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Abstract-3-Methylthiopropylglucosmolate (V) has been ldenttied as a naturally occurrmg glucosmolate 
m Armoracla .!uprz~h~filra Glllb The bmsynthesls of allylglucoslnolate (VII) and 3-methyltluopropylgluco- 
smolate (V) have been studled The data show that 4-methylthlobutyrothlohydroxnnate (IIIY), desulfo-3- 
methylth~opropylglucosmolate (IV), 3-methylth~opropylglucosmolate (V), and 3-methylsulfinylpropyl- 
glucosmolate (VI) are efficient precursors of allylglucosmolate (VII) They also show that 3-methylsultinyl- 
propylglucosmolate (VI) and homomethlonme (I) are precursors of 3-methylthlopropylglucosmolate (V) 
A blosynthetlc scheme IS proposed. 

INTRODUCTION 

GENERALLY the aglycones of the glucosmolates are denved from a-amino aads with the 
correspondmg molecular structure 1*2 

In the biosynthesis of benzylglucosmolate from phenylalanme, Underhlll and Wetter3 
demonstrated that phenylacetothlohydroxlmate and desulfobenzylglucosmolate are mter- 
mediates on the pathway, it has previously been shown that phenylacetoaldoxlme IS on the 
same pathway 4-6 Matsuo and UnderhIll’ have Isolated an enzyme from Tropaeolum mqus L 
that catalyzes the transfer of glucose from urldme dlphosphate glucose to phenylacetothlo- 
hydroxlmate They have also demonstrated that a similar enzyme IS present in cell free 
extracts of other glucosmolate bearmg plants mcludmg Armoracw lupathifolza Glhb * 

In the biosynthesis of allylglucosmolate (VII, see Fig 1) from homomethlomne (I) m 
A. Zupath~foZiu,g-l l Matsuo l2 demonstrated that 4-methylthrobutyraldoxlme (II) IS an 
intermediate on the pathway; he13 also proposed a complete blosynthetlc scheme The 
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experimental data m this report show that 4-methylthiobutyrothtohydroximate (III), 
desulfo-3-methylthiopropylglucosmolate (IV), 3-methylthiopropylglucosmolate (V) and 
3-methylsulfinylpropylglucosinolate (VI) are efficient precursors of allylglucosmolate (VII). 
Methylthlopropylglucosmolate (V) which has not been previously reported m this plant has 
been identified and its precursors have been estabhshed 

TABLET CDMPAFWBN OFWLABELLED CDMPOUNDSASPRECURSORSOFALLYLGLUCOSINOLATE 

Admnustered 

or-Homomethionme-2-14C 
4_methylthlobutyrothlohydroxl- 

mate-l-14C 
Desulfo-3-methylthlopropyl[14C=N] 

glucosmolate 
3-Methylthlopropyl[W=N]glu- 

cosinolate 
3-Methylsuhinylpropyl[1”C=N]glu- 

cosmolate 

Total 
m&l 

3210 

644 

644 

88 5 

73 7 

Allylglucosmolate isolated 
-.__ 

SpeclfiC SpeclfiC 
activity activity 
m&i/ Total m&i/ Dllutlon % 

m-mole m&i m-mole value IlWrp 

- 

162,000 11000 799 0 203 343 

41,400 323 0 249 5 166 502 

41,400 4080 347 0 199 63 5 

4490 644 441 102 72 7 

3740 51 5 368 101 69 9 

Metabolism penod-24 hr 

O% 14C mcorp = 
Total m&l m compound isolated x 100 

m&l admmlstered 

Ddutton value = 
Specdk actlvny of compound fed (m&l/m-mole) 

Specnic activity of compound isolated (m&l/m-mole) 

RESULTS AND DISCUSSION 

The tracer results m Table 1 were obtamed from allylglucosmolate (VII) Isolated from 
horseradish plants, after they had metabohzed the radioactive compounds for 24 hr. 
The percent mcorporations of each succeedmg compound m Table 1 increase and the dtlu- 
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III 
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P ‘.\ \NO-SO,-O- 
7 CH3- 8 - CH2-CH2- CH2- C\ 

0 ’ *In NO-SOz-O- 

?“., ,S -glucose 
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cH2=CH--~2--\NO_So2_O_ 

lzu 

FIG 1 PROP~.~ED PATHWAY FOR THE BIOYSYNTHESIS OF ALLYLGLUCOSINOLATE 
(I)--Homomethlonme, (II)-+methylth~obutyraldoxnne; (111)-4-methylthlobutyrothlohydroxl- 
mate, (IV)-desulfo-3-methylthlopropylglucosmolate, (V)-3-methyltmopropylglucosmolate, 

(VI) 3-methylsulfinylpropylglucosmolate, (VII)--allylglucosmolate 
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tion values decrease and, therefore, support the biosynthetrc scheme proposed for allyl- 
glucosmolate (VII) m Fig 1. The mcorporatron of 3-methylthiopropylglucosmolate (V) 
and 3-methylsulfinylpropylglucosmolate (VI) are almost identical; consequently it IS impos- 
sible to decide which of these compounds is the immediate precursor 

3-Methylthiopropylglucosmolate (V) has not been reported previously m horseradish 
plants, so another experiment was performed to study its biosynthesis and to see d data 
could be obtained that would fix its position m the biosynthetic sequence leading to allyl- 
glucosmolate (VII) Homomethionme-2- 14C (I) and 3-methylsulfinylpropy1[14C=N]glu- 
cosmolate (VI) were admmlstered to two lots of leaves After a 5 hr metabolic period, the 
plants were extracted and the isothmcyanates of both 3-methylthiopropylglucosmolate (V) 
and of allylglucosmolate (VII) were isolated by the procedure described.. The results are m 
Table 2. Making no allowance for losses durmg isolatron we have estimated that 100 g of 
fresh plant materral contains approximately 30 pg of 3-methylthiopropylglucosmolate (V). 
The small amount of this glucosmolate m the plant prevented a quantitative assay There- 
fore, a per cent mcorporation value of the compound administered is not reported, and the 
dilution value is used as a measure of precursor efficiency 

Chisholm and Wetter,lO and Matsuo and Yamazah1’~r4 working with horseradish leaves 
demonstrated that allylglycme, the ammo acid structurally smnlar to the aglycone of allyl- 
glucosmolate (VII) was not a precursor, nor was 2-ammo-Shydroxyvaleric acid. However, 
homomethionme (I) was an excellent precursor. On the basis of these findings, we10*11*13 
proposed that one of: 3-methylthiopropylglucosmolate (V), 3-methylsulfinylpropylgluco- 

TABLE 2. COMPARISON 14C LABELLED comou~~s As PRECURSORS OF ALLYLGLUCOSINOLATE AND 
%4ETHYLTHIOPROPYLGLUCOSINOLATE 

Isolated 

J-Methylthtopropyl- 
Administered Allylglucosmolate* glucosmolate* 

specific spectflc specific 
activity activity activrty 

Total m&t/ Total m&t/ Ddutron % m&r/ Drlutron 
m&i m-mole m&i m-mole value Incorp m-mole value 

oL-Homomethio- 
nine-2-W 1262 128,200 417 0 774 0 166 33 0 22,100 58 

3-Methylsultinyl- 
propyl[W=N]- 
glucosmolate 37 3690 15 5 25 4 145 419 180 20 5 

* Isolated as the rsotmocyanate, metabohc period-5 hr 

% r4C mcorp = 
Total m&l m compound isolated x 100 

m&r administered 

Dtlutron value = 
Specriic activity of compound fed (m&l/m-mole) 

Spccrfic acttvrty of compound rsolated (m&/m-mole) 
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smolate (VI) or 3-methylsulfonylpropylglucosmolate, by ehmmation of methanethtol or a 
comparable compound at the appropriate level of oxidation, would produce the termmal 
olefin of allylglucosmolate (VII) All of the foregomg glucosmolates occur naturally m other 
plants 

After treatmg the aqueous horseradish extract with thioglucosldase (E C 3 2 3 1, 
thioglucoside glucohydrolase) we isolated and purified 3-methylthiopropyl isothiocyanate 
by GLC We propose that 3-methylthiopropylglucosmolate (V) IS present m horseradish on 
the reasonable assumption that the 3-methylthiopropyl isothiocyanate isolated IS the enzy- 
matic degradation production of the glucosmolate 

The combmed data presented m Tables 1 and 2 support the scheme proposed m Fig 1 
for the biosynthesis of allylglucosmolate (VII) The mcreasmg per cent conversion of 
homomethionme (l), 4-methylthiobutyrothiohydroximate (III) and desulfo-3-methylthio- 
propylglucosmolate (N) to allylglucosmolate (VII) are comparable to those observed for 
the brosynthesis of another glucosmolate m another plant 3 However, the final step m 
which the methylthio group IS ehmmated to form the termmal olefin of allylglucosmolate 
(VII) 1s not clear The data of Table 1 show that 3-methylthiopropylglucosmolate (V) and 
3-methylsulfinylpropylglucosmolate (VI) are converted with equal efficiency to allylgluco- 
smolate (VII) The results presented m Table 2 show that the plant has a very efficient 
mechamsm with which it can reduce the sulfoxide to the thioether We have not shown, 
however, that 3-methylsulfinylpropylglucosmolate (VI) occurs naturally m this plant, as the 
GLC method used to obtain the data for 3-methylthiopropyl isothiocyanate retamed most 
of the sulfoxide on the column When an authentic sample of 3-methylsulfinylpropyl ISO- 
thiocyanate was subjected to GLC (UC-W98 column) an umdentified unsymmetrical peak 
was obtamed From the amount of aglycone inJected mto the gas chromatograph and the 
peak area of the eluted material the detector response was disproportionately low We were 
therefore unable to employ GLC as a means of detectmg the aglycone of this glucosmolate 

It IS clear from the dilutton values of Table 2 that homomethionme (I) and 3-methylsul- 
finylpropylglucosmolate (VI) are converted to allylglucosmolate (VII) with about equal 
efficiency But when compared as precursors of 3-methylthiopropylglucosmolate (V), 
homomethlonme (I) is a three fold more efficient precursor than is 3-methylsulfinylpropyl- 
glucosmolate (VI) One might speculate that a relatively large pool of the 3-methylsulfinyl- 
propylglucosmolate (VI) could be present m the plant which would account for this result, 
and consequently could be interpreted to mean that the sulfoxide formed from the thtoether 
is the immediate precursor of allylglucosmolate (VII). 

EXPERIMENTAL 
Czdtzuutzon of plants The experiments were performed on mature leaves from 2- to 3-month-old horse- 

radish plants The radloactlve compounds were admmlstered to the leaves through the petloles I5 Approxl- 
mately 15 pmole of radloactlve compound was admmlstered for every 100 g of fresh leaf, and the metabohc 
period was either 5 or 24 hr under contmuous light 

Identzjcatzon of 3-methyWzopropylglucosznoIate (V) The presence of 3-methylthlopropylglucosmolate 
(V) m horseradlsh plants has not been reported, so an expertment was deslgned to detect and Isolate its 
lsothlocyanate Horseradish leaves (100 g) were extracted by grmdmg with 400 ml of hot absolute methanol 
m a Warmg Blendor and filtered The fibrous residue was re-extracted with 400 ml of hot 80% methanol 
(v/v) The methanol m the combmed filtrates was removed by evaporation zn vacua, the residue was dissolved 
m water and filtered through Cehte After an extractlon with CH2C12, the aqueous solution was Incubated 
with throglucosldase m 0 1 M phosphate buffer (pH 7 0) for 24 hr, and the lsothmcyanates were steam 
dlstdled After recovery by contmuous CH,CI, extractton, the 3-methylthlopropyl lsothlocyanate was 

I5 E W. UNDERHILL, M D CHISHOLM and L R WE~ER, Can J Bzochem PhyszoI 40, 1505 (1962) 
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separated from the ally1 tsothtocyanate by GLC and zdenttfied on both UC-W98 and 20% FFAP columns 
by comparing with an authentzc sample whzch was syntheszzed by the method of KJES I6 

ZsoZutzon ofproducts A chlorophyll free aqueous solutton, prepared from a hot 80% methanol extract 
of macerated plants, was used as the starting material m each of the two rsolatron methods In the first method 
the total aIlylglucosmolate (VII) was determined m an ahquot of the extract by a modtfied method of Wetter z7 
From the remainder allylglucosmolate (VII) was recovered by zon exchange on a column of Dowex 2 x 8 
(Cl-) The 0 1 M K2S04 eluate from this column was evaporated to dryness and the glucosmolates were 
extracted from the restdue wzth hot 80% ethanol Addmonal purtficatzon was obtained by adsorbmg the 
glucosmolates from the 80% ethanol onto a column of basic alummum oxide and then elutmg them with 
60% ethanol I8 The product, potasszum allylglucosmolate (VII), was recrystalhzed to a constant speczfic 
radzoactzvzty 

In the second method ally1 lsothzocyanate and 3-methylthzopropyl zsothzocyanate were released from 
their glucosmolates by hydrolyses with thzoglucostdase. The GLC method of Youngs and WetterI was 
used to assay a 5% sample of the extract The assay was performed on a Hewlett Packard gas chromato- 
graph, model 5754, wzth 5 ft x 4 m o d stamless-steel column packed with 20% FFAP on acid-washed, 
DMCS-treated, chromosorb W, 60-70 mesh, hehum flow 30 ml/mm, hydrogen 20 ml/mm, mIector and 
detector temperatures were maintained at 250” At an oven temperature of 130” ally1 zsothzocyanate had a 
retention time of 0 85 relatzve to an mtemal standard of n-butyl zsothrocyanate at 1 00 at 210” 3-methyl- 

t hzopropyl rsothtocyanate had a retention time of 0 51 relative to an internal standard of g-phenylethyl 
zsothtocyanate at 1 00 

From the remammg 95 per cent of the hydrolyzed extract, purztied rsothzocyanates were prepared for 
counting A steam drstzllate was contmuously extracted wrth CH,Cl, After drying over anydrous Na2S04, 
the CHzClz was removed by evaporation Ally1 tsothzocyanate was separated from 3-methylthropropyl 
tsothrocyanate using a 6 ft x + m o d stainless-steel column packed wtth 10% szhcone rubber UC-W98 
on Dtatoport S, 80-100 mesh (Hewlett Packard), operated at 170”, and equipped wtth a 10 1 steam splitter 
Each tsothzocyanate was collected by condensatzon m a glass tube, and the purity of the collected fractions 
was checked by mJectmg an ahquot onto the UC-W98 and the FFAP columns The amount collected was 
assayed by GLC (mtemal standard method), Its radroacttvtty was determined, and speczfic acttvity was 
calculated 

Radzoactzve compounds DL-Homomethzonme-2 -z4C (I) was synthesized by the method of KJaer and 
Wagner ‘O 4-Methylthrobutyrothzohydroxlmate-l-’4C (III) (sodium salt) was DreDared bv the method of 
Matsuo and Underhzll s Desulfo-3~methylthtopropyl[i4&N]ghzcosmo~ate was prepared by mcubatmg 
4-methylthtobutyrothzohydroxunate-l-’qC (III) 9 5 mg (50 pmo le, 41 4 &z/mM) and urtdme dzphosphate 
glucose 32 0 mg (50 pmole) m 1 5 ml of 0 1 M trzs-HCl buffer (pH 7 4) contazmng 0 05 M fl-mercaptoethanol 
for 2 5 hr at 30” with a crude glucosyltransferase ‘I After mcubatton, 3 ml of methanol was added to the 
reaction mtxture and the prectpztate was removed by ccntrzfugatton The supematant was concentrated 
zzz vacua and the residue was extracted with a small amount of methanol The methanol extract was streaked 
onto a sheet of chromatographtc paper (Whatman No 1) and after developmg with zz-BuOH-HOAc-Hz0 
(4 1 1 8) a radzoactzve band correspondmg to desulfo-3-methylthtopropylglucosmolate was cut out and 
extracted wzth methanol After removal of the methanol the desulfo-3-methyIthtopropyl[z4C=N]glucosmo- 
late (IV) 5 08 mg (15 5 pmole, 0 644 ~0) was obtained Yteld 31 per cent 

3-Methylthzopropyl[‘4C=N]glucosmolate (V) was isolated from an extract of Chezranthzzs kewezzsrs that 
had been fed m-homomethtonme-2-z‘% (I) as descrzbed earlzer,‘B and 3-methylsulfinylpropyl[z4C=N]gluco- 
smolate (VI) was isolated by the same method from another feeding experiment 

Zsotope analyses Radzoactzve samples were assayed as described earlzer z8 
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