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Cloning, Expression and Characterization of an ADP-ribosylation Factor Gene from
Cotton ( Gossypium hirsutum L.)
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Abstract: Cotton ( Gossypium hirsutum L.) is the most important fiber crop in the plant kingdom. In addition to their
economic importance, cotton fibers are an ideal experimental material to study cell differentiation, cell elongation, cell wall
biosynthesis. ADP-ribosylation factors (ARFs), a subfamily of the small GTP binding proteins superfamily, are believed to
participate in vesicular transport and signal transduction events in the cell. The elongation of cotton fiber requires vesicle
trafficking to deposit new wall material and increase plasma membrane area, but the function of ARF within the key
developmental processes of fiber is still unknown. The positive clone was screened from cotton anther ¢cDNA library using
GHAZ27 as a probe, and its corresponding genome sequence was obtained by PCR. Southern and Northern blotting were
employed to determine the gene copy number and gene expression level of GRARFI in cotton. The ¢cDNA, designated as
GhARF1 , encoded a polypeptide of 181 amino acid residues with significant homology to the ADP-ribosylation factor ( ARF)
of mammalian, plant, yeast. Its deduced amino acid sequence showed that the 20.7 kD protein had consensus with GTP-
binding domain P(GLDAAGKT), G’ (DVGGQ), and G(NKQD). The DNA sequence of GhARFI is 1.5 kb in size,
including five exons and four introns. Northern blotting showed that GhARFI transcript was detected mainly in root and
corolla rather than in shoot, bud, leaf, cotyledon and ovule, and maximally in fiber. Southern hybridization suggested that
GhARFI is encoded by multi-copies in the genome of Gossypium herbaceum or Gossypium hirsutum . High transcript level of
GhARF] in fiber cells suggests that GhARFI may play a role in cotton fiber development, especially in fiber cell
elongation .
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ARKRKBENHET, HREE KBRS R, &5K/
2 HEAT 3K 1000 ~ 3 000, A2 F 7548 4 48 M 53 fL B 25
2 AR BT *‘4'[1] o ADP-ribosylation factor (ARF) 2
—FarFEA 21 KD —F GTP 45 EH, BT/
CEHAMBEWFH ARF WK% . ARF & ¥ 75 #F
FEE HLEF & (cholera toxin) ) FE FH AL 3 Bt g & 3L,
ERLERETTM AL W31k NAD' B ADP-% b
BASER CEAN —TEERERE L, HH HE
5 GTP &5 A M AsefE L GTP 7K fif , M\ 1M {5 40 Jfd i
cAMP & &M, BB ERILKREKSHEAG
B, EREERE, MEXAKAEZMHAEZTRNE
HERBY 5B EMIEREX, BRCEWIL
Yy EERE I T 28 ARF ERE, E AR
F B, ARF 7£ 34 0 2 B 40 i 0% v JR 5 (/N3 v T
BUKMMESESHRESEERY . BR ARF
EHMHRKZ ZEWIA Y MEEE f 347/, H
JLASTRIYR B9 ARF 2 DR [ B 76 A 9 P W s e 7 7
IR IT ARF1 2 R 78 N 5 5 /55 /R {4 B8] i /N i is
oy AERR R B AR N R A Y, A R AR
AR sHEEPTREEESHEAY . MEFE
J& , HE & 21 4k 40 A9 58 AP sl A 4, N AR W R
WV iz i, T EL A 4 A RS A % B 40 B BE R 1 R S i
BOYFERARRERUYRSWH TS5 ,HE
AR ARFEEEBGSHA R R EF LB, H K WA X
SCHR o ASEIS B AR AE 25 9 cDNA SCFEH RE T
A6 ARF1 Z£ X K17 T 75 #4750 i X &
RS

1 MB57HE

1.1 #XH% m

Fifi #0448 ( Gossypium hirsutum L.) fFhIR A FhiEF
VO R K5 A 4 4 R w0 SE O BR b, B R ) L
FHIELGRERIM AR T, 55 RRAEE |
T JFIESE 9 d B IRBR DL R A 49 RNA. T A 19
P FEREBOKR EETF A ERTEAT, 2
FEMFKHEER B 422, 535142 B RNA,
1.2 EFERHA

B B ER B Super-script [1 3% # 5% % & GIBCO
BRL /A &) 7= # , ZAP-cDNA Synthesis Kit. Gigapack Il
Gold Cloning Kit & STRATAGENE /A & 7= & , JE b it
[a-?P]dCTP Fl Ready-To-Go #iciik 5 & & Pharmacia
2N E] 77 &, DIG AR 10 3R ] & 24 Roche 24 A 7 i, LA
Taq DNA R4 4 TaKaRa 24 7 7= fho HARKF A
7= o M

1.3 Hi&

1.3.1 6% % RNA ## K SHRALEENT
BN IREL 2 g MAEAEZI Y RNA & o

1.3.2 4R35 cDNA X E oMy & B 200 pg
HiAE1E 25 B RNA, il i GIBCO BRL A9 Super-script Il
Wi A R cDNA B %5 1 5%, ¥ J8 STRATAGENE
RF) G RAE T M HETT DNA 5 2 55 504 B K41 %
B \-ZAP B A%

1.3.3 X EF&E N F ¥ cDNA-AFLP [ i Y
#5 Fr Bt GHA27 #7104 DNA #54F. #% M8 Roche 2
) DIG #ric 5 I 8 4F T+ M 247 IR & B9 Fn i | R AL
R RN, RENMEETEH LEETAEY
AR A E #E4T DNA W ¥ S

1.3.4 A RARH Y k Ak R B CTAB
IR IE DNA, RIEEBIA) GRARFI B cDNA
75,7 ORF Ay b N B 485 514 GhARF-
up 5'-ATGGGGCTGTCTTTTGCTAAGC-3’ #1 GhARF-
down 5’-ACCCTTGTTAGCAATGTTGTTG-3, #| FI PCR
AR DA AR 2 R 40 DNA A4 38 1% 5 DNA A
B, PCR [ L By B AR A 25 pL, & 10 x LA Taq
buffer 2.5 pL. & ANTP 100 gmol L™'.1.5 mmol L™"
MgCl, # 4% DNA 10 ng. T #5445 400 nmol L™
LA Tag DNA BAW 1 U, VBTN 94CHAH 4
min;94°CAF 1 30 s,55°C iR K 30 s,72°C ZEf# 1 min,
3 32 MBS s B J5 72°CHEMH 10 min, K P 1A DNA
H By S T 34Kk pGEM-T H 47 6 513 5E o

1.3.5 Southern % X B 30 pg FAH DNA, R il ¥4
WY Hind 144k, £ 8L 30 pg Fifi #o 8 DNA 43 51
Sac] . Xho I \BamH 1 1 EcoRV JH4L, % 0.7% B
HEEERBIKE®ZBEI R BE L, R
Pharmacia 2 7] Ready-To-Go #5 ic # 1€ F M #5 id 8
o B FRBELRERME)TH T ER R R
TGERE, T - 80CIR Ik A BRI 4245 R -
1.3.6 Northern £ X HATIR A RNA RBUF ¥,
43 A SR BB b AR AR (4 2R VL TR B A
4EFN MR TR B9 B RNA, & B 40 pg ERALH B A
RNA, 2R FI 4 5o e Se 0 48w ) P I 73 R I 19 O 12
HIKFHEBER B L, HE BFRIT. 2238 KA
[{ 1.3.5. R A BIO-RAD A &) B Quantity One 1-D
Analysis Software 4317 B 1% o

2 GERESWH

2.1 PhEitite ARF EERFE SIS
MHRETR A RERRM ] FRIEZY £ B A cDNA-
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AFLP 2 3 58 7~ | i 9 22 5/ Bep ™, 36 B GHA27
YERRED, TEMIEIEZ 1) cDNA U, FLiE T
A+ ATk, & 2 ASFHPE T pBGharf, Il 7
GEIRFH X P cDNA TR T H = — 3R, i

X ,98 ~ 100 bp Mt i %55, M 98 bp Fl 643 bp [&]
) 546 ™ BREEAE B — 1~ 58 B A9 TF B B 24 , S A 181
MREEROEAR, WS TFEN20.7 kD, R)E
& 152 bp B 3'udE RIS X, N & MBS 5 TAATTAA

1 ' R E % & BF 78, pBGharf ¥ 7% [ Y i Hb A% K PolyA BE
GhARF1 41 795 bp, HoH' , 7€ 5' 35 A 97 bp K AE 4

:GTGAGTGTTAAACATTGTTTGCCTTTCATTTCTTTCTCTATTCCTTGTTGCTTCCTCGGCAGCCTCTCGGTTTCTGAGTA

81 :ATCGAAGATAAAAAAGGATGGGGCTGTCTTTTGCTAAGCTGTTTAGTCGACTGTTTGCCAAGAAAGAGATGCGAATTCTT
1 : M G L S F A K L F SR L F A KK EMR I L
161 :ATGGTGGGTCTTGATGCTGCTGGTAAGACTACCATTTTGTACAAGCTCAAGCTCGGTGAGATTGTCACTACCATTCCCAC
22 M V. 6 L DA A G K T T I L Y KL KL GGE T V T T 1 P T
241 :CATTGgtatgctcttattgttaotttttcttcoagcatttttttatttgtttatagatattgatgecttattgectaccttt
49 I G

321 :cccagGCTTTAATGTGGAGACCGTAGAATATAAGAACATTAGCTTCACTGTTTGGGATGTTGGTGGTCAGGACAAGotaa
51 F NV E T V E Y K N T 8§ F T VWD V G G Qo D K

401 :tattacaggaacccgacaaatgttgcagaacacaccataattagtcotcattttaccattatattgtttccctgggtett
481 :attgcttgatggaccatgatattttaccctggttacactgtacoatocattgatgtttcaactaatggatatgettatgg
561 :acgatcttatgctcatggcatcagcatataagoataatcataatctacatctactaotgeccatctegtectttctagtttat
641 :cctttggtggtatgaggagaggctatccatgtcgtggectgttgcattatttggcatcttgectttattgtattttecttge
721 :aatccottgtgcttatggatggtcctgtgectgattagattgtcottcgtcagcacotaacatattcataagetacattta
801 :ttgctgctaccttgttcttctgttttcctccctgoatgargaaggectccaatotatattgcoacocacattatttcttec
881 :ttataattaagtactggtgattttgtctgcgacttgttgecttgecttttgtggtacttgecatttgectgtttcttacaat
961 :ttaggogtgacatatctcgagtctgotggcatgtcttgetctaotggectttatgggaactttcagATTCGACCTTTGTGG
74 I R P L W
1041 : AGGCACTATTTCCAAAACACTCAGGGGCTAATCTTTGTTGTTGATAGCAATGACCGTGACCGTGTGGTTGAGGCCAGGGA
79 R H Y F Q N T QG L I F VVDSNIDIRIDR RV V E A R D
1121 : TGAGCTTCATCGTATGCTAAATGAGgtgccagtttgecttctttgaactttgttggtttggtttctctgttaacttgoaat
106 : E L H R M L N E
1201:ttcaataatgaggtctocatgtagectgttatgcatgtgtaattactattttcaattattttgttgecttataatatgtgta
1281:gGACGAGCTGAGGGATGCTGTGCTTCTTGTGTTTGCAAACAAGCAAGATCTGCCGAATGCTATGAATGCTGCTGAGATTA
M4 : D E L R DAV L L VF A NK QDL PN AMNAAETIT
1361:CTGATAAGCTTGGCCTTCACTCCCTTCGTCAGCGCCACTGgtataaccttttccctgtttgtttatttctagattggtet
141 D K L G L H S L R Q R H W

1441 :gccagttgtctgttctgttttacaatctctcttgtgagtcacagGTATATCCAGAGTACTTGTGCCACCTCTGGCGAAGG
154 y 1. @ 8§ T C A T S G E G
1621 :GCTGTATGAGGGACTGGACTGGCTTTCCAACAACATTGCTAACAAGGGTTGAGGGTTGGTTGAATTCCAGTCATATCTTC
166 : L Y E G L D W L 8 N N I A N K G =

1601 : AGGCAGCTATCCTATTATTTTCTGGGTCCTTTTTTAAGTTTTACAGGAAATGTATCAGATTGTGTTATATAATTAATATA
1681 : TATTCACCGTACTACTGAAATTAGGCAAAAAAAAAAAAAAAAAA

B 1  [iit48 ADP-ribosylation factor 3 Fl (GhARF1) (Accession No. AJ421017) I & F N B FHIZEBRFIIMENNSERF

Fig.1

The nucleotide of intron and exon and deduced amino acid sequences of cotton GhARF1 (accession No. AJ421017)

KEF8 NG FRAE S5 %R GRARFI 1 ¢DNA 3 A& FRAIMA L FH T, FTRILERMAFS.

The sequence of cDNA, the sequence of intron and the stop codon were framed by uppercase, lowercase and asterisk respectively.

B ik cDNA FFHlR TR R 5194 PCR ¥ 3

il o A% ) 2 [N

20 DNA, 23] 1 &2 1.45 kb R 2.2 BhEiE ARF EE RS W S

[l , 3 B A SRR e i 2 — VBT ARF 2 [

DNAH . A G EHZERNMHDG XERAA
1472 bp, B SAMIMETFMAANHETF. HPFAE
FRKES B K 80,629,136 1 84 bp, FFEMNETH
EEBRIN gt-ag 4548, fRIETE RNA fn T i 72 o
WEFHIEFIR A MUIBR. GhARFI WX M 455
B AT vk i) GRARF HRAERHFKE NETK
BE LA BT BN & T 1 B — SR 45 40 5 O T 3 AN A

RFEE KN BERFIRGEE LU KER
SRR, NREFE A 6 4 ARF 2 F 84 i
325,80 class ] (HARF1 ~3),classl] (HARF4 ~5)#
classlll (HARF6)"™ . >y BA i FiF 2 [ A M6 46 ARF 2%
A2 50, BB KR FE R 4 6 1~ ARF 2 [H .9 2%
ARF B FEERE 3 4 ARF £ HH#IT L EFI L
BOIEWE T TR, 45 R WE 2 fim. A
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R AR 46 ARF 2 H 5 A 35K HARF1. HARF2 #l
HARF3 BZE R —4 %, 5 HARF4 ~ 6 B EE B 8 4%

F 12, H4 - GhARFI ., B2 G REEHS
B2 ScARF1 #l ScARF2 H: [HAH ., GRARFI 5 A 25

BZEEAF 135 1 38 ARF EH Z B {HE &L class | FIZEZG R AT

HARL2

ScARF3

B2 B4R GhARFI EE M TR L2 47
Fig.2  Unrooted bootstrapped tree generated with MegAlign 5.01 of DNAStar software that compares the seq es of GhARF1 protein with
ARFs, ARLs, ARP and ARD from human (H) and Saccharomyces cerevisiae (Sc)
HRAK AN, S Fm K B EER: . B Ak RBCFERR B AP bl g8 i R4 B P31

Scale bar indicates the mean number of amino acid substitutions per sequence position.

2.3 [hEHiAE GhARFI EEMHZ S S

5 Fi} NCBI A9 Blastn 7E GenBank 1 #£4F DNA 5
BIEIAEAAPE 0T, S5 R R B, GhARF1 ¥ H 5 H 48
Y S AEEEER ARF ZEFE BRSO, K
5T ARF1 5 5 R R 8 86% (441/512)
5 R G RIENE R 84% (420/499) , 5/hFE KB .
B D EKRER R TEEER N 83% . M1E ARF1 %
P 4 5 1) & B BR 51 5 0078 I L BROBLAE 19 [m] U 1 38

20 40
KEMRILMVGL
KEMRILMVGLD
KEMRILMVGLD)
KEMRILMVGLD)

GhARF
AtAFRAlc
Capsicum—a
Daucus—car  :
Glycine_ma : ---
Oryza_sati : .
Solanum_tu
Triticum_a
Vigna_ungu
Zea_mays :
HARF1 TN
ScARF1 :

KEMRITMVGLD
FEMRILMVGLD)
REMRILMVGL
KEMRILMVGLD:
KEMRILMVGLD)

oy

GhARF
AtAFRAlc
Capsicum_a
Daucus_car
Glycine_ma
Oryza_sati
Solanum_tu
Triticum_a
Vigna_ungu
Zea_mays
HARF1 /
ScARF1 LRNABMEL.VF ANKQDL DBAMELA KT

GTP-binding domain 11I(G-loop)

AGRKTTILYRKLRLGEIVITIPTIGEFNVERVEYRNI BFTVIDVECQDRIRS
AGRTTILYRLELGEIVITI PTIGENVETVEYRNI SFTVRDVGGQDRI R
AGETTILYRLELGEIVITI PYIGFNVETVEYRNI SETVRUVGEODRIR,
AGRTTILYKLRLGEIVITI PTIGEFNVETVEYRNI BF TVWDVEGODKIR;
AGRTTILYKLELGEIVITIPTIGEFNVETVEYKNI SFTYRDVEGQDK IR
AGETTILYRLELGEIVTITIPTIGFNVETVEY KNI B8R TVRDVGEGQDEIR
AGRTTILYKLRLGEIVITIRTIGEFNVETVEY KNI 8 F TVIWDVGEGODKIR,;
AGRTIILYKLKLGEIVITIPT IGENVETVEY KNI SR TVHDWEGQDKIRS
AGETTILYKLKLGEIVTITIPTIGFNVETVEY KNI BF TVRDVEGQDEIR
AGRTTILYKLRLGEIVITIRTIGENVETVEYRNI 8FTVIIDVGGODKIFE,;
AGRTTILYKLKLGEIVITIPTIGENVETVEYKNIZFTVWDWGGODKIR
EAGKTTVLYRLELGEVITTI PTIGENVETVOYENI SF TVRDVEGODRI RE

F 99% (179/180) , 5 /N3 L 7K 78 A [l VR 4 th 3k 98 %
(177/180) » HETHEY) S HERY ARF B B K Z 802
% 125 ARF, Ef TR ZERRIT 5 H SR 5F , /] REZEAE
MRKETREZEEH. AT U GhARFI EH w1
E R ThRE 45 #5, ¥E# HARF1.ScARF1 LA K HAth
YRR A ARF 2 EH 750, #E47 5] U5 o H X, 15 3]
WE 3 RIS R . RPTEMIE ARF1 £ H 5151
KERFII P, FIHARTFH GTP 454 X, Bl P

60

GTP-binding domain [V

Bl 3 GhARFI ERENNEERFI S A BFMEMEY ARF B EIFEE L E
Fig.3  Alignment of the deduced amino acid sequence of GRARF1 and the other ARF sequence of human, yeast and plant

T RILR A9 X I HEW 9 GTP 45 &
Putative domains (P, G”, G) involved in GTP-binding are underlined.
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(GLDAAGKT)[X .G’ (DVGGQ) X 1 G(NKQD) X o i
BIFT SERER) GhARFI WI4mAS =Y REEA 5 GTP 45
A HITIRE
2.4 BhEMIAR GRARFI EABARPHRIEFIESH
PEHL GRARFI B R FRic F R4, 5 4& B il b
AR (Sh 25 (B nh ik B EE B A 4 AR R B B
RNA #47 Northern #2238, 4R (& 4) KB, GhARFI
HEEEMALT 4 AT AR R BRI REL
BRI ERS, VLRI E V] R R A 4 RS
HARWEEK, X E R BARSE, BZErb T
MR R IB BT £ CRARFI EFETEMIE
RN EREZBSRS TRRAAEEMATIEA.

1 2 3 4 5 6 7 8

’W/ﬁf L W Wm a

i . N

S = bW
o o oo

Hybridization
band intensity

root  stem

leaf cotyledon bud corolla fiber ovule

B4 EESFHMKR GhARFI EEZE
TEARPHERKTF
Fig.4  Quantitative analysis of northern blotting
using GhARF1 and 18S rDNA as probes
LA 52: 2553 4. F ;567 56: 7658 57 : 47 46 (9 DPA);
8: /R 2k (9 DPA),
a: GRARFI #R4F A B3 20 h;
b:18S (DNA 4T H B3 2 h;c: 185 (DNA #R4F A B3 20 ho
Total RNA isolated from cotton: (1) root, (2) stem, (3) leaf, (4)
cotyledon, (5) bud, (6) corolla, (7) fiber (9 DPA) and (8) ovule (9
DPA) are subjected to electrophoresis in 1.5% denaturing agarose,
transferred to Hybond-N* membrane, hybridized with **P-labeled probes
and autoradiographed for (a) 20 h, (b) 2 h, (¢) 20 h.

2.5 [hib#8 GhARFI EEZEEEAFHEH S

FEVT GhARF1 R TEMIEE FH P &5
16, B ARIE R GRARFT ¥RET , X A% 1 i B4 o £
A4 i b 48 B9 &L DNA #£47 T Southern %% 32 43 #7.
SR ILE 5, GRARFI ¥REF FE BAR 3 A Pk U 2] 3
KT MES  TEM AR P BT B 2 & MRS, B
Bl 2~6 MA%., A FAHIEAMNANYIEE Hindll .
EcoRV . BamH | % 7EF H W ISR AL S , B b ixX
LR V) BT B 24 3c i A R EF T LR E A
GhARF1 Z:H M IR 7 51, Rz HEE AL 2
HPATRER 2L,

3 itig

3.1 /MG EAERAXMEWERNFEER
TEHRESERETRT SBEZEMBEY G &

B 5 GhARFI BEREREERE
42 iy Southern %t %5 45 R
Fig.5  Southern blot analysis of cotton genomic DNA
1: Hind Il 34 4k 19 HEAf DNA,2 ~5: Sac I \Xho I - BamH 1 1
EcoRV {4k 1Y i H1 4 DNA, 6: Marker X (Roche) o
Lane 1: Hindll ; Lane 2: Sac | ; Lane 3: Xho | ; Lane
4: BamH1 ; Lane 5: EcoRV ; Lane 6: Marker X (Roche) .

F4h, inE HAMKRA CTP &4 EH, Kb —K
KA FRE/N20 ~ 30 kD)W R/ G EH A
1% Ras.Rho. ARF. SEC, . YPT, &K %™, ZE# ¥y
HEHT X —28/ G % H (Rop, Rho-related
GTPase from Plant) , fE X & I {5 5 FF %, Y Rop
EEHZSE5ZMET IR, CFF MR M A B
B GURR N MBRFSH %S, EHEYREM
R EREMKOEES, Rop EHMAEN T4
4 i A T v 40 B0 B L, sl A W LS B B R
HEF Bk i e A K . B2 WA K
RELES, /D G EAENSTIFRFEF ZHEY R
SEES AR, DT B WA 40 M A A K Ak
HFLZYIE) ARF F1E T R/RERZ Y,
5 GTP &5& MG A&/ 7 X, s AR L4, I
HMEREES, RRERREHFAEE,HREA
PR vy /K ik A /)N 3 70\ 40 B P R B . B,
ARF #1705 T /R 2= R B9 T B 45 4 2R A0 K% 5 JE )
BWEEREDER . NEREOMEY ARF 2 E K
F,E53Y ARF1 HHA R A4 [F U8 1, T B 78 0
T EK NE RIS Y T E R P 5 A A A
PR T 90% , Pt W1 1% 5 B 7T RE 2 B AE 7 T B A8
Y F B — NRFERFE . Verwoert 5 7E 4> B HE W) 1Y
PN RREBEREES A B, W E K9 cDNA SCE H i b
F| ARF A , (B R0 Hoh BB sk — s 5™ ./
# ARF EF M RBEAZE T B 50 5%
HHES EHREBAHAS R RE, ERPRRE
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BERGTE™, RAWIASIWH ARFI —F, NHIE
IrHTLER ARF1 B EAUA] MR R BEEERY arf %78
PRFRAY T H A 7E P9 T ) 5 8 AR 5 Ak 8] B9 /0N 55 4
PHERREEMARMEH T HEEEZER
Xu I FFAESE, ARG IT ARF1 3 R 3 i R 45 36 iz 41
o T - B R B AR ks i, T S AR B R B
3.2 \BEHWNGER

MEFEEELLBTRA, EFER—EREY S
TFEYFERRMHE . BT HMEREHLE
R, MR 4R T XA H MR 5 0] LA
PN BRI, K 22 % DR B O AT 45 B T R DR A R
P b, B A AT 8 AR A6 27 4k 59 8 4R A0 K R 4
FHLHAATE R

MAEFRI/N G BEEH A GhRac9 1 GhRacl3 &
Sewi ik ok, R R R BT A BE IR AERES
BB K B R R B PR A 1,0, BIRME 4%
FRUR AR BE A O o 7 R AR 2 4E R 5R AN K A
GhRacA #1 GhRacB glﬂﬁ?%%ﬁ[m X NG
WA T T ARF 2, B R KRR EE RN UELS
HerhRE,MAAEMENE MBI RE,
ZEMBENMEEBE MMM E T HIEES . &2
TERERIMAE GhARFI B, EREFAFIIKE N &
T BRI GE G DA B 3% 3 R 7E R [R) 4 49 P ) o
% HE, 5 Lk GhARF ML AR KER,
B I A S v B Y & — N BT ARF B, B L 4
PR ARE, TRAESESAROBEEK, X
segE R — T ARF R REMREL T R
REANVE R 26 T BIE A R LA

4 Zig

MAR AEFE 25 B9 cDNA 3CJEE W, 78 (& T R #b 4R
ADP-ribosylation factor ( GRARF1 ) EH . 1% % H 45 75
—F 181 NMREMRRE, 7 FEH 20.7 kD ME
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