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Abstract-( + )-[8-14C]Dlhydrozeatm was fed to derooted radish seedhngs After three days the plants were harvested 
and the cytokmm metabohtes putied by reversed and ordinary phase HPLC poor to ldentlficahon by degradation, UV 
and MS The most abundant metabohte was shown to be dlhydrozeatm-7-Dglucopyranoslde, but, unexpectedly, 
significant quantities of dlhydrozeatm-f@ucopyranoslde and dlhydrozeatm-9-Dglucopyranoslde were also pro- 
duced These results are dlscussed m relation to mechanisms which may control cytokmm levels and the enzymology of 
N-glucosylation 

INTRODUtXtON 

When zeatm (Z) (2) or N6-(A2-lsopentenyl) ademne (21P) 
(1) are applied to plant tissues they are rapidly metab- 
ohsed either to products of cytokmm oxldase catabolism 
(le where the N6 side chain has been removed) or to 
vwous conjugates [l-6] Though hrmted quantities of 
the hologcally active 9-nbosldes are produced by some 
tissues, the most abundant conJugatlon products of Z (2) 
or 21P (1) are the 7-glucosldes (3) (as a mmor metabohte m 
corn seedlings [7], and as a maJor metabohte m radish 
tissues [8-lo] and tobacco cell suspensions [3]), 9- 
glucosldes (4) (m corn roots [7]) and 9alanyl denvatlves 
(6) (m lupm shoots and leaves [ll]) All of these con- 
Jugates exhibit little actlvlty m bioassay [12] They are 
also extremely stable (both when found as metabohtes 
and when applied externally [8,10,11]) and are probably 
incapable of further metabolism For tlus reason they are 
regarded as detoxlficatlon or inactivation products [6,13, 
141 rather than storage forms, a role proposed for the O- 
glucosldes (5) [4, 6, 10, 11, 141 Functionally therefore, 
oxldatlve side chain cleavage and the formation of N- 
glucoslde and N-alanyl conJugates may be equivalent, in 
the sense that they appear to result m the lrreverslble 
destruction of cytokmm activity 

In most tissues that have been exammed there IS a 
balance between conJugatlve and oxldatlve metabolism of 
externally applied cytokmms [l, 61 In radish tissues, 
however, there 1s neghgble cytokmm oxldase-type metab- 
ohsm and N-glucosldes are the predominant metabohtes 
For this reason radish has been used extensively m studies 
of cytokmm glucosylatlon 

When Z (2) [8,9] and 21P (1) [6] were fed to derooted 
radish seedlings zeatm-7-D-glucopyranoslde (3) (Z7G) 
and N6-(A’-isopentenyl) adenme-7-D-glucopyranoslde 
(21P7G) were the maJor metabohtes On the other hand 
benzyladenme-7-D-glucopyranoside (BA7G), benzyl- 
adenme-9-D-glucopyranoside (BA9G) and be.nzyl- 
adenme-3-D-glucopyranoslde (BA3G) were formed when 
benzyladenme (BA) was fed to radish seedlings [15] and 
cotyledons [lo] These 7- and 3-substituted nucleosldes 
are of great interest because they are extremely rare m 

cytolcmm R’ R2 R3 

1 21P H H - 
2 trons-Z OH H - 
3 Z7G OH - &D-glucosyl 
4 Z9G OH /.I-D-glucosyl - 
5 ZOG 0-B-D-glucosyl H - 
6 9AlZ OH alanyl - 

Fig 1 Various cytokmm structures 

nature, the only previously known compounds of this type 
are rlbofuranosldes 3-nbosyl WC acid from bovine blood 
[16] and compounds related to vitamin B12 [17] 

The enzymology of N-glucosylation has been studled in 
detail using a partially pur&d glucosyltransferase from 
radish cotyledons [18, 191 Only UDPG and TDPG 
could serve as glucose donors, but a wide variety of 
naturally occurring and synthetic cytokmms were able to 
act as acceptor molecules Of particular relevance to this 
paper BA, trans-Z (2), N6-isopentyl adenme (DH2lP) and 
chhydrozeatm (7) (DHZ) were readily glucosylated, but 
whilst BA and tramZ gave 7+glucoslde ratios of 165 
and 10 5 respectwely, DH2lP and DHZ (7) gave only 
traces of 9-glucoslde (c 3 % of the total ghzostie formed) 
No 3-giucosldes were produced by any of the substrates 
investigated To a certam extent these results parallel the 
previously &scussed metabohc work Hrlth BA and Z (2) 
(where only the former gave Pglucosldes) 

Though DHZ (7) IS very actlve m cytokmm bloassays 
[ 123 it 1s not a substrate for cytokmm oxldase [4,20] In 
the leaves of decapitated and disbudded Phaseolus uul- 
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and GC/MS) for the TMS denvatlves of all three DHZ 
glucosides (g-10) (Table 1), all of which gave clear molec- 
ular ions DHZ9G (9) and DHZ3G (10) gave the most 
snndar spectra, but m both probe and GC/MS (where 
they separated readily) the [M]+/[M - 15]+ ion abun- 
dance ratios were quite different DHZ9G (9) gave a more 
intense [M- 15]+ ion whilst the [MI’ was the most OH2 ? OHZ7G 9 

intense in DHZ3G (10) and DHZ7G (8) Interestingly 
these ratios parallel those of the TMS d’envatrves of the 7- 
and 9-glucopyranosldes of BA and Z [24] As with the 

I \ 
TMS derivatives of BA9G, Z9G (4) and ademne-9-D 
glucopyranoslde [24], DHZ9G (9) gave intense ions at 
m/z 450 [TMS glucose - H], 361 [TMS glucose - TMS- 
OH] and 360 [TMS glucose - H-TMS-OH] underhnmg 
the ease with which the cleavage of the glycosldlc bond 
(with retention of charge on the sugar) can occur m 9- 
glucopyranosldes 9-Glucofuranosldes do not appear to 

OH23G OHZSG 9 

undergo this cleavage to any appreciable extent [24] 
IO 

OH. bH’ 

DHZ3G (10) also goes moderately intense ions at these 
m/z values, but m the DHZ7G (8) spectrum (as with BA7- Fig 3 Metabobc products of dlhydrozeatm (7) m derooted 
and Z7-glucopyranosldes) they are much less sign&ant radish seedhngs 
In all the spectra of the DHZ glucoslde metabohtes, 
however, the ions at m/z 204 were more mtense than those 
at m/z 205 This 1s characteristic of glucopyranosldes (in 
glucofuranosldes the order 1s reversed [24]) DHZ7G fraction (peak 2) mdlcatmg that this is the laeuo 

The ions at m/z 612 and 162 are present in all the DHZ antipode 
glucoslde spectra (although less intense than the cor- The synthesis of the holo@cally mactlve 7- and 9- 
responding ions at m/z 610 and 160 for the TMS 
derivatives of the Z glucosldes [24]) and represent the so- 

glucosldes m response to external cytokmm apphcatlon 
may be a mechamsm designed to control the levels of 

called cychsatlon ion derived from mtramolecular alky- cytokmm activity On the other hand the 3-glucosldes are 
lation of the N’ by the side cham Slmdarly the ions very active m bioassay [ 12,151 The blologcally active O- 
denved from loss of TMS-0 (m/z 654) and the TMS- glucosides (5) are also produced by many plant tissues m 
OCHz’ radical (m/z 640) from the side chain of the DHZ response to external apphcatlon of cytokmms [ 1,6] The 
glucosldes are small m comparison to those of the Z latter are readdy converted back to Z (2) by the action of 
glucosides The only exception to this 1s the intense ion at almond j?-glucosidase (emulsm) and it is thought that this 
m/z 599 in the DHZ7G (8) spectra which is probably 
derived from cleavage of the entire N6 side cham This ion 

may account for their biolog& activity [4, 6, 143 
Sumlarly the 3-glucosldes are hydrolysed by almond fi- 

was insignificant in the spectra of the TMS derivatives of glucoshse [ 151 and may not be active cytokuuns per se 
DHZ3G (10) and DHZ9G (9) The 3-glucmdes have not been isolated as endogenous 

Fractions 13 and 14 from the reversed phase HPLC cytokmms from any source The only previous report of a 
(Fig 2) were shown to contam a single compound and 
represented 6 y0 of the total extractable radioactlvlty The 

3-glucoside metabohte is BA3G [lS] DHZ3G (10) 1s 
therefore the first example of a naturally occurrmg 

compound (peak 5) was ldentfied by cochromatography cytokuun conjugated m this manner 
with authentic material, UV and MS (Table 1) as un- 
metabohsed DHZ (7) 

The compounds at fractions 2 and 18 (which contained EXPERIMENTAL 

respectively 18 % and 4 % of the extractable radloactlvlty) Plant tjss~e Raphanus satwus L cv Yates Long Scarlet, 
were not ldentlfied It was thought that the early running Market stram, were obtamed from Arthur Yates Co Ltd, 
material may be nucleotlde or products of punne catab- Auckland, New Zealand Ten days after sowing the seedhngs 
olism (1 e adenme, adenosme, AMP, adenme-7-glucoslde were uprooted and the roots surg&ly removed 
etc), but It was not possible to obtain a conclusive Chrmacals ( f )-[8-W]DHZ (11 7 mC&unol) was synthe- 
ldentdicatlon SWJXI by condensmg 6-chloro[8-‘4C]punne (Radmchenucal 

The production of 3-, 7- and 9-glucosldes of DHZ Centre, Amersham, U K ) with 4-hydroxy-3-methylbutylarnme 
(&lo) was unexpected, both because of its close structural [28] The DHZ was purdied by HPLC [29] pnor to use 
similarity to Z (2) which only gwes Z7G (3) [8, 9] and Derwatwatron TMS denvatives were prepared by heatmg 
because of the results obtained with the partially punfied the dry (P,O,) sample m a sealed capdlary tube with iV,O- 
radish glucosyltransferase preparation [ 191 In view of the b~s(tnmethylsdyl)-acetamlde (Sd) and dry CsHsN (54) at 70” 
ablhty of the glucosylatmg enzyme’s abhty to da- for 1 hr 
crimmate between the presence and absence of a double GC/MS 10m x 0 3 mm 1 d BP1 capdlary column (film t&k- 
bond in the side chain It was also surprrsmg that ness = 0 5 &, He @I, temp programme 3>280” (balhstlc) and 
approximately equal quantities of ( + )- and (- )-DHZ7G then to 300” at 8”/mm, lonmg voltage 70 eV, source, separator 
were form4 S-( -)-DHZ (7) IS the naturally occurrmg and mkt temperatures 190”, 250” and 240’, respectively, scan 
enantiomer in Luptnus luteus [25--271 DHZ7G (8), which speed 1 =/decade 
has now been identified as a minor cytokmm m tobacco 
crown gall tissue [Dr I M Scott, personal commum- 

Probe spectra. duect msert~on, 70 eV, source temp 190”, scan 
speed 3 sac/decade The probe temp was taken from 35” to 350” 

Dthydrozeatm metabohsm m radish secdlmgs 1375 

cation], cochromatographs with the first running -at 3o”/mm 
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Identqkatlon ofgkcosldes The presence of the glucose moiety 
m peaks 1, 2, 3 and 4 was confirmed by hydrolysis of these 
compounds by using a cation exchange resin The resulting 
glucose was detected by glucose oxldase followmg TLC of the 
hydrolysate [ 151 

Feedzng expenments DHZ (120nM) was fed to each of two 
derooted radish seedlings which had been placed m glass v&s 
containing HZ0 (1 ml) When this had been taken up (2-3 days) 
the seedlings were harvested and extracted lmmedlately 

(using M&N-H10 (22 3), pH 7 O), the only radmactive peak 
(peak 5) eluted m fractions 5-6 mm and had a UV&, MeOH of 
267 1 nm Peak 5 co-chromatographed (in both systems) with 
authentic DHZ and the TMS dertvatlve gave a GC/MS identical 
with authentic DHZ standard (Table 1) 

The minor peak at fraction 18 (4% of the extractable 
radloactlvlty) was not Identified, but did not co-chromatograph 
with DHZ-0-glucoslde or DHZ-9-nboslde 

ExtractIon and punfcatron of the metabohtes The seedlings 
were macerated m MeOH (100 ml) and the liquor filtered (paper) 
before being evapd at red pres The residue was re-dissolved m 
Hz0 (10 ml) and placed on a SEP-PAK Cl8 cartridge (Waters 
Associates, Northwlch, UK ) which was washed with Hz0 
(20 ml) then MeOH (20 ml) The combined washmgs were evapd 
to dryness, re-dissolved m startmg solvent and applied to an 
analytical HPLC column (150 mm x 4 5 mm 1 d ) of Apex ODS 
reversed phase mate& The sample was eluted at 2 ml/mm with 
a linear gradient system of 510% MeCN with Hz0 at pH 7 0 
(tnethylammonmm bicarbonate) over a 20mm penod [29] 
Fractions were collected as indicated m Fig 2 and 0 05 ml of these 
were counted m a liquid scmtlllatlon spectrometer The active 
regons were analysed separately 
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