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Akract -- A product of indolc-3-a&c acid (IAA) metabolism having an auxin-like activity has ban isolated from 
liquid cultures of PKdaoncu SW pv. sumsranoi. By spectral data and chemical correlations the oompoud has 
ban identified aa ~-NJoetyl-indok-3jctcyl-e-L-lyrine (AC-IAA-Lys). The IAAdcrivrtivc was dctcctal in culture 
filtrata of oleander strains but not in culture filtrata of olive strains. The physido+ efbcts of AC-IAA-Lys on 
hypaotyl elongation in what, leaf chlorosis in oleander ti ban and the hypcrtrophk response of potato tuber discs 
were compared with those of IAA. The results indiated that AC-IAA-Lys was approximately 60 p/. kss active than IAA. 

INTRODU~OS 

It has been found that biologically active compounds are 
produced in culture by Psewfomonar syringae pv. SUMS- 
tarwi (pv. s~~~tanoi), the causal agent of olive and 
okandcr knot disease. The main active compounds weft 
idcntilicd as indolc39cetic acid (IM, 1) [I] and various 
cytokinins 1243. The phytohormonc IAA is formed by 
pv. 5mosmwi from L-tryptophan via indole-3-acetamide 
[S. 6] and it is funher converted into water-solubk 
mctabolitcs. One of thcsc wtabolitcs has been idcntidcd 
as indole-3-acetyl-e-L-lysinc (IAA-Lys, 2) [7]. The present 
paper reports on the isolation, punfkation and structural 
elucidation of a new mctabolitc of IAA from pv. SOLHLT- 
ronoi. which is a derivative of IM-Lys. 

RESL’LTS ASD DlSCU!WON 

The material obtained from the lyophilization of Sday- 
old culture filtrates of different strains of pv. sucaslwwi 
was partioncd bctwccn aqueous acid and ethyl acetate. 

1 

The residues left by organic cxtractlon was railuolvcd in a 
small volume of water and tested for auxin activity on 
wheat hypocotyls. Preparative TLC of the active extracts 
yielded IM (1) from the extracts of all wild-type pv. 
wuwrrtunoi strains and another apparently homogeneous 
substance (3) from the extracts of the wild-type oleander 
strains. lMdc!kicnt mutants did not accumulate either 
of the two compounds. 

Compound 3 had a lower R, than 1 on normal phase 
TLC. On reverse phase TLC, the chromatographc 
pattern was reversed. 

Purilial3 caused chlorosis in oleander and bean leaves. 
stimulated wheat hypotyl elongation and induced 
hypcrtrophy in pota~o tubers. II was. howcvcr. 60”, less 
clTcctivc in these bioassays than cxtractcd or authentic 
IM. 

Compound 3 had UV absorption maxima at 288, 279 
and 220 nm in agreement with those reported for indolc- 
3-acetic acid dcrivatlvcs [8]. Its ‘H NMR spectrum 
(Table I) showed IWO singlets at 67.16 and 3.63 rcspcct- 
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Tabk I. ‘H NMR spectral data of compounds 3 and 4 Table 2 “C NMR data of compound 3 (67.88 MHz 

(270 MHz TMS as inkmal standard) CD,OD as solvcn~ and intemd standard) 
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bt (2H) 
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7.16s 
7.52 dd 
7.01 ddd 
7.09&i 
734dd 
3.63 s 
4.21 dd 
1.78 dda 
1.63 ddr 
0.83 m 
1.46m 

1 3.151 

1.94s 
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8.32 s (brl 
7.146 

7.wdd 
7.15666 
7.24ddd 
74Odd 
3.72s 
4.49ddd 
168ddr 
1.62 ddr 
1.21 m 
1.3Sm 
3.19661 
3.13661 
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3.71 5 

C C 

2t 124.88d* 

3t 103s3s 
4t 119.944 
St 122556 

61 119.31 d 
71 112316 
8t 128.56s 
9t 138.13s 

IO 30.08 1 

*By WORD. 

56.2oP 

; 33.97 1 

I$ 24.141 

6: 33.55 I 

4 40.401 

HNC-O 174.85 I 
HOC-O 17927s 

C-O 
17250s 

MC 22109 

t and $ rttnbuted also in compftson to the data 

reportal in htmturc for derivatives of indok [ 121 and 

lysinc [ 133. respahcly. 

J (Hz): 3, 4: 4.S - 5.6 - 6.7 - 8.1; 4.6 - 5.7 - 1.5; a.@ 
-4.8; 48-8.1; /?$- IS.& B,y-p.y-7.5; d=r’J 
- 7.4 4 I.2 - 2s be’ - 9.9; &NH = 8.1; &NH = r’,NH 
- 5.9. 
l 9ndtPrriOnedPlro,ncompnsonto&lPreponadm 

li1cfature for dcriv~Ilva of indole [9] and IysuK [IO]. 
rCspOXiWlY. 

the c-NH groups of the lysinc residue, respectively. The 
signals due to the a-CH and to the t-CHs of the same 
moiety appeared to be a more complex system (doubkt of 
a doubk doubkt and two doubkts of a double triplet. 
respectively) in the spectrum of 4 with respect to the 
pattern observed for 3. These multiplicities arose from the 
further coupling of each proton descrihcd with the 
corresponding vi&al NH group. 

In the EIMS of 4 the molecular ion at m/z 359 and the 
typical fragmentation peak at m/s I30 [ I I] were observed. 

ivcly, two double doubkts at 67.52 and 7.34 and two 
doubkts of double doublets at 67.09 and 7.01 consistent 
with the presence of a monosubstituted indok moiety. In 
fti. the proton resonance pattern was very close to that 
reported for 1. [9]. In addition, a double doubkt was 
observed at 64.21 and a triplet at 63.15 These latter 
signals, together with the complex systems present at 
d 1.78 and 1.63 (both doubkts of doubk triplets) and the 
two multipkts recorded at d 1.46 and 0.83, indicated, also 
by comparison with literature data [lo], the presence of a 
lysinc residue. Moreover, a singlet, typical of an acctyl 
group, was observed at d I.94 

The presence in 3 of a lysine residue was confirmed by 
amino&d analyses pafonwd on the scid hydrolysate of 
3. The chromatographk pattern showed only one peak 
which was identilkd as lysine by its retention time. A 
portion of the same sampk was reacted with t.-lysinc 
spccharopine dehydrogcnasc (Sigma Chemical Co.) by the 
procedure of Nakatani et al. [14]. After a 30 minute 
incubation the yield of spccharopinc was 950, thus 
indicating that the L isomer of lysinc was present tn 3. A 
similar yield (We/J was obtained when the same 
procedure was applied to an authentic sample of L-lysinc; 
conversely no reaction was observed when Dlysinc was 
used as substrate. 

The fast atom bombardment (FAB) w spectrum of 3 
gave a pseudo mokcular ion at m/z 346 and a fragmen- 
tation peak at m/z 130 charectcristic of a )_substitutcd 
mdole derivative [Ill. 

‘Ihc “C NMR spectrum of 3 (Table 2) indicated that 3 
was an IM-lysinc conjugate. This tinding was in agra- 
mcnt with the data reported previously for indole [ 121 
and lysinc [ 133 derivatives. However, the two lysineamino 
groups were not fra bases. In fact, 3 was ninhydrin 
insensitive. This was further evidenced by the two singlets 
at d 174.85 and 172.50, a characteristic resonance for the 
kctonk group of amides; the signal of the carboxylic 
carbon appeared as a singlet at 6 179.27. Consequently, 
when treated with ethereal diaxomcthanc, the new IM- 
derivative gave the corresponding monomethyl ester (4). 

Compared to that of 3 the ‘H NMR spectrum of 4 
(Tabk 1) recorded in CDCl, showed the presence of a 
singlet at b3.71 due to the methoxyl group. Moreover, the 
signals of the three NH groups were observed. The broad 
singlet at 68.32 was assigned to the NH of the indolc 
system The doublet at b6.19 and the triplet at 
65.76 were attributed by ‘H NMDR to the z-NH and to 

Compound 3 was clearly identified as a-N-rrctyl- 
indok-3--acetyl-e-L-lysine (AC-IM-Lys) by dtrcct com- 
parison of its spectral propertics (‘H NMR and UV). 
optical rotation and R, in three different TLC systems 
with those possessed by the synthetic acetyl derivative 
prepared from indok-3-acetyl-c-L-lystnc (IAA-Lys, 2). 

The procedure used to extract 3 did not lead to the 
formation of artiftir In fact, when the same scqucncc of 
steps was applied to IM-Lys it remained unchanged in 
the aqueous solution, while any other compounds, includ- 
ing 3, were observed in the ethyl acetate phase. 

IAA-Lys is a known metabolitc previously isolated 
from culture filtrate of pv. w~asranoi [7]. It represents a 
product of IAA metabolism but its function in the 
bacterium is unknown, although it has been suggested 
that the conversion of IM into IAA-Lys could bc a 
mechanism for reducing the biological activity of IM. 

In any case, under our expertmental conditions, we were 
unable to detect the presence of IM-Lys in the extracts of 
all pv. .saua.rranoi strains used throughout this research 
work. Moreover. we isolated the acctyl dcnvativc of IM- 
Lys from culture filtrates of pv. sura5ro)IoI oleander 
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strains but not from olive strains. Time court CX~W- 
iwntr indicated that the appervancc of compound 3 in 
the culture maiium followai the syntbcsis of IM. In fact, 
only IM was detected in the May-old culture filtrates of 
strain lTM 519. After tht timq tbc amountofIAA 
inaasad pogrcsGvcly with growth of hwtaia as did 
compound3a!br5,7and10&ysoCirMxlbation 

Finally, we obacnrcd that strains lTM 519 and its 
IAAddicient mutants (MA-non-producer@ grown in 
Woolky’s medium suppkmcntcd with 0.03 “/. of IAA did 
not accumulate dctatabk amounts of compound 3. This 
could indicate that compound 3 synthcsk is inhibited by 
large amounts of IAA. This was not observed in the case of 
MA-Lys [ 73. 

The et&et of IAA and compound 3 on oleander leaves 
(chlorotic halos arc formed in nature around knots 
developing on okander leaves) could be due to the 
production of ethylene stimulated by the prcscna of an 
cxcessofIAA.Studicsare underwaytoclarifythispoint. 

EXPRRIMEMAL 

Gcnrrol nurhodr. Analytical arul prep. TLC: sb pcl (Men& 
Ku~~lgel 60 Fs,.. 0.25 and 2Omm respectively) and reversed 
phase ODS (Stntocrom C-18 Whatman 0.2mrn) platea The 
spars were visual~xed by exposure IO UV radiarion or I, vapour. 
Solvent systems: (A) CHCl,. M&H (I.5:lk (B) CHCI,-b 
ROH (9: lk (C) n-BuOH-HOAcHsO (4: 1: l.6k (D) 
HIO- MeCN (1.5: IkFAB/MS50(KrrlorLId~nmpkdkrdvad 
in glyarol~Ihioglycerol on a copper probe rip and inscrIed into 
Ihe sou~wr a~ IO-’ ton pressure of Ar. The sample was 
bomb&d MIh Ar aIoms f 68 kV energy and Ilk spectrum 
was recorded on UV paper. 

C&we. Parhovar sarvas~anoi (lTM* 5IY irom olcader) was 
grown in 6.8 I of Woollcy’s medium [ I53 using I7 Y I I. Rasks on a 
rorary shaker for 5 days aI 26’. Straur lTM 519. s~rauu NCPPB. 
639. PVBa* 225 and ITM 317 from ohve. srrains PVBa 219, and 
NCPPB 640 from oksnder. and rhe respective IAAticnI 
mu(MIs [ 161 were used in the comparative s~udses. Bnc~ena were 
rrmovcd by cenrrifugauon (I 2 IX30 g) and discarded. The culture 
filtn~c (6.5 I.) was IyophIhxed. The residue was dusolvat in 
650 ml H,O and the pH of the soln adjusted IO - 2 usrng I M 

HCI. The aq. soln was rhen cx~n?al with EtOAc (4 x 300 mlk 
the comb&d organr CXI~~IS were dried (Na$lD,) and then 
evaporated under red. pra. 10 give a crude 01ly residue (91. I me) 
For 11me course cxpcnmenIs, rhe culture hlrrata of sIram lTM 
519 were collaztal 3. 5. 7 and IO days afkr inocukIion. 

Btiy. Three bloassays were used rouunely. (i) Hypmrophy 
of po1a10 Iuber dues was dcIermrnal by Ihe method described by 
Sakai [ 171. Tat s&s were applied In 10 4 Me&O IO filter pper 

dixcs (6mm diameter) and air dried. The discs were rhen 
transferred onIo the upper surfvx of pota ruber discs (3 mm 
x 8 mm diam), moltrened with sterik waIer. and mcuba~al at 
21.. (ii) ElongaIion In whear hypccocyl. Seeds ofliiricum ~wlgure 
L. were soaked in tpp HID overnighr and allowed IO geromatc aI 
2R’ for 48 hr In the dark. Then. 3 mm long Miens from 2 cm 
long hypocotyls were isolated 3 mm below the tip, transferred 
onIo tilkr paper and moIsIcncd wIIh I~I solns In Pern dishes. 
LengIh mevuremenIs were laken af~a 24 hr. (iii) Leaf chlorow. 
Three 10 pl droplets of Ihc lest soln wercdcpoukd on the ventral 

l ITM. Colkction of IsIiIuIo Tossine e Mrotossme da 
ParassIII Vegetah dcl C.N.R.: PVBa CoUaaion of Dipar~ursen~o 
dI Patologra VegcIak. Untversna’ di Barl; NCPPB Natronal 
CollectIon of PlanI PaIhogenr Bac~er~,Harpenden. England. 

u&a ofa c%ctahd okandcr kavc, whkh was szn~~bcd with a 
n&k, pasaina through acb dropkt. The tratal lava were 
pla&inades&aIorand1heprasurewuraluosd(x5)10 
-80mmHgfor2min.‘lbrctra~IrarulIedincbc~Ie 
in6ltraIlon of I& Iat drop&U Into the Lava, Whkb were I&n 
rano&fromIhe~Ioc@madina~PeIridishmd 
incubIal aI 25” u&r ligb1. In ddI1ion IO dander, biouuys 
wereakoms&onlavoscfbanusinptbepin-pricFmcthod 
[I8].The1a1solnswerebiorruyrdincompribon to l uIhenIk 
IM at cooanIraIions of IO- ’ 10 IO- ’ M. 

Auxin separtiion The crude EtOAc extrrt~ (91.1 II@ active 
on wbcar hypocotyls were punRut by prep. TLC (uh pl cluad 

A). ydding IWO UV absorbing bands. The upper zone was 
rrspal off and elural wuh MeOH. On mpora~ion of rhe 
solvm. an oily rcsdue (1.26 mg) was given OR. From rhe lower 
band IrcaIed In the sao~ way. a chromaIographimlly 
homogeneous (TLC: silrca gel. eluents A and C; reversed phase. 
clucnt D) od-hke substance (3) was obtained (28.7 mg) Pure 3 
showat:[a]~= +8.42(r l.19MeOHkUV1~1~1~288.279. 
272 and 220 (log c 3.54.3.61.3.58 and 4.33. respecuvclyk ‘H amd 
“C NMR see Tables I and 2 respectively. 

MeIhyl cucr 43 (4) Compound 3 (14.6 mg) was dissolved III 
MeOH (I ml) and rreared wnh an ethereal soln of CHINl 
(20 ml) aI room temp. for 2 days. The rmcuon was stopped by 
evaporation of rhe solvent under a stream of Nz. The crude 

rcduc (I 1.3 me) was purified by prep. TLC (sibca gel plates. 
cluen~ B), yielding chroma~ograpbkally pure 4 (7.5 mp 51:): 
UVAgH nm: 288, 279, 274 and 220 (log c 3.33, 3.48. 3.45 
ad 4.12. nrspa&clyk IR v~~crn ‘: 3u)o (NH). 1720 and 
1650 (Clok ‘H NMR see Tabk 1; MS (EL 70 eV), m/r (rd. inI.): 
359 [M] * (100). 344 (25). 328 (0.3) and I30 (99). 

Hydrolysir oj 3. Compound 3 (0.62 mg. 1.79 ~1) and 6 M 
HCI(lml)werebmIalaI II@‘u1aseakdvulfor24br.afta 
cooling UK hydrolysatc was dried under vruum and analysal 
for lysuve conIenI by chromatographr and cnzyma~~ 
procedures TLC (cluen~ C) showed the presence of lysine as the 
only nmhydnn sensiIive spot; quanIItoIIve ammo acxl analyses 
gave I .72 pmol of lysine (W :,. yield). Enzymatic daerminaIion. 
carnal OUI usmg the wIhod descnbal by NakatlnI CI a/. [ 141. 
gave I .70 rmol of I.-lysine (95 ‘,; y&j. 

Actryhum 42. Compound 2 (4.0 mg) was aa~yla~al wuh a 
mIxIure of Ac,O (400 ~1) and NaOAc (4 mg). The reaction was 
performed at 0” (with sumng) In order to avoId aceIylaIion of the 
indok nnrogen. AfIcr 2 hr. the reacuon uux~ure was poured inIo 
ke waler. The aq. soln was then acid&d, IIS pH adjusIed IO - 2 
wIIh 1 M HCI and cxIracIal wIIh ErOAc (3 x IO ml) The 
combined organic cx~racts were dried (Na,SD,l and evaporakd 
under red. pra. Tbc resdue was puntied by prep. TLC accordmg 
IO rhe condn~ns repcrIed for 3. The pure 011 obuincd (3 mg 
759J showaiz [a]: - + IO.1 (c 0.36; MeDHk UVly nmz 
288. 279. 272 and 220 log tz 3.53. 3.61. 3.59 and 4.31); ‘H NMR: 
identical IO tha1 reported for 3 (Tabk I). TM monoaceryl of 2 
showed the same R, as 3. according IO TLC analysis on silka gel 
(clum A and CJ and on reverse phase (clucnt D) plaza. also by 
cochromatography. 

4cluwnvl+men1r-Th1s invesrigauon was suppor~al by grants 
from Ihc 11ahan National Research Council (CNR) Special od 
k program ‘Chunka Fuve c Saondana”, Subprojac~ Ca 
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