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Effect of starvation on expression patterns of the MYP gene in Strongylocentrotus

intermedius
QIN Yanjie*, SUN Bolin, LI Xia, WANG Xue, JIN Di

Key Laboratory of North Mariculture, Ministry of Agriculture, Key Laboratory of Marine Bio-resources Sustainable Utilization, Dalian Ocean University,

Dalian 116023, China

Abstract: The major yolk protein (MYP) can be found in both genders of sea urchins. Both the immature ovary and testis
contain a similar amount of MYP (about 9% of wet mass) , constituting about 80% of total protein. This presumably acts
as a nutrient reserve during gametogenesis. To determine its main production site and the mechanisms for adapting to
starvation in Strongylocentrotus intermedius, MYP mRNA expression levels in intestine, stomach, gonad and coelomocytes
were analyzed using real time reverse-transcription polymerase chain reaction. Urchins were starved for 15 days and groups
of five individuals were sampled at 5, 10 and 15 days. MYP mRNA was detected in all tissues in nonstarved urchins and
the amounts expressed between tissues differed widely. The content was greatest in the intestine, 28. 94-fold of that
measured in coelomocytes and 39.26-fold of that measured in immature gonads. MYP expression in the stomach—1. 83%
of that in coelomocytes—was the lowest among the four tissues studied. MYP expression levels decreased sharply after
starvation in coelomocytes to 1. 29% , 33.33% and 1. 58% of the controls ( nonstarved ) after 5, 10 and 15 days,
respectively. MYP mRNA levels increased in the gonads during starvation, to 2. 93-, 4. 07- and 6. 80-fold that of the
control group, respectively, but the extent of increase slowed with extended time of fasting. The expression rate during the

first 5 days increased by 192.82% but this reduced to 38.98% and 67.01% in the second and third 5-day periods. MYP
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mRNA expression levels in the stomach increased to 25.81-, 23.43- and 106. 52-fold of controls at 5, 10 and 15 days of
starvation, respectively. By contrast, levels in the intestine declined continuously during starvation to 67.60% , 50. 87%
and 33.33% of the control, respectively. Thus, MYP mRNA could be expressed in the intestine, stomach, gonads and
coelomocytes in S. intermedius. The intestine was the main site of production, which could be explained from the lack of
any large alimentary gland in sea urchins. During starvation, the MYP mRNA expression level decreased in coelomocytes
and increased in the stomach, but these levels were still minor compared with the amounts in the intestine and gonads.
Interestingly, although MYP synthesis was suppressed in the intestine during starvation, the MYP mRNA expression levels
were not declined but increased in gonads during starvation. Thus, the gonads, followed the intestine, provide a second
main site of MYP production during starvation. Before the initiation of gametogenesis in sea urchins, the gonads increase in
size by accumulating nutrients such as proteins, lipids and carbohydrates in nutritive phagocytes that fill the gonadal
lumina. Therefore, it appears that the MYP mRNA expression level does not decline during starvation but increase

continuously to provide nutrition for gametogenesis in resisting transient food deprivation.

Key Words: Sirongylocentrotus intermedius ; major yolk protein; starvation; expression

TRV A A ARG A 27055 U S TE VRS F5 A R O O T 23 3R I R R 0 2E 3

A T EEAEA SCRRE XK S AR A S e R RIS 8 2 BT AL (H AR h e a2 DL HRZEAY T
T AR S, U HE R I BRIEEAE ( Strongylocentrotus intermedius ) #E L H

@HHE@E%JUE%E(MYP)lﬁf@ﬁﬂgﬂtﬁﬁaé 1544 , 4 T 7E 160—180 kDa“° Bl AN
AU PE AT DN ¥ 2 H L ( Vitellogenin, V) 3% B ¥ 25 1 ( Yolk protein, Yps) BB AN[A], ¥ AH El’]gﬂ ARG S
#EA MYP T MYP A3 IR, AT AL THER P i sh i MYP Fr g CEMYP ; A7 7E T 5 v R
() MYP 528 EGMYP!'™ A BFFEA N MYP Ji— R ki a6 2 1, 45 70 M A 5 200 0 By 702 S0 DDA G, {ELEL A
ﬁ]ﬁ%%ﬁ$‘|‘ﬁ7\?§%,EKXU‘,\IJJ?J‘EE"JE?ﬁLEE AV LA 9 A — A A o2

S 2 E it PCR (Real-time RT-PCR) F2 AR DUARGH WA S5 407 fUOE AR AR BT M shAti B R R ik 25 7
OIS T A B0 G A IR, B2 T mRNA AN A B ik 2z — ' H AT, RT-PCR £ ARAEAK
S E B B4R T, Minokawa 25/ #IF5Y T SpFoxb SpHes  SpKrl F1 SpNk1 J K 7E ¥ i1 ( S. purpuratus )
K B P A R R RS Y 0 T MY P JE R AE b (R BRI K 2258 ABL (S, intermedius @ XS. nudus
) HFHIEA A E HT@E’J%%%@L%ﬂ Hamdouna %' X £ BRVGAH (S, purpuratus) efflux transporter %& K 78
N Y SRR R IR 22 S AT T TSE . AT I8 S 4 BBOA () LR e 308 v ) sk v L ) 4% s 00 i L 1 R v %

H 4 FHZUY RNA, DL 18S rRNA B IREEIN X HIE# SYVHCIR S T A 4800 MYP ZEH YR8 22 57 3047 T

WHFE, fa 7 v TR BRI MYP /Y R] RES MUR S JFERITOUEORZS T AR MYP &P A% 2 26 KL A vt JIE A L i ik
B
1 #BFTTE
1.1 ok

IRIG FHAT R AN TSR0 1 rh e BRI, 5242290 2.0—2. 5 cm, B KGE TR EEIX I ARR [0 )5 &
TRENERKGRTREE  ES R, BR 12 gIRERK 1k, 7K 18 °C , Wi sE Mg fif i . 76
R TR SR 1 5 I iR e
1.2 Jrik
1.2.1  YUBkBCE KO

H 2010 4 9 H 52 EX TG, SO IR 20 2, W E TR & RS AR 00, — BUOULEE 313
(S H A s, BPEORE 5 RSO X RZ, DU LI SE 30 B0 R . Z R AEDLIR 5, 10,15 d 2351 L
FES K RRURHURE A FUORE B3 SO R e AR V4 °C 4500 1/min B0 10 min, 2% 35 , PR 40 i GER AR
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AR, RIS B IR IR 7 B 3 Fhd 20T B AR A P PGV 7R
1.2.2 RNA B4

TRIzol ¥ , 43 $2BOT HB 2 Ke AR YUK A i B AR i i PR R A9 &5 RNA . F RNase-Free DNase |
Bi2s DNA V5 5% SO 66 BT RN LAl B IR TR0 B a0 47 S i W 60 52 P, Y ARG D 5 3
1.2.3 51Yyiik

S I E K& A BRI MYP DNA R B5147 0 BI9)¥ 310 F. 5'-ACCATATGGACTGACGT-
3', R: 5'-GGGTTCTACCTCGGAGTTGAC-3", Tilit4 34 i Bt < & 224 bp; 18S rRNA BTG MIF5 R F. 5'-
GTTCGAAGGCGATCAGATAC-3" R 5'-CTGTCAATCCTCACTGTGTC-3", it 4 i Be K BE 251bp.,

1.2.4 sk

S 53 ¥ BB PrimeScript®  RT reagent Kit ( Perfect Real Time) i 7 & ( TaKaRa) A9 25 %%, £ Eppendorf
Mastercycler gradient ! PCR {3 _Li#17,

SRS NAR R UNF :5xPrimeSeript Buffer 2 wL; PrimeScript RT Enzyme Mix I 0.5 pL;Oligo dT Primer(50
uM) 0.5 pL;Random 6 mers(100mwmol/1.)0.5 wlL;Total RNA 500 ng;RNase Free d H,0 #h5F (B WA FR 10
pl) o

JLZAF 237 °C 15 min( SN ) 585 C Ss( S G sk MR RGN ) o SN =S REATT PCR R
1.2.5 Real-time RT-PCR

FIHH Mx3005P ( Stratagene , USA ) 52 B %8 6 7 5 PCR Y, #% 8 SYBR®  Premix Ex Taq™ 1l ( Perfect Real
Time ) X7 & ( TaKaRa) F4AEL TR, 4T RT-PCR [,

FVARZR :SYBR Premix Ex Tag™ T1(2x)10.0 wL( N TaKaRa Ex Taq HS,dNTP Mixture, Mg, SYBR®
Green 1 25) ;I8 5147 0.8 wL, K514 0.8 wL;cDNA A& 2.0 pL;d H,0 6.0 pL( BN AZ 20.0 wl) .

F G R 95 °C 1085 95 °C 5s; 60 °C 35 5,40 MEFR,

TR SR 2722 3000 MYP SEBRAE N ik it SEdFAT 2 WORONE, BRI 2 P47, TR 25 5
FHE
2 ZER551
2.1 SERPOGE = PCR 458

JN B Rl th £ 207, 18S rRNA 7£ 88. 1 °C MYP JE[RTE 84.9 °CAbJ3HITE g B — ff) 45 S 068 | 06 22 iy it
RO LA 5 ) SRR AR SR 3 7= B, JC e W — ok B B AR RE A 15 21 A — 1% PCR 3
P, HATSEHE MYP F118S tRNA 19°FY €, (HLL R AC, {8, ilad cDNA ¥R log (EXT AC, HIER, B
PR LRARPRIE 0. 0329 , 4 X HEFEIT T 0, YiHH HARIE RIS I A9 - B CR AR R, AT UG 3 274" kb 4740
Xof S it R SRR
2.1 MYP JEFFEIEH R v [alEkig R4 g 8 (i =5k

FEIEEARAETT , i Bk IR R i 4 AR S MYP B[R AR 3R35 1 (L) 18S rRNA &) 22
SR G 7R R R A ek i R, M R IS A R R R A 28. 94 %, AR AR H A R Y 39. 26 7% 5 PR A ik
i 0 i e 3R i B AAIG, E rh MEAR Feak i R AR A T A R Y 73, 71% 5 B T R R IR R EAR, SOR R
YA IR E Y 1.83% (K 1) . L8R KRE, IEHFRGUT , PIRIERIGAR MYP F2 27 h ik, A ARk o
s EARD
2.2 YUR RS MYP FEH ) FRIE

DUV Y ARA i 0 B MY P 2 35 f iUl 1 e, Bl LR ] 0 2B 2 R 7E — AR 7K, 439310 R kit BE 4]
(9 1.29% 33.33% .1.58% ; HFARPEIRAI SRS MYP 63k & 2 fa b T ke ds WUk 5.10 .15 d J5 R4l
2 MYP Rk i3 % BREH 1 2.93 4.07 6. 80 %5 ; BEAE VLRI H] B9 B4 MR b MYP L PR e 3k i i 4
RIS DURAT Sd AYHE KRR 192, 82% , LK 6—10 d FIYLER 11—15 d A3 K R 53k 38. 98% Al
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67.01% ; YURJG IRz MYP ik &2 FREREL, YLk 5.10 .15 d 4351 % B4 1% 67. 60% .50. 87%
33.33% ;UG RS B MYP FiE &4 Fr LT, 20 3 X% B4L Y 25. 81 .,23.43 .106. 52 f5 (K 2)

£ 35, £
ﬂ'];g § 30} 1] é 30
e 25| ;ngi’ %
72 <
== 20} £5 20
<8 i‘z‘s 15
QZ< ‘;‘ 15+ zZ 2
%= Cé 10
e g 107 e S
$2 s z: ]
= L o
E £ 0
2 0 B : 3 ‘
3 | ~
ENiat ki ]ﬂ?ﬂ% ) Wi H YU} ] Different time of starvation/d
v BRI IR A [ 41418

Different ti 8. i . NN R
Hfferent tissues of § intermedius B2 RELR A koG AR 4% 48 4 sh MYP 5 B B A% ik
NI, . oy e E(LL18S RNA HZ
B1 RERBEEERATEERST MYP EEETRAE o 8 )
(L4 18S rRNA 5 M) Fig.2 Relative quantity of MYP gene expressions in the four
. . . . . . tissues of S. intermedius with different time of starvation
Fig.1 Relative quantity of MYP gene expressions in the different
. . . . . (standardized to 18S rRNA)
tissues of S. intermedius under normal condition ( standardized to

18S rRNA)

LA IV R b R B BRTE IR MYP &P 2 AE I AVERR Th ik . Sk BREEAR LL , RS LR T 1] 4 48
K S MYP SR R EARIRZ MYP (19 3255 B 5 TP IR 2 2 b i [ 9 3 K i AR A0 4
T, R M A A 2 2Pz R A AT R LIRS i P R X MY P R AR BRI BN (K 3)

£ 30 ¢ &@¢=0d

4 o
Eﬁ £25 | @t=>5d
i Br=10d
ey |
EE @r=15d
< B I5 L
zZz
ER- U
& B
2 st

£

E 0 bz ] 1 1 1 =

A 40 i3 =
o (AT BR IR AS 7] 440

Different tissues of S. intermedius

E3 HEzkiglE&ARESEIEMEE MYP EEEXNREE

Fig. 3 Expressions of MYP mRNA in the four tissues at different times of starvation in S. intermedius

3 itig
3.1 IEHEARET P EBKIEAE AL MYP SRR IA

VIR F2 LR B 1 (MYP) KA e TR p ) 5 H A B A 3 (M 0 A O 2 2 ) DR s
F AN LA SRS FDRE ST A MYP, H 3% MYP Rk R R E 2 R RIEHAF A 4 it
Wi 22 5%, MYP 7] 43R CFMYP (/778 TR ) 1 EGMYP (£7 TR o, BREME ) | — 38 ¥ i [R] — 36 X 4
7 X B AR MYP B cDNA FP 3, 5 HABA AR Y O 8 2R 11U S0 F AN B AT RIRE T 5 — 2e gk f%
10 G A B B R R IEE , A BFFEIAE MYP & — Rk 4 1, S5 T B A FEL A0 02 U DIAR G 3
1 Unuma SF7EXF Pseudocentrotus depressus W7 2438055 AR H . CEMYP ZE IR R 14 & B R AT gt 2A
MR AT RE T

Shyu %5 F1 Unuma 5 W 5% & B, W R0 (S, purpuratus F1 P.  depressus ) F 5 H I8 16 & 38 F14 B¢ & 6%
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MYP ! R ARTE T A B MYP T3 SR 62 26 2 09 51, 9 U0 RS BE ) 200 DAY B VR W O HL A 2 fif
1730 GR /A i R TR ERIEE A MYP AR5 , {8 18 3 S5 4R T 1) BRI A R 2% 58 1 AR ( ) Bk
TR Q@ >OEERIEAE & ) AN [A] & T IHIPEIR ALk MYP JEPIA A ) 56T MYP 76 Hh A ki A H A 5B 457 B
FRIRAE BRI R RA B S H

AMF5E 38 1T Real-time RT-PCR AR, 76 Hr [BI BRI ALK 40 M PERR 7 | B X DU RA LU k3T MYP %
Rk, v] D ] R IH MYP 35 PR ) 22 SR ANUR) BR 30 AL 18 Rt IR, 1A s i i vt 25 3838 X — AT 45 21
5 Unuma SF7ERH ( P. depressus) BRI ZE AL MYP JERTE i v B F ke i v T A 3 N4 )
VLA AR A MYP 4 3037 | it S 5 v AR A A5 M 5 )M IE 7 10, TR RE A AT ] R AR A T AR , TRk
[ SR B G T AL M B KRR I ) B BT, X 5 Unuma BOBFST 45 AW ABFSE h MYP
BRI B AR S A A PR B 3 0 H B ek m T, 10 Unuma BF5Y & B0 2 @ IH( P, depressus ) Bt F /&
A PR T MYP f 283k i B 0 5 TR A iR S AR S5 RN A B R BHIEIR MYP HA P FR )
A, — MO OB R AT, R B AR DI RR  BIFSE U AR IRV T MY P A BILK R 2 A R LA
AR A T T BT AV 1T PR AR s i R i MY R BE 55 B A AR AR 06 R A BRI 4 5 DT
5%, FARBGE I KA ARRZE AR AEBURASES Unuma ABFEASRAR , R R S0 BT AR TR,
FLUAR R i i — 25T
3.2 YUK A ER AR A L 21 MY P 3 R 6k i 52

A S A5 S AT 0, rh ki AR v MY P EER % 3Rk e 7R LR 72 rh g M S R, DLk 5,10 d F15 d
I R A B X BRZH 1Y 67.60% \50. 87% \33.33% , RIE AL MYP ik U B 2 R 7R BARK
B MYP (kBB B IEE IR MYP Rk 2800 BT mE 1 nl AL B R kiR MY P
FER EZRR T YUBRIE T A i MYP BE08b | RIHE IR & B b 2232 B2, X 5 2 S I 5T 45
AL AEYURAS T AT TR IR T S 1k MYP JE R 9 5% 5 38 5k, X 5 ¥ IR DL RE 7 A
WER, Lares ™ $2 H LR399, 65 JH ( Lytechinus variegates ) Iy -} G5 ¥ 8 a3z B2 00, W 1 B v BEREAIR, 2%
B BT A W, P IRIERIE AR YLK 1—4 d DMSE Z AT Y0 e R IR, DLHR 5S—9 d FFERTHFER L
FRE I, AIFSRIENYIUR 5—15 d B IR AT Bl i iE M b R SR Ak ae i, I LAAR IR AE 8 19 A= i 3l DL
MYP ()6 1, A LG B2 BV 4 52 e i R A1

FALH L RIS AU G MYP SER ik AR (b i I 2, R e LR 5 d B 18U T
Bt LRI R) 9 2 — AR AR W AR A . — 5 T YU BUE AL, IR AR s g it & 1 MYP 9 7E
TR BORIEAZ R, Pt MYP BRI R GA AR, 51— 1 W IR AR IR F0 5 e ak  ph B | by 55
TRE') IV 5 A FE AR s 8 v 8 SR B 2 0% Sl A LR s VR 32 B R AT A B B 0 DR TR Bk MY
FER ) s 3R B 1B B R R

F )RV IR A MY P i PR ) 6 i LR B T 7 S 4 328 25 T i, S B0 & SRS 3k 2 X6 HE A 19 6. 80
i B PR YL Y 52 e T 25 R R (RS 03 R B R a8 DUER T 5 d B35 35 192, 82% , WLk 6—
10 d B2 11—15 d W3R 518 38.98% F167. 01% , AR FHT 5 d MIGKR . A HFGERI YU AL 540
HBSCEE (5 M S5 LR G B A AR ) R B R A O PR R MYP R SR B R4 A R, AL
ST LRI, MR IRPE AR C AL FAE K B E B R T KE N E IR WA, St & % MYP ir i B = & 4
Ji E FORVE TS SRR VA AR R YLk 5—15 d PEAR T AY MYP JE N R GA R Z 5 m Hakse At , 2
5 A A v () BRI IR S U R v MR e B N 2 s (ER R S (R DU 23 52 i B RS ) B8 20 B 9 A
K, SUEVERR A R B S  ARSL IR 4G L B R AR MYP B R A BB AT R H T R B A
VPR R, O SRR —E
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