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WE RasGRAAMMALmMEATETHXEEE, AEAANRAFTEAATLFHAL
WIhik F IR, BIRLI, kR EEIKE TG 69 2 K P AR E (Dictyostelium discoideum)a e,
(RNAi-allC)4 5 ik T Bk T 3 A A KAx-3/8. AR RasGEA X &G A5 L ARH e
Y38 4B, 1% KAL) 5 B 5 K E E PCRAS M & AR B& R BRI B /Rasi& 12 89 disc 1. myo I. gef R.
rasG. mkk A. mek AR erk AZEKAx-3F2RNAi-allC%a 2 F mRNAK-F L a4y kA, K& FIEPTE
K| ¥ 2a e, F Disc [42RasG#9 & & A&, 20T 32 82 FPCRLE R 2w, PiA Al 64 2k B f2 7 A K A
AR 6 K G £ 5 B3t FKAx-348 08, RNAi-allC#m i Rdisc HarasGR% T4k, Habik
AR EiR. &G £ R 27, RNAI-allC%a i F Disc I##RasGH) &G 4222 TEH AR
JE(P<0.05). iX st B4R, Sk E BB 49 F 5] & T RasGA#RasG L T i# & & 4& 8 TAb, R4
FHmIe B M4, miedg ik, HAARasGERAD X Z A THAL T HANAAE mIeg i e iRAE,

KHRIA BEEEPUNN B, RasGER [ 52 AR S IR UM/ Rasi& 17 JRIERMNG; 40 b 5E

Correlation Between RasG with Its Relative Proteins and

Cell Proliferation of Dictyostelium discoideum

Xu Sujuan, Hou Liansheng™®
(School of Life Science, East China Normal University, Shanghai 200062, China)

Abstract RasG is involved in cell proliferation. The abnormal expression of rasG can significantly affect
Dictyostelium discoideum cell proliferation. RNAi-allC cells (silence of allantoicase gene) grew more quickly than
wild-type cells KAx-3. To study the molecular mechanisim of RasG and its relative proteins during the cell prolif-
eration, the relative genes of RTK/Ras pathway including disc I, myo I, gef R, rasG, mkk A, mek A and erk A, were
compared by real-time fluorescent quantitative PCR (qRT-PCR). Disc I and RasG proteins were detected by West-
ern blot. qRT-PCR results showed that these genes were obviously differentially expressed in the two types of cells.
In contrast with KAx-3 cells, the expression of disc I and rasG in RNAi-allC cells was markedly down-regulated,
while others increased. Western blot results showed that the expression of Disc I and RasG was significantly lower
in RNAi-allC cells than in KAx-3 cells (P<0.05). It indicated that the high-speed division rate of RNAi-a//C cells
was due to the change of RasG and its relative proteins expression. The above results suggest that RasG and its rela-
tive proteins may play important roles in the regulation of D.discoideum cell proliferation.

Key words Dictyostelium discoideum; RasG protein; RTK/Ras pathway; allantoicase; cell proliferation
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P b AT Y 4% IGDP/GTPE A T 5 il . RasH: R 5848
WL NEMVF 2 e b, A R e AR K
W e T AN M R PR R, R, XY Ras K
(5 & ¥ Tl B AT R 9T, Ref A B T S HOB bt
96 25 (R REAT A

5 KL W AR B (Dictyostelium discoideum)f5 ¥ 24
KIFRasH [ 5%, BUBFFTR G £ (1) 3 2 RasD,
RasG. RasB. RasC. RasSHlIRap. IX4E% [14357E
KRB RIA RN HZIARS Jorh, 75 5 35 kAR
TR EA 20 i 384 5 Y B, RasGA & %2, HrasGHEL IR 1)
Tt FRIA 25 T B I R B AN 9 T o
RasG5 =1 55 A W) (1 H-Ras = B[R, (H 324 KR4 H
RIEFRRasG 5 = S5 AW —FF, T8I 32 AR IS 2 R/
Rasi@& R4l U35 . DAL, BT 50 52 AT 2 IR U
/RasIg A2 v I OB A 1 1 B 26 A TR AR i s Bl b Y
YEH, % T fiftRas S HAH G B U EAR S A R M5 5
W9 28 vh R A A B X, R ER A S S AR 2
AT 24 TR I /Rasi& 42 2 5 AR a6 3 I M LB AT
S AEH

AR S 3 A RN AT T H0 A A 1 1) S
HE 1% W (allantoicase, allC)FE K], 3K AFRNAI-allC5E A%
M. 23 7ERE TR A0 M ) ak R v A IR, ARG T AR
MUK Ax-341fitd, RNAi-allCHIIEASAZ /N, 40 i (1 8 5
TR B bR, S ALE A M i AR Ol AR
I, TEZ UG DL, T AL 40 H PR S 1 34 5 5 52 AR R 2
P I/ Ras ik 470 F 1 5 25 DR 11 S i I8 26 DIAH O,
J i, TATTLARNA-allCH i g #1 kL, I DIKAX-341]
P AR I, 3 3 2 Il S RPCRONTER 1 4o i€ Bk
(Western blot) 5 H AR Ml RasG A 55 A RIS 1) 52 A&
% 2, R UL I /Ras 3k 478 T (1) L e 6™ = Bk [RRT 2 1
MRIETE Bl PRITRasG M HAH K A S H A3 W
A TRT 0 38 B R 2 RO BIL TR, e DA BT AR I A R
S B 14 5 1 LR B s SR A, O S S AR R A
T % (PRI B AR

1 MRl5R*

1.1 #Ravk 5 HRatE

L1l mfedk AL B AR UK AX-341 .
Z A6 2 K2 e 24 Bt A2 40 S5 % Siu Chi-Hung 2518
A W A9y BTRNAd-allCHH g1,y A 52 56 55 1l ok
RNAH A GTKAx-341 Ml 1) JR 5 19 g 2k PR 2R AT 1 4R
Pt

1.1.2 @mfedddc  BEEE PR BT A4 K Ax-340 i Fl
RNAI-allCH U335 7% THL-SWAAR 7, 7121 °C
T LA79 t/min 3 TR IR FORHH I+ .
1.2 7%
1.2.1  faf A K £ 69 2% & 4 el JB) 2R B 18] 64 ) o2
I A5 (3% 10%/mL) (1) 1 2E B K Ax-341 s FIRNAi-allC
1 JL 53 5] B BT 100 mLIFTHL-55% 77 3 i 1% 55
F32 hXTRNAI-allCA1 [ v 4, #EFH12 hXTKAx-341 /i
TR BRI R 3IR, T B Es RGN & 45 R
(PP DT RE R BUE A AR . TEEON 7]
AR

R B 40 L ST T (i 2 7 vk, AR R A
ST IE]: 2°:Ni=2"Ne, Nik FFUh v £ A== T+ 1 40 i
£, Neky J3 Ah— AN 2R 22 T+ 0 40 B, PR3 I H 20
() B IS [R] AT, 40 16 & 3] [A]=1n2-T/(InNe—InNi). %2
SRNeFINTEE Ay 5 A0 A= 1 3T P TR 4 e o4
1.2.2 ZAf 5% AZ ZPCR WA R (1¢107/mL)
o} B30 1) 1 A= T K Ax-3 41 it ATRNAi-allC41 i, 136 ]
Trizoli% 43 7 & B P9 40 Jitd 1¥) ARNA. TaKaRa/x %
SR G FEcDNA, Befi25 nLif N R o,
SYBR Premix Ex Taq 12.5 puL, cDNA 1 pL(10 ng), 5|
) %025 pL(20 pumol/L), LA b4 ¥ 7E vk e Hl5¢
o SN EAE A 95 °C 30's; 94 °C 15 s, 55 °C 20 s,
72 °C 20 s, 40N 5 15160 °CLEMS s. AT LA
BB PAT. =8 PATE NCHEZ /N T0.5 0 F
OB, AR CHE M ME . IRABAACHE T
SEIEDAR G R IE &, 272 YE>1.000 o Kk 1 &, <1.0
R AR BRI, =1.00A 2 0k T oAt Al 5 [
K W S5 GAPDH( 51132 Fi Primer 5.08 4%l
S WA
123 && fJaepik AR 55 (1 107/mL) % %
IR T A K Ax-341 il FTRNAi-allCHH i, 43 1 2 X
W5 40 i 1 R B . 4% Laemmli(1907)3%: 3k 47 SDS-
PAGEHLIK 73 12 85 10T, % I, YoMt N 9ok = i 4 P4
2 h, HLyafERas - Pr(W bt MiREA521:1 000, Abcam A
Al). PTK—Hu(dr, MRef541:1 000, Cell Signaling
A TR ZB-actin— PL(H PU, B B A5 £L1:1 000,
AbcamA 7)) 4 °CWE & 14, YRR, F5 5l FH B P 1ol 1
B (APYFRIC I —HLCEPL R IgGHIEHTR1IgG, Mk
£01:4 000, 52 KAEDHE AT N EMEFFE2 h, ¥
JIE5, NBT/BCIP 235 min, #. &4 K E A 45 41
A H (RS RRI P 2 25 R BEAE 2 LU AR
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Table 1 Primer sequences

319 51 P FI(5'—3") NSRBI 3) g4 Fr BUKC T (bp)
Primer Upstream primer sequence(5'—3") Downstream primer sequence(5'—3") Fragment length(bp)
GAPDH TAT GTC ATT CCG TGT TCC A GTATTT GTC AGA TTC AGA GGC 124

disc I ATC AAT CGT AGATAC CAACC TAC ACC AGT AAT AGC AGC AC 148

myo [ AGA TTATGA TGT GGA TGG GTG GGT TTG ACG ATA GGC TTG AC 137

gef R TAT TGA AGA GCG TGT TA AAG GAA GTAATG GTG G 245

rasG TGT CGT TGG TAA CAAATG C GGC AGA GGT TTC AAG GA 106

mkk A CAT CAT TAT CCC CAACTC A GCATTT GACCCTTTTCTGT 181

mek A CAG AGG GCT CAATTT TCA CAATCTTTG CTT CAC CTT TAT 216

erk A ATG GTG CCT ATG GAG TTG TTT CAT CCG ATA ATG GTT GTG GT 279

124 @itz JIT A S50 4 3 3 i A [
U3 U A3 S 06 3R AT, B KR AT S KT 34
AT T B Hxes %o, R HISPSS 13.04¢114)
WA B AT Gt 2% 3 B, *P<0.0520 B 1k 7%
S, **P<0.01 I 23 2= 57

2 FR
2.1 KAx-3FARNAi-allCHH B £ B9 4 1€ i 2 F04H
B ] #A

Hh ELIRK AX-3 FIRNAi-allCA1 Jf 1 4= Kol 3y, 2%
AR 10%/mL ) P9 48 AR f5, o I e 548t 40
B, I AN TR W R SE7 do AR 40 i T Bt 2
W9 40 AR 1) AR K 2R (B D). B Al H, KAX-3
A ISP R SRR K H, 207 A, 41 RS E A
£13.99x10%mL; TMRNAi-allC4H M1 1 d2H it 5t H wi
154.14x10%mL, Z J56 di 40 g £ A 0 A8 0E, 7 dint
293146.3x10%mL. 348 40 A & 3 ek 1) () o8 555 7%,
KAX-341 i 1) 41 J J5 191 25 24 28.3 h, RNAi-allCHH g
Z1°03.5 ho HIE A0 M S B2 2 5 3 (8. v LR
PE PRI PR 105 1 40 i A A 2 2 R S P I
HEAIK Ax-341 0 .
2.2 BENWEIEEERZE/RasIRZHEXEER
AR FIIBIX LLER S 0

S HIE T HE WA B 52 AR TR A BRI /Ras i 42
A8, FATZE ¥ AIRTK. Grb2. RasGEF,
Ras. MAPKKK. MAPKKHIMAPK 2 J: 1% 5 41 Fil 4k
5 A R S PR IR T R SRR AT EE X . A5 R
R, A AR TR RDE AR K IO Dise 1(50%)
Myo 1(50%). RasGEF R(39%). RasG(75%). MKK
A(41%). MEK A(31%) % ERK A(41%).

S A3 A R AN AR v, A B AH DG SR
J& E 52, 5% B PR B [ Disc 1. RasGEF R. RasG.

il

—— KAX-3
—8—RNAi-allC

5% * % * % * % * % * % sk

Lg cell numbers
(=T N W A LU Y 9 0 O o
)

0d 1d 2d 3d 4d 5d 6d 7d
Time

B o 3 v HE AT IR, BRI ST S B 3LLPAT, HN O
AR RELNIREE . *P<0.05, **P<0.01, n=3.

Each experimental data was obtained through three parallel experiments
and there were three parallel groups in every parallel experiment, so the
data above were average value by nine measuring results. Error line is
the standard deviation. *P<0.05, **P<0.01, n=3.

Bl KAx-34HBFIRNAI-allCHAREE 1< #h 2%
Fig.1 The growth curve of KAx-3 and RNAi-allC cells

MKK A. MEK AFIERK A& A\ A R 23 1)
[ A U7, HAE 3 HTMyo TZ5 8, & BMyo 1
B A IASSH3S5 3, AN Er SH245 k35, 1 Grb2#
1 1ANSH2RI2ANSH3 S Ry 3, o SH2 25 44 338 &
e S PR TR LU RTK R R AL T 2 TR p Y A HLCify
MI3-5N IR IR L, 4 GpY AL/t &7 SpY
G55 I E AT R, 230 K BBS (R 2 B-4T 28 1 BB S
WIEMR)-Arg, aA2-ArgHIBD6-Lys. fE1741 4 HTMyo
1 BRI A G, KIMMyo I & 5pY 45 & 1 H 2L
fr i, H 5 Grb2 (I SH2 45 i I KIp Y 45 5 v mia T~ —
o HUILHERMyo In] B ik iX — AN F 45 A5 7 05
5iDisc IMIp YR 5 1 45 4, 2 2ISH2 45 14 80 A H .
DRLtE, DA E7A4N R ) S IR RS ) T I S50
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2.3 FIAEESELMES/Rasi& R HHXEIREE R
Rk

ShSK B R 4 B 52 AT S R U/ Ras g 12 vh &%
LR AR A TRATT 8 58 AKAX-341 i i) disc Th
Z I, RTI T K AX-340 i H 5 A 35 R (A 6 6 08 #t
2 JE HeB T P A Ak b A SRR AR R A . Tl
Tk 1 A PR I R DR SRk B A OGR4 LU ik
73 HRNAi-allC4H il AH X T KAx-340 i 5 55 K 1) 22
B (E2). WEFTR: (DA TKAX-340 i, RNAI-
allCHR M Brdisc ITFrasGiE 2% N il Ab, oAb LR B

14~  _—¢=KAX-3
== RNAi-allC

Relative expression
(o)
I

% L, Hdisc I. rasGMlerk ARRIEZE# T 3. (2)
KAx-341 oo, fEdisc LIEH RIENGU R, myo 1. gef
RIERZRIL G F By MAERNAL-allCHI i, disc
EFREBZE TG, myo I, gef RFENF L HE R LT
o B)KAX-34MHLH, FrasGIE R KA/, Nif
(FImkkA~ mekA . erkAFERAE—AMIKFRIETE [ N ¥ 50,
MAERNA-allCH T, rasGRIZEZ NG, T
WL AR AR R, e B2 G K
2.4 Disc I FIRasGERARIRIE

X Disc IMIRasGHz 112 1L 1 BUA M Ja KB,

disc | myo 1 gef R

rasG mkkA mekA erkA
The genes

Hefa i = o AR, B ST S VT AT, R LRI S R . RO bREZE . #P<0.05, *#P<0.01, n=3.
Each experimental data was obtained through three parallel experiments and there were three parallel groups in every parallel experiment, so the data

above were average value by nine measuring results. Error line is the standard deviation. *P<0.05, **P<0.01, n=3.
E2 KAx-3ZHBIFNRNAI-allCHfEF Disc I FiRasGE B RIAN RILE
Fig.2 The relative expression of Disc I and RasG proteins in KAx-3 and RNAi-allC cells

Disc I

RasG

12 BFAE IR Ax-340 LK 2: RNA-allCHR ik -
1: KAx-3 cells; 2: RNAi-allC cells.
El3 =fER SRS RE
Fig.3 Western blot results of the three proteins

051 mxaxs

RNAi-allC

o o N
to w IS

Relative expression

o
=

Disc I
The proteins RasG

e L 3 R AL P B SR, R R L S B34 AT, B L]

AR DREONPRIERE . *P<0.05, **P<0.01, n=3.

Each experimental data was obtained through three parallel experiments

and there were three parallel groups in every parallel experiment, so the

data above were average value by nine measuring results. Error line is the

standard deviation. *P<0.05, **P<0.01, n=3.

El4 KAx-34HHFIRNAI-allC #HAE+F Disc I FIRasGE R
BIIERY Rk E
Fig.4 The relative expression of Disc I and RasG proteins
in KAx-3 and RNAi-allC cells
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ST

i H bk 1¥) N 2 B-actinl & R IA, BSR4 B
FES I IE S . BEAh, KAX-340 i P B (4% 717 i Wb
Al UL MRNAL-allCAH g, P 8 1 4k i i L 3k 59
(F13). MR8 A BB AT TR I8, 25 R IK Ax-341 fild
1, Disc DNIRasG#E 71 1#) K FE A8 43 51l 40.100+0.035
0.440+0.060; RNAi-allC4ll ffl 7 2 {4 1) K FE AR 45
W1240.010£0.001, 0.060+£0.002. S5KAx-340 JfiAH L,
RNAi-all CH1l i T P4 2 1 308 05 Wl 2 T (1E14).

3 1t

AHFST %% L, RNAi-allCHH i 73 24 558 f 5 3%
P AR UK AX-34H M, 12 40 M 8 A 240 02 5 5 1
1/8. CATWFFUUESE, 52 74T 2 2 P/ Ras i 4 76 4
JH ) S o A A i R R S AR, B
JHIRg 1) A2 S DA U1, LA RN 5 el F ] )
g A A LM T (AR K DR 1) — B2 AR T 2 TR U
(WIRTK)— % 3% 25 1 (W1Grb2)— 1 I B ik A 1 (n
RasGEF)—Ras—~MAPK R 4; — £ 250 W . 584041
6 53 2R S e, G R T B S RasG & AR
L DR 1) S i BT S T D0 A AT 11 40 B 4 5

h Ik, ZE A s H SN 58 58 S PCREAAS I
2 Bk v 52 A T S 1 U/ Ras ik 44 AH OG5 TR 1) 3%
RO SEER S5 BOR, 5 A K Ax-340 o AH L,
RNAi-allC4 Wi vF BrasGRldisc 11 % % 5 %
Ab, FCARSIN RS R 34 W25 8 . Ak, KAX-341 L
i, fEdisc NEHFRIEMED T, LR Emyo 1. gef
RIER 1k 5 R B &35 iRNAi-allCH e, disc 1
BEMEREE, L FHERHAER AR &R
CuratZEPUERIT 5T 1% 2 PR IS 52 441 (discoidin domain
receptor 1, DDRI)KT /I Gl B /N 5K 22 B55 4 it 38 5 1 T
W B, 5 IEH AN AR B, ddr 1 IR R 40 e F 43
FUHRE AR K U 2 R T 52 AT D R
W /0N 3k 2 68 4 i 348 G ok B ol A R AR . SRR
Bn W], B IE RN B 1 dise 15384y 254 Y 2
PR A 52 R SE R Sh e — 3%, — Hldisc 1383552 B3
i, 20 M A A s Bl Nt . RIS, KAx-340 faH,
rasGRERNE W RIATE T, H U Imkk A mek A
Keerk AFERIE—MIKRIETE ] N 3 3); TTRNA-allC
M, rasGRZE TG, H MR R Rk M
# L. AHFRIE W, rasGIt it ik BERE S BUL IE
0 A5 T 4 1 5 52 SR ARSI H A R W, rasG
RIS RPEAC)G, AR T . DL BB S50 &5

SAH B EIE, U T rasGIM L RIA SRR IS & 5%
W 55 5 DO A9 AT (1) 240 PRI R o R IR S ras GE A
— R DR S 5 T B A B ) A i
Fio 2B kI, Piai i thdisc 1. myo I,
gef RIEN Fimkk A mek A erk ABER [ ZRIL 4 52—
JE AN R B nT 5 e, 20 M 384 Bk i ) AR A
LR @R P IR R R I B L AR . RNAI-
allCHM i 1F 2 30 3 52 A 1% 2 1R U lg /R as i A2 T 4% i
DRI 2 D) PRI AH B A, B 8 D 440 T ) S s S o A
W PR 55 A2 0 40 G 1) R 4 e A LR R A,
T I 2 AT B R TR /R as Ak 478 VR 47 A5 i ) A 1T 1)
2 14 B

MFBRATHI LB 45 b v LB Y, dise 1. rasGHE
DRI 258 5k DO A7 T 40 9 o R v b A 2 OC EE PR
FH o DHERNTR T 5 40 it 38 5 1 424, o
B 1 G P58 B 4 AR A K Ax-3 FIRN Ai-alICA Jifd
Disc IFIRasGI¥ £ 185 f . 45 A WoR, RNAi-allC4il
i i )RR 1 7 B W A, 1% 45 R S
9% 6B BPCRES W — 2, AHFILTR N, fErasGHEA
g 53 R A8 S I A TR 48 i, Disedlr 7 B W E KT
PR A Y, RlrasGER A SAK I 4 H H, Discii
& AR PR . XS5 IR S AT S s S —
. DL Ewyscie gt Bt 20Ut i, RasG 5 DiscZ [H]
Al REAFAE — B MK R . RasGRIEM A )5, Disclf) &
AN 32 B . 573 F A ] fE & RasGIRIR R 1A
Aeg W2 s dise 1A 8 s tE, N S 2Disc 15 &
kDo B2 RIS R P/ Rasidk 14 H RasG A T Disc
IR, 2B HENIRasGHE 1 235 2 4N, %I Disc 1R
b S A AT A, AR B Disc IR IE & K.

AR R 2, 28500, Rasit— R s
+, I Rk 2 T B0 M R G B, i SR I R
ICJUFR I HGTE . AR AT BETHR H, 7E R LE I L3
YA, dn BOVFRE 40 B REFS2 SR IG 45 4E o4
Mo LA S SRPC1240 i, RastE A — M i 72 5
G i ) 14 B Ik FR T, AR ST B, R I R B A
JH HP RasGAE G el B vp 1 7 55 LB 40 h Ras )
PEHURIEA S — 201 a2 U, RastEix L4 iy
ST RuR B AR SRRl E AR (e I (RS E § o e R
RasG W 5 HLHI 5 22 80w S5 A W) A [, KhoslaZ:2¢)
8 L XA BE ), AN 2 5 I P — 22
W ML, IR L EXRasGZ 5 B AL W A9 o 4t
RGE AALHI A — DR . FRATI AN, erkJE A AT
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N2 AR TS TR U/ Rasi® 42 1) A iy, (K2R3 (Miras g%
WL RS R ) R A R R A A %4 e
LHBRATER S5 R 80 . RNAL-allCA g, 18
RasGIKL R IEHITE W N, erk AZER ) ik B il
R [V, A 35 O A 1 A e X A T I 1 ek A
HE DR () 2 1K SRA HE 40 i i 1 . DRI, 4 G AR TR S
B 4l B, BATTHEN R ZERR B 1Y) TP nl g 1l I RasGIH)
N, FE T Disce IWERIE, M S 8Disc D LRt
S DR AR FH PR 955 Bk, BRI R R i AR
He SN Rk LR, 5 2 S 0N H g A TR in .
E LR DML R AR 2 = SORAT FRAR AT T
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