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Function and molecular mechanism of mitogen-activated protein kinase (MAPK)

in regulating oocyte meiotic maturation and ovulation
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Abstract: The mitogen-activated protein kinase (MAPK) signaling pathway is a highly conserved signal transduction pathway from
yeast to human species, and is widely distributed in various eukaryotic cells. In almost all of the species studied over the past three
decades, this signaling pathway plays a crucial role in the development of female germ cells and meiotic maturation. Especially in a
variety of mammalian species including primates, rodents, and domestic animals, the MAPK signaling pathway is activated during the
resumption of first oocyte meiosis and plays an indispensable role in meiotic spindle assembly and cell cycle progression. In granulosa
cells of fully grown ovarian follicles, the MAPK pathway also mediates the physiological action of gonadotropins, including cumulus
expansion, ovulation, and corpus luteum formation. Although the MAPK signaling pathway plays a wide range of physiological func-

tions during the female reproduction process, and these functions are highly conserved in evolution, their underlying mechanisms,
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especially their direct and physiological target molecules, have not been sufficiently studied for a long time. In recent years, based on
some new gene-editing mouse models and theoretical findings, as well as the wide application of various omics techniques, it has been
further revealed that MAPK directly phosphorylates and activates the RNA binding protein cytoplasmic polyadenylation
element-binding protein-1 (CPEB1), promoting poly(A) tail extension of maternal mRNA to regulate protein translation during meiotic
recovery. These findings not only constitute the current basic mechanism of mammalian oocyte maturation and ovulation, but also
provide useful research ideas for other related research in this field. In this review, we summarize the research findings in our laboratory
and from other groups regarding the role of MAPK cascade in regulating oocyte maturation and ovulation. We also discuss the latest
research progress on MAPK regulation of mRNA translation and degradation by directly activating the translation initiation complex
and mRNA poly(A) polymerase by phosphorylation in the granulosa cells.
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Fig. 1. MAPK cascade pathway. Through MAPK signaling pathway, the signal from extracellular molecules will be amplified, which
enables the cell to respond quickly and sensitively. This pathway is beneficial to orderly life activity. Among them, MAPKKK-mediated
phosphorylation of MAPKK can be specifically inhibited by PD98059, and U0126 can inhibit the MAPKK-mediated phosphorylation
of MAPK. The MAPK family contains four subfamilies: ERK1/2, p38MAPK, INK, ERKS. Among them, ERK1/2 regulates the most
extensive physiological processes. On the one hand, it regulates overall protein translation levels by phosphorylating poly(A) poly-
merase o (PAPa), cytoplasmic polyadenylation element-binding protein-1 (CPEB1) and other translational regulatory proteins. On the
other hand, it can also phosphorylate some proteins related to cell cycle and cell differentiation, leading to the changes of activity of

these proteins. By this manner, it can regulate the corresponding physiological processes.
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Fig. 2. Schematic representation of the changes in MAPK and MPF activity and the possible role of MAPK during the meiotic cell
cycle. 4: ERK1/2 regulates spindle assembly and triggers maternal mRNA translational activation and degradation. ERK1/2 is acti-
vated by upstream kinases and triggers cytoplasmic polyadenylation element (CPE)-binding protein-1 (CPEB1) phosphorylation and
CRL1"™" dependent degradation. CPEB1 phosphorylation and degradation stimulate polyadenylation and translational activation of
multiple CPE-containing maternal mRNAs, including Daz/ and Btg4. The accumulated DAZL proteins lead to further translational
activation of maternal mRNAs such as Btg4 and Tpx2, BTG4 targets polyadenylated maternal mRNAs to degradation, and
TPX2 induces microtubule nucleation near chromosomes and facilitates spindle pole organization. Additionally, MAPK regulates

Activity
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@® Dephosphorylated
— Stimulation
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microtubule reorganization by phosphorylating microtubule-binding proteins MAP-2, MAP-3, Tau, and other target molecules, there-
by promoting spindle assembly. B: MAPK cascade maintains metaphase I (MII) arrest. MII arrest is dependent on the cytostatic
factor (CSF). CSF prevents anaphase promoting complex (APC) dependent destruction of cyclin B, and thus maintains the high
MPF activity. Endogenous meiotic inhibitor 2 (EMI2) acts as an inhibitor of APC and plays a role in the maintenance of MII arrest,
and MAPK activity can make EMI2 more stable. GV: germinal vesicle; GVBD: germinal vesicle breakdown; MI: metaphase I; Al:
anaphase I; MII: metaphase II; CYB: Cyclin B.
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I .4 K 43 BELT A6 MITTI, Fk 6 PB4 82474,
A KRR s ERK1/2 ml bR AB BHAS T 52 K i 1 Ji
B, G AT B A2, X5 Mos
R R A —3, FEAREE LN AT : B
25, MOS T AEE0E T ERK1/2 LAANEHAR T i85
¥, Ml SAPKs. p38MAPKs ; H:ik, 1E Mos ™ G
BEA i o /b0 4 ERK1/2 1] et 22 4 H Ath MAPK-
KKs 0%, Pt ERK1/2 il K (1 5740 B 56 3% 45
Ft ERK1/2 7E GF BE4H M (1 B 32 Th R

2 W95 5% B ERK1/2 2% 1% 78 P BE4H B8 51
SRR RIEE SRR, H R AL sh W op B4 i
o ERK1/2 [ B AL R8s a2 b 76 50 BE4H g
H | ERK1/2 B3 i Bk ERK1/2 ¥ 7 55210 1 1
A5 S L AT R A 4> 4 4 e Rk 4 3 %, {H ERK1/2
ARy L FE P BT A% O B O
ERK1/2 5% 5 2 38 1t 0 ot JE 400 >k 1 28 3K 28 i3 7 1) 2
2017 4F, AWFFLAIEY T ERK1/2 Aef B0
PO 4H T R ¥ RNA 254 8 1 CPEBL, #0551
CPEBI i id 45 & %] mRNA 3°-UTR 1] CPE £ 51 L,
fie Bt 1 i b9 &7 B A4 4 3% () Dazl. Tpx2 (targeting
protein for Xenopus kinesin-like protein 2) &5 & [X] []
mRNA 3’-poly(A) J& 1] 2 K JF J3 2 #H 1%, DAZL &
F i 2 AR X Re it — B R HE TPX2 Z5REE mRNA (1§
BEE U TPX2 5 A7 T 9 A4 13 B 9 7T LSS
Aurora A, Aurora A 5 Uy A4 I 5 B A AR 2H 25 B o
TIE AWM. TPX2 EAS5ME R, Mgz
I P A LA S B e DA K 3h 1 B 1 s 3 B
BbAk, TPX2 18 Jeta AR Y I 5 3 0 A% JE (e i3k &
BRSSO, HRTHWE SR, 7F ERK1/2 @ik
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YU REAN L, TPX2 TEICE 7 24 g i b A7)
HZH, FNHEORMIERE DAZL, XEHE
B () DAZL. TPX2 2 [ 5 % -k 20 o0 24 7 i A 2
. Qetofh iy S EA EENIAEEN, 2 AIE
B 1 ERK1/2 G IRAE Dk Eh o 24 47 i A 2 2 b B EE
#hhe " 2).

TEPRBURE Ik 3 R, 958 R4 e 21 R B
S R R XAk, A 2 5 7R AR AR 2 i e A 3
5 0BRGN f 42 RSP AT IO AL B, TEIRE A R AR
B0 Arp2/3 A4 W B0E I 4 HE 25 2 90 B 41 A
B WBhE B R Xk, X — XKIFCN sl E A
ME (actin cap), &7 #E 1A 2 21 57 5T X 5k 1 3o 72 52 3]
WLEh B Al & H ——Amp23 EAHRULEN S
A RLEN R IR RS Arp2/3 AR BUE 7
B RAZAR 3K F (nucleation promoting factors, NPFs)
MzY5, Arp2/3 §654 K& Wave2, IMY., WHAMM
2 NPFs 5t T & 4K (1) IE T A 2 o0 2 8,
LR, Arp2/3 i M 5% F| MOS-MAPK i# #% [1] i
£ 9, 3F H MOS-MAPK 3 % 3 i i #% Wave2 %
BOE Arp2/3 HAR, #0H) Arp2/3. Wave2 L& MOS
TETEY) S BRI R, 115 955 7R M IR BESH i B2
o IX S8 e 9 4, k4, BH BT MAPK 3y g 5 8o
JA e e th b HLEh R IR K Y, DNA BEERASfg
7S Mos™ SRRFAIAR A A ALBN R (I8 2= A4 7 (A,
MOS-MAPK 3 B2 32 Arp2/3 /5 (I L5h & [ 1 1)
TERG,  CAYERE SRR R IE A% R0 IE B 8 4

4 SRR AERKI 2R mRNASF
BES R 7 RABERE

ERMESI I, K E 564 1) 51 B2 i BEL i 78 ek
B — IR R LRI, G O REZH 42 b
(R AE IR M P A7 7 R BRI mRNA S, Xk
BEE mRNA b TR HHIRES, A5G S,
MITASREE BB R (A, (HEIRRRE AR R SRR
SEVE. B 1R URIBCEL oy BN 52 I R 56 42 52 31 O
JiL 5 BE R M mRNA FIER (7 6 32, e A2 i
T X S REJE E mRNA (8IS, R H, X
REJE T4 mRNA 7E 52 i 2 B 1 D) e 2 S5 il dh Jd B
fifto {HJE, SUREZN M REVR 14 mRNA 8 23 R0 B¢
i AT A28 R W 2

AT AL TR, MAPK S 5 2% 8@ 26 4 B
PE mRNA 1) 50 3 FH B A 55 51 R 200 it sk 250 7> 4 330 7%
FRELTE —2. CPEBI /& — /1] LU #% mRNA # %
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MEEEA, ©rl5AT mRNA 3°-UTR ff] CPE
JePEAE AR R U fEURRE4H e, CPEBI1 4
B B B 20 B ek £ 43 24 ()RR R AR R AL S , BE
J& A CRLIPTT R (1 B it 2 — (el BRI
FE DR R RO ek ] - MY BRK1/2 BB RR 1L
BOS 4R ) CPEBL, RE B UR, KRAETH
4y BEf#, IFiE L 5 mRNA 3°-UTR | H 4 RNA 45
SEAREAE, i mRNA 3’-poly(A) & K ZEK IF
JE BN RN RE . 75 U0 BEAH I A ik RIABERR AL AL R
e B3 M 45 A 0L s A ) CPEBL, 3520
5 #1420 25 A mRNA B B0O% . I H, @b
YPREZN S P ERK /2 JE R i/ R R R B,
ik ERK1/2 [ G0 BRI M 7 B ™ (1 g7 A 21
BERRE o ZEE, SRS 2 5 AN BEIR 52 Bl BEE
mRNA [ fF I T0VE 8 2 FHHIR G K & R, I
FA A P S B AR R 3 — D B0 AIE T iR AR A FE A AR B
,iE'Z:X [ll]o

DRI, ERK1/2 25 A 538 i 7E 91 ) 41 i s £
oy Z43d FE R AT CPEB1 iR AL Bk F4 A, 3k 1 i 1F
— B REJE P mRNA B R30S, B3 Dazl . Bigd
Fl Cnot6l %5, TE/IN B U9 BE 20 J e B4R BEAA - IR iR 5
. (maternal-zygotic transition, MZT) i £ H it & 5%
HAEH . DAZL 8 A PR B gk — 0 (e ik BRI M
LK Tpx2 F11 Brg4 (1) 0 V2 3% . BTG4 A CNOT6L
5 CCR4-NOT & &y it 5 CNOT7 A HAEH,
T BEVE P mRNA ¥ B, i 30 528 01 356 DK 4117
BoE, CRUESP R E R R E . Bk, 7R 00 40
o ERK1/2 83 175 CPEB1 [ BERRAL / 5k, K
P H (I 2 BEYR P mRNA B8 80E, 643 91 BF 41 g
W REJEPE mRNA B E0E DA B A 55 240 Mo JE) 0
BEAE—k2, 72/ B UR B0 A 30 MZT 1 72 it
ESHER B (B 2). 7F ERK1/2 V&G 1 5 RF
S f o E] D RV 4r 7, W DAZL. BTG4 Fi
CCR4-NOT fi b 3%, 7t G 7 100 % ERK1/2 75 1
SR T3 R IRIR A o LB, i — DR T R
VLRTIERAE, FREIZ T — N DR R A A (1 R
S qe]

AR LT AT R B, ERK1/2 5 5
I % TE O RRAH P 2 ek Kl o R DL g, JF HAE
YN BRI R PO R B AT RE, (HE—E
KA I H O E AL . XSS 7R, ERK1/2
Bk T WAL A4 AN 1) 5 95 A 4H 25 R0 e 8 A HE B A
KWE A2, HEEZER IR &N 5 90 BELH M %

MAPK G5 4 Dok 5 7 24 Pl 3 AN HE B P 142 B L) 55

Pk R A ) BEJE mRNA B s e, HimEE
PIWERR AL 5y & RNA 45468 CPEBl. ERKI1/2
T X — R LS K — KA ERE M E B AR R,
MITTAE MZT 3 F8 rh 9y T 5% 70 1 1 A €

5 BN RIMAPKIE S@ R {RHIN 4
Rk ER

K2 0l FLA I AE G J LIk BA 556 46 OF B 40 A 1)
IRE T 2L, AE H AR I B E 28— R o0 SR R AU,
W, B GV I, MRIEAE A, O EEAMAE IX AN
FAAT DARRSE LR E & L HERE T M, BIEHE 2
J5, WFLENYICE LH RN, A R 9P 9 4 E
il 0 5P BEZE B S o 2, K B R ) B B2
KA NS O A5 2 BARAE S A1
T, GV HABH T 80 FL2h 4 919 BEZH H A A\ G v rhoRE
BHERLAE, ATRLE KK SR 2, BAEEA A %%
8, LH A 2 3 0E J5 3 U9 BESH SR 070 2K 511
A S 1,

SR (%) % B R HE IR A2 HR R B IR B E (follicle-
stimulating hormone, FSH) Al LH 75 f 3 {4 i 25 451
U, FSH{EHEUMEMAERK MRS, kKo
T R I BRI, A — 840 s 240 1 A4 T S BN e 4
fl. LH )3 ZE ) RE R (L i U BF 40 K 5 ekl o 2
PR OP AT 56 A AR HEON, UKL ZH 23 44 B A4 48
Jr A= A Za g U,

FEARN,  F&HLR IR IR A B B 240 it 45 it 6 ek 25 7
ZEH,  NATIE L S50 S 2 BR Y A 4 fifg vp
e OEUIGIEY f ERIN IR S o = A = Kb S I
ATV A R B AN 3003 42 Jo2 A2 e B 2 R 48 B (muwiral
granulosa cells, MGCs) H1 7242 i A4k C (natriuretic
peptide precursor C, NPPC, X #f C-type natriuretic
peptide, CNP). NPPC H] DAis Az T B J2 Jkr 41 i
AGN A E ) 52 AR —— FIBNIK 244 2 (natriuretic
peptide receptor 2, NPR2), 3 [11] NPR2 1] DA 7= 4=
cGMP "™, G Fr: 240 i AN URE 41 B A ) cGMP i
AEPRER AT LAY BRI O B R, 7E B RRAH A A A
il % |2 — JiE & 3A (phosphodiesterase 3A, PDE3A) [f]
Wb, BETTANE] cCAMP [RK MR U7, i g REGH
A1) cAMP 4ERRFEAR IR, BUS B A A
(protein kinase A, PKA), {#f CDK 4b-T =i lg {4 Kk 0%
RAS, P REAH A BH I CEIRE 2T 7 (B 3).

LH 7 D i % ok 25073 R 2, ARE ) 52 AR £ B
BEH AN DN g g b &R A Rk . MR, EATRAERE
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EERL A RIA, HE4 LH & wifar {i 3t 59 &) 40 g
PRI IE 7y 2SR EINE ? — TGO U R, 2
TURLAR I Y (9 MAPK {5 58BN 3 1 LH 24
PjRE, FEHREN. NV PR BN B AR Y Bl b k4
YEF . BURLAN M P9 Bk ERK1/2 19/NEL, 76 LH 7
TR G B2 B o R . I ORI B AR A I R
AFLEBRRE P, ZEHEYP AT RV A MR AN Y, LH
15 FLBE ORI 40 i 52 /& LHGCR &54, 7242 cAMP
T HOE PKA, il 5 3% B A2 K 74 55 2 ik AREG
(amphiregulin), EREG (epiregulin) A1 BTC (B-cellulin)
RRETR,  HETT 55 67 T B 2 R0 200 i A1 B 400 BB )
EGF 32 /k&5 4 ™, #i% RAS M1 ERKI1/2 {554 1.
PO ) ERK1/2 435 SRS 2 5 I8 F CCAAT/ 3%
545 45 8 H o/B (CCAAT/enhancer binding protein o/,
C/EBPwB). ¥:3%HH T CITED4, LA 15 54
B HEDR. SRR T 7 IR, TR IR

Amphiregulin
Epiregulin
Beta-cellulin

CecrR
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FSH i B 1 I A2, B FEMEEER A . Bikign
P fr s ", DR AR ORI 4 i P9 ERK L2 2R
T H FSH {5 5l Bg 42 il M 4 4y B LH {5 5l #%
I TE

LH JTif5 & 1 ERK1/2 ¥, 5 50| 7 5ok
AN AN LA Nppe A1 Npr2 FEREIL, AT
HI55 T cGMP Ji 3 1 IkA 7 240 HE 5. b, oY
Frdlifie s 52 BGF 5 55 53k IR 130G 1) ERK1/2
S 4% [RIE R (1 CX37 iRk, BB S cAMP
H cGMP 3115 B Fr-4H A O B 200 A 2 18] 4 326 sk
A, TEURBEAH M, cAMP Hk R E o Z R S,
i cGMP #11] 771 57 B4 fift cCAMP [f] PDE3A. 24 £}
A cAMP F1 cGMP /b (i P £F 20 i A1 O B
2 B 1) 4 fi o 20 T S1 E H), R R BR T PKA XF
CDKI1 4|, CDKI1 s 18 58 £F 41 f R i GV
WARH, HEA PSS (F 3),

‘. W ‘ N

(EGFR — RAS — ERKI2
& ~ )

FSH F—ERK1/2
cAMP

CGMP c/eBpaip B
| CITED4
Vv Cx37

Ovulation
Luteinization

PDE3A ———|cAMP}¥

Kl 3. BORLAM L - MAPKAE 538 % i 32F O 1R 200 0 Dl 7328 P 2

Fig. 3. MAPK signaling pathway promotes meiosis maturation of oocytes in granulosa cells. Prior to maturation, natriuretic peptide
precursor C (NPPC) secreted by the granulosa cells activates NPR2 receptors, thereby activating cGMP synthesis. cGMP is trans-
ferred to the oocyte via gap junctions, where it inhibits phosphodiesterase 3A (PDE3A). This allows the level of cAMP in the oocyte,
generated by the activity of GPR3, to remain high. Protein kinase A (PKA) is therefore active and cyclin-dependent kinase-1 (CDK1)
is inactive. Upon binding of luteinizing hormone (LH) to its receptor, LHGCR, on the mural granulosa cells, EGFR ligands (amphi-
regulin, B-cellulin, and epiregulin) are released by the mural granulosa cells and activate EGFR on both mural and cumulus granulosa
cells. Then EGFR ligands activate RAS and ERK1/2 signaling molecules. Activated ERK1/2 activates transcription factor CCAAT/
enhanced-binding protein-a/p (C/EBPo/B), transcription cofactor CITED4, and genes necessary for oocyte maturation, ovulation, and
luteinization, as well as inhibiting processes of the FSH pathway. Activated ERK1/2 phosphorylates gap junction protein Cx37, which
directly reduces the flow and transfer of cAMP and cGMP molecules between cumulus cells and oocytes. The net result is a loss of
cGMP from the oocyte, thus relieving the inhibition of CDK1 by PKA. Oocyte breaks through the germinal vesicle (GV) stage block
and enters the division stage.
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6 AREBERE
6.1 MAPKZEFRIZHRE -h 3t mRNABHEFPE AR R IBIE

TEHEGE Z 8, W 7L B i O B: 40 i 7 Y 35 5P e
WEZ i — ZRAEKMEEERK PR R, ®T
EATLLK B RRIGRE 77 . B0 RESH I 1 78 43 A KA
BT BRI P R A R S 1 S S, TR
YRR A S 5t 2 R T Bk 4R i R o4k,
TREANT AT M Bt — M BRI R . Rk,
LA T 1R AR K B S 50 REGH R R Rl S
SR R AR RN TR O E N .

R REGH B 1) A K A B 5 019 3 PN RSO0 40 A 1) A K
Ao, fEBRI4 i KA FE T, RS
ZAE S EGE, R 2 35 A AE B A R B
RN B o AR R 4 R R AN IE W IR B B
TE 5 BT ORI H,  SBORL AN B ) Amh S5 45 802 ok
WerrE R A KT, %] FSH {3 5 38 5% 7% 5 (1 51
AR B FSH (5 S BB 2 5, B R
Kl Fshr. Cypl9al &4 F3E R, A 14 e il
UV R B B —U LR, U Amh. Foxol. Inhibins %%,
MR IEKF T F%, SRR R & 2046 s R i 3
MIME R AR UG, EHEIRET LH W T,
LH N5 5 38 B g s i, (3 HE B0 AN 35 4 Ak 4
FIEFE I FRIE, [F FSH {35 5 38 1 B B0 i 3 ]
RIS T, OPREYH K S ok o 249 K AR HEOE
T2 BURL A0 i A X AR B A I B R A AR, BR T K
A 7 FE R B 53K LAAE, FSH AT LH A2 75t i i
P B R mRNA [ 8023 F1 R, SRAEIEINIE R &
FHESR SRR ? 3 AN 1) @ 21 H BTN EE B BT 7

ERK1/2 W B2 Ab 305 2 75 LH R R R A1,
JIT CATE FUkr 40 B LH A5 5 38 % o #0 J5 [R] fr 30128 ]
At 5 50 BE4E i 25400, ERK1/2 B§fR1L CPEBI1, ¢
i3 3°-UTR % CPE Joff i mRNA K4 3°- R
Rk, e ans i ", Rt 4N, mRNA #Y
PEMIBR D R S BIRE G 0%, FRal R BBt ia
B 5 sl 7 iR 0 A AZ B R G 4E 52 P, ERK1/2 7E
FOORLZH PR HP AR TT R AR B R AT 4G, R LH SRR
[ZRik. ERKI1/2 BERRAIEE 2 /T, FSH fIECTF KiE
BP0 B PE T BE 5 MAPK 0% Hoft s A A %, 491
U1 p38MAPK #% th m] LA 5 mRNA foH i %,

15 I BF 20 Mo g6k %50 5 24 B B ORT MZT i 72 1,
CCR4-NOT Z: IR MR 4 i 2 & & X BEJE mRNA (1)
R fife 5 B B AL A, 8 4 76 B0k 41 i - CCR4-
NOT & 75 th 22 #E 45 2 mRNA K% IR RIS

MAPK G5 4 Dok 5 7 24 Pl 3 AN HE B P 142 B L) 57

B W, TS FSH AT LH 5| 62 i A B 2 5 2
MAPK 15 518 1% 18 1 S0 5 25 R IR 40 B2 Ak o i
P FEEE AR 8 4 KSRP. HuR. TTP 1 Roquin
2, P EAT5 mRNA ) 3>-UTR 1) ARE JtfF
(AU-rich element). miR (miRNA-binding site). CDE
JC A4 (constitutive decay element) 25 1] 45 &, ¢ i#f
mRNA [ % *. CCR4-NOT & & 44+ CNOT6/6L
AL HEAE G BEAR i b 2 5 ZFP36L2 45 &, fdidk
Yok K 43 24 5k AR of L B R % mRNA [ BE R 1Y
Cnot6/61 SUKE R @ Bk /N B AT DAAEE,  H 2 I B O 5
ST R R . R A& FSH (N AU, Cnot6/61
I R i Bk F /N B S B A RN RRAR B, B R 2
ROV RE 4k 82k B . AR 4055 7% BORL 40 ik B0
CNOT6/6L 2> ¥ B %& FSH 1) i N 1 K ik, Fr LA,
CCR4-NOT & &4 CNOT6/6L AL IV 3 58 i1
BB (1 ZFP36L2 W] fE7E i A YR 52 FSH 3 Il
RE BIA IR R E TR, nrRe (e
HERS AT O N s RIS LR, Wl Amh. Foxol. Inhibins
S 22 IR EF IR A R B At 11T RE AR 3E Tgfbp-2 S5 1%,
(e BURLAN Mo 7E FSH {EH T~ K EIGFE A 1k (Fe K
% ). CCR4-NOT & & A& v] G 7£ HE U1 1 UN e 42 3t
FSH #EEE[R (1 P4, FIREZ LH BT MAPK {5518
PET XA AR G FD RNA 254 8
et mRNA BRI, AR — P FTuE .
6.2 MAPKZEUIEZHMEF 3 mRNAMEERMELH
ERGRIEE
6.2.1 SRR MAPKITmRNA N ERERHY AR

76 90 BF 40 g B, ERK1/2 3@ i % #% 1t CPEBI,
{§i 18 CPEBI %45 4 3°-UTR | % 4 CPE f#] mRNA,
i HEAH B 2R (B UYL H T 4 Rk BF T 3 W,
ERK1/2 il i ¥F 2 HAh g 2 3 A B e 2.
HitFUE R, ERKI1/2 Ref5 i@ B /L mRNA poly(A)
JN R [poly(A) polymerase, PAP], 45 H M= id e,
e 3L B A BB Y — AR R R A
mRNA ZEHRI B R AT DR 2 |, WAI(E 5°
Ui i 8 - DA AE 3 3 0| poly(A) B . {E4HA
HAETEZF PAP, LI NP, 4 PAP AIHE
24 PAP, 441 PAP 47 —Ff : PAPa. PAPP il PAPy,
F A 5 41 i 1% h mRNA (#1511 poly(A) 2. PAPa
ST MR, EEMm R R RS E
HAER, T PAPR T ELAEMEMERS TR B IR R
HIEH, PAPy HETWFFUE D, HRORBLHAEMIE K
AR B R E . T 4R R
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EFZ AP, BN DA S — SR IR IR B 2% A
N mRNA T poly(A) &, U7 TVl 5 £ 40 L 5l 24
Ioh R R 45 B SN R 1) GLD2. 2Rk o ) n 2 i
PAPD1 "o 1 4 i 1% v (¥) ik K] % 55 JE B mRNA i
2 J5, PAPa i U1 AN 2 5 M 1 IR A R 1
(cleavage and polyadenylation stimulatory factor, CPSF)
HE RS 4G3) 3°-UTR 12 R HRAAL A (polya-
denylation site, PAS) |-, ##% mRNA HH 3R E 11
i P, F HeLa 41 M3 rf, ERK W] {% PAPa & A
f Ak, BRI SRR 537 fL ) LA Rk, H
AL RAEN MR T R A2 RS . 24 PAPa
BRI 2 f5, LA IE PRI N, AR )
mRNA Jll poly(A) & ", HRTMANE £, A4
LT, el OO BEAE M AR b, R R MR REAE
£ % ERK1/2 1 12 A6 0% PAPa. 3 17 {2 3 mRNA
In poly(A) Al PEWOE AL RE, AR —B
Wt
6.2.2 SRR MAPK BRI IS E FAIEIE
AR SR BT 7 R R, ERK1/2 T 8 B 46 [
THIBERR At B WIS E . e sk I A9 mRNA 7
223t 57w e LA AE 37 3w f0 poly(A) R 5, &
BHMERGR 74 e HERMIERGE a4k, 4
REJA 3t B ROl 6. R AR K] 7 eIF4F 12 A
FE=AHT : elF4A. elF4E. elF4G. i elF4A Jy
fR e, STRIT S-UTR B —Zisi i, e 3kE)
PR A X R G % 1S 5 1R 5 ¢ eIF4E NI EL#%
ZE5 5 UHINE T 5 elF4G RAIHE A, BERES S
elF4E, X AJLAZE4 poly(A) 454 8 1 [poly(A)-bind-
ing protein, PABP], MTIH mRNA 1) vy F1HH 12862
BN F IS — R U A R R E AR T i
FERHIBE TR, R I B GVBD Z )5 elF4E
SRk AR AL, T ERK1/2 766 B ER 1k b il %5
HEMEH . MU GVBD 2 J&, ERK1/2 #5303
5 AL ERK1/2 0] 8 1% A6 3L I Y —— 5 MAPK #H
HAE ) 22 518 /75 2 B W (MAPK-interacting
serine/threonine kinase, MNK), MNKI1 #% fif fg 1t 2
J5 5 eIFAG )45 45 fE /3 ROR MY 55, AT RE 8 42 1T
elF4E, i & AERFERIL DY, SR eIF4E (15 R 1L
XFTRFERER HERE SR iR, ZRrHET
FLFR ], elFAE B MNK1 BERILZ )5, 5 elF4G Al 57
Ui R 45 A 2 ORI, oh B v B (e adk A A ™,
A B R Y] eIFAE BRI 5 4 % I T &
fREs, MRS 7RI 2 U, Rk, 7EORRE
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Y1 i 2 B2 F ERK/2 451 elF4E il R 10 X 2%
BRI R AT 7 B — P IR A AT

M2, TEUNREAN R FE T, MAPK B T %
21k CPEBI LL4F, 7] et i /) 5 PAPa il eIF4E
KA, MEZHiRE. 22000 &AL
FEBEAT A%, Rk 00 B0 & BT i 0 & Fh i )
S, AR T IR R IR AT . (H AR SR
FANINIED, &ff5Es.
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