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The Vitellogenin and Its Function during Oogenesis in Teleost Fishs
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(Key Laboratory of Applied Marine Biotechnology of Ministry of Education, Ningbo University, Zhejiang Province Collaborative
Innovation Center of Marine Efficient and Healthy Aquaculture, Ningbo 315211, China)

Abstract Vitellogenin (Vtg), as the precursor of yolk protein (YP), involved in the oogenesis in oviparous
animals. The structure of teleost fishes’ Vtg is the homodimer and present different subtypes. The Vtg monomer
is consist of five different domains. During the oogenesis in teleost, the Vtg plays two functions. On the one
hand, the Vtg is hydrolyzed into yolk protein and store in the oocyte to provide the necessary nutrition for the
oocyte development. On the other hand, the yolk protein is hydrolyzed into free amino acid with the development
of oocyte. These free amino acids can regulate the osmotic pressure of oocyte to ensure the hydration. In this
review, we described the types and structural characteristics of teleost Vtg, summarized the recent advances on the
expression, uptake, proteolysis, and the role in hydration of Vtg. We hope this review can provide the basic data for
the molecular mechanism of teleost fish oogenesis.
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(Oncorhynchus mykiss) - [FJFSSP A BN R 85 1, X /&
P R ST E I ViEg.

Vg R T EERE R . MBIV Vig—
& FH27M150~200 kDa Vg 44 2H j% (1) 7] — 8 40+,
fill i 0 R A Vigdh N [Fl 54K, Vg B 54N 4544
WA, AN [FFp I Vigsr 25 KA F], FAEA A
AT FE O R A R R, Vg SRk 2 R R
5, 1zt B A R Vgl R R s 15 2 O BF
Y M R 10T, A B 2 AR A 5 1 A R AR T B IR
WA, 44 28 T B DK i A YP, fifi 47 7 O
TEORURL B O 5T A A AL b e BRI, SR EREAR AR 7S
WM EE E, A MR T A 5 A B BRI i T
80%~90%!"". i J5, YN BRI EEAT K & 1EH, YPLE
H 2 A REBELL B AE F R 7K A i 55 2 2k R (free
amino acid, FAA)B/N1 2 BK, T 4753 50,
90 R Y P2 MG & B AR AT Ml B E TR
JiRPO A A A AR SR Vg IR PR S K 45 R
PE, X VighIRIE . Wi, 7 KoK &A1 R 9T it
JRAE TR B4R

1 &5 LXIREEBNME R ST

Vitgse — M2 A7 48 T 99 A2 J6 8 #ERTUE MES)
VAR A B E 1R S 1 B B B, LT TR Vg FE U
T =LA N, &0 B R iE K i ke
TR, Vigth B 17 2 Fpo B0 BRI 5T 6 Vg
WAy 44 I A G —, Bl WivVigA. Vigl FVigl
Jy A — FE R VigB. Vig2 MIVigll Ay [F — Ff 17
A, VigCAI Vg3 g [A] — il B4072124 0 312007
F, Finn SR8 15 HE S 3k A i F2 4 B DR 20 2 o)
(whole genome duplications, WGD)XJ Vtgif 17 7 2K,
W KT 52 . P77, £ —HWGD
o A2 o 7 A I Vig A VigABCD, X —VigilF AL AV 78
+ il 88 (Lampetra japonicum) ™ & B, M J5 =4 T
VigABMIVtgCD, VigABi#t — 5 7 4 th L 7 VigA I
VigBM AN 7332, [FIFEHE, VigCD4r 1k B VigC A VgD
P53 B2, VigBRIVigDIX A 4) 3¢ T A TE#E
R P R, S R SR I AN K i 1L, VigA
Nt — B AR A R SR LA A-
Vgl 5 VigCZ Al EAOC R U B 1R, Vig %
P A-BIVigMVigC. A-BIVig A Z AR TR
VA, {E ik & . H (Protancanthopterygii) 1 A VtgAs,
1E % 5% &5 H (Elopomorpha) 1 A VigAel. VtgAe2

VtgAe3, 1E 7 i i H (Ostariophysi)# N VtgAo, 7E ik
fiZ . H (Acanthomorpha) A VtgAa fl VtgAbl'+19,
VtgCH5A-MViglh) 7 5 BOR, FMTE B— A7 (P
524, Phosvitinless).

B £ 28 Vg EH 5 A (7] 544 2H R ) 7] — SR A,
FF— AR SN UN B R B S5 3, B N-3 B C-Im ik
UCHYPE IR B R A E AR (LVH) P R AR L (PY)-
GI B R B 5K 1 B BE(LVL) B-IX BB o). C-ifi £
JR(COM, BB £ S8 A [\ 0 A (1) Vg 7E 45 4 - A7
fE—E 25, WA 25N B H 45 38 LvH,
Pv. LvL. B-cZCOHRIVtghR Ny 5¢ B &1, B HA-TY
Vtg. ZR1M, A-ZIVtgHt, VigAol B/ -cRICHHE /> 45
35, VigCI R/ Py FIg(E2)1 229, AN [R]SIE
BIVtg g5/ m] DL Y, A-TE Vg [8] 1 22 5 8 B4k
IAEPVES 3 _E(VigAol BR 4L . A EPFhh, Py
Feydg () 22 3R 22 s BRI H AN E] . o4, FEE 5 fa
(Danio rerio) 1, VtgAo [NPvEE I R & 260 225
R, VtgAo2 (1) 1% 45 #3805 G 344 22 A IR™Y; 723
TR i (Morone americana)'f, VtgAafJPvah 4 15k &
FHA8N 225 1R, VigAb 1 1% 45 My 45 &5 47 541 2224
FRUS:, 7E K 3% fi.(Larimichthys crocea)™}, VtgAalfPv
SER IR S A 54N L2 AR, VigAb T 1% 45 R 3
HTI54N 2 A 1R; 15 5% 2. H (Elopomorpha) i 25, Pv
SERI R G S 2 HE I 2 Z R, BN, 75 H A g i
(Anguilla japonica), %45 ¥ 38 5 87T~9 11~ £ TR,
SR, 78 22 i 75 68 (Conger myriaster), {X 5384
IR, AHtFiEH, PR L2 FZ R ES
I8 1 B WS S N PR A O, AR IR K
1 50 & g AR 028, F ™ B AN B DR BR A SR
Py e 3 b 22 S BRI A = /b, R b B K E
PG CH It = 18 Bl i) #8128 B Py s A 3 b 22 2 IR 1)
HERZ™,

VtgCA FHLVLAILVH PR A S5 R4 380A8) i, ATE-VitgJy
fife 77 4 BILVH S VigC o3 i 7= A= LVHAR 75 B 2 22 e,
& g s — B SR 456 1 v B DR SF  2 J
R 741, IX BOF B 26— R (KUY, 251814y 2 ik
R H 5 Z AR i 45 & BA ZOCEEMERD, 5%
SERIB P KSR A S (QUS T B AR, 31X — 3 5 ik
FEAETla frh, SRT, B iz fr B A s 2 R )
BAEERR) B 1 H, ARL-Vigrh 5520407 M1E
2074753 53l I PAS 2 ok 2 B2 (CPORI CRO) ik i, X
AN I SRR R FE RE W 55 - DX 3 o ) 24 IO R R Tk
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100 Elopomorpha

Anguilla japonica VigAe3
43 Conger myriaster VigAel

Oncorhynchus mykiss VigAsa ..
4[ Protacanthopterygii
34 100 Oncorhynchus clarkii Vigds

Danio rerio Vigdo

100 Carassius auratus VigAo
100 Cyprinus carpio Vigdo Ostariophysi

23 100 Pimephales promelas VigAo
97 Phoxinus oxycephalus VigAo
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Gambusia affinis Vigda
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100 Pagrus major VigC
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A Neighbor-joining (NJ) phylogenetic tree constructed based on the full-length Vtg amino acid sequence deduced polypeptide sequences of teleost Vtg!
Bl EEaXINRFEEQHNXRARESE (1611220

Fig.1 The evolutionary relationship of teleost Vtg (modified from reference [16])
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Complete Vtgs

o el Ves Ve

o ) Vsl Vias Virs
0 EE—— ) vuas, Vi VA2

Phosvitin-containing Vtg
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Phosvitin-less Vtg
I ——  \::C

LvH LvL Pv p’-c Ct

. e mm O
Ty £ 28 56 0 O o i 2R 1 N B AR I A T B0 35 S AN I B 2R A A A3 DR B W AR 1 L RE(LvH) DRSS BE R 1 (Py)s DR S IR B &R 1 425 (L)
B-2H 7 (B-c)~ C-iiii 2 IK(CH)o A-TIVigtl & HONM WA, 43 Jil & VigAa. VigAb. VigAel. VigAe2. VtgAe3. VtgAsa. VtgAsb. VtgAol#l
VtgAo2, (B VtgAol /B’ -cHICt; VtgCIU A LvHAILVL />4 K35 o
Complete Vtg molecules consist of five linear YP domains from the amino-terminus: lipovitellin heavy chain (LvH), phosvitin (Pv), lipovitellin light
chain (LvL), p’-component (B’-c), and C-terminal peptide (Ct). The multiple Vtg forms (VtgAa, VtgAb, VtgAel, VigAe2, VigAe3, VtgAsa, VtgAsb,
and VtgAo2) are complete. The incomplete Vtgs are of two types: phosvitin-containing Vtg (VtgAol) and phosvitin-less Vtg (VtgC).

E2 #8&L R TRIPHREEOERRXERESE T 14]1220)

Fig.2 Model of the pentapartite domains organization of native vitellogenin (modified from the reference [14])
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TE R B B, (RAEVigCH 43 73 B R 2 2 IR (D) #l
HZRRAPEAR, AR, T8O A
% (conformation) & A2 A8k o I 46 2k 2 R 1 5 48t )
FF AR 3 A7 A T AR B, R, ABL-Vig M VigC
FRI3D4E K Je e THT FLAT R 70 A AT K 22 5 IXF
GER B2 e RO 5 AR A IR e

Vgl Dife 5 H a5 B UIAH 9K, Vigly 51 45 14 (1)
[FEEE Lo 25 R R W, 5 #E 8 EB-100. fokifk
H v = [ %% #%2 & H (microsomal triglyceride transfer
protein, MTP) A Ifil B P 111 A& 975 [A] -7 (von Willebrand
factor, VWF) ) SE 2 ok KRR, JEH, S F MR
R, VigtH LvHES M3 B A i K M, = 4ES5 /8 7T
R IR B B, W 5 1 i ot EAAE SR i g 1 7 X
4 T LvHPT T B i B rh, X 338 B LvHAE B9 BE4H
JAE 5 AR B b B R DY, LvL S LvHI D g
AEARAO 20331 H gt BB f PR 0 O A 1 B R AR
RGP BAFAEZ Ao P2 T IR (P R K &
BROMEEE 8, K F T P BRA M AR (B R, 29
80% 9 Tk i 1ot JIEL ) ) AR B8 3 AR SE Vit 77 V7 1 B
(O A I R BR) B BB 12K, BN B 0 i o B TS 1
L 70%:; 11 5 S AT R BER R 2, R REA
L e g e R R = R ) I B K T 50%!1Y
LA, 58 100 2 O BRI B 5 A AL ) 2R AL T 4 4
TE o - AR G I S D R 2 S R I B AE
Jig &5 1 i Wi B (lipoprotein lipase, LPL)FI{E FH T 43+ fif
AR G BEAE A b T o R DU I Vg is IR Y AE
TENRW . FEW ALY, C&uE SO B4 A 1 i
T TR o A2 471 3 s W WA o, 3 T E B YA 1 s
AR AR i 7 IR N ARG B IS B e i 2 Skt
P FEAT - A F, B f T 28 E B I 1D R 7% oL
fif(fatty acid translocase, CD36) X% If JIii IR #% iz & H
1(fatty acid transport protein 1, FATP1)Z: 5 IR i iR 7E
4 B 1) BB, (R 5P BEAH M 2 5 s iR T R 1Y)
SR WARIE .

VtgPvE f I8 h &0 K E 222 1R, H X vViglh)
W IR A B A B A U, AWK B, BEER 1L
HIPvES Ik Be 0% 35 B VigdE RF L g5 M i fe e, $em
SRR, R, BERRA I Py S R80T A B LA, B
i &5 A Ca> I K TCH LR (P) i 12 22 U BRI Y, 1X 3%
B, RGBT B BT /& B Ca® FIPiZ HPVIZ 18P, 1y
A SEIGUE B, PyRT /R NFe (R g A1, R, B B)
Y i BN B R AR I R R Vig iR &R B s i AR R ]

ReE B E A

VgL M R M I A3 R - (vWF) DAY [] 5 485
P 3Ek, BEE B -c 5 CORZ X 8 1) 2R = 1342,
WA SRR AT e S 5 S g #4202t
TR, WE R VigfFAEREE R TE, ShifFWHEH],
FH IR T AT (Puntius conchonius) ™ 454013 3] () Vg
A 0% 5t S 0 e AT 1Y) 2140 Pl o

2 EEaXNEREEANRIA

il £ S Veg B[R] (1) 1k 52 MEW R 4%, T
IO R TR P B R B TR R A ) T 4, R ACRE TR
PRVERR R A T UM BEA A0 B S8 )2, AR (R M iR
BERWAER R, WS40 B AN 55Uk 41 o RE i1 7B- M —
(E2), TGN BIE. 45 A B ME B R 328 b IF 3k N JH 48 i,
X/ E SRS fk h Vigh:
J& 81 b R MEBER 32 7K T I (estrogen receptors
clements, EREs) I, ¥ &/ 1A E &Y 5EREsS & )G
JE BN G B i A 1 R TR ) SR O HL B A 1Y 5 B B iR B
HmRNA I FE 834, FES Z B 460 R, #UR
i, £ F190(heat shock protein 90, HSP90)#E % Al i
RS, BRI R ZRE Y RIE S Vigh)
BT, A i R IE B Vg4 i R B R TR R B4,
st BEER A ARE B AL S, B B PR R A S
IR, Vg N s /R BRI AR Dy 73 s /NIRRT
S, PR 2R HE 8RR B R & R Vitg, (HAE
MEER B )5 3, £ R R PR I £
WHEEHE & Vg, ZhongZE MWW T KN, fEo-4
R ME I (BRI AFAE S AT, MEPEDE 5t BEhS
KERIEVg, A FE WA At 2 (1) 4R 1E,
U HEE: K FNAA fa(Cichlasoma dimerus)TE 7K A& HhAF1E
TIEM I, Vighk Rk LB, Elgaabary%5CUA 5T
T il R A TR AR 7K A HHE TR SR Y AL E R I
KU, Je B % E fi(Oreochromis niloticus) it 7 Vight
D] 1) 223 W] DAAE 9 MR AU 1) — ARG B (1 26
FrEY . MeucciEPR I, ZKAR i A7 A8 K I 1 T ik
Ty IS, A Rl K T e 8 (Salmo salar) B EERS K&
FIEVig. T HEBUER BE 3% VighL R 1 3Rk, Atk
Vgl PR e R A R AR AR A I 2 R 4
AER . HET, Vg AMERE . MEEER R
DA FAR N 70 i e B AE b 54, IF H B
GV N TSI WA o W T i 1k AR
I B AE B AR T TP
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3 WEERINSHMRINEREB/RIIRIL
oriE
3.1 IREEEARRY

G BEZH B S Vg 7 KON 32 480 3 1 N AR
FHUST Vigidh N LR G B R4 350 5, @it
G I o Ok B A AR UK A AR B 02 R BE 2 i i SR
I, B G E R O 2k FIE RPN R -
ARG, FHPE N BT A 1N 5 5 1 R
M (clathrin) B4 740 P8 A2 P 10 45 /N v 38\ 21 48
L RIS Vgt NSRBI, S5 H AR5
Vg S R B HE H A /N6 Ik [m] B -REZH i 322 1 A T
BRI WAL G 2L vigt. 7RO T R R REH, A
7] < B B B 1 51 BE4H Mg Vg 52 7Rk 1 Rk B AN, 78
YU R AT, Vig e RIB E R . EINE K
AT JE B DL R R O TR Vg S AR 1) 3R 05 B
BARIEISS X — R PR, OF R R H SRR
YU R A R TR R AR, R AR ST
AN R 7 2 O O BEAH BRSO Vg R 280506
3.2 NEEEANSHE

EH A% i 1 B 0 /DN T gk N 21 O B 48
Je, Wk A BN B E. BRI, A6
ANV B AR Ny %2 Y AR HY I i vATPase(vacuolar
H'-ATPase)if N\ 2 1K, & & R M 1 PF 55 4 o
WIREA-ZERE S50, B Viglk A EH
BED 4y fifrl 44559, OpreskoZ5 gy X AIE BH, JE I TCIE
(Xenopus laevis)9P-BEAH L A (1) Vig & B 2H 4 85 A D
2. SireFFEPI I G % i€ AL B 7 VAR W, T 5
RE2H 1A 4 /N IR R (RN AR AE Vig FZH 28R T BED -
Brooks SR 7t 1 UL i vh 20 21 1 [ BED ) 3R A R
fiE, AR P 3 AR I IZH 23 B FT D K = 3R A
Carnevali%¢ NI B, 43K (Sparus aurata)™ 241 215
HBEDRE 81 Vig R i AP s B H . B 45 OP BF 40
FIRE, I EASTHNEAMBRLA WG, &
JRFAABUN T 2 K. fEIX — i frh, HY i+
FRIE N OB, A O S Y AERR R P AR, R
HAFE AN, AiEENAHNEAMERH TP E
H, 18 H 7 i AFAABL/N 73+ 2 KU (B AN [R] A
B RSP EARMNAHSE QAR 5,
TEJR B (Fundulus heteroclitus) ™ 2121 8 4 BB AN U 35
B 32 R, (R AR & Sk R R 4 B
A 2H 2R B A B

K2, Vigidt NGPEEA 5 Je 2t it 2H 28R E D

(RI4E F 2 o BN B AR 1, i e 7R 4 2R B LK)
TEH R ol AFAAE NS T 2 K

4 BEGAPEEEAQSINSMMKAE
TERXR

GNREZH A PR K AR FH Ik 2 B g 9 R 4 1 2t
REREees, GERE R S KA VER R, SRRARIE I, 1A
FASGF ST B R o o # K& (7K 43 i O BE4H
Ji BEE | ) 7K 38 TE 55 1 (aquaporin)ifE A 4 i Py e,
FEVEVE BI RE 2, BN REAE MK S S AR E
M54%~76% L. T+ Z76%~93%, 7K ¥ i & 5 A4S GE i
90%~95%, FEPLIESE A 2, SRR K &
1 FRT G S K EAMS3%~79% T H56%~85%10C,
TEIX— i FE Y, K FAREEIBE IR A8 40 1 N 51 B
Y. 2 U REA HRIS I R AR A ) 2 B R R R 4
NFAAFITEHLE T IR FEAZ 46T

BN REZ0 A s FA AR B 1) A8 AF 32 2252 B Vig i 52
Wi, Vg2 7= A RIFA A BB A 7K & 18 F AR
SRS BRI, YL I SR IK GER R A S
FAARIM GMEAFAE — E 22 5o PRT PRGN I f228,
HVtgAaZd fift 7= A4 LVH(LvHAR) 4 i i (14 15 FH 58
S Z3RNFAA, 115K H VigAbi) — AL LvH(LVHAD)
R o iR A, X — B B 5 nT e R )G IR G
MR R B R E IR, AN, HVigAafilVgAbr”
A IIPVAIR -k 5 4= FE A%, T HH VigAafl VigAb/™ A4
(19 PR FRLVLA A 3 73 4 56 4% B il NFAA, K B AR 1)
4> 5 HVtgAbRF i 7= £ I LvH(LVHAD) 3L [7] 7
B IR TG A7 AE B 820387074 G R B, FH Vig/K fif
P2 LR IFAAZ: 5175 O REGH ARS8 &, 136 3L B8 R
S8 RO A A M) a0 5 OERESH i Vig R K R AE FH
SZRH, TGN REA B A 7K AR 32 2040 . SelmanZ67
T 7% 5 R AL WrvATPase ) Th BE, fHiH" A 68 1% i3k
N /NI B0 2H 2 A R, I B A Vg fri /K
fifto VigHI/K BB S, 50 RELH M HFAA S I
B IR B ZEARA, FF H 90 B0 B /KA A FH 52 2040
. PR, ViglfIK AR J5 7= A= IRFAAXT BF-BE4H A ) 7K
A FH R 34T A 3 R Y, FEPE U IR
g B 25, HVigAas) fi#r= 4 JLvHAa. LvLAa,
B -cHIHH VtgAb S R F=E HIPY. B -cfH —# 4 # K
fil NFAA, HoAh A Bl 7K M 1 B 38 2 A7 AR iR ok
(1 ¥4 % (conformation) 5% LA /)N 73 T £ K 11 JE AR 17
TEGRREGH M ), PR, DTSR A K SRR S, A
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FAAR B (A5 A3 /N, 140, 85 [ Sk fa.(Crenilabrus
melops)7E /K & 1E H J&, U8 F BIFAA S AL IE I T
2.9~3.8f5,

A [ o it £ S A R I Y Ve P 2R A 7 A7
TE— 5 22 S 0677 G Jec 8 114 O B 40 A7 7 0 AS [ 1)
LvHAa, 73 T84 513122 kDafl1103 kDa, 7£ i EF4H
i ke e A v A 23 7 B J9122 kDaffJLvHAa Py g
AWK AR NFA AL ZEBE T £ (1 G BEGH AR 2 R
i1, LvHAa. LvHAb. LvLAaRILvLAbZE 5l i 2 (11X
A AT YT B T Vig I ZE 7 AR B, FAA
FEVUMEBR /K A 3 72 AR AR BN SR, 55— 52
I BEAH 5 35 04 R 7R e LB 1, R 2 K FlINa*
X L2 i 5 KU, Greeley 25 B fll Wallace 55 8114
R, T G B2 A K B e R R Y KRN R T
1, HK ANa W BE 215 . {H £ 7 f(Plecoglossus
altivelis)1, 51 BE4H i 7K & J5Na V& B B 8 F ™
UM SR 535 TR 1 E BRSNS T, FAAR)
PERIBUIN . PRSI 2E R 7 SRS DT AN,
IKEVER G, MMUFAARIMREE 525 E7t, 1 BTN
FURPEA AT W] R AR IS8 i, AU
(Centropristes striata)Ji F 40 WL 7K & 1E F AT )=, 20
HNa FIK R 28 0) &5 8 20 Sl T i 2 A FHAF5 0 K v
[ 8 (Hippoglossus hippoglossus)/K & AEF &, UI-EF4
MK, CI NHFIPfF £ 535 38 I3, 3 45 0 6
MBS 7E OF BEYH A A /K & i R i R 3 AR
A UL, FE PV R AR f o, FAAS TEHLES 1L (A
2 5575 R RELH L P9 1R)7505 TR B8,

g5 b, et T R AR R, AR Vig
(1 2 i 77 sUA TR 7= V7 14 O B8 1 £ 2 VigAa
K AR 77 4 (LVH(LVHAa). PvAIR’-c X2 HIVgAb/K
fift 7= R PRI R -c il 41 41 B (A BEBERL 5E 4= B& fif R
FAA; HIVtgAaflIVigAb/™ A4 I W P LvLAL A ¥ 43 4%
B fiR, 1X 56 Vg4 il 72 A (FAA S EHL B 7 4L H]
VAT O RESE 9 BE IR, CRAIE /KA R A R 2
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A: the pathway of hormone; B: the expression and secretion of Vtg; C: absorption and decomposition of Vtg in oocyte. At first, the GnRH released
by hypothalamus acts on the pituitary, and in response to GnRH, the pituitary releases gonadotropin, which stimulates follicular cells to secrete
17B-estradiol (E,) into the blood. E, binds to the ER in the liver and the hormone/receptor complexbinds the ERE tightly in the nucleus. Subsequently,
the liver starts to synthesize Vtg and secrete it into the blood. A-type Vtgs are transported by the bloodstream to the surface of oocytes and are taken
up by receptor-mediated endocytosis. The coated pit containing A-type Vtg is transformed into an endocytic “coated vesicle”, a membrane-enclosed
organelle that is coated by clathrin. H" enter the multivesicular body across the vATPase to provide an acidic environment for the activation of cathepsin
D. While Vtgs are subjected to proteolysis into YPs by cathepsin D, the Vtg receptor is released to the surface of the oocyte for recycling. Some YPs are
degraded into FAAs by cathenpsin B or L and others are stored in the oocyte to be used for embryonic growth. Inorganic ions enter the oocyte via ion
channel (Na'and Cl™ channels) and Na“, K'-ATPase. The FAAs and inorganic ions serve as osmotic effectors for oocyte hydration. The water enters the
oocyte through aquaporin. The oocyte becomes a mature egg after hydration and maturation.
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Fig.3 The mechanism of Vtg expression, uptake and proteolysis (modified from the references [14,55])
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