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#HHESF0 Cyp26 EARESEAEMAS 1L

# Ok XEH XN #Z4 KAW A £ IERF
(FRAEERRFEER, ERTAFRERAREASRE, WK EWAEN SR FHENERERE, B 400715)

WE  HilaWiEss, KRR d et miessh, B A w5 TA
#03 GyYG, . A RSB EIN, RBHF BT RRT fek 2 £ A B mie ey 5L 4.
F—F &, KB —ZBEREALETERA) GRS BHAEMIONR L5 R 2 R MR eyid. 4
A RA 89K & o R ABMEik 8, @ Cyp26 ZATIRA RA KPR £4be988, Ht, XA d
Cyp26 7 8§ RA K-F 69 ZALT fE AR AR LA 42 & v L 3h 4 4 1 L 6 -0 5 &) (B B R 4 B2,
IR ML), RAH AR, KX 2844 RA. Cyp26 2B RAREH LSBT P
AER, FHRIT TIRF A DD R R & X RINE B F B AT MBS T AH].

KR

BATHAMAERENS . EYEHEARREESY
BB RIS SR, meiosis) = 4E BRI F (R
FEUORF), M. BERTFHETEEREREER
YA, T T8RS B R PR E
1816, TEFHESNY, MEME A TH 40 M R R o R MBS 4R I
A BT R4, EERMTFA R, DRER
MM SR RERIR B B 3, RATFE TR
13.5 d(days post coitum, dpc), B f&5 4= 58 40 B 4346
5B R 41 ffd(oogonia); i — H A B4 38 SR 2
A Ja, HEFE 4 B 444k K TR 48 ffd (spermatogonia) @,
g7~ RS R IR I R R FT Re R e 5 AR T A L FY)
SATTR . BIEMIRRE, —EBERERNER
R (retinoic acid, RA)RE#S % F Stra8 (stimulated by
retinoic acid gene 8)IRIE, N /B RS, k2,
KT X —BERENNEETE S Srra8 1R, BT
LR . T RA 46 e 5 K P450 B (cytochrome
P450 family 26, Cyp26)%f ¥ 1 RA 7K RO B4 3%
BIEHY, AXFERRT RA. Cyp26 ERFIKTE
W FLENY B BRI AE B 40 A P AR, X
SE RN, UHER AR RENEEATT
1 2 Bivt.

1 RARHI)EE

RA XAIER, RUELE A CIMEBDERFA
RUHE I EBE AW, 45 F A CyHls0,, B E
Mo DUEERARNESE 3 A AR, TR R
W#HS TH, RA REEHFME.

RA RHGEHERK R EUBRATLHEER T

BB PR, Cyp26 BRI KR, Stra8; EFEM /310

—fNh, EERIGRIEESRE, THREPRHER
ZHTE RS RA IR B & B ZERMEX, InRRAT
B3 B E LS B L R R Rk, T H
MR R, FR, BFRERM, PUIEN—EK
BRI RA R WREIIRE. MG, DRI R
AR FEFAA TS m AR EREM.
1.1 RA EEMERERBRS A
FYETEVBANEER A, HET 2 PRAE
AEEFIRA D (B 1). A0, £4EFA. HHE
I RA # RN, Hit b ARARR EERS
EARRKRHEMENMER. B, IMNgGeEa8H
WEZSE T RA AL, SEARMAEES SER
1 #11 2 (cellular retinol binding protein 1 and 2, CRBP 1
M2); AN KENBLSSTX IR, BEEEA
¥ (alcohol dehydrogenase, ADH). 4135 iz it S B 1)
ki {4 (retinol dehydrogenase of the microsomal fraction,
DHRS)H1 4 F4 4 7 B& Ji¥ 5 ¥ (retinaldehyde dehydroge-
nase 1, 2, 3 and 4, RALDH 1. 2. 3 fl4)%u01, 4
Bl RA 4548 E 1 A12 (cellular retinoic acid binding
protein 1 and 2, CRABP 1 f12)l135 T RA f4 it
2, RA 5 CRABPs 4§ )5, 7E4F A1 FE AR BB (R RA [%
f B BOVE B AR O AEEE ORI R, G0 4- B2k
RA(4-OH-RA). 4- E 4L RA (4-OXO-RA)F 18- ¥4
RA(18-OH-RA)SE™, T2k ZAEYREMEE 1).
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Fig.1 Schematic representation of the intracellular retinoid signaling pathway %
Abbreviations are: ADH: alcohol dehydrogenase; CRABP: cellular retinoic acid binding protein; CRBP: cellular retinol binding protein; Cyp26:

cytochrome p450 retinoic acid inducible; RAR: retinoic acid receptor; RALDH: retinaldehyde dehydrogenase; RXR: retinoid X receptor,

SDR: short-chain dehydrogenase/reductase.

YR N AR RA 7E 7 M B (isomerase) 1 7E F
T L2 R RA (all-trans retinoic acid, ATRA)FIIRZ
RA (cis-retinoic acid, cis-RA)FJTEIFE, HHcis-RA
N ALHE 13-cis-RA Fll 9-cis-RA. iX 3 F RA Bl ATRA.
13-cis-RA H1 9-cis-RA MRHETEHZ AL R AR X 43
2 K% —HREHE ATRA | 13-cis-RA, HEEE 4T
1k RA 52 4#(retinoic acid receptor, RAR); 5 —354 9-
cis-RA, 888545 6751L RAR Ml retinoid X 3244 (retinoid
X receptor, RXR).
1.2 RA RIZFXEMFEHRIERIE

RA DRI, 5 AP e IRZ ARG S
REREAEYFIEN. EWAY, RA BR 2483
1%, B RAR 1 RXR, ¥ B EBE M EZBRIE, BF
o- B. y3MIWEII4, RA 5 RARs fIRXRs 46
fa, R e, BE5RERN B F LM RA RN
Jof (retinoic acid responsive element, RARE)4 &',
1M A SRR B A SRR 519, JeAt, WE4LHT RARs
A RXRs B RETY A RV — ARl 5 HALEZ Z AT Ak
FREKIEERT, 0B ARIRIEE % 4 (thyroid hor-
mone receptor). I EAYIHTEEIEZ & (peroxisome
proliferator activated receptor). ZE4 % D 5244 (vitamin
D receptor) PA % 9% 32 #4 (orphan nuclear receptor)& .

HmEZ, BANEANEERAZT2PH8 UK
AR RA. RN —EBIERER RA 5 RARs

RXRs &6, BRR_RAASEERES T LK
RAREs & &, SE U SER R R HIIATE . RN RATE
B A B, JUILR Cyp26 HITER T R B IEE YR .

2 Cyp26 BEERERHEINEE

Cyp26 (tHF7 4 PASORAD /& T4 it 3 P450 X
WRAR 5L, i adF 7S RA ELES. Cyp26(Cyp26Al)
BB S (Danio rerio) P R EHBFU8, BE)E, £
PR, B3RO0, PYHEIE L R HoAth 1 K122
RTEBIT 35 Cyp26 ERER A, B Cyp26Al
(cytochrome P450 family 26 subfamily A polypeptide
1)« Cyp26B1 M Cyp26C1 192223, Fif, R D4
RIET 28 4 MR (E 2 4 Cyp6DD)IFEERD), R
ME&IT RGNS HT KB S Cyp26D1 5HAhFT
HHEHEZNY) Cyp26C1 &b FR—#b (& 2), HHE
EBFY 58 %% Cyp26Cl UE 3 MEEBNZE
B, #E—PaMERH, XINEERMNEREH=
BREBTH IR ERANZLTEE 3). B, 7
B 148 57 F£ 2 Cyp26D1 1R ] GEBR & Cyp26C1, X F
AEBAKPLELHNZERTRE—FETERR
(polymorphism) CRAEF D). TEX Cyp26 ZEH
FKIEW 3 AN AEIT A
2.1 Cyp26Al

CYP26A1 8% 8 NME TP, BRIES ARG K BE
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Fig.2 Phylogenetic tree of Cyp26s from various vertebrates
Phylogenetic tree was generated by the default settings of Clustal X
protein alignment program. Zebrafish Cyp3Cl1 is used as outgroup.
Zebrafish Cyp26D1 and Cyp26C1 are in the same clad. The GenBank
accession numbers are as follows: Cyp26A1: human (NP_000774), mouse
(NP_031837), rat (NP_569092), chicken (NP_001001129), frog
(NP_001081868), medaka (ABQO08578), zebrafish (NP_571221);
Cyp26B1: human (NP_063938), mouse (NP_780684), rat (EDL91177),
frog (NP_001072655), medaka (ABQ08579), zebrafish (NP_997831);
cyp26C1: zebrafish (NM_001029951), rat (XP_217935), mouse
(NM_001105201), human (NP_899230), chicken (XP_421678);
Cyp26D1: zebrafish (AY920470); Cyp3Cl: zebrafish (NP_997838).

BB RIES, R KA ALIE K FRIE 2,
Cyp26A1 ThREERH)/NRIEIG R BN EHM4EE S
T8 RA BRI AR ERRI0 BERIEERG
KRBT, Cyp26A1 T EE ¥ RA K F L Aw] D>
MEE. E—BARKIN, Cyp26Al FHIBRHDRE
FBRAGSAEY RIER, BY BIEE, X4 M

v
Cyp26C1  ATG TTC GGG . .... CGG GAC AGG ACG TGT .....
T G seese R D B T € coses

*

v
Cyp26D1  ATG TTC GGG - . . - - CGG GAC AAG ACG TGT .. ...
[- I R D 5 7 C e

X8/ R IE ARALDH2EY, § RIS 452 B4HIm A
SERTHE R IR R 28 B Ik E 12, ZEAEUH TNl
(Xenopus laevis), FERRIE ST Cyp26A1 mRNA £ S 2
FBARA BACAER I H IR, 3Bt RA A3 W B84 B8
(rescue) IXFFELRAEIRPY, EHRSAERE, TRIE
Cyp26A1 BeBHNEI T ERRRIE, mwn Rk
Cyp26A1 KRk, THHEFERENSBEHIKE,
X5 515 RA RIERM RA BIRE BI04 BRI, R
B Cyp26A1 XHAEN RAKFHAF R IER KB
EFRAEEEEH.
2.2 Cyp26B1

CYP26BI1H &6 NN, TERA EERE T
R B R AR B R AL /N, R ERIE T3
HHER . Cyp26B1 AR H)/N R TP R H A )5
SRRFET, AN AER . T4 Cyp26BI
¥ A3 COS-1 4 i (FAEMERHRE SVA0 H L B B 40 B ) B,
ARSI ATRA FAL B AETEHE AR =4, KW
Cyp26B1 REE AR RA . ZEXT A RIE AR 3%
M SR T R, Cyp26B1 B %/ER R R
ATRA, H KK 9-cis-RA F1 13-cis-RA 271,
2.3 Cyp26C1

Op26CI L EH 6 MM ETF, RETHHSYINE
e, WH., BRI EFEHLRAR, 5 Cyp26Al
K Cyp26B1 53 H) 45 R AR, Cyp26C1 (I REHR R
HASRILH A 8RB0, MER DMK
fif, i33& Cyp26CT ALIE RS 5 22 M 15 FI S8 — 4745
FIBE B EH R, T S8BT RENLESR
AXIFR, XA T RE AR IS B Cyp26 AL FIFN 2
B R SRS I AL 45 2R, BE/RCyp26CLLS 5 T
RA HI4r Al RE . #E— B HT5IR I, Cyp26Cl1 fiE
A 2 M1 cis-RA A1 ATRA 19221 JRH
ATRA. 5 Cyp26B1 —#¥, Cyp26C1 W& ik /EHEW
R ATRA 271,

3 RAFAICyp26 BEERESHAEMMES L
7o/ EERA IR, RA B R ERESTH—

IR ZH. #—SHREH, RA BB HES 4 HA

PR AR (4 A4 B, 0T R4S I3 A T AN O FF A 4

28 v e
CAT GGA ARG GTT TIT « .« oo+ GTT TAC ACC GCT GCC + « + v+ o+ 1665
G K V F ceeves v Y Z A R cecrees 884
v
CAT GGA AAT GTT TTT ..+« s« GTT TAC GCC GCT GCC + ¢ o+ + o o 1668
" G l: v Fooervevsen v k 4 : A A stereaas )

Fig.3 Alignment of the zebrafish Cyp26C1 and Cyp26D1 nucleotide and amino acid sequences
The GenBank accession numbers are as follows: Cyp26C1, Zebrafish (NM_001029951); Cyp26D1, Zebrafish (AY920470).
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A6 S 51 JER 40 FH B R 40 D A B TR RE . AP
0, AEFH AR 44k 5 R B TR AT THE N RS R B
;o RAFE R R R B 1A S B0, AR5 40 P ) 4
HEPRANAE, B R E N T TSR R RIEIR
FHAEF R, EEARAGRSCAEEAR, KE
B 7. B, Bl T e BRI R IR RSy
R BTAR LY StraS TR PR R B Bhid i+
REANTEHRDMER. LAEYEA RA KB —EK
IS, fegilit 5 RARs FIRXRs & & UL B4k, B
ZEATE Stra8 R EF 1 RAREs |, T Stra8 HIFRi&
MR SR 3 0433, [HH, 4R RA ZKPEIZR (L
WEEEEARY T .

BT, 3 A A YR i 5 A A A P N\ P 3
22— B SRR BN FRAE, BRIAFER
Ry 34EI R F IBEE AW, A, ZERXMY
JRFHBA B E, T B RGOS AR 22 A R
RO THEIAERE . KA FARA, 37
Cyp26 #&5 THILIWAEAN RA KRBT EE,
REIEN RA KRB RE, T et
RERAE 2RIE, BRI S ATTAT B3 FL 28 AR 40 i R oy
HiAEEEEER. R, BOERMFIREN, T4
W Cyp26 R FKIKEH 3 AF, RA Cyp26B1 Kik
TR RS, HIRLRIEFE 12.5 dpe 24 FH o6 2 Tk
R R, T Cyp26BI1 el FIHEME /N, A2 FE 40 A
SRR, XK Cyp26BI1 BT fEi
It FE2 AR A R R B, FHIE IR PRI R AR, RN
FERA P Ay BRI R s, BRI, E PR ARG S O
B RA BT Cyp26B1 KEMEMRE, EF|—EK
i RA BT 85T Stra8 ik, Wiy R HG; MR
JERGEARIS2 4, RA # Cyp26B1 KEM%ME, T RA K
PR TR RER Stra8 SR, MRS R EIR .

B2 Cyp26B1 ¥R X & a4 LA T K
WE? XA INA, X ] RES5 0 P AR I 1 ) R e R
[Xl Sry (sex determining region of Y chromosome) <
(E4).

TEVEFLEMY, Cyp26BI FIBEZ Sry I B Bk [F]#
MIVRYE. 7E XY T, BT Sry ®IYER{E Cyp26BI
HIZRIE FR; MEXX MR, WH SrylEH, Cyp26B1
FIRIE N LR ReS), Rk, ARG R
A RLEME S Fixm.

SR, 144 1k Sry (NAE ALE I+ K, ¥
I KA FL A HES AL % 2 BB O RIF TR
18, A4 AL HESIYI I B 3R B R B R
. REMEILIFRZRE? B AR

Spermatogonia in

Germ cell Sry mitotic arrest
S
XY romer CHFR
———— \
Germ cell Qogonia in meiosis
11dpc 13.5 dpc

Fig.4 Sex specific changes in germ cell differentiation
during ovary and testis development 9

After expression of the male determining gene Sry, Cyp26B1
expression is upregulated in the testis. In the ovary, Cyp26B1 ex-
pression is downregulated and RA induces meiosis of germ cells. M,
mesonephros; G, gonad.
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Sry = Cyp26B1 P —’RALOW . Strasoff No meiotic

initiation

Fig.5 A proposed model for regulation of meiotic initiation
in embryonic gonads in mammals

O . HW(Oryzias latipes). ZJ78(Fugu rubripes)
FR K (Tetraodon nigroviridis)FPE WS40 TN E FE R 40
SR, TeRE B B 28 RSk R ILAE W FLBh A R R
SRPEEEEAN Stra8 KEVEER . XHALEH
BFREW, Cyp26B1 MREWAMETEH LB IR
BB RGN A RN ERRRRR
. i, AR KBS RS R E ST HLH)
S R ERAER. ALREETTE
T RS RN — RIS FHRL, 0¥ Scp3. Dmcl
H Spoll %, FBATHIEHR LI, PEaMpER
P-450 17a- $2{LB§ 2 (P450 170-hydroxylase/C17,20-
lyase 2, P450C1702)F1 208~ ¥ 35 S [ B2 it SUR§ 2 (20B-
hydroxysteroid dehydrogenase 2, 208-HSD2)7E Bt
FREIRIEE R A I E] BEME R — 5. P450C1702 Fi
20B-HSD2 1€ XX Y IR RIX MG T L5 11 d (days
after hatching), M7E XY PERRNILZE T 60 d P61, XFp
R E DMk, HEAERE MRS B IHE
MERMEEABHET IS4, BEABT 5 OEIHE
MAHRMECRER AR BFHRRY, 170- 725 -
20B- & H W17 0,20B-dihydroxy-4-pregnen-3-
one, 170,,20B-DP) i] fE 2 AL A4 A B 3 B S &
ER#ERE T, 1 P450C1702 £/ 5% 20B-HSD2 ] &%
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ERAEH170,208-DP I EH EEKEE. Kt
P450C1702 F1 20B-HSD2 w] #8383 ¥ ¥5 170,20B-DP
HERS 5 RERAS SRS, B2, HRET
HESY) L HAE B 0 28 vh, AR FA 40 R R oy R R A A AR
VA P oAk B HAR B R R I RAK S FHLHIE R
HIRF .

4 RE

HHESY MR R BN U FHLH—ER N
AP ESURKNTIRE SR, REgER. 2B
ALk, BERBUR S MR RE ML RER, W
Sry. Sox9. Dmy. Dmrtl. Sf-1. Dax-1. FoxI2,
Cyp26B1 % . Hif, TEWMFLENYIXT Cyp26B1 TERH
733 )3 SR A 5 40 D Ak 75 T ORI S ERAS T B R
&, BEXRHREEFBNIETEE#— RIS E
. BRdn: (1)WR5E A FE 4051 77 ) K R RS
A A4 IR E R, IR R L RER
TR 4 (2) MEMATHA R LT A —FEA
R, MEFEFEEREE, ELABREEEMER RE
A IR RTA N K B S BUAE R, RE, I
2B TR R ERR T R 4; B)E
TS B — B4 RA B %, IEERMHIRE T
TE R O0 T B 7 R A2 88— T8I () A AR ATHEHEA
AT R R B B TRl S A I T
2R BEH, LRFESra8, BFHARER, AR —
XS P A T 0 AR 2 RS 4 O P B RA {5 5,
3t H Cyp26B1 mRNA HIRAFIFE 2R —&M%
(sexually dimorphic expression) 2! , iX 3 B & 28/R A]
BEfFEME AR RS R BN ESER. R
TR SR A RERNA T ESERE
5B 3| Stra8, A ENR R RGN RN R
ft4; EARARS A HESh Yt S R T BB S5 F
MR RESEEARTRRNREFER? $%.
XL BEER UG IRA MBI R . b, RARSTE
BHE, W5 BA IR R A T AR L RS R R 3,
A FE AR IR FF 06 4460, IXRE AR R0 B AL B S T AR TR
WAL, XEEBAANERE—H. 25
Z, BRI RR R e s AT A LR IFEE
ZETRAEERE, BiTAXN TEMNS THHE. /5
BEKNT#, RBRLZE TESR.
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Involvement of Retinoic Acid and Cyp26 Family Genes in
Germ Cell Differentiation

Fei Han, Zhi-Hao Liu, Feng-Rui Wu, Bao-Feng Huang, Wei-Li Zhang, Hong Zhou, De-Shou Wang*
(Key Laboratory of Aquatic Organism Reproduction and Development (Ministry of Education), Key Laboratory of
Agquatic Science of Chonggqing, School of Life Science, Southwest University, Chongqing 400715, China)

Abstract During mammalian fetal development, meiosis is initiated in female germ cells only, while male
germ cells undergoing G,/G, mitotic cell cycle arrest. Further study reveals that timing of meiotic initiation during
embryonic development probably determines the direction of germ cell differentiation in mammals. In addition, the
proper concentration of retinoic acid (RA) can initiate the mitosis to meiosis transition in vive. Homeostasis of the
RA level is maintained by regulation of its rate of synthesis (ADHs and RALDHs are the key enzyme for RA
synthesis) and by controlling its rate of degradation (Cyp26s are the most effective enzyme for RA degradation),
which decides the direction of germ cell differentiation (spermatogonia or oogonia), and affects the sex differentia-
tion of mammals ultimately. This review focuses on the physiological roles of RA and Cyp26s during the process of
gonadal differentiation in mammalian and trying to explore the molecular mechanism of meiosis and germ cells’
differentiation in the lower vertebrate, especially fish.
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