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Abstract-A new cytokmm has been isolated from the culture filtrate of Pseudomonas amygdah together with 
isopentenyladenine, dihydrozeatin and trans-zeatin. The structure of the new cytokmm was assigned on the basis of 
spectroscopic data and by its partial synthesis starting from the trans-zeatm and the 2-deoxy-D-ribose. It was identified 
as the’6-(4-hydroxy-3-methylbut-trans-2-enylam~no)-9-~-~-deoxy-~-r~bofuranosylpur~ne 

INTRODUCTION 

The hyperplastic bacterial canker IS a serious disease of 
almond in the Mediterranean (Greece and Turkey) [l, 21 
as well as in other geographical areas (Afghanistan) [3]. 
The pathogen responsible for the disease is Pseudomonas 
amygdali Psalhdas & Panagopoulos, a bacterium which 
is reported to be highly host specific, infecting only 
almond. 

The development of the symptoms on branches, twigs 
and trunks and the final appearance of the canker suggest 
the possible mvolvement of phytohormones m the disease 
process of P. amygdalt [4]. In fact, P. amygdali produces 
in culture several plant growth substances two of which 
have been isolated and identified as the trans-zeatin (1) 
and the mdole-3-acetic acid (IAA) [4] 

This paper reports on the structural elucldatlon of a 
new cytokinin and on the identification of two addltional 
known cytokinins, isolated from the culture filtrate of P 
amygdalr. 

RESULTS AND DISCUSSION 

The material obtained from the lyophllizatlon of fil- 
trates from five-day-old cultures of P. amygdalt was taken 
up m water, acidified (pH 2.5) and partitIoned with ethyl 
acetate to extract the acidic substances mcluding indole- 
3-acetic acid (IAA) and other 3-substituted indoles [4] 

The resulting aqueous phase was alkalimzed (pH 8 5) 
and extracted with the same solvent The residue left from 
the organic extracts was active m the cucumber cotyledon 
bioassay for cytokinin activity. Preparative TLC (silica 
gel, eluent A) of active extracts yielded three UV-absorb- 
ing bands, but only two of them showed cytokmm 
activity. In particular, one (bands B) had a zeatin-like R, 
value and the other (band A) a higher R, value than trans- 
zeatin. A further fractionation of mixture B, by three 
analytical TLC steps (using reverse phase, eluent B and 
silica gel, eluent C), ylelded two UV-absorbing substances 

(B2 and B3) both stimulating the synthesis of chlorophyll 
m the cucumber cotyledons bioassay. Compound B3 
(1 7 mg/l) was Identified as trans-zeatm (1) [4], while 
compound B2 (5, 0 28 mg/l) apparently did not corre- 
spond to any known cytokmin. In fact, its chromato- 
graphic behavlour was different from that of 11 cyto- 
kmms [trans-zeatin (Z), zeatin rlboside (ZR), dihydrozea- 
tin (diHZ), dlhydrozeatin riboslde (diHZR), lsopentenyla- 
denine (iP), isopentenyladenosme (IPA), 2-methylthioZR 
(2MeZR), 2-methylthlolP (2MeiP) 2-methylthlolPA 
(2MeiPA), 1’-methylzeatm (1’MeZ) and I”-methylzeatin 
riboslde (l”MeZR)] used as reference substances in TLC 
and HPTLC analysis (silica gel, eluents A and C) and by 
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TLC (reverse phase, eluent B) However,  pure 5 exhibtted 
a U V  spectrum characteris t ic  ot N6-9-dlsubst l tuted pur- 
lnes [5-7] .  

An mspecnon  of tts IH N M R  spectrum (Table 1) 
showed a very close s t ructural  corre la t ton with zeatln 
r ibostde (6) The pro ton  shifts were assigned by inte- 
grat ion,  mult lphct ty and  by evidence from a series of 1H- 
decouphng  expertments  The ~H N M R  spectra of 5 and  6 
[8] (Table 1) exhIbtted the same signal pa t tern  of the 
purlne motety and  the stde chain residue In parncular ,  
two smglets, assigned to H-8 and  H-2, were present at 
,58.26 and 8 22, respecttvely Moreover ,  a b road  trtplet, 
a t t r ibuted  to the olefintc p ro ton  (H-2"), appeared at 
,55 63, a multtplet,  due to the methylene group (H /C- l " )  
a t tached to the purme moiety, was present at ,54 27, and 
two broad  smglets, asstgned to the HOCH2-4"  and  the 
Me-5" group, appeared  at 63 97 and 1 78, respectively 

The e x a m m a n o n  of the signal systems of the sugar 
moiety m 5 revealed the presence of a pentose residue 
linked to N 9 different from tha t  m c o m p o u n d  6. In fact, 
the anomer ic  p ro ton  (H- 1 ') appeared  as a double  doublet  
at ,5642 m 5 and  as a doublet  at ,5594 m 6 This typical 
downfield shift (A,5 0.48) [9, I 0] and the mult tphclty of H- 
1' suggested a 2 ' -deoxyribose N-glycosyl na ture  for 5 As 
expected, the s~gnal of H-2', present m 6 at ,54.73 as a 
double  doublet ,  was absent  in 5, whtle m the spectrum of 
this new cytoklnm two doublets  of double  doublets  
appeared  at 62 81 (H-2'A) and  2 40 (H-2'M) as the AM 
par t  of an A M X Y  system The protons  assigned to the X 
and  Y par t  of the lat ter  system were present  bo th  as a 
double t  of double  doublet ,  at ,54 57 (H-3') and  4.07 (H-4'), 
respecttvely, Consequent ly,  the H-Y showed a more 
complex signal (a doublet  of a double  doublet)  with 
respect to the double  doublet  observed for the same 
p ro ton  m the ~H N M R  spectrum of 6 Finally, the two 
double  doublets  due to the pro tons  of the HOCH2-5 '  
g roup  were observed at `53 85 (H-5'A) and 3 72 (H-5'B), 

respectively Further ,  the very close p ro ton  pat tern  
(chemical shifts and couphng  constants)  resulting from 
the compar ison  between the ~H N M R  spectrum of 5 and 
tha t  of 2 ' -deoxyadenmoslne  (71 (Table 1), was consistent  
with the presence of the same nucleostde moiety m bo th  
compounds  and in agreement  wtth the l i terature [1 l ]  
These findings indicated that  the new cytoklnm had a 2'- 
deoxyzeatin ribostde s t ructure  (5) 

The ~3C N M R  spectrum of 5 (Table 2) was consistent  
wtth the s tructure proposed A detailed e x a m m a n o n  
showed that  the stgnal pa t tern  of the furanosylpurme 
residue was very close to that  of the 2'-deoxyadenosIne, 
recorded in the same c o n d m o n s  (Table 2) and m agree- 
ment  with the previously reported data  [11, 12] In 
particular,  the two pro tona ted  carbons  of the purme 
moiety appeared at 6153 6 (C-2) and  140 9 (C-8), whtle the 
signals of the qua te rnary  carbons  were observed at 
J 156.1, 146 7 and 121 2 for C-6, C-4 and  C-5 respectively 
The signal of the anomertc  ca rbon  appeared at 687 2 
together  wtth the other  three oxygenated carbons  of the 
sugar ring present at 689 9, 73 1 and 63.7, for C-4', C-Y 
and C-5', respecttvely The H2C-2' group appeared at 
,541 6 Moreover ,  the nucleoslde signal pat tern  of the 
~3C N M R  spectrum of 5, compared  to that  of the adeno-  
sine [12] and  that  of cytokmlns  contamlng  a rtbosyl 
restdue [8], showed the upfield shift (A`5 ~ 30) of the C-2', 
as the main  dtfference, and the upfield (AJ1 4) and the 
downfield (A61 5) shifts, respecttvely, of C- I '  and C-3' 
and C-4', as the manor differences [12] In fact, bestdes the 
above cited signals, the chemical shift values of the ca rbon  
of the side chain of 5 were very close to those reported for 
zeatm-hke cy tokmms [8, 13] In parttcular,  the signals of 
the olefintc carbons  of the slde-cham appeared at 6 140.0 
(C-3") and  121.7 (C-2"), the methylene (H2C-1 ") linked to 
the purme motety was present at 634 7, while the 
hydroxymethylene  (HOCH2-4")  and  the methyl  (Me-5,") 
were observed at ,568 2 and 13 7, respecttvely 

Table 1 ~H NMR data of 2'-deoxyzeatm nboslde 
(5), zeatln nbos~de (6) and 2'-deoxyadenme (7) 

5* 6+ 7* 

Chemical shifts are 
H-2 8 22 s 8 23 
H-8 8 26 s 8 24 s 
H-I' 6 42 dd 5 94 d 
H-2'A 2 81 ddd 4 73 dd 
H-2'M 2 40 ddd 
H-Y 4 57 ddd 4 31 dd 
H-4' 4 07 ddd 4 16 ddd 
H-5'A 3 85 dd 3 88 dd 
H-5'B 3 72 dd 3 74 dd 
2H-I" 427m 427m 
H-2" 5 63 br t 5 64 br t 
2H-4" 397brs  397brs  
3H-5" 1 78 hrs 1 78 br~s 

in/i-values (ppm) from TMS 
8173 
8 30s 
6 43 dd 
2 81 ddd 
2 40 ddd 
4 58 ddd 
4 08 ddd 
3 85 dd 
3 75 dd 

J(Hz) 5, 7 l',2'A =8 0, I',2'M =6  1, 2'A,2'M = 136, 
2'A,3'=59, 2 'M,3 '=28,  3',4'=4', 5 'A=4 ' ,5 'B :29 .  
5'A,5'B=12 3, 5, 6 1" ,2" -70 ,2" ,4"=15 ,2" ,5"=1  1, 
6. 1 ' ,2 '=64, 2 ' ,3 '=52,  Y,4'=4',  5 'A=4 ' ,5 'B=24,  
5'A," 5'B = 12 5 

* t Assignments made m agreement with data re- 
ported m ref [11] and [8], respecnve b 

Table 2 ~C NMR data of 2'-de- 
oxyzeatln nboslde 15) and 2'-deox- 

yademne 17) 

5* 7* 

Chemical shifts are m a-values 
tppm) from TMS 

C-2 1536d 1535d 
C-4 1467 ~ 1499 
C-5 1212s 1208,, 
C-6 1561 s 1575s 
C-8 1409d 141 5d 
C-l '  87 2 d 87 1 d 
C-2' 416t  415 t  
C-Y 73 1 d 73 0 d 
C-4' 89 0 d 89 9 d 
C-5' 63 7 t 63 6 t 
C-I" 34 7 t 
C-2" 121 7 t 
C-Y' t40 0 
C-4' 68 2 t 
C-5" 137q 

*Assignments consistent with 
data reported for reference com- 
pounds [8, [1, 12] 



Cytoknuns from Pseudomonas amygdah 2605 

The fast atom bombardment (FAB) mass spectrum of 5 
showed the occurrence of a peak at m/z 358 [M + Na]+ 
and a pseudomolecular ton at m/z 336 [MH]+. The 
fragmentation peaks, observed at m/z 341 [M +Na 
-OH]+, 283 [M+Na-H,O-C,H,O]+, 261 [MH 
-H,O-C,H,O]+, 227 [zeatm+Na-Me]‘, 205 [zea- 
tin+H-Me]+, 197 [zeatm+Na-Me-CH,O]+ and 
173 [zeatm - Me - CH,OH] ’ are characteristic of 6- 
alkylammopurmes [14-171. The peaks at m/z 249 [alkyl- 
ammoadenme residue + H + 30]+ and 220 [alkylammo- 
adenme residue + 2H] +, arose from a well known 
fragmentation processes mvolvmg the sugar moiety and 
indicated the presence of a 2’-deoxynbosyl restdue while 
further supported the identtty of the base [15, 16, 181. 
These results made it posstble to assign the structure of 
6-(4-hydroxy-3-methylbut-trans-2-enyl)-9-B-2’-deoxy-D- 
ribofuranosylpurine to the new cytokmin (5). 

Confirmation of the structure assigned to 5 was ob- 
tamed from tts partial synthesis starting from trans-zeatm 
(1) and 2-deoxy-D-rtbose. The acetyl-trans-zeatm (4) and 
the 1,3,5-triacetyl-2-deoxy-D-ribose, prepared by the 
usual acetylation of 1 and 2-deoxy-D-ribose, respecttvely, 
were converted, according to a procedure described for 
the synthesis of purme nucleosides [ 191, mto the 3’,5’,4”- 
triacetylderivative of 5 and tts corresponding a-anomer 
The hydrolysis of the synthetic dertvattves, simply per- 
formed wtth ethanol and 0.2 M sodmm hydroxide, yield- 
ed a complex mixture, whose fracttonatton by TLC 
(reverse phase, eluent B) led to the purification of 
a compound having the same TLC and HPTLC behavi- 
our (m three different systems) as 5. Moreover, the [a]i5, 
and UV, ‘H NMR and FAB mass spectra of this syn- 
thetic cytokmin were tdentical to those of the 2’-deoxy- 
zeatm rtboside (5) isolated from the culture filtrate of 
P. amygdali 

Band A, obtained from the mittal purtfication of the 
basic organic extract of the culture filtrate of P amygdali, 
was further fractionated by two TLC steps. This pro- 
cedure made it posstble to isolate another pure com- 
pound (A2, 1 5 mg/l) which proved to be active in the 
cytokinm bioassay This cytokmm showed the same R, 
value, also by co-chromatography, by TLC and HPTLC 
(silica gel, eluent A) and by TLC (reverse phase, eluent B) 
as an authentic sample of isopentenyladenme (2) This 
evidence, together wtth the data from the UV, ‘H NMR 
and CI mass spectra, considered m comparison with the 
data of mans-zeatin [4, 13, 171, permitted the identtfi- 
cation of compound A2 as isopentenylademne (iP) (2). 

Finally, a different cytokmm was produced by the P 
amygdalt strain NCPPB* 2610 when grown on a mmtmal 
medium supplemented wtth tryptophan. One TLC step, 
on reverse phase (eluent B), of the alkaline EtOAc extracts 
of P amygdalz culture filtrates led to the isolatton of the 
trans-zeatin (0.24 mg/l) and another compound (2 mg/l) 
which had a lower R, value (064) than 1 (066) This 
substance tested on cucumber cotyledons showed a clear 
cytokmin acttvtty. 

This cytokmm was identified as dtydrozeatin (3). In 
fact, it showed the same R, values m three different TLC 
systems, and identical spectroscoptc data (UV, ‘H NMR 
and EIMS spectra) as an authentic reference sample. 

*Natmnal Collection Plant Pathogenic Bacteria, Harpenden, 
UK 

These spectroscopic properties were also consistent with 
those reported m the literature for 3 [20, 213 

Moreover, the monoacetyl derivatives prepared from 
natural 3 and standard dihydrozeatm showed the same 
R, values in three different TLC and HPTLC systems 
(silica gel, eluent C and D; reverse phase, eluent B). 
Finally, dthydrozeatm does not seem to be produced by 
P amygdalt grown m Woolley’s medium. 

Besides identtfymg some already known cytokmins, 
our report focuses on the isolatron and characterization 
of 2’-deoxyzeatin ribostde as a naturally occurring new 
cytokinin We have demonstrated that P. amygdali, like 
other plant pathogenic microorganisms whrch cause 
growth disorders on their hosts, accumulate several 
cytokinins and auxms in culture (see ref [4]) It must now 
be directly demonstrated whether cytokmms and IAA of 
bacterial origm are the causative agents m the formatton 
of hyperplastic cankers on almond. If thts 1s the case, 
mvesttgations on the factors, such as environmental 
conditions, which can affect the establishment and the 
development of the dtsease m almond and in parttcular 
the productton or plant growth substances tn planta, 
would help in an understanding of the pathogenic behav- 
iour of P. amygdalr 

EXPERIMENTAL 

General Optical rotations were measured on EtOH soln, UV 
spectra were recorded on EtOH soln; ‘H and 13C NMR spectra 
were recorded at 300 and/or 270 and 75 46 MHz, respectively, in 
CD,OD, and usmg TMS as mt standard Analytical and prep 

TLC were carried out on slhca gel (Merck, Kleselgel 60 F,,,, 

0 25 and 2 0 mm, respectively) and on reverse phase (Whatman, 

Stratocrom SIF,,,, C-18, 0 2 mm) plates, HPTLC was carried 

out on silica gel plates (Merck, Kleselgel, 60 FZ54 S, 0 2 mm), the 

spots were visualized by exposure to UV radlatlons or by 

spraymg with 10% H,SO, m MeOH and then heating at 110 

for 10mm EIMS were recorded at 70eV and CIMS at 

250_3OOeV, usmg Iso-butane as reagent gas FABMS were 

determined with a double-focusmg mass spectrometer on sam- 

ples dissolved m glycerol-thloglycerol on a Cu probe tip and 

Inserted mto the source at 10e4 Torr pressure of Xe The sam- 

ple was bombarded with Xe atoms of 9 5 kV energy and the 

spectra were recorded on UV-paper Solvent systems (A) 

n-BuOH-HOAc-H,O (20 5 8), (B) H,OpEtOH (3 2), (C) 
CHCl,-EtOAc-MeOH (2 2 l), (D) CHCl,-lso-PrOH (4.1), (E) 

CHCI,-lso-PrOH (19.1). Authentic sample of tram-zeatm (Z), 

dlhydrozeatm (dlHZ), 9-/?-D-nbofuranosylzeatm (ZR), dlhydro- 

zeatm rlboslde (dlHZR), lsopentenyladenme (IP), lsopentenyla- 

denosme (IPA) (all purchased from Sigma, St Louis, U S A ) and 

2-methylthlozeatm rlboslde (2MeSZR). 2-methylthlo-1P 

(2MelP), 2-methylthlo-IPA (2MelPA) were used as standards 

Pure samples of I’-methylzeatm (1’MeZ) and 1”-methylzaetm 

rlboslde (1”MeZR) were isolated from the culture filtrates of 

Pseudomonas syrmgae pv savastanol [S, 133 2’-deoxyadenosme 

and 2-deoxy-D-ribose were purchased from Fluka A. G Bush, 

Switzerland, and peptone from Dlfco, LaboratorIes, Detroit, 

US A 
Boassay The cytokmm actlvlty of extract and purified frac- 

tlons from P amygdalr hquld cultures was determmed on 
cucumber cotyledons according to the method of ref [22]. 

Cytokrnm productton and purijication P amygdah strain 
NCPPB 2610 was grown m Woolley’s [23] medmm sup- 

plemented with 1 5% peptone under agitation for 5 days at 20 



2606 A EVIDENTE et al 

The culture filtrate (18 5 1) was lyophlhzed, the residue re- 
dissolved in one-tenth of the original vol of H20,  was acidified 
to pH 2 5 ( IM HCI) and then extracted with EtOAc to remove 
the acidic substances including lndole compounds  [4] The 
resulting water phase was adjusted to pH 8 5 (I M NaOH) and 
extracted with EtOAc (4 x l 85 1) The combined organic extracts 
were dried (Na2SO. 0 and evapd under red pres The oily 
residue (935 5 mg), sepd on prep TLC (silica gel, eluent A). 
yielded three UV-absorblng bands {A-C) which were scraped off 
the plates, eluted with EtOH and dried under red pres The 
residue left from bands A (326 8 rag) and B (357 rag) exhibited 
cytoklnm activity The residue from band B, which presented a 
zeatln-hke Rf. was further fractlonated by TLC (reverse phase, 
eluent B) to give 5 fractions (BI-B5) l~ractlon B3 130 1 mg) 
consisted essentially oftrans-zeatm (1) (Rf 0 65 and 0 28. by TLC 
on silica gel, eluent A and C, respectively, and 0 57 by TLC on 
reverse phase, eluent B) while fraction B2 (40 4 mg) (Rr 0 66 and 
0 31 by TLC on silica gel, eluent A and C, respectively, and 0 62 
by TLC on reverse phase, eluent B) was further purified by TLC 
(silica gel, eluent C) to give a further small amount  of  trans- 
zeatln (27mg) ,  for a total of 3 2 8 m g  (17mg/l) ,  and crude 
component  B2 which, in turn, was chromatographed on reverse 
phase plates (eluent B) to obtain cytokmm 5 as pure oil (5 2 mg. 
028mg/1)  Compound  5 showed [C~]D'--121 (~019), UV 
2ma ~ nm (log~,) 268 (3 74), 1H and lSCNMR data are reported in 
Tables I and 2 respectively, FABMS, m/z (tel lnt )  358 [M 
+ N a ]  + (76) 336 [MH]  + (63), 341 [ M + N a - O H ]  + (63), 283 
[M + N a  - H ; O  --- C3H50  ] + (53), 261 (MH --- H 2 0  - C s H s O  ] + 
(63), 249 [alkylamlnoadenlne res idue+ H +30] + (60), 227 
[zeatln + N a - -  Me] + (100), 220 [alkylamlnoadcnlne residue 
+ 2 H I  * (33), 205 [ z e a t m + H - M e ]  + (6t). 197 [ z e a t l n + N a  
- - M e - C H 2 0 ]  + (72t, 173 [ z e a t l n -  M e - - C H 2 O H  ] + (30) Frac- 
tions BI, B4 and B5 did not contain any cytoklnlns 

The  residue (326 8 mg) left from band A was further fraction- 
ated by TLC (slhca gel, etuent C) to obtain 3 UV-absorbmg 
fractions A I A3 Fraction A2 (64 5 mg) was purified by TLC 
reverse phase, eluent B) to yield a pure cytokmln A2 (2)(27 5 mg, 
l 5 rag/l) Bands AI and  A3 did not contain any cytokmms 
Compound  2 had UV 2 .... nm (log~) 265 (3 31k 1H NM R .  
8 23 ( tH.  s. H-2.k 8 06 (Ill+ s. H-aL 540 (lH. hrt. J = 6 9 .  t 7 and  
l 7 Hz. H-2'), 4 17 (2H. m. H-I')~ l 77 (6H. hrs, Y = 1 7 Hz, 3H-4' 
and 3H-5'. respecttvely). CIMS~ rn/z (rel m t )  204 [ M H ]  + (11). 
188 [ M - M e ]  + (07), 160 [ M -  C3H7] ~ (24), 148 [ M - C . t H v J  ÷ 
(2), 136 [ a d e n i n e + H I  + (29), 43 (100) 

Partial s3nthesls oj 2'-deoxy zeatln rlbostde [5) trans-Zeatln 
(5 mg) was acetylated with pyrldme (200 ,ul) and Ac20 (200/A) at 
room temp After 12 hr, the reaction was stopped by the addition 
of MeOH (1 ml) at 0 ', the pyndlne was removed by evapn under 
red pres,  as it forms an azeotrope with C6H 6 The resulting oily 
product (5 2 rag)(4)proved to be homogeneous  by TLC analysis 
(slhca gel. eluents C and D) The 2-deoxy-D-nbose (15 mg) ~as  
acetylated with pyrldlne (600 tall and  Ac20 t60tI #1) m accord 
with the procedure used to obtain the acctyl-trans-zeatm (4) from 
1 The 1,3,5-trlacetyl-2-deoxy-D-nbose obtained as a pure oil 
(27 rag) was homogeneous  by TLC analysis (silica gel, eluent E) 
The acetyl-trans-zeatln (41 (5 2 mg) and the 1.3,5-trlacetyl-2- 
deoxy-D-rlbose (15 mg) were employed in the fusion synthesis of 
nucleoslde performed at 145 ~ according to the method described 
in ref [19] After 20 mtm the reaclaon mixture was cooled at 100' 
and the clear brown melt was dissolved in EtOAc (10 ml) The 
soln was successively washed with ice-cold said N a H C O  a and 
ice-water and then dried (NazSO4) The TLC analysis (slhca gel 
eluent. E) of the oily residue, obtained after the evapn of the 
solvent, showed the absence of both the starting acetyt-trans- 
zeatln (R:  0 1) and the 1.3.5-trlacetyl-2-deoxy-~}-rlbose (R: 0 82) 
and the presence of two main compounds  wRh s~mllar chro- 

matographlc behavlour (R/  0 28 and 0 25, respectively). This 
mixture (12 ms), dissolved in E tOH (2 ml), was hydrolysed with 
0 2 M NaOH (600 ,ul), at room temp,  and the reaction mom- 
tored by TLC (silica gel, eluents A and D) After 2 hr, the reaction 
was stopped by neutralization with 2 M HCI at O' The mixture 
was evapd under red pres.  and the residue dissolved in a 
minimal amount  of MeOH was filtered through cotton wool 
The residue (8 ms) left by the evapn of the solvent, fractmnated 
by r L C  (slhca gel, eluent At. yielded three UV-absorhmg hands 
A. B, C Zone A. having a 2'-deo,cy-ZR-l,ke Rj value (0 66), was 
scraped off the plates, eluted with EtOH and dried under red 
pres Further purification of  band A by TLC (reverse phase, 
eluent B) yielded pure cytoklnln I 1 9 rag) which showed the same 
R/va lues  as natural 5, by TLC and HPTLC (silica gel, eluents A 
and C) and by TLC (reverse phase, eluent B), as well as by co- 
chromatography The synthetic 2'-deoxy-ZR showed [~]g5 
- 1 0 7  (c014~.UV, 1 H N M R  and FABMS spectra ldentlcal to 
those of natural 5 

Production and isolation o! dthydrozeatln 13) P amyqdah, 
strain N C P P P B  2610. was grown at 20 on mlmmal  medium 
[K2HPO,~, 105 g/'l, KH2PO,,, 4,5 g/l, (NH4)2SO, t, 1 g,/1, Na- 
citrate, 05g/ l ,  glucose. 5g/l, MgSO., 7HzO, 0 2 g / l ]  sup- 
plemented with tryptophan (final concentration 0 5 mM) The 
extraction ofcytoklnlns from the culture filtrates (530 ml) was as 
described above The residue 15 6 rag) left from the evapn of the 
solvent was purified by TLC (reverse phase, eluent B), yielding 
two UV-absorblng bands A and B, which were scraped off the 
plates, eluted with EtOH and dried tinder red pres The residue 
obtained from band A (0 24 mg,1 by HPLC analysJs [24]) by 
TLC and HPTLC (Slllca gel, eluents A and C) and by TLC 
(reverse phase, eluent B) shou, ed the same R: values as an 
authenuc sample oftrans-zeatln I1) Band B yielded another pure 
cytokmm l 1 0 mg/I} exfilbltmg by TLC and HPTLC, in the three 
usual systems, the same chromatographic behaviour as an 
authentic sample of refercnce dlhydrozeatln (dlHZ, 3) The 
cytoklnln yielded from band B showed [c~]25-90 " (~ 0 16); 
U V 2 m . , n m  (log e) 268 (3 86) (EtOH), 270 (392) (EtOH 
+ 0 I N HCI). 273 (3 92) (EtOH + 0 I N NaOH}, l H NMR, ~ 8 22 
(IH. s. H-2)+ 8 06 (IH~ s~ H-8) 366{2H~mH-I 'L348(IH,  dd.J 
= l l 0 H z ~  J = 6 0 H z .  H-4A,t. 344 (IH~ dd. Y = l l 0 H z ~  J 
= 6 0  Hz. H-4'BL I 85 ( lH.n~ H-3'). 1 75 (1H.m, H-2'A). 1 51 (1H, 
~n. H-2'B). 1 00 (3H. d, d = 6 8 Hz. H-5'). ELMS. m/z (rel ,.nt ) 221 
[M] + (81, 204 [ M - O H ] ~  (41, 190 [ M - C H 2 O H ]  + (54), 162 
[ M -  C3H;O]  + (43k 148 [ M - C 4 H g O ]  + (100), 135 [adenine]* 
(24), 108 [ a d e m n e - H C N ] "  (54) The [ a ] 2 s  the UV, 
~H NMR and mass spectra of this cytokmln v, ere identical to 
those, recorded in the same condmons,  as an authentic sample of 
dlhydrozeatln (3) and veD close to those reported in refs [20, 21] 
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