Cyprinus carpio in 91%, 92% and 93%, regectively. This result indicated that the gene we got was
Cyp19b of Gobiocypris rarus The tissue expression pattern analysis by RT-PCR with gecific primers showed that Cypl19b
was predominantly expressed in the brain in both sexes, and the expression in the brain of fanalewas dlightly higher in fe-
male but not obviously stronger than that in the male in statistics Itwas al® expressd in eye, gill, kidney, intestine of
both sexes, but not detectable expressions in other tissue like heart, liver, gleen, air bladder, and muscle. Ontogenic
analysis by RT-PCR with gecific primers showed that no expression was detected in the zygote, and the onset of expres
sion of Cypl9b was fran blastula, then the expression reached a higher level in neurula, after that it declined. The ex-
pression of Cypl9b burst again in 5d after hatching and it kept in a very high level till 30d after hatching. These reaults in-
dicate that Cypl9b isexpressed predaminantly in the brain of adult fish, and it isal expressd highly in the stage of neu-
rula. Cypl9b may play important mles in the development of central neural systan and the sexual differentiation of the
brain. The beginning of the expression fram blastula suggest that Cyp19b is not amaternal factor for the enbryos of Gobio-

cypris rarus.
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