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# E. [4%]) Rapl Z—#P/)s GTP B, HEMGENF kY, BT Z2RPERAE, B0
A K. M Rapl Fi# L&A RalGDS £4 Rapl 444 #)3k(Rap binding domain, RapBD), %
LEMIRAE 5 A E 69 GTP-Rapl 4144, [ B 49 ) #) 8 X MAT i 41 R & A GST-RapBD @& %
B, EIZFAEMAR Rapl FHeg7 ik, [F%] A& RapBD AL E 57|, #EN pGEX-4T-1 #,
IR, 1£iZ Ak ik GST-RapBD 4% @, BAIF GST FAKIEL S RKMATE T &k
GST-RapBD #&-% @, /54| GST-RapBD #%-4-% & Pulldown 42 GTP-Rapl. [4£R] &%
THMAIR Rapl 7EHe 7 k. (4546 A 546401813 pGEX-AT-1 HAKAE K IMAATH F &2 AL 6
4 F M 25 A AR GTP-Rapl L3 A GST #7449 RapBD & &, 4% % T Pulldown 523244 GTP-Rapl
#RE, KT HRRAR D G & A Rapl F MR,

KH#iE: Rapl, Rap &4 Mk, FHAaN

Expression of RapBD in Escherichia coli for detecting
human Rap1 activity
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Abstract: [Background] Rapl is a kind of small GTPase, and the method of its activity detection is
very scanty. At present, the method mainly depends on commercialized kit, resulting in the high cost.
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RalGDS has the Rap binding domain (RapBD), which can bind to GTP-Rapl specifically.
[Objective] Establish an inexpensive method of detecting human Rapl activity by exogenous
GST-RapBD fusion protein expressed in Escherichia coli. [Methods] We constructed the plasmid
with pGEX-4T-1 vector expressing GST-RapBD fusion protein in E. coli, and then combined
GST-RapBD with GST affinity resin. Finally, we used GST Pulldown assay to detect Rapl activity.
[Results] The method of detecting human Rap1 activity was established successfully. [Conclusion]
Sequence optimization made pGEX-4T-1 highly express the GST tagged RapBD protein in E. coli,
which increased the efficiency and decreased the cost of Pulldown assay to detect GTP-Rap1.

Keywords: Rap1, Rap binding domain (RapBD), Activity detection

Rap /&—Ff/N GTP [iff, J&F Ras HEZ %, Rap
M 2 A2 Rapl il Rap2, HAG RaplA . RaplB,
Rap2A . Rap2B # Rap2C 5 A M, Hd,
Rapl #ifR %, Ell&FE 5 S 5 A0
%) 240 BT 517, 0475 20 R AR B AR B DL R B 38
P, Rapl AYATLAER RS 1, tnT LR 4n
MR 2P R/ GTP M, Rapl ilrdiGikasfbok
PEE X St A L 24 Rapl UL GDP 454 B R AE7EmT
JSEBCATEER, LA GTP 456 B AAERHEA TS
PR . GTP BE#TE & F (GAPs) 1 L IR A2 R3S
[HF-(GEFs)Z 54 /)y GTP [ Rapl FiE M, GAPs
ittt GTP WLl GDP 45 & U714, 1 GEFs {eit
HPL GTP 255 KR A7 . Rap 1 7R 40 e 25 4>
FHRMER, XFRENESHESIREXE
2l WeF g Rapl TETERSKIN RS N EE . H
AU H PRI Rapl 3% P A B2 7 5 & RapBD
pulldown 5245, HJFFZFIH Rapl TR0 2
RalGDS ] RapBD 4 HIsAEF k45 & GTP-Rap1™l,
TR B3 A Rapl i MR &, 40 Abcam 22
F] ) Rapl Activation Assay Kit, Cell Signaling
Technology / Fl Y] Active Rap1 Detection Kit #8818,
PIX Thermo Fisher Scientific /A H]f% Active Rapl
Pull-Down and Detection Kit t#BJ&F]H RapBD
pulldown [ JERRTO1 e HRAIE AT LI B A FH 45
44 RapBD MIBEAEMEER . 2R 6 sk Al F O fi
MRS By 5 HAE ™ %, ASCHE A RalGDS
1/ RapBD £ #4) 35 it & X 15 ) A0 Ak I+ 8 7
pGEX-4T-1 Fikigkik I, (@A & GST-RapBD
TERIAF R KRR, FERIEA B H IR TR

fg EMY A RS T Pulldlown GTP-Rapl, i
JE T SE E KA A Rapl IGPEFR K

1 RS H 3%

1.1 ZBABFA R

NIl Rz A AS49 . AN SZAAE b R4y
BEAS-2B. pGEX-4T-1 JFUki WA SLEG = RAF; KW
I BL21 Bz 84y Tt XS E YR A
FRAF.

1.2 EBFE. FERTFNE

LB Higedl(g/L): BREEEK 10.0, BEEHERWY)
5.0, &fk#h 10.0, AR 15.0-20.0, pH 7.2,

A7 - 25 mmol/L Tris (pH 7.2), 150 mmol/L
NaCl, 5 mmol/L MgCl,, 5% Glycerol, 1% NP-40,

RPMI medium 1640 basic ,Fetal bovine serum Ji4
T Gibeo A ] AMEH MOEABIEZR T, 580
K B-D-2FELH T (IPTG)I T Promega /A+]; Rapl
PRI F Cell Signaling Technology 2 7l .

B FHEAR TR E LML, Eppendorf A fHIR
WG FAE, REMROEEGERA R AR i
IR, At —EYRHECARA R DNARAL,
TUH Z VR AR AW
1.3 &

1.3.1 ###EFi%X GST-RapBD HIFH (K

PRASTFEA L A JE RalGDS 1) RapBD 28 L%
FP ol F#Ak pGEX-4T-1, BV EH BamH 1 Al
Xho 1, HREEH A w)E P A pGEX-4T-1
HAAF HEAEF A GST-RapBD [ E L4 Fiki, H¥E
H TR S A KT E DHSa 852 2540 it rh #5237
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TLlE
132 [R#xkiEFEEEH GST-RapBD

HEAL RS B AEIR A 2S5 A 100 mg/L &
RH R RN LB BAREIREE I, 37 °C 85l . i
MURBOATE S AN 254 100 mg/L ' NHFEEM
100 mL LB i iAE; S35, 37 °C ., 200 r/min £ &
ODgoo N 0.5 7247 , INAZHK A 1 mmol/L 1) IPTG,
16 °C 53 20 h, XJREAIN IPTG 755 F M EE
% 50 mL B0, 3600 r/min B0 30 min, $H5
SN TRATTIE A PBS Z2 Ml , 7EVOKIR G L7
B, RIS AR R A, RS 2s, [AIER
2s, 2 10 min., BS R RRIREERS 2 1.5 mL 204,
4°C, 12000 r/min Z.C> 10 min, B %5 600 uL
223 WV GST beads 7£ 4 °C 41 F 1 h )5,
3 600 r/min 5.0> 1 min Y4€ Beads, A2 1) PBS
G P 3 1K, 4 °C 147
1.3.3 GST-RapBD pulldown 325§

FH 100 mm 353355 A549 5 BEAS-2B 4
f, 29 1107 A4/, L giE; R, A PBS

SEPPRE 3 WS, BILINA 1 mL & A7 &
il 700 £ 248 L SRR K 2R AL 20 min S USCHEZM
Mo, 4°C. 14 000 r/min &[> 15 min, B E3, K F
53R 245, — A 30 uL %5 2 A GST-beads,
H— A 30 uL 5 4N 24 F 9 GST-RapBD
beads, 7F 4 °C #119%H 1 hJ5, 3 600 r/min 2.0
1 min 4 Beads. SRJEMAFUA 500 pL iz
R IRE Beads, HA& 3 IKJFMIA 30 pL 2xLoading
buffer, 100 °C 43J&iA 10 min, & AL 2 SDS-PAGE
HLUKJ5, Kzill GTP-Rapl.

2 HR540
2.1 RapBD HIRERFIIRHEFEZKERZEH
MR HZEERF S

i NCBI 155 A 5 RapBD )24 F: 2 741 4 &
1 Fis, 38127 ANESER; FERE RGP
(IRZAT BRI A WL 2. AT 3 51 5 0 Tt BT 46 o5
5 BamH 1 1 Xho | , DNA MIJF45 5% 8] RapBD
FE3 C IE A A 244, GST-RapBD 2 JFoki ke 2 i
1, FokEE LA 3.

ALPLYNQQVGDCCIHRVSLDVDNGNMYKSILVTSQDKAPAVIR
KAMDKHNLEEEEPEDYELLQILSDDRKLKIPENANVFYAMNS
TANYDFVLKKRTFTKGVKVKHGASSTLPRMKQKGLKIAKGIF

1 A& RapBD BIEEEZFFI

Figure 1 The amino acid sequence of human RapBD

GGATCCGCTCTGCCTCTGTATAATCAGCAGGTGGGTGACT
GTTGTATTATTCGTGTTAGCCTGGATGTTGATAATGGCAATA
TGTATAAAAGCATCCTGGTGACCAGTCAGGATAAAGCACC
GGCAGTTATTCGCAAAGCAATGGATAAACATAATCTGGAA
GAAGAAGAACCGGAAGATTATGAACTGCTGCAGATTCTG
AGTGATGATCGTAAACTGAAAATTCCGGAAAATGCAAATG
TGTTTTACGCAATGAATAGCACCGCCAATTATGATTTTGTG
CTGAAAAAACGTACCTTTACCAAAGGCGTGAAAGTGAAA
CATGGCGCAAGCAGCACCCTGCCGCGCATGAAACAGAAA
GGTCTGAAAATTGCAAAAGGTATTTTCTAACTCGAG

2 FERRERGPMAROEERFS

Figure 2 Nucleotide sequence optimized in prokaryotic expression system
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(1320) Xhol

@

lacZa |

(930) BamH 1

>4 ot —

Bl 3 #iEA RapBD HJ pGEX-4T-1 FHIEE
Figure 3 Plasmid profile of inserted RapBD fragment

2.2 GST-RapBD WIiESRES4L

WKl 4 Fros, B EFESL 2 SDS-PAGE HL K3 59
i, Wi g R B RTESr T 40 kD AT L
A EMA KN . MG HE I GST-RapBD 7E 16 °C,
IPTG -S4 R 535 20 h 5 Al 76 KA bR i
ik, WA 2 VkiE, 1 HH GST beads 4ifk 5 7EA
[0 B Al WA A 4, DA 5. 6 WkiE. &
K/NFFE T

BT AS49 4, 7F BEAS-2B il i E4 76 iE
17 Sl e s e 25 SR LR 5

El4 GST-RapBD fEEBRFRAFMMELRES A549 A
R L & ik E

Figure 4  The electropherogram of expression and
purification of GST-RapBD fusion protein and its
combination with A549 cell lysates

TE: M: TR Marker; 1: RZ IPTG PR FE, Bk
PR I 2RY); 2. IPTG R KA B2 3:
ZEH GST beads; 4: A549 AR YR 25 (1 GST beads; 5
IPTG 5 I R AR BT ) GST beads; 6: A549 4
NS PTG 5 5 IR R RS AL U () GST beads.

Note: M: Pre-stained protein marker; 1: Lysates of E. coli without
IPTG induction; 2: Lysates of E. coli induced by IPTG; 3: Empty
GST beads; 4: Empty GST beads incubated with lysates of A549
cells; 5: GST beads treated with IPTG-induced E. coli lysates; 6:
GST beads treated with IPTG-induced E. coli lysates and then
incubated with lysates of A549 cells.

El5 GST-RapBD @& ERFRIEFAHLKES BEAS-2B

MRRBYIEN LS S Bk E

Figure 5 The electropherogram of expression and

purification of GST-RapBD fusion protein and its

combination with BEAS-2B cell lysates

55 M: Wi T Marker; 1: IPTG Y535 O RIGFF I ZL%Y) ;
%51 GST beads; 3: BEAS-2B 4fifiZL#Y)0F & 4519 GST

beads; 4: IPTG i S i KT 24 AL PR 1Y GST beads;

5: BEAS-2B IR MEE IPTG 5 3 i KIm s 24 ib

S GST beads.

Note: M: Pre-stained protein marker; 1: Lysates of E. coli induced
by IPTG; 2: Empty GST beads; 3: Empty GST beads incubated
with lysates of BEAS-2B cells; 4: GST beads treated with
IPTG-induced E. coli lysates; 5: GST beads treated with
IPTG-induced E. coli lysates and then incubated with lysates of
BEAS-2B cells.

2.3 GST-RapBD
GTP-Rapl

%M GST pulldown S5 46 GST-RapBD Fii &
EARETEE LSS GTP-Rapl., K 6 455K,
55 1 PGB AS49 4l SR TP AT Rapl 19EREE, 56
2 JKiEH 219 GST beads ANRELS & GTP-Rapl, %S
5 VKB A AL TR R R ) GST-RapBD

Al B BRI R R LSS A GTP-Rapl.

(R, PR FE AL TOR 28 HE R Y GST-RapBD
flG B RS FE 45 & BEAS-2B 4 i rh iy
GTP-Rapl, UKl 7 iR,

BEEAHRUELS
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IB: anti-Rap]1 !

B 6 GST-RapBD RS EHS5S A549 {Hff1iF GTP-Rapl
MRS S

Figure 6 The binding of GST-RapBD fusion protein and
GTP-Rapl in A549 cells

e 1. ASA9 4UfIEEE; 2: 25AY GST beads; 3: A549 4iifi
ZURYNFE 251 GST beads; 4: IPTG B REMRMATH,
PRSI ZLAIAL S A9 GST beads; 5: AS549 4%
fEYIIEE IPTG 17595 0 KA R 2R AL P51 GST beads.

Note: 1: Total protein of AS549 cells; 2: Empty GST beads; 3:
Empty GST beads incubated with lysates of A549 cells; 4: GST
beads treated with IPTG-induced E. coli lysates; 5: GST beads
treated with IPTG-induced E. coli lysates and then incubated with
Lysates of A549 cells.

IB: anti-Rap1 . ' -

7 GST-RapBD &5 &ZHB 5 BEAS-2B ZHfE
GTP-Rapl BRI ES

Figure 7 The binding of GST-RapBD fusion protein and
GTP-Rapl in BEAS-2B cells

£: 1: BEAS-2B Al ; 2: BEAS-2B AHAHYIN 7
IPTG %35 R FF RS PIAL P 1 GST beads.

Note: 1: Total protein of BEAS-2B cells; 2: GST beads treated with

IPTG-induced E. coli lysates and then incubated with lysates of
BEAS-2B cells.

3 WwE4®

VLR, KA FoE 220 Rap AT LLJE Y 40 0k BR
MENE . 718 ES5MAEYAAHBEAERM LT, Rapl
AT LAHEAMASZ 1A 3 A Frormet, aT LA
T Foy WM A 1E 78 2RI RIGFEY
e, Rap PR AR AAE , 5% ) JH-A Ak 0 H- 1
F DN AN, Rap B 5 AN IR 22 FN%E
¥, SYRZEEIE T A0, Rap £
/N GTP i, HiEM:3Z25] RapGEFs Fl RapGAPs
(I . RapGEFs $5( GDP f#%, fifli GTP 5
Rap #4546, JEM¥E Rap; 1 RapGAPs itk Rap I
GTP HIKf#, fE7t Rap JiE1, I RapGEFs

AT 4 25, 3902 C3G (CrkSH3-domain binding
guanine-nucleotide CD-GEFs
(CalDAG-GEF) , PDZ-GEFs #1 Epacs (Exchange
protein directly activated by cAMP); B Al Y
RapGAPs F % {U #§ RapGAPs Fl SPAR
(Spine-associated RapGAP)Hi 2" /N GTP fif
Rapl #97% P28 b X} F RapGEFs Fl1 RapGAPs LA}
Hoft B R A ROMER AR R, XS Rapl
AR A By T X BB 5 A B

FATWTFE T 7 A b 5 A0 b R 20 i AR A H
PR AR cAMP (RN 1 Epac KM
fiE. Epac /PRI IR S IR AZHIN T, ATLLE T
W/ G E M Rapl H1 Rap2!"*' Epac HOTHITEK:
M2EARMERT, H Al 2258 A6 Rap AOTE PR
IR e, FRATHEE T HERIE N RapBD (HE LG
ki, PRAEMIE, BUARHE, i Rapl MOTEMEAGINA
PRGN &, ATLASEINr i . 25 A Rapl
&1, 24 Rapl 85 F1 S BEAVE FH AL Sz HAH G5 5
i BT AR AL TR
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