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ABSTRACT

It has been inferred that membrane-ECM (extracellular matrix) interaction in plants may be
also mediated by an RGD-dependent recognition system as in animal cells. Effects of RGD peptide
on ethylene production was examined in suspension cultured carrot cells. Treatment of the cells
with RGD peptide containing RGD (Arg-Gly-Asp) sequence stimulated ethylene production. When
RGD peptide was applied to carrot cells treated with IAA, the effect of RGD peptide appeared
to be additive, ACC synthase activity in cells pretreated with RGD peptide likewise increased
over the control. In an effort to check the sequence specificity of the RGD peptide, cells were
treated with substituted RGD peptide, i.e. RGK (Arg-Gly-Lys) and RGE (Arg-Gly-Glu) peptide,
respectively. RGK peptide did not stimulate ethylene production but RGE peptide did. The results
strongly suggest that the stimulatory effect of RGD peptides on ethylene production may be asso-
ciated with a physiological phenomenon through a specific recognition between RGD peptide inclu-
ding RGD sequence and their putative plasma membrane receptors.
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224 2] extracellular matrix(ECM)E o387 3%
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Aol olZA7A ki Flg SR8 3
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Arg-Gly-Asp(RGD) o}v]=4t 9-S 7}Al 2 glod, o] 50|
Ay Aate) 459 A e So)dL 7lalcHRuo-
slahti and Pierschbacher, 1987). ¢)2}§t ECM=} A %9}
ez zrel Aghe A £ o]E(Armant ef al., 1986), F3}
(Leptin ef al., 1987), AZ22 23 3w Zg(Ruoslahti
and Pierschbacher, 1987), 3 223} 4 8 4o W3 ul-&
(Ignotz and Aebersold, 1987) Sl of-¢ Fod AL
e HeR oeA gl
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Ago] AEL) 2okFA] & ol AT, AAF e
F28 TS e Apde] g4I Uch(Fry, 1989).
=3 A AE AEdal lgAnte] dge] AELdat
Zalol Fog dg-g drie zle] e HciMeyer and
Abel, 1975). Schindler(1989) =2] HE A EE o] 43 o
TFAFGA e AEALE FEAE] Zo] ECM# A=
ote]l Agko] Arg-Gly-Asp (RGD) olw]x 4l Moo 2]
oot 7}=Ade] glow], RGD sequences 7)%] peptider}
Az e g4z wjede] Hojylcin B wsigich

AE FERa ol E microtubules] wlde] <3gks
Fol AlEe] YeiAdel Fodshker(Robert ef al., 1989;
Eisinger and Burg, 1972), o|€lale] A& £ microtu-
bule el 3S = 7 auxinol| 2J3F 4AE7 &
o oHdle] H3He T zhgdte] AEe] HeRIE
Z45l= o o]ti{Chadwick and Burg, 1970). Z2jx o<
Ae NEAY Yol HelE Hojsh sled], At M
AAe Fgezr E&l8 AxdHe E&#q oligosacchari-
dest= ol 44§ S8, o] oj<lalL phytoalexing|
Aol Fo5l= phenylalanine ammonia lyase(PAL), chi-
tinase, B-1,3-glucanase 59 F4g AAL 23234
(Legrand et al., 1987; Ecker and Davis, 1987; Felix and
Meins, 1987; Chalutz, 1973). o] A4 =ale 71~
AEEA] &7 ATl gl dEe] AF A dFgs
= Ze® odelx qlth

FEAZEoHE RGD sequences 7}A3L sl ECM
el 2ol 2] A microfilaments w7} 2 sl AE e
Wilrl 2 delx elovt o9A Hzyke) 457 RGD
25 Fste] AFEWZ H@=Ee] microfilament?] ®f
AL wbEA =H=Add A 712 A BarEA] ¢kot
ok ot Al A £ AT RGD sequencer}t o] EA Al
Z¥ o wjde] PoideAE A d7H ¥ glew, RGD
receptor ZXE 238 o] v} & od3= Yol Schind-
ler(1989) S8 H 39} #ol utek RGD sequencer} AF
AZ2 Hej B Aol BoAgtE o]7e] B oA S MR
# 7lsAde] dEvhE AR Aol
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Peptide®| &, a4 peptides(GRGDSPE, GRGE-
SPE, GRGKSPE)= 7]z ahetel 72| A EI(MSA] 7
=5 966-5)e] 2= sl FAdslgl.en, Indole-3-acetic
acid(IAA), a-Naphthaleneacetic acid(a-NAA), Kinetin, 1-
Aminocyclopropane-1-carboxylic acid(ACC) 52 Sigmas]|
X FY stk

A fE W oMY AR e FIE AT
A712 Ael 70% ethanold] 30, 1% sodium hypochlo-
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ritee]] 20871 gyo] FHA 229 F, TR 52, 10
F, 15627 A R w7e] 25AE ANrh 2 F g2
et 27 (vascular cambium) 55 1X1X0.5 cm?9)
27)2 A2} ‘Murashige and Skoog Medium' [MS #]=;
3%(w/v) sucrose, 0.8%(w/v) agar, 2.0 mg/L o-NAA, 05
mg/L kinetin, pH5.6]e &7 27+ 1°C7} §3|=&= e
7oA A g FEITh

FEmeE  AlEe] Heh|ek2 Fujimura 5(1980b)2]
g wslal) 523 Qelse oba] MS QA e =)
[3%(w/v) sucrose, 2.0 mg/L a-NAA, 0.5 mg/L kinetin, pH
5604 80~100rpme 2 ESo| FHA|, 27£1°C Y4
ol A wjekaldch g} zhe] 33 ai% H=t Aol kel F
437 Wkl Bt 5~69H == AAe] U AEE
AHEEMAT 5~62 & Hehjdd AEE T 277}
6lumel A= AHelM Az P4 FA(Fresh weight)7)
ok 500 mge] HE=2 g2 AelH 7] viale] et

o[l AMer ZH, 17 mL viale]l 500 mg$] &=l
ok A Ee}l 2mLe] TrisMes 2H&4H(5mM, pH 6.8)2
Wi Zzke] =2 3d peptided FEHEE AE & A2
a2 HEgh 28" viale 27+ 2°C8) hiell4] <F 20
Al 7 #1€H80~~100 rpm)s}H-4 incubationA]z] ¥ vial= 5
& 1mLe] 7}~2 A 3led Gas chromatography(Simazu
GC-9A, Flame Iomization Detector, Porapark Q column
100~200 mesh 90°C, Air: 0.5 kg/cm? Hydrogen: 0.6 kg/
cm?, Carrier: 60 mL/min)Z =3Ik g8 44&
243 T viald 9 Az o4 22 27161 um)<]
A2 Hdels] 2542 35 A FHF F o x| (Wattman filter
paper No.2)2 B7]& A|7sle] o] & 53] wl&3le] o2
E715 AAT F fAd A A S Az, A"
#e ok AA aR(@HY J4F2E FHasloh

ACC synthase?| g =X,  ACC synthase A2
Boller (1979 uhH& wH3te] S435ch g2 o)
GAES E2Fe) A AR ML F, 32Fe] A
218 MS w72+ 1.0 mg/mL RGD peptide?} A7}l vl =]
o] 4] 222174 2 80~100 rpm e EFeo] FHA] dok
Algck weF £ AEX 3gg 27 A gFEEYe s
ZF ¥& & 4mM DTT, 0.5 uM pyridoxal phosphate(PLP),
10 mM EDTA, 0.1 mM PMSF, 2M NaCle] %5 pH 85
4] 100 mM HEPES buffer 6 mLE de] Zajiplz 2
Hel edZgHe g Zely £ 250008904 1587 ¢4
Fejetch A2 F 4 A4S 6 mlE F3ke] 0.6 mM
DTT, 05 M PLP, 1mM EDTAS %£3% pH3528 2mM
HEPES buffer2. =3 A7) Sephadex G-25 column(2.2X11
cm, bed volume, 30mL)e] EzHA|ZIch 20mL¥ w2
zhzke] B E 2. 280 nmel| A o] ACC synthaseE F &3t

shldo] e 2eg wEch 23 ohE 04mlA FulE
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&9 05 uM PLPE £&4 pH 8.59] 50 mM HEPES bu-
1fcr<>]] oje] Fx o] SAMS e W58 02 mL2 15 mL
vialel Y32 d2]g vpiE ghel 30°Cel| 4 2087 A9}
71A& WAl F 01mLe 10mM HgClg FAp7)2
Folste] dgof 1582 H$3, }4] 0.1 mLe) NaOCI(5%
NaOClel E#A}ele] NaOH, 2:1, v/v)& a7z ¢
F 1087 el ANE F 714 1mLe 934 472
Hel A ol WS Z3ste] AL vlmEte
.

4 o

Ao ARET T AT FT AEo) YA A7
(linear phase)?| Sle A E£E& AHst7] 43 A17]15 4317
#iste] 33) A< Alchul ket 22 A7 kinetics S WAk
45t Fig. 14k o] vepdeh. adelagh o]
G Es A2 vl xel] £7 F 4o 2w A Dut3
A7) Alstshe] 62delA 109 Aolrh HEs) AAE
vehiE A2 @ 4 gtk dehd B ARz A
Webe Ade F 5~62ole AEE AHistelc). Fig 2
S AE oleldl @ HH“J/H]ED{]HE 254 L oEd
B0 FAHLE WSS FUS7) S 2.8
ol e ol w & 2R Aolth 284 B0}
107°Med of olgal AL H=2 Jehden, 1 o]4kg]
TEEAE 258 JANGT o] ARe 2T suis
ot 254 A ek 100 Am A 2.2
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Fig. 1. Growth kinetics of suspension-cultured carrot ce-
lls grown in MS medium. Changes in fresh weight were
monitered to measure growth. Each point represents the
average of five experiments £ SD.
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2 el5slel ehid e 190 240 g
E AYAAE 250 10°ME A8y,
RGD(Arg -Gly-Asp) peptide”} ofledal AAde] wx]= oF
g wo}lr 7] §]5)e] RGD peptideE ¥ EWE 21?43}0%
A7 Fob WP A oL FAgEe S sldckFig
3). RGD peptide= 7}z 0.25 mg/mL, 0.5 mg/mL, 1.0 mg
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Fig. 2. TAA induced ethylene production in suspension-
cultured carrot cells. Cells were incubated with various
concentrations of JAA in MS medium. Ethylene produc-
tion was measured at the end of a 24 h incubation period.
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Fig. 3. Effects of various concentrations of RGD (GRGD-
SPE) peptide on ethylene production in suspension-cul-
tured carrot cells. Cells were incubated for 26 h in MS
medium. Ethylene production was measured at the end
of the incubation period.
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Fig. 4. Time course of ethylene production from suspen-
sion-cultured cells in the presence (@) or absence (D)
of 0.5 mg/mL RGD peptide (GRGDSPE) in MS medium.
Inset shows the time course of ethylene production du-
ring first 2h on an expanded scale.
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Fig. 5. Effects of RGD peptide (GRGDSPE) and IAA on
ethylene production in suspension-cultured carrot cells.
Cells were incubated for 29 h in MS medium. The conce-
ntration of RGD peptide was 0.5 mg/mL and that of TAA
was 107°M.

L w)

CoH; produchon {nl/g.

/mLE Mejstglew 557t Skl wpa} vl she] 50~
100%7}47) o el A Ado] Z7}atdr}. =5 RGD peptide]
dlddl Aol gt FA a7} A gtel] adeba] ol WHE-Z
ez detrgichFig. 4). 0.5 mg/mL RGD peptide:=
A=A 1417k ool ol AL Rt ¥)3 70%

Fig. 6. Effects of RGD peptide (GRGDSPE) and ACC
on ethylene production in carrot cells grown in MS me-
dium. Ethylene production was measured at the end ol
a 24 h incubation period. RGD peptide: 0.5 mg/mL, ACC:
107 M.

HE 224719 2 A 2447717 A 2L AR
&2 Lo «dal o] 14zholele FH 4
Zhell o]v] 70% #x EFRFHch= 72 o] peptidec] £
Aeld gzl dws] wE Jepdtle AE nsieh
ddwe] AAe oezlA] 2 o&M vizkelA e
7)1 SR auxing A &g <8 AE A =4 24,
Al E Sol4 cytokinin, abscisic acid, Ca** %&£ od«d
Aol qis Fol o Awr} Hem 3~64]7F o] Fol
uiebddtt. o9} 7ke RGD peptideo] & o2&l 440l
auxin®} AFAFAF A=]F HAQRE FAFEL7]) $Eke]
107°M TAA=} §4 Aelsie] Hsitl 107°M [AAE A
HPE A5l 2ol vl& <k 80%9] F715 Ruo
™, 0.5 mg/mL RGD peptideZ A 2lgt A-¢oll= <oF 67%2]
Z715 By @9 107°M 1AA9} 0.5 mg/mL RGD pep-
tideg A AHAHES dode dEzF vlE] 130%4
22 oeae] A= HAcHFig. 5). o] 72 [AAS} RGD pe-
ptide7} &7 sl& wfe oda YAo] & AL B

FE Zelv =& RGD peptidert gl A& 23
A7lE ARE 254 0 gl AAARe) od A7)
& Zelels 7l54-s BolfE)h RGD peptider} o€l
ANAE T ¥ 49 ACCe= ~id FA7) sle=A
ool z] & 107'M ACCE Azls] ®atelFig. 6).
ACCE A=)shy ofelal ko] gzt ol v 470%}
%—7]-513—‘:-1:1], RGD peptides} ACCE #4 =& 34
TAAS} RGD peptide® &4 )3 A+(Fig 5= 23
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Table 1. Effect of RGD peptide on ACC synthase activity
in suspension-cultured carrot cells. Cells were incubated
with or without 1.0 mg/mL RGD peptide for 22 h. After
the incubation, the ACC synthase activity was measu-
red

C.H, production (nF/gfw.)

SAM (uM)

Control RGD peptide (1.0 mg/mL)
3 047 1.49
10 1.64 3.36
20 1.39 3.23
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Fig. 7. Effects of RGE peptide (GRGESPE) and IAA on
ethylene production in suspension-cultured carrot cells,
Cells were incubated for 20 h in MS medium. RGE pep-
tide: 0.5 mg/mL, TAA: 107% M.

v] o]ake] ofedwll A Z77) glddo) =tef RGD pep-
tide7l o2l Aala ofm|le] W3t stress2 Zh4-3ted
oeldl MAdE 447 ckw RGD peptidest ACCE 4
AL uolm oEle] Zrh7t viehgelel & Ao
ojwell iz o] o4k ZA7 girhe 712 o] peptider} 7
T3 stress7} ohum, oddl MAAR F9 5 wA
FHEE 7A Ay AL FAAAM ofd Azl o
& & Zlolgle 7leAde HojFch welr RGD pep-
tide?} 1| Z]ztoe B ol AL IS F
olB 7] #sled -4 ACC synthased T z:alslgict
(Table 1). 1.0mg/mL RGD peptide® Axejgh sk %
oA 42 ACC synthase 7-¢oj= 7]zlel SAMF &
Al7|H 7] <kel wlal ACCr) whEelzl £ A4d=EE
ko] Azl Wla 70~200%747 F7rE ) o)
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Fig. 8. Effects of RGE peptide (GRGESPE) and ACC
on ethylene production in carrot cells grown in MS me-
dium. Ethylene production was measured at the end of
a 20 h incubation period. RGE peptide: 0.5 mg/mL, ACC:
1074 M.

A3 RGD peptideo] =]l ACC synthases] Ale] &
7hele] odal Aol EAlgchs & vebdlch

EF RGD olv|imat Aode] Be]AdE 7125 «fHa
A23E 2R A7 AYA delrr] $]se] RGD peptide
4l sequence”} A3t RGE(Arg-Gly-Glu) peptideS- A}
4-5te] Ad@sigich 107°M I1AA® 0.5 mg/mL RGE pep-
tide® &7 A3td dz=Pe] dl8] 135%2] odA 4
Ade] #7t=9dn TAAel RGE peptide® zZtzh H3H&
Aoz 105%, 67%9] <kl Ads ByckFig 7). ol
A 1AA9l RGD peptides &4 AzdL A-Sele
el vle] 130%2] oldw Qo] FriEz [AARRE
125t 81%, RGD peptidest& Hz]stwl 67%] <44
A% Hel Fig 3¢ o Ao} =3 ACCet RGE
peptide® &4 A2 WL AFo= ACCY RGD peptide S
A Aelg A9 oiHTIRR ddal AAle] o o]t
Z71¥= gstchFig. 8). ©]A% RGE peptides =g
739+= RGD peptide® =gt A58l 1 A7} w5
¥]28l2 2 RGE peptide= RGD peptides} nlikz}=]=
Adel QA F ACC — CH, 2471 o], 2 =13 g
Al el SAM — ACCr} sl el d3-g old o4l
Azt gel] Bejdd Aele} A}

RGD peptide ¥ <[z} RGE peptide® =2l 4]l
Foighibs Al ulelo 2 RGD, RGE peptide} 3434
Ao tt2tly A7tE= RGK peptided ZHzt 2z 5)ed
Jdd AXeFe vlEs) RekckFig 9). 05 mg/mL RGD
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Fig. 9. Effects of various peptldes (GRGDSPE, GRGE-
SPE, GRGKSPE) on ethylene production in carrot cells
grown in MS medium. Ethylene production was measu-
red at the end of a 22 h incubation period. The concent-
ration of these three peptides were 0.5 mg/mL.

CyHy production (nL/g. f. w.)

peptideE 2|3t A2} RGE peptideE A28t 79l =
2}zh W) zPol w|sle] 86%, 65% 2= 9o} RGK pep-
tideS HefF Aol 2T v A= ool
AX A}, 01712 RGD peptide= wt#8] A Zol| ojwd
A (stress)s Fof oA AL FHA17)= o] oz}
peptider} Ho]4-2 iRz M Ee] 2838 Adeln gz

= ojzlr)
.
FEAEZ extracellular matrix(ECM)-L& o33 717 o

WA gz FAR Eas TEE o] Fal gler,
ECMe] 34 giidEe FEHo2 ArgGly-Asp(RGD)
olm4l Mol s AP Aate] gl= 84 integ-
rind} HolH o2 AY3)w glck. H AEAx Az
7 Az Abele] Zgjle] RGD blndmg A el 2%
Zeolele B37l ¢l%) 2m(Schindler ef al, 1989), o] .
Tl AHE EAE 2l= RGD sequence 214a]#7F A
Fs dgdete) Al Fasie, Az Hedstel
AREY HIE ATz walz glch o] AR 4
A ZEe M= ECMe] RGD sequenceZ o7} 2 418 guts}
dAE] glem, RGD sequence”} microtubules] )<«
AFE Fol ARBFHY PP AL Folz TP
T 3lew o]z 454 £ 4 microtubules] wiede] o
L F= A 241 Sz 483 oddz faix)e
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AZE 2 g ok =3 H2 AEAdA WA
polypeptide7} AEH 2] weir]ake A= 4AF o

+-2- ghc(Pearce et al, 1991)& 7T} o elele] wldae)
%‘J°+ off gk whoi7)ag FAEA I AL P AA
Azve] & o glopg o) Al4dg nigle & RGD pep-
tideg} of"dll Alolellx ofW AlF atgo] 9l elal=
Mo AZE & 5 ook

olgl¢ 7V &3] $13) RGD sequencer} E3
el 9l 34 peptideE L d] kA Eol| Hzlslgd=q),

RGD peptides % wlokd o)A ofeell A 2214
FHrHFig. 3, 4). RGD peptider} gzt A& £2147]
o o d AYAZ T oW A FEE P

2}

ol 7] & IAARL ACCE 34 Mg)ste] Hglel JAA
RGD peptide & 87 & z)5k 73 ¢eli= oleddl AAe] 22tk
Aelj} A1} Fr19d o, ACCeF RGD peptide s 317
2] gk Aol ACCTF 28] 8- AT} ozl Aado)
Z719)%) gkokeh(Fig, 5, 6). RGD peptides= © 2417} %7
g o gl YL oS FAA72R 0243} fa}
A Zag Holel ukwle] B “H kA4 Ze)| RGD pep-
tideZ 23} A9} He)sA] gb& A$9) ACC synthase
44-¢ wlaste] Hgkc). RGD peptldeE A=2e AL
oAz dl=7-o ¥]§ ACC synthase &4jo] H=z] ofelal
el S7F=gdcTable 1). o]& Af4EZ v]Fe] RGD
peptidei= 284318 ACC synthaseg] #-Ade] Hosglo]
A AAdSs FRA7cke ADHG Zeg o] 48
Fdaukoe 2= RGD peptider} Eiol o BA) =hast4] =
EA E5 JAAL} 45 atE BAE oA HERE 4
<7t givh

&9 ECM 27} ok}t A1 84 Z 9] ECMe| A Zetz}
Agste] Al 242 2 gl RGD sequencer}
el sle FEAe) Bolde s Bisle e 9
c}a waz 9l=d (Pierschbacher and Ruoslahti, 1984a,
b; Pierschbacher ef al., 1983; Schindler ef al. 1989), 4]
FAZ el *E/‘*EVJDJIHE RGD olu]xa} xde)
BolAdE el x5 dolnr] 98] sequence T #
7§8] efw|4bRl-g HHE' RGE peptide®} RGK peptide=
Helste] ®glry. 4% A3 RGE peptide® H=slsls
ol = RGD peptideZ #2]3t =oel ke, Falg 1}e)
Welck(Fig. 7, 8). 22} RGK peptideE He]gl Lo
A AR F715 B 5 Gtk o] ALUZE Hel o a
Aol 4 RGD peptide ¥ o}iiz} RGE peptide® &
o] A& 7hA] a1 Aggirl abEn] 4] 5] 7]-$ef= RGD
sequence®] Ko]io] FFol uls) Fd¢siA veldoin
AZgel. RGD peptide®} RGE peptide= D(Asparatic
acid)®} E(Glutamic acid)”} E% (—) A2 uj= 414
olu|iite]lBz o] £ ¥4 GRGDSPE, GRGESPE pep-
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tidel 3atE Aale] fAldiviz 4=, oA A
fAbA o Eoll odel A Alell= RGD peptide 7} of
Uz} RGE peptide= Eejdeom =43tz Azdeh
Sl=dale] PAE ol 7R 2]le) 2]&) gi7telA i)
B2 g4 RGD, RGE peptide7} sh4=23} stressZ 4] A E o)
zZaete] ol AAl-S 2z AFHeld RGK peptide &
gelgle wol= oA Ao ZrlEgdS ZelR|RE
A 2= 2FA ettt ¢]7e RGD, RGE peptide7}
3k AT Fo] ofv]z} o] & sequencert W Feol4 &
AR 2 FEFE B 7elet & 5 gl RGD, RGE
peptide®] D(Asparatic acid)e} E(Glutamic acid) e}v]lz 4t
o] (=) A5 uli= 4HA opm|4lalH uksl, RGK pep-
tide’l T&sk= K(Lysine) (+) AetS de 4714 of
vxz4ko 2 RGK peptider RGD, RGE peptides}+= v}
etd Mg simcz g7 g2 RGD pep-
tide] o=l M ZAzE2 52T olu|:il HIE&
878 5o]d wkgelzlil AFc)

R

5 2

Aol A= ZFo 48} 7Fe] RGD(Arg-Gly-Asp) seque-
nceZ w2 A8 A= extracellular matrix(ECM)7}
AZH gleke Aol L#iA| UeB 2 RGD seque-
ncert A Azl A, ¥3 T8 oy sl el
Fale] Fejslulele A AZE 5 ok 24
RGD sequence?} wDaucus carota L.} ¥l kA Feof] A
oedgl gAdel m|FE G 2Apsleic)

RGD sequenceE 3= §4 peptides o diok
A EoA ofedwle] AL 2214170k RGD peptide+ In-
dole-3-acetic acid([AAY9} ¥4 A2jak AL o= Qe
)& Z2147 e, ACC synthased] BARE Z7HAZch
RGD sequencer} oflgal Q4L 207 o ojddt E
o]4o] 8175 galzlz] HHa) o)} f-2H&t RGE(Arg-Gly-
Glu) peptide, RGK(Arg-Gly-Lys) peptideS z+zh z]z]sle]
H.skel RGE peptide’= RGD peptide2} o} 37} 2| 2 o€l &l
MAe Zz14)7 e} RGK peptide= o=lall AAdd <&
% u]% A eksht}. wpebs] RGD peptides] oflsdal A
%313h8-2 RGD dequenced *3&H= RGD peptider}
ACC synthase?] #AS Z7HAAA dolbe Hifelet
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