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Absltraet-lncorporatron of DL-methtonme-2-‘*C and oL-homomethtonme-2-‘4C mto ?I-methylthropropyl- 
glucosmolate and mto 3-methy1suhiny1propy1glucosmolate have been demonstrated using Chefrant& 
kewensrs The reductton of 3-methylstinylpropylglucosmolate to 3-methy1thtopropylglucosmolate has also 
been shown The results support the followmg sequence of btochemrcai reacttons Methronme + homo- 
methionine -+ 3-methylthiopropylglucosinolate e 3-methylsulGnylpropylglucosmo1ate A method of sepa- 
rating the two glucosmolates on a preparative scale ts descrtbed 

INTRODUCTION 

THE LARGE number of known homologues, each differing by a single methylene group, 1s a 
striking feature of the naturally occurrmg glucosmolates. Addmonally, the oxrdatlon level 
of the sulfur m the methylthlo group IS the only distmgmshmg feature between the followmg 
homologous senes: 
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The homologues with w-methylthlo side chains are hkely to anse blogenetlcally by cham 
extension of methlomne via acetate Iv2 Subsequent oxldatlon of the methylthlo group would 
produce the correspondmg glucosmolate with w-methylsulfinyl and w-methylsulfonyl side 
chains Alternatively these glucosmolates could arise directly from the ammo acid at the 
correspondmg level of oxldatlon Isolation of the enzymes Involved wdl hkely be required 
before this questlon can be conclusively resolved 

Feedmg expenments usmg wallflower (Chezranthus kewensw), a plant m which both 
3-methylthlopropylglucosmolate (IV, Fig. 1) and 3-methylsulfinylpropylglucosmolate (V) 
occur, have provided useful mformatlon toward clanfymg the blosynthesls of these gluco- 
smolates ’ This paper presents the experimental data obtamed from those expenments 
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FIG 1 SCHEME PROPOSED FOR THE BIOSYNTHESIS 0~ ~-METHYLTHI~PROPYLGL~~~~IN~LATE AND 
3-METHYLSULFINYLPROPYLGLUCOSINOLATE 

(II)--L-Methlonme, (III)--L-homomethlonme, (IV)--3-methylthlopropylglucosmolate, (V)- 
3-methylsulfinylpropylghwosmolate 

RESULTS AND DISCUSSION 

Each feedmg expenment consisted of admmlstermg each of four compounds to four 
groups of plants (Table 1) The 3-methylthlopropylglucosmolate (IV) was quantltatlvely 
determmed as the lsothlocyanate m a sample of the plant extract by the method of Youngs 
and Wetter,4 and the specific radloactlvlty was determined as described m the Expenmental, 
usmg these two values, the percent mcorporatlon was calculated 

’ E W UNDERHILL and L R WETTER, m Wosynthesrs of Aromatrc Compoundi Proceedmgs of the 2nd 
meetmg of the Federation of European Bxochemlcal Socletles (edlted by G BILLEK), Vol 3, p 129, 
Pergamon Press, Oxford (1966) 

’ M G ETTLINGER and A KJAER, Sulfur Compounds zn Plants, Recent Advances m Phytochemlstry, Vol I, 
P 59 

3 A KJAER, Prog Chem Org Nat Prods 18, 1505 (1962). 
4 C G YOUNGS and L R WETTER, J Am 011 Chem Sot 44, 551 (1967) 
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TABLE 1. INC~RWRA~ON OF 14C LABELED COMPOUNDS INTO 3-MRTHYLTHIOPROPYLGLUCXXINOLATE AND 
3-MElTiYLSULFINYLPROPYLGLUCosINOLATE 

Admlmstered Isolated 

3-Methylthlopropylghxosmolate 

Compound 

SpeclfiC 

activity 
mrCl/ 

m-mole 
Total 
m&l 

SpWtiC 

activity 
m&l/ Total Dllutlon % 

m-mole m-mole m&i value: 1llcorpt 

DL-Methlonme2-14C 15,700 1570 not isolated 
DL-Homomethlonme-2-14C 16,500 1681 0 0729 347 362 47 2 15 
3-Methylsulfinylpropyl- 

[IV = Nlnlucosmolate 1539 354 01044 49 5 36 71 1.02 
3-Ikethyls&nylpropyl- 

glucosmolateJ4CH 3 1854 188 00666 22 1 147 84 0 78 

Table contmued on following page (p 200) 

Pure crystallme potassmm 3-methylsulfinylpropylglucosmolate (V) was isolated from 
another sample of the same plant extract and its specific radioactivity was determined The 
total quantity m the extract was obtained by assummg the yield of 3-methylsulfinylpropyl- 
glucosmolate (V) per g of fresh plant material would be the same as that m a parallel 
isolation where the isotope dilution method was used (see Expenmental) 

The results of a typical experiment are presented m Table 1 which shows that DL- 
methionme-2-14C (II) and DL-homomethionme-2- 14C (III) were good precursors of 3- 
methylsultmylpropylglucosmolate (V) and that DL-homomethionme-2-14C (III) was a 
precursor of 3-methylthiopropylglucosmolate (IV) They also show that Dr.-homomethio- 
rune-2J4C (III), 3-methylsulfinylpropyl[14C=N]glucosmolate (V) and 3-methylsulfinyl- 
propylglucosmolateJ4CH, (V) were precursors of 3-methylthiopropylglucosmolate (IV) 
The average yield of 3-methylsulfinylpropylglucosmolate (V) is 18 times that of 3-methyl- 
thiopropylglucosmolate (IV) 

The reduction of 3-methylsulfinylpropylglucosmolate (V) to 3-methylthlopropylgluco- 
smolate (IV) is also clearly demonstrated and is a very efficient reaction when the relative 
pool sizes are considered The dilution values for 3-methylsulfinylpropylglucosmolate- 
14CH3 (V) and for 3-methylsulfinylpropy1[‘4C-N]glucosmolate (V) are approximately 
equal which shows that the basic skeleton of the sulfoxide remams intact during the reduc- 
tion When homomethionme-2-14C (III) is fed, the 3-methylthiopropylglucosmolate (IV) 
isolated has a higher specific radioactivity than has the 3-methylsulfinylpropylglucosmolate 
(V) The dilution values are 47 and 105 respectively which indicates that the thioether is 
formed first and then oxidized The greater per cent mcorporation of homomethionme-Z 
14C into the sulfoxide is primarily an mdication of a larger pool 

Dr.-Homomethionme-2-14C (III) was more efficiently mcorporated into 3-methylsul- 
finylpropylglucosmolate (V) than DL-methlonme-2- 14C (II) This suggests that the chain 
lengthening process that has been reported m previous pubhcations5-’ is operating. 

A number of biological systems have the ability to reduce organic sulfoxides to their 
correspondmg thioethers. Reports of the reduction of methionme sulfoxide in cells of 

s E. W UNDERHILL, Can J Em&em 46,401 (1968) 
6 M D CHISHOLM and L R WE-ITER, Can J Wochem 42,1033 (1964) 
7 M D CH~SHOLM and L R WETIXR, Plant Physzo[ 42,1726 (1967) 
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TABLE 1-Contmued 

Admrmstered Isolated 
3-MethylsulfinylpropylgIucosmolate 

Compound 

SpeClfiC 
acttvtty 
mcLCt/ Total Ddutton % 

m-mole* m-mole m&r value: Incorpt 

nr_-Methtonme-2-‘4C 140 92 9 130 169 83 
DL-Homomethronme-2-14C 1 45 156 4 226 105 134 
3-Methylsultinylpropyl-[14C=N]glucosmolate 1 52 232 2 352 15 - 
3-MethylsulfinylpropyIglucosmolate-’4CH~ 1 37 136 0 187 135 - 

* Wetght esttmated by the Isotope dtlutton method 

t %14C mcorporated = 
total m&r m compound x 100 

m&t admmlstered 

: Dtlutton value = 
spectfic acttvrty of compound fed (m&t/m-mole) 

specttic acttvtty of compound isolated (m&/m-mole) 

Eschenchia cob have been presented by Sourkes and Trano8. Stekolg has suggested that the 
rat must reduce methionme sulfoxtde to methronme, since rats fed a duet m whrch the only 
sulfur ammo actd was methtonme sulfoxrde grow as well as those fed a duet contammg 
methronme. Black et al lo has described a three enzyme system from yeast whtch catalyzes 
the specrfic reductron of one of the four Isomers of methronme sulfoxtde to the correspondmg 
throether, and Porque et al l1 have isolated a srmrlar system from yeast m whtch the enzymes 
functton as proton carrrers m both sulfoxtde and sulfate reductton Fmally Doney and 
Thompson12 have shown that S-methylcysteme sulfoxrde and methtonme sulfoxtde are 
reduced to then correspondmg thtoethers m turmp leaves under anaerobtc condtttons, and 
that the same sulfoxldes are reduced to thtoethers under anaerobrc or aerobrc condtttons m 
bean leaves. 

Thus paper presents expenmental data whrch show that wallflower plants can reduce 
3-methylsulfinylpropylglucosmolate (V) to 3-methylthropropylglucosmolate (IV), thus 
addmg another class of compound to the hst of sulfoxtdes that can be reduced to thtoethers 
In VlVO 

EXPERIMENTAL 
Cultivatron of pkznts and admmlstratron of labelled compounds The expernnents were performed usrng 

greenhouse grown plants at the flowermg stage of development The radioactrve compounds were admuus- 
tered through the cut ends of the stocks as descrrbed previously I3 Approxnnately 100 pmole of radroacttve 
compound was admmtstered for every 75 g of plant materral The metabolic period was 24 hr under 100 Ix 
of contmuous hght 

* J A SOURKE~ and W TRANO, Arch Wochem Brophys 42, 321 (1953) 
’ J A STEKOL, m Symponum on Ammo Aced Metabobsm, (edited by W D MCELROY and B GLASS), 

p 509, The John Hopkms Press, Balttmore (1955) 
lo S BLACK, E M HARTE, B HUDSON and L WORTOFSKY, J Bzol Chem 235,291O (1960) 
I1 P G PORQUE, A BLADESTEN and P RICHARDS, J Blol Chem 245,237l (1970) 
I2 R C DONEY and J F THOMPSON, Wochem Wophys Acta 124,39 (1966) 
I3 E W UNDERHILL, M D CHISHOLM and L R WETTER, Can J Wochem Physzol 40, 1505 (1962) 
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Radzoactzve materzais DL-Methromne-2-r4C (II) was obtained from Volk Chemtcal Company DL- 
Homomethtonme-2J4C (III) was obtamed by synthesis r4 3-Methylthropropyl[1C~N]glucosmolate (IV), 
3-methylsulfinylpropyl[r4C=N]glucosmolate (V), and 3-methylsulfinylpropylglucosmolate-14CH3 (V) were 
brosynthesrzed by wallflower plants and isolated by the methods described below 

Extructzon and zsofatzon of the two glucosznolates The plants were extracted by grmdmg with hot absolute 
methanol in a Warmg Blendor After filtermg, the fibrous residue was re-extracted wrth hot 80 % methanol 
(v/v) The methanol in the combined filtrates was removed by evaporatron m vacua The solids were removed 
by filtering the aqueous solution through Cehte and a sample was saved for the determmatron of total gluco- 
smolates The remaining filtrate was passed through a cation exchange column of Amberhte IR 120 (H+) 
resin (2 x 14 cm), and the effluent was neutrahzed to pH 7 0 with 1 N KOH The glucosmolates were tso- 
lated by passing the aqueous extract through a column of Amberhte IR 4B (Cl-) resin (2 x 16 cm) After 
washmg the resin with water (100 ml) the glucosmolates were eluted with 1 1 of 0 1 M K,SO, The eluate 
was evaporated to dryness and the glucosmolates were extracted from the residual morgamc salts with 
4 x 50 ml of hot 80 % ethanol 

Addmortal purification was obtamed by passing the 80% ethanol extract through a column of basic 
alummmm oxide pH 10 O-10 5 After washma with 80”/;: ethanol (100 ml) the aiucosmolates were eluted 
together with 60 g ethanol (200 ml) TLC on S&a Gel Gdevelopcd with MeCoEt-EtOH-HZ0 (45 5 10)’ 5 
showed 3-methylthiopropylglucosmolate (IV) and 3-methylsulfinylpropylglucosmolate (V) to be the major pro- 
ducts The potassmm salt of 3-methylsulfinylpropylglucosmolate (V) crystallized from 80 % ethanol and after 2 
recrystalhzattons from 90% ethanol had a constant specdic radroacttvrty, m p 141-143” Found C, 27 72, 
H 4 91 Calc for CllHZ00r0N3K lHzO C, 27 58, H,4 63 The NMR spectrum of the compound at 100 M 
Hz m D20 using tetramethylsrlane as an external reference showed signals at D 3 22 (singlet, CH3==G-S-), 
2 66 (quartet, J = 7 5 Hz, C-2 protons), 3 41 (triplet, J = 7 5 Hz, C-l and C-3 protons, see Frg 1 for num- 
bering system) Appropriate signals for the glucose protons were also present The assignments were sup- 
ported by mtegratron 

3-Methylthropropylglucosinolate (IV) m the mother liquors from the above crystallizatton was separated 
from the residual 3-methylsulfinylpropylglucosinolate (V) by elutton from a column of basic aluminum 
oxide (2 x 21 cm, 50 g alma) with a linear gradient of 500 ml of 80% acetone to 500 ml of 20% acetone r6 
The mother liquors were evaporated to dryness and the residue was taken up m 1 ml of water and then 4 ml 
of acetone was added This solutton was prpetted onto the column and washed m with 2 x 2 ml of 80% 
acetone The linear gradient was started and 10 ml fractions were taken fraction numbers 25-27 contained 
3-methylthropropylglucosmolate (IV), numbers 28-32 3-methylthropropylglucosmolate (IV) and 3-methyl- 
sulfinylpropylglucosmolate (V), and numbers 33-50 3-methylsulfinylpropylglucosmolate (V) Fraction 
numbers 28-32 were re-run using the procedure Just described to obtain addmonal 3-methylthropropyl- 
glucosmolate (IV) All fractions contammg the 3-methylthropropylglucosmolate (IV) were combined and 
the solvent was removed zn vacua Identrficatton was established by TLCrS by paper chromatography” 
and by GLC of the 3-methylthtopropyl rsothrocyanate as described below The NMR spectrum mDzO 
showed sranals at D 2 62 (smalet. CH&--), 3 10 and 3 30 (trmlets. J = 7 5 Hz. C-l and C-3 protons), and 
at 2 46 (quartet, J = 7 5 Hz,?-2 protons) .Attempts to crystalhze this glucosmolate were unsuccessful. The 
total 3-methylthtopropylglucosmolate (IV) isolated was estunated by treating a sample with throglucostdase 
(E C 3.2 3 1, thtoglucosrde glucohydrolase) and then determmmg the glucose release by glucose oxrdase 
‘glucostat’ method r8 Another sample of the same matenal was used to determine its total radtoactrvtty A 
specrflc radroactrvrty was calculated from the two values 

GLC analyszs of 3-methylthzopropyl isothzocyanate The GLC method of Young and Wetter’ was used to 
quantrtatrvely assay a 5 per cent sample of the extract A Hewlett Packard gas chromatograph, model 
5754 with 5 ft x a m o d stainless steel column nacked with 20% FFAP on acid washed, DMCS-treated, 
Chromosorb W, 60-70 mesh, helium tlow 30 ml/mm, hydrogen 26 ml/mm; inJector and detector tempera- 
tures were maintained at 250” At an oven temperature of 21O”, an authentic sample of 3-methylthiopro- 
pyl rsothmcyanate synthesized by the method of KJaerr’ had a retentron time of 0 51 relative to fi-phenylethyl 
rsothmcyanate at 100 &Phenylethyl tsothmcyanate was used as an internal standard m all the subsequent 
GLC analyses 

Isotope dzlutzon method The GLC method4 could not be used to measure the total quantity of 3-methyl- 
sulfinylpropylglucosmolate because the 3-methylsulhnylpropyl rsothmcyanate produced by throglucosrdase 
hydrolyses of this glucosinolate did not give quantitative yrelds A small quantity of pure crystalline 3-methyl- 
sulfinylpropylglucosmolate of known specific radroactrvrty was added to each of five nonradroactrve extracts 
from a known weight of plant material The glucosmolate was isolated and purified and Its spectfic actrvtty 

r4 A KJAER and S WAGNER, Acta Chem. Scand 9,721(1955) 
r5 M MATSUO, J Chromatog 49,323 (1970) 
l6 R M BOCK and N LING, Analyt Chem 26, 1543 (1954) 
r’ A KIAER, Acta Chem Scand 9, 1143 (1955) 
I* E W UNDERHILL and L R WETTER, PIant Physzol 44, 584 (1969) 
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was determmed The total amount of glucostde m the orrgmal extract was calculated by the drlutton method, 
the werght ranged from 8 0 to 9 5 mg per g of fresh plant maternal The average for the five isolations was 
8 6 mg per g of fresh werght This value was used to calculate the total weight of 3-methylsul6nylpropyl- 
glucosmolate (V) m the plants fed In practice only half of this amount of pure crystalline material could be 
Isolated 

Isotope unalyses Radtoacttve samples were assayed m a hqutd scmttllatron spectrometer (Nuclear- 
Chtcago-Mark I) usmg a modmed Toluene/Trtton X-100 hqmd sc&dlant solutton19 in whtch the PPO and 
POPOP were replaced by 0 5% (w/v) butyl-PBD (Beckman Instruments, Fullerton, Cahfomta) Radro- 
chermcal purity was secured by radroautography of thin layer and paper chromatograms 
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