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ABSTRACT

In order to investigate the phenolic compounds inducing the expression of Ti-plasmid »7r genes
of Agrobacterium tumefaciens KU12, we tested whether the eighteen phenclic compounds known
as vir gene inducer have the ability to induce vir opercn of the Ti-plasmid in A. tumefaciens
KUI12 transformed with pSM358cd. Also, the phenolic compounds in some tumor-uninduced dicoty-
ledons and the attachment ability of A. tumefaciens KU12 on such dicotyledonous plants were
investigated in an effort to analyze the reason why no tumor is formed on the plants. As results,
fifteen among eighteen phenolic compounds known as #r gene inducer induced the expression
of the Ti-plasmid vi7 genes. Some dicotyledonous plants which do not form the tumor have the
phenolic compounds inducing the vir genes, hut have less ability of attachment than the dicotyledo-

nous plants forming tumor.
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I3 BT eRy
Azped AlZdlo crown gall tumor® f-ubA] 7] Ti-
plasmidE 7}x2 9l Wddelvh(Bevan and Chilton,
1982).
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Aolet

T-DNA o]z}3).e T-DNAWY] okEe] Zafjsls 25bp
A= 9] border region, Ti-plasmid el Ef 8= vir region
(Hille et al., 1984; Stachel and Nester, 1986), chromo-
someo] FA3H= chromosomal virulence region(chuA,

chuB) 2] ++& aH8of 2lste] deoiylth(Douglas et al., 1982,
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1985). chv region polysaccaharided]l 1,2-B-D-glucan-
wAdsted(Dell ef af, 1983), A tumefaciens?t AZH|d)
Batshis tumorigenesis 7] 3k dEix]e] ol B,
vir region 67HZ FAHA 9le™(A, B CDEG),
vird gene-g ALtz BF AAhd A EH A Bu=
o) A= acetosyringone®} -2 F =22 <l phenol 355
oste] =, W= A} = pird gened] 4HZ¢| bacte-
rial membranee] #]*35le] phenol 3}&-E-& A F
virG genes ABA7 ThE vir gened] WAL Fx4)
o Leroux ef al., 1987).

virD gene®] AFE-2 endonuclease® 4] T-DNA border
repeats driste] single-stranded DNAS ¥4 s}A) 39
(Yanofsky et al., 1986), virE gene?] 422 single-stran-
ded T-DNA+)| 233z proteing T4 kel protein-DNA
complexS 34344 stz(Christie et al, 1988), virB
gene?] AHE-2 T-DNAZ} bacterial membrane-& Z-#}&}7|



246 Korean ]. Bot.

#) Zo] (Engstrom et al., 1987), virC genes] AE2 virD
gene AFZ 8] 4L Zrla)A Froha B uE ] Hrh(Zamb-
ryski et al, 1989).

oJA% 2L vir genesd] WAL HEAA Fo FA
phenol 33E-E AEAA d] Fxsla o, FE
aromatic ring -T&¢] hydroxyl, carboxyl, methoxyl
groupe] fﬂﬂﬂﬂﬁl sick 2 EA<H phenol SHTEL
7], =, 4 5L Jehid dFzm, FHovt A7 A
3o g2 RE ii’i}%% A @ & ®yk ohe), Aol
v} Falel dig JAAZ= 253} (Noggle and Fritz.,
1983).

B mRo iz 524 A tumefaciens KU12(Ti-plasmid)
el 2l vir geneal W S EAAFE phenol it
B F5E 2AeH, tumord FAs= A9 AlE
H ) AR Eahe 42l AEAWe| £x8= phenol

Fatge] 278 9E, 2431 KUl2d) Bt Fa43E
dAlslkgTh
AME Y dkH
A g B A AM-g FF Ti-plasmid &

s45¢ Agrobacterium tumefaciens KU12, Ti-plasmids}
pSM358cds %% KU12, ME42(chr A-mutant) O]D%,
MG/L =& AB®]=]|(Chilton et al., 1974)<]4 28C= ¥
A&t wfjokslodch AR AE2] FAlz FAFRAALS
EERAA A T8 o v, Kalancoe daigremontiana$}:
Nicotiana tabacum (L. Var. NC2326)+= 2+Z} Nester 4
FA 3 KISTel 4] Eekglol Vermiculite?} peat mossE 5
12 42 =oF(Bonner and Galston., 1959) ¢l s}£35}ed
F2A(E% 30TE 5T, F571 116412 oA Hj kA FH o)
HWEXME. A tumefaciens KU123 pSM358cd(pVK
102+ p7E:; Tn3-HOHD1) 2 direct transformation A1t
Z, KU12E MG/L Al #] o A 28CE F-2| 8k FHuf o3t
F, 50 md MG/L 94 wij=]ell 4 ODgpe=057} 2 wj7}=]
H i ekatedth 5000 rpmell A 5E FeF fAlE2]E & 0,15
M NaCl 10m/2 g=bslz oA Sd3 Wde = A4le
2)sle] 20mM CaCl; 1m/Z A|sl=ts}gict. Eppendorf
tubeel] 0.2 ml A7 1pg DNA(pSM358cd)E Y2 9L
off %] 3087 wix 3, A 1E Tk FF P2
A7 w5 37C pEA A S Fab Fo 28Tl A 2447k
< vleFstgdeh o] %, 5000 rpmel| A 2% Feb AAE
Yste] 42as WD 01w MG/L AANAZ Adg
ste] MG/L agar A<l spreading3lsith.
Phenol EEHE0| 2|8t Ti-plasmid vir genes2| BFs.
KU128} pSM358(:c1/KU12g 27t AB A R Aok
A AE Y 847 vl oksbe] bacterial cell S 3 ssich
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o] 718 k2t 100 pM 2] phenol 3H§1=(Sigmas}l Aldrichei
A F9l)e] Bof gl #-=u]2](AB salt 50 ml, AB buffer
1 ml, glucose 5 g, 0.4 M MES pH 5.45, 50 mi/l) ol 4] ODe
=(0.1°] H=F Hr}sle] 16417} A= FxA| 7o) B-galac-
tosidase #Al-2 Millers] #hy(Miller, 1972)2 Ap&-a}ed
ZAsgdh FEAIZ AT FE=E ODgpoll 4 Z3 6,
A=} Z buffer(MgS0;-7H.O 0.246 g, KC1 0.75 g, NaH;
PO, 2H,0 6.24 g, Na;HPO,- 12H,0 21.488 g/lo| B-mercap-
toethanol & 0.05 Me] %2 H7PDE 212 05 mi¥ 42
& CHCL; 40 W&} 0.1% SDS 20 WE Y2 AlstA £E50¢]
Folch o] & 28CdlA 5% Fab wiekst ¥ 0.2 m/ o-nitro-
phenyl-p-D-galactoside(ONPG : 4 mg/m/ in 0.1M phos-
phate buffer, pH 7002 22 x34 7% we} o)
2A1 k7] 28l A wh2AlZl X 1M Na,CO, 0.5 miE
ZH7lsle] W32 FRXA|A 712 ONPG7} B-galactosi-
daseo] jslA EalEe]x AR o-nitrophenold] of&
ODyell 41 S#319ic)h B-galactosidases] #HAd2 o5}
ZE FAel ae} Aabsledch

ODyzp
X ODego

WX A SR =XBh= phenol #EEHE EAM.

A F7HA] vir gene F=EZe]dt 2% phenol &S
23 g2 wie 01] mpe}l B2]sbgith(Muchitch and Flet-
cher,, 1984). &, z|H e 22 e] ok 10-15cm 212} A=
PEEle] g 2 \5}—— 70% acetonS AEH 1g9 2md

18 Wx =whapabdbel 4 mhsbEn)h 20,000 gol A 1058
4 QARD F 4Aee Hojd DAl Az
methanol& A7}sted %< b, petroleum
etherE 33 st A3} FAHEA =2 A AsIeict
o]2 04bum &=t e 2 7]E ¥ Sigmag} Aldrichel 4]

9l 5le] methanolell <] phenol %52 £F EA=z
3}e] high performance liquid chromatographyt gas ch-
romatography S A}8-8}e] peaks ¥|m, E-Aspoich

Attachment &g,  Z7eF Axlq AEA 9 48 o

< 95% ethanol2 BrAzl H, 4vd 33 /-2 33
AHsledch o] £ =dF% cork borer® o {ukL 9kSe]
MS ull =) (Stachel et al., 1985h) 3mlZ Rslel 2, 474
wjoke o3t zre) steich Faee] AAdd dF ME429)
KUI2E MG/L Sfs|=jol 2] 28CE S7shs 83 o]
oFgl & o] & Zhz) 10 W4 F3te] 5 uCi “C-phenylalanin®]
il 0.3ml AB HA Aol A 8417 wiksigich o] &,
10 pCi “C-phenylalanine] &-5-% 06 m/ AB <14 #jz]&
Hrlalod 2-324)7F 7]2 E(0Dep=0.1-0.5) 1ml AB A
Hiz] 2 e A sled o ko] Eof ol MS A ul =]
3X10° cpme) HEE 2t

units= % 1000 t=4k3-A]7H3E)
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Table 1. The #zir gene inducing ability of the phenolic
compounds

B-galacttosidase

" . vir-inducer
activity units

Phenolic compound

p-nitrophenol 196 +4++
ferulic acid 60 +++
p-coumaric acid 54 +++
catechol 51 +++
pyrogallol 41 ++
vanillin 39 ++
acetosyringone 37 ++
benzoic acid 34 ++
resorcinol 33 ++
salicylic acid 23 +
B-resorcyclic acid 15 +
gallic acid 14 +
vanillic acid 13 +
catfeic acid 11 +
syringaldehyde 6 +
B-phenylpyruvic acid —8 -
benzoquinone —26 -
syringic acid —29 -

The “+” mark in ihis table means the strength of the exp-
ression of the vir gene, while the “—" mark means the

negative expression.

“C-phenylalanine] ZEg A& o At} 147 30E
Mz Fgulorst &, YIwkg A2 MS HAuAE 5
ZiA £5o] AHslgch o], Whatman 3 MM pa-
perd 743 71 glef nitrocellulose filterE Feb 80Tl
302 A el & Kodak XAR filme weis 1547
=27 cH(Paeppke and Hawes, 1985).

2 4

vir SEXl USHKFE.  Phenol #§HE & =4t
A. tumefaciens KU128] vir 47} w8l AxF Fa1817)
2)5} reporter gened] P-galactosidase FF S AM4-5H4
t}. = Tn3-HoHol(Stachel ef al., 1985a)°] E$%¥ pSM
358cd2 KU122 direct transformation*]# 4714 colony
E]E“].oa o, EEEET ) p%MSSBcd/KUlZ-"i ALS
3}ed 18%2] phenol 3}3HEol| 29 Ti-plasmid »ir gene
My er ofBE zalsleith(Table 1). Phenol &#3H&e]
Ti-plasmidv] vird A-E) 2184 AA =R virG +H4E
ik R AL

o] ZAIEE pirG FAALE] AbEo] Ti-plasmidy o
vir gene-d A7), 23} trans-acting 2FE-2=F pSM

I‘.I|rJ
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358cdel] Z=A sl virEE WHAVA lacZZH-E B—galacto—
sidase?} 4= e)xlc}. o)d) B-galactosidases] = 714

24 ONPGE “oFe] ONPGr} F&do4e Axs
=28t 24 B-galactosidase?] Al EMstgel 2 4

7}, B-phenylpyruvic acid, benzoquinone, syringic acidz
A &) gk 15i4 phenol #EEe] pir gene FFEERE =
shelom, o] 2 thew 3o 370e] HHEZ vpreialct
Z, 7kl —F’rEEZ‘ °l p-nitrophenol, ferulic acid, p-coumaric
acid, catechol 53} ¢Fst =82 ¢l P-resorcyclic acid, ga-
llic acid, vanillic acid, caffeic acid, syringaldehyde 5 %
2 27} Hzo] 4S8 el pyrogallol, vanillin, acetosy-
ringone, benzoic acid, resorcinol, salicylic acid %°]ch
Phenol 3182 £4. A twmefaciens KU127F o)
s4zted A1EAe tumorE & AIstR] I3l o] f7) vir gene

N

ok

FEEde] 24 ¥ 23 ZITE detrr] 5o
tumor‘.—i— A% 6&2}0‘3 é}%iﬂq} o), EvlE, 7HAbed

EA sk phenol -QH,

T",—E ’é 01] A]--%—% phenol 2 “-4' H]ﬂ 4 3]"’31:—]' a
A#, tumorE ¥Aslr B gAd AFAYA % vy
gene S5 8= 283 phenol 3}§H80] £A13HE abotrh
(Fig. 1 3 Table 2). =, %ol vanilline] &5k,
A %5lel) = resorcinole], 14.1_ 7)Aol = gallic acid$} sy-
ringic acid7} Zzb A stgdch o) 3 syringic acidE A
sl 2= KU129) vir gene 554 2 =83 phenol
ek

Attachment Al Tumor A 27T 2A
tumefaciens KU127} #7Lod 21 B of] F-2
o}B 7] 2lsle] YCphenylalanine 2 FAH AFE 44
vbgl Fghujekst F AzpbAbg & A A E)

KU12E tumorE HAT gwidle g _17'_73}% vhell
o}, tumord ¥Alstx] E£F s1R|, Awle}l FellAE M
wA oyt FaAE Vellci(Fig 2).

kl
1]

it A tumefaciens KU129] Ti-plasmid & a5 4&
A2 83 A3 o] & 4 ¢l plant binary vector sys-
tems JNgaled e d 7| 2AEE AFEr] fstel KU
127} #Abed AEAS tumorE FAAVE E2I7IHAEL
skt

A. tumefaciens?} tumors ¥4 &7 Bel= olf Dha-
cteria7} A E-Ael] BalEzx] Eale A, vy gene
=2Ao] NEH ] 2alskA gt A% i) T-DNAY A&

A ER Aol7l ¢ & AF, =E w)T-DNAZL 4=

ZAZ DNAWE Heole oot ddle] o 8 %% 5
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1) Tobacco extract 11) Tomato extract

e

- ‘ML_&,_;

(A) HPLC:Sallcylic acid! (MHPLC:Caffele acld!,Vanillin®, Syringle acld?

S0P

|

(BYGC: malicylic acld! (B)6C:Caffelc acid!,Vanillin?, Syringlc acid?

[l g

i )Potate extract w)Mupwort axtract

(AYHNPLC:b-Resorcyclle acldt

S1oh

S10P

(BYGC:Vami1lint

P (B)GC:b-Resorcyclic acld

Fig. 1. Chromatogram of phenolic compounds in six dicotyledonous plants by HPLC(A) and GC(B). HPLC condition:
u Bondapack C* column with mobile phase was 10% Acetonitril (flow rate 1m/ min~") and absorbance were 280 nm.
GC condition:capilly column HPLI (Methylsilicon Gum 10m > 0.53 mm X 2.65 pm) with column temperature program,
80T (for 1min) to 270% at 20T min-' (linear velocity for nitrogen carrier gas, 35m! min~") and FID detector.
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v )Ross moss extract

(AYHPLC!Resorclnol!

[RH

STOP

k (BYGC:Resarcinolt

Fig. 1. Continued

Table 2. The phenolic compounds in dicotyledonous
plants

Phenolic
compounds

Plants
Species name

Common name

Nicotiana tabacum Tobacco salicylic acid

Lycopersicon esculentum Tommato caffeic acid
vanillin
syringaldehyde

Solabnum  tuberrosum Potato B-resorcyclic acid

Aemisia princeps Mugwort vanillin

Var. Ornentalis
Portulaca grandiflora Ross moss  resorcinol
Solanum melongena Egg plant gallic acid

gyringic acid

o]t}

B =2ds KU127E 42k A2 we tumorE
P37 ale]E ZAVStZ] #18ted A Ti-plasmid vir
genes| WEAE §xA7 F+= phenol FTFE A5
FEEA 155S dopin}. o] FellA A348(pTiA6) A=
trEadg 2435 7L 67} (acetosyringone, ferulic
acid, vanillin, B-resorcyclic acid, gallic acid, syringaldeh-
yde)old, F+2EHe] ohd & 77}A (p-nitrophenol, ca-
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vi)Egg plant extract

o —

e

(AYRPLC:Gallic acid!, Syringic acid?

(11}

stor

W Tobacco

@f Mugwort
[ - K

~ - ) Egg plant
sl g Sunflower
’ Salvia

Fig. 2. The attachment test of five dicotyledonous plants.
Among these, tumors were formed on tobacco by A. fu-
mefaciens KU12, but not formed on mugwort, egg plant,
sunflower and salvia. In these experimental data, the
black leaf disc expresses a positive attachment, wherease
the white leaf disc does a negative attachment.



250 . Korean ]. Bot.

techol, pyrogallol, benzoic acid, resorcinol, salicylic acid,
vanillic acid) ¢]c}. 8FH, syringic acid= A348(pTiAS) ol 4]
SrEde 2837 KUI2d M= vir gened] 8L
Szt Zavh(Stachel ef al., 1985b; Bolton et al., 1986;
Ashby et al,, 1988). o]&31& L& F& ojR= f=al=] g
pHell wtefa] v $ Z od3kg wh=v) &, pH7) 5055 =
o o @ele] 2 Hu, 6.0 o] o)t} 5O o]F el A= LHo)
or=E c}(Stachel ef al., 1986; Vernade ef al., 1988).

] & tumor® AT ARG A EA e} PR E3=
Azed AlEA o] FASe phenol HYEE ¥z £-4
&, tumor A5l §= &, AL, 71K SeAME &
EZFE #%5he phenol 2HgEe] 2T Falsignt
z2, AR AdEe] Bl FEERL gl 2
"]‘E"ﬂ EA8hs FEEARC) O oko] HA EAgh)

#, HPLCs} GC& FAle AH4-3F o]fr= HPLC 440
detectorﬂ 280 nm 9 sbEwre zm glewg =t
F4H 7t Aolvhe phenol #gael tigt AgAE wst
37 fs)4 ¢k F, phenol FFEEL FFvld A=
o2 UV 5 338 722 33 57} 280 nmef A
ZA el FFEZ 2 HPLCE A1-43S of peaks]
Fale] &1377] wjgelgd

w5 tumorE FAHH] Laie ARk AEAE A4
KUl2¢] His#s _%A]-*B'H 2 "A¥ sl daejol Foll=
KUl2e] #2 =71 ofF vighe}, wpepa, KU127} A
A B ol wte} tumors ¥ AJEIA] Edhz o] f= o=l 71
Aoy Afsle] Ase FEEde] Tiw A7
o), A Avjets] A= Sbwke fEEA}
FEG FEbe) olf7l 2 4 glrkx ARG

H 2

B= 4y Agrobacterium tumefaciens KU12W Ti-plasmid =]
vir gene?] HPE =¥ 5 9l phenol FEL =4}
&7] $18led, pSM358cdE HA A KU124 vir ope-
ron2} Mo} piy HAA GH) FEAZ 4HA 18717
phenol #Hghge] ol8je] fR=EAS Al =%
A tumefacz‘ens KU12) 2&le] tumorr} A=A =
2 Aty AEZe A 7 ofF FHE g% o
w‘L—J dge 24, 2E Hateg Al EH e £4)3-= phenol
FFEF A tumefaciens KUI20| ©)@ 22442 =4ala}
dch

ol4be] 72 =}, 1871 2] phenol #3HF F 157§+ KU12
W Ti-plasmid®) vir 37 $adL FE3en, KU124)
3o tumorr} HAEHA e A HAEE F 7RG
A& KU122] vir operond] al& £%35H= phenol
FLEE F4% AT g, 7FA dulels] A4E
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FA4o §%4 phenol EFHFEL RS S Bwl
olulgl, A tumefaciens KU12¢] ¥ &t 324 % o} wighc)

A A

2.9] 1990-1991d = tf#RAd 7)a
s e ﬁ}g—q_ zAdule] elgt Az}l

g a1 & 9
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