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Abstract-Using a model system consisting of synthesized 2-hydroxybut-3+nylglucosinolatc and a purified 
thioglucoside gbcohydrolase preparation from Bras&a MPUS, the effects of ascorbate, of Fe’ ’ and of Cu l were 
examined on the extent and course of glucosinolate degradation. Asorbatc was found to promote thioglucosidasc 
activity IO a considcrabk extent over the whok of the wide range of concentrations studied (0.024 400 mM), with a 
maximum (activation factor co 100) at 1.57 mM ascorbatc. Fe’ l slightly suppressed reaction, but caused a significant 
effect by directing degradation to 1 cyano-2-hydroxybut-3-cnc rather than to S-vinyloxazolidinc-tthionc. and at low, 
catalytic, concentrations. Cu’ l had similar cffcc~, but was a strong inhibitor of the reaction. 

- - .- - .- - --. - - --- -..-.- -.- --- - --- 

Glucosmolatcs degrade enzymically IO yield a variety of 
products. the most common being lsothiocyanatcs and 
nitriles. 2-Hydroxybut-3cnylglucosinolatc. also known 
by the trivial name progoitrin (I. Scheme I). produocs an 
isothiocyanate which IS unstable and which cyclizes 
spontaneously 10 glre goitrogenic S-vinyloxazolidinc-2- 
rhione (4. Scheme 1). Progoitrm is the main glucosinolatc 
of rape (Brassica napus). and by this cnzymic reaction II IS 
thus responsible Ibr the goitrogenic properties of the 
plant. Although this important rcactlon has been the 
subject of much study. no genuine model system has been 
reported IO dare. Therefore. IO invcstigatc this rcactlon 
properly In a model system. we have synthcslzed 2- 
hydroxybut-3-enylglucosinolatc [I]. and recently we dc- 
scribed the isolation of a purified thloglucoslde glucohyd- 
relax (IX‘ 3.2.3.1) fraction from seeds of B napus cv 
pantcr [2]. Ascorbatc and certain metal ions are well 
known IO alTect the cnzymic reaction. and this paper 
describe?, our inbcstigations of thcsc factors in our model 
system 

The actI\-ation of thioglucosldav by ascorbatc has been 
known for some time and is well reported. eg. [3-93. 
although II IS not umvcrsal For example. Vosc separated 
the thioglucosidasc of Sinapis a/ha into two isocnzymes. 

,s-_(.I‘ 

but found that although one was strongly activated by 
ascorbate the other was unaficctcd [7] Similarly. the 
fungus Aspergihs s)dowt contains a thioglucosidase that 
is not activated by ascorbatc [IO]. whilst that of 
Envrobacrer cloacue was actually inhibited at all conan- 
tratlons of ascorbatc examined [I I], and it may be that 
there is a major dIGrena here bctwccn plant and 
microbial thioglucosldaxs. Ncvcrthckss. the majority of 
the thloglucosidases of plants which have ban studled in 
this respect have been found IO bc activated by ascorbate. 
although the extent seems IO vary. sometimes being very 
marked but in other cases bcrng barely sign&ant. 
Activation factors calculated liom data in the literature 
range from as high as co Xl for the thloglucosidasc of 
Btassrca napus [ 121 to as low as ca 2 for that of Cramk 
abpssintca [ 131. However. II is qu~tc likely that such 
difkrcnccs are not due IO the plant spccics, but merely to 
the dilicrcnt experimental procedures employed. 

Previous results have also shown that excess ascorbatc 
completely inhibits thioglucosidascs [8]. Thus. there IS 
usually an optimum concentration of ascorbatc for maxi- 
mum enzyme actrvity. but again there is no great agra- 
mcnt on this level in the literature. and probably for the 
same reason as that just suggested above. The range of 
reported optimumaxorbatcconccntrationsextcndsfrom 
ca0.7 mhl for the thioglucosldascs of Brawca nopus [ 121 
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Scheme I. Enqmic degradation of 2-hydroxybut-knylglucosmolate. 
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and of Srnupis albu [ 141 IO cu IO mM for those ol’(‘rombe 
ohys.wt~co [ 121. Bra.ss~ca oleraceo 1 IS] and B Juncea [ 161. 
A convmcmg mcchanrsm lor the interaction of ascorbate 
wrth throglucostdasc land glucosrnolate subs~ra~c) has 
been proposed. whrch also explains Inhibition at higher 
ascorbatc conccntrattons [ 171 and thcsc tdcas have sub- 
.scqucntly been refined and extended [ 181 

The spcctfic obJcclrvcs of this project were’ to determine 
the actrvatron f‘actor olascorhatc wtth the model system 
and also the optimum concentration of ascorbate for 
activtty. and IO compare rhcsc results with the previous 
studtcs on brologtcal systems In additton. the effects of 
ascorbatc on the nature of the products of cnzymtc 
dcgradatton and on the course of reaction wcrc also 
studtcd 

The clTcct of metal tons on thioglucosidasc acttvity is 
unpredictable and. for example. whilst the thiogluosidax 
of Asperg~llus niger is sttmulatcd by Cu *. Cu’ l . Co’ * and 

’ * . it is inhibttcd by Fe’ *. wtth Fe’ * having no effect 
E;‘;]. Furthermore. some metal ions arc activating with 
thtoglucostdascs from some species. yet inhibitory with 
those from others [Y. Il. 19. 201 However. the mam 
mtcrcst in the effect of metal ions on enzymic glucost- 
nolatedegradatton has been more with regard IO how they 
actually affect the course of the reaction and the ratto of 
products formed, rather than simply their efTcc~ on 
enzymeactivtty. Although this IS clearly a most important 
aspect of glucosinolate reaction. surprisingly little work 
has been carried OUI on this bhaviour. 

It was as long ago as IV67 that it was shown with Sinopis 
olbo and 2-hydroxybut-3-cnylglucosinolate that addition 
of F?’ IO the system caused formatton of Icyano-2- 
hydroxybut-3-ene (5. Scheme II rather than 5 
vinyloxazolidine-2-thionc (4. Scheme I). although the 
main product in the absence of added Fe’* was the 
oxazolidmcthtone 1211. Relatively large concentrations of 
Fe’ ’ were used m these experiments [2l]. but sub- 
sequently II was shown. using Crambe ahyssinrco. that 
only catalytic amounts were necessary IO cause exactly the 
same rype of bchaviour [‘22]. More recently. catalyttc 
amounts of Fe” were also shown IO promote nitrile 
formation from bcnylglucosinolate in Lapidium .saIwum 
weds 1231. Other metal ions have received less study. but 
their more random cffcc~ appears IO differ depending on 
the plant spcacs under consideration [22.23] 

The objective In this project was thus IO concentrate on 
the effects of PC’ - on the model system. and parttcularly 

with regard IO the nature and proporttons of the glucosi- 
nolatc products obtained 

Eflecrs v/added ascorbate 

The effa~s of a range of ascorbatc concentrations on 
enzymic degradation of synthetic 2-hydroxybut-3- 
cnylglucosinolatc are shown in Table I. Ltmitcd hydro- 
lysis experiments (for I hour) were oarricd out to enable 
changes (increases) In the amounts of degradation pro- 
ducts IO be fcastble and detectable. and Table I shows that 
in no cast was all of the substrate consumed. Compared 
with the blank assay. it can be seen that all levels of added 
ascorbatc over the constderable range that was d in 
this work (002&%00 mM ascorbate) resulted in much 
mcrcascd thioglucosidasc activity. on the basis of in- 
creases m total products of enzymtc hydrolysis. As 
anticipated. however. an optimum ascorbate concentra- 
tion for maximum enzyme activity was shown. and thrs 
was on addition of 0.47 pmolcs of ascorbate in this 
experiment. reprrxnting a concentration of I.57 mM. 
This is well withm the range of prcvtously quoted 
ascorbatc optima. that IS 0.07-10 mM [Y. 12. 13. IS. 16. 
241. and quttc close IO that reported for the thiogluco- 
sidasc of Brassrccl nupus. 0.7 mM [ 121 

With regard IO the extent of thioglucosidasc activation 
by ascorbatc. Table I shows the very high activation 
factors obtamcd in this work. reaching a maximum of co 
IO0 This value IS very much higher than any previously 
reported maximum acttvation factors. which are generally 
between co 2 and co 20 [ 13-16.241. although levels of 40 
and 50 have been reported for some of the purified 
tsocnzymes of Snapis alha [ 141 and of Brossico napus 
[ 121 From Table I it can be noted that in this work higher 
activatton factors than thcsc were found extending over a 
constdcrable range of ascorbate concentrations. from co 
0.1 IO co I(W) mM. Presumably the reason for the much 
greater and sustamed thioglucosidax activation by as- 
corbatc achieved In this work is the greater purity of the 
model system (substrate and enzyme) employed in the 
assays 

Considering now the nature of the products of cnzymic 
degradation of 2-hydroxybut-3-enylglucosinolate in the 
presence of added ascorbate. II would appear from Table I 
thaw thcrc is a mator cffcct In the abscncc of any added 

Table I. EfTazts of added ascorbatc on the enzymlc dcgradatron of 2.hydroxybut-3- 
cnylglucosrnolate at pH 5.7 

--. .- .- _ -- 
Addal I I-Cyano-2-hydroxy- S-Vlnyloxazohdlnc- Tolal 
ascorbate but-3tne 2-rhlonc products Actwalton 

rrcrnol) frmoll (rcl. “,I Irmol) (rcl. “,I (rmol) klor 

0 (Blank) 0.011 I00 0.01 I 
0.0073 0.019 II O.lS3 89 0 I72 16 
0029 0.04 I 6 0.5% 94 0.637 sn 
0.120 0.054 5 0.970 95 I .024 93 
0.470 0.054 5 I .oso 95 I.104 100 
l.U7 0.054 5 0980 9s 1034 94 
7.5 0.288 32 0.602 68 0.890 81 

30.0 0.027 4 0.600 % 0.627 57 
1200 0003 I 0.319 99 0.322 29 

_-.-__-.-.._----.---. 
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ascorbate (blank) the only product of enzymic hydrolysis 
was S-vinyloxazolidine-2-thione. whereas In the presence 
of added ascorbate. of whatever amount. Icyano-2- 
hydroxybut-3tnc (5, Scheme 1) was also formed. 
However. the quantities of nitrite produced were much 
less than those of the oxaz.olidinethIone and, with one 
exceptIon. aI a fairly constant low level. It is likely. 
therefore. that this formation of nitrik in the presence of 
ascorbatc is due merely IO the clfcct of the activation of the 
enzyme. rather than any other direct influence. 

Howcvcr, at 7.5 rmolcs of added ascotbate an cxtra- 
ordinary peak in nitrilc production was obtamcd. This 
phenomenon. and the quantitatrvc data. wcrc confirmed 
in many replicate assays. including using different batches 
of cnzymc and of substrate. so presumably the clTcct must 
be BcnuInc. This type of bchaviour has not previously 
been reported and it could. of course. have some imph- 
cations with regard to the validity of data concerning 
cnzymic glucosinolatc degradation The effect could nor 
be reproduced m cnzymic hydrolysis at higher pH. namely’ 
7.0. 7.8.8.1 and 8.8. when no extra nitrilc was obtained In 
the presence of 7.5 /Imoles of added ascorbatc in otherwIse 
identical expcrimcnts. A possible. if facile. explanabon for 
the effect could be the presence of a pH-sensitive iso- 
enzyme responsible for nitrilc production. but clearly the 
phenomenon rcqmrcs further. specifK study 

The effects of a range of Fe” conccntratIons on 
cnzymic degradation of synthetic 2-hydroxybut-3- 
cnylglucosinolatc arc shown in Table 2 It is clear that the 
addition of Fe’ ’ has a marked effect on the course of the 
enzymic reaction. since In IIS absence (the blank) oxaxo- 
IidIncthIonc was the sole product. whilst whenever Fe’ * 
was present nItrIle was formed This is broadly in 
agreement with prcvlous work. although in these earlier 
studies ascorbatc was also included. thus Introducing two 
variables [22] Table 2 shows that only very small relative 
amounts of Fe’ ’ were necessary IO show thiscffccI.and at 
0.0625 equivalents of added Fe”. nitrilc bcuImc the 
major product of reaction. Eventually. on addition of 0.25 
equivalents. the system was completely reversed. and 
nitrilc was the sole product. Unlike ascorbatc. Fe” is 
certainly not an activator. and indeed it slightly suppresses 
reaction. the extent increasing with the conantration of 
added Fe’* However. once mtrile became the sole 

product. further increases in Fe’ l did not then signifi- 
cantly change the amount of nltrilc produced. thus 
implying that there is no further. more severe. Inhibition at 
higher lcvcls of Fe’ l 

This slight inhibition of reaction by Fe” can also be 
seen in Table 3, which gives results comparing the rate of 
cnxymic hydrolysis of the synthetic glucosmolatc both in 
the presence and absence of added Fe’ l In these cxpcr- 
imcnts the amount of added Fe’* (00625 equivalents) 
was chosen as a level which aliorded roughly equal 
amounIs of the two products (see Table 2). so that any 
changes in their relative quantities would be more readily 
detectable. The data show thar the rates of hydrolysis were 
not BrcaIly different whether Fe’ ’ was added or not. but 
alrhouph Imtially the presence of Fe’ ’ would appear to 
promote reaction. eventually II does seem IO have a slight 
inhibitory effect These resultsdo not. however. agree with 
previous work. in which II was found that added Fe’* 
incrcasd the hydrolysis rate by a facror of 6 [ 211. 
Although greater amounts of Fe’+ were used In these 
earlier studies (0.25 equivalents) [2 I], our results (Table 2) 
would suggest that such a higher concentration would 
merely shghtly increase inhibition. The most likely reason 
for Ihc dlffcrencc In these findings IS thal the prcvlous 
workers [Zl] used extracted 2-hydroxybut-3- 
enylglucosinolatc. rather than pure. synthesized matcnal. 
With regard IO the relative rates of formation of the two 
products under these circumstances. it can be seen from 
Table 3 that there IS little difference. Initially. the rate of 
formalion of thu nitrilc was faster. but after co 4 hr under 
these conditions. formation of oxazolidinethionc bccamc 
faster. 

With regard to the mode of action of Fe’ ‘. a broad 
comparison of the results In Table 1 with those in Tabk 2 
shows that the two factors (Fe’ ’ and ascorbatc) produce 
quite different cffcc~s. Arorbatc IS clearly an enzyme 
activator. whilst Fe* * IS not, but instead it actually dlrccts 
thecoursc of the degradation (it is noticeable. for example. 
that in the abscna of added Fe”--Table I nitrIle IS 

always the minor product). II IS thus ualIkcly that f-‘c’ ’ 
also affects thioglucosldasc enzyme as dots ascorbatc. 
but rather it interacts somehow with the cnzymically 
produced a&cone (2, Scheme I). possibly via catalytic 
complex formation. and hence directs its decomposition 
to nitrilc rather than isothlocyanatc by the Losscn 
rearrangement. Clearly. there is a number of suitable sites 
in the agluconc for co-ordination with Fe’* However. 

0 (Blank) 
00187 
0.0375 
0.0750 
0.150 
0.30 
0.60 
I.20 
2.40 

Table 2 EtTaIs of addal Fe” on Ihc cnzymic deBradaIion of 2-hydroxybuI-3tnyl&sosmolaIe a~ 
pH 57 

- - -.- - ----- -.-. - -_--_ _ 

Added I-Cyano-2.hydroxy- 5-Vinyloxazoldinc- Total ExIcnI 
Fe’. Equivalcnls buI-3tnc 2-Ihionc pfOdUClS InhIbItIon 
Irmol) of Fe’ ’ (rmol) (rmol) (rmol) la0 of blank) 

- - - - - - - -- - - .- - - - 

0 0.540 0.540 100 
0.0078 0.03 I 0.493 0.524 97 
0.0156 0.049 0.450 0.499 92 
0.03 I2 0.153 0.2% 0.443 82 
0.0625 0.310 0.2% 0.516 96 
0.125 0.412 0.023 0.435 81 
0.250 0.405 0.405 75 
0.50 0.412 - 0.412 76 
1.0 0.412 0.412 76 

.-- --- ..- - --- 
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rabk 3. EfTccts of added Fe’ ’ (0.0625 cqulnknts) on [he rate of cnzynw dcgradauon of 2-hydroxybui-3. 
cnylglucosnolaw at pH 5.7 

I_(‘yano-2-hydroxy- 5-Vinyloxazohdlne- Total Control (no added Fe’ ’ ), 
l’lmc but-he 2-tluonc pKXlWS 5-vlnyloxazolidmc- 
(hr) IPnN OcmOl) Irmol) 2-thionc (Irmol) 
-.- .- _ .-- - - - ~- - _. ..- -..- - __. 
I.0 O.L20 O.Io!I 0.229 0.107 
2.0 0200 0.103 0.303 0.226 
3.0 0.256 0.133 0.386 0.395 
4.0 0.310 0.2w 0.516 0.540 
4.5 0.379 0.260 0.639 0.691 
6.0 0.448 0.392 0.840 1.032 
7.0 0.476 0.466 0.942 1.231 
--. _ -_ -. _ _._ __~___ - 

‘Table 4. Wats of ad&d Cu” on the cnzymK dcgradahon of 2-hydroxybut-3<nylglucoslnolalc a1 
pH 5.7 

.---._. _--_ ._- _. ._ -. - - -- 

Addal I-Cyano-2-hydroxy- S-Vinyloxazoldinc- ‘CoIal Ex1en1 
CU-” Eqwaknts but-3cnc 2-[hone prduc1s mhib+tron 

(rmol) of CL?. (rmol) Irmol) (rmol) (3, of blank) 

0 (Blank) 0 

0.0012 O.ooo487 
0.0023 o.ooo975 
0.0047 0.00195 
O.OQ93 0.00390 
00187 0.0078 
0.0375 0.01% 0.005 
0.0750 0.03 I2 0.012 
0150 0.0625 0.016 
0.30 0.125 0.020 
0.60 0.250 0.03 I 
1.20 0.50 0.047 
240 IO 0.047 

- .- -. . . ~. __ .- 

whatever rhc mcchamsm of Fe’ l actIon. its &cry slgnifi- 
can1 clTect a1 very low conccn1rations should always bc 
taken mto account. It may even bc, for example. tha1 a1 
rclallrcly modcs1 na1ural concentrations of fra Fe’ ’ in. 
say. rapt, the supposed formation of toxic oxatohdmc- 
thionc could, in fac1. be complctcly supprcsscd. 

The CIT~XIS of a range of Cu’ l conccntra1lons on 
cnzymlc degradation of synthc1ic 2-hydroxybut-3- 
cnylglucosinolatc arc shown in Table 4 II can bc seen 1ha1 
whilst Fe’ * slightly Inhibited reaction. c‘u’ ’ draswally 
Inhibits it. Ag,am, this finding is m agramcnr with 
previous work [22]. Table 4 shows thaw cvcn mmutc 
corxzcntrations of added Cu” caused apprcciablc In- 
hlbition, and by comparison with the results in Table 2 II 
can bc seen that equivalent amounts of Fe’ ’ caused much 
IL% Inhibition. For example. whilst 0.03 I2 equivalents of 
Fe’ l caused only ca 20”” inhibitlon. the same rclati\c 
conccntra1lon of Cu’ ’ caused cu WY, inhibItron. 
Howcvcr. the addition of Cu’ * dots still a(fcct the ratio of 
products. and m much the same way as Fc* . Thus. with 
Increasing conccntra1ion of addcd Cu’ ‘. the product(s) of 
cnzymic reaction changes from 1otally oxazolidinclhionc 
IO mlx1urc IO to1ally nitrilc, and thcsc changes occur a~ 

0.540 

0.493 
0.4i3 
0493 
0430 
0.21 I 
0.070 
0040 

- --. 

0.540 

0.493 
0.473 
0.493 
0.430 
0.211 
0.075 
0.052 
0.016 
0.020 
0.03 I 
0.047 
0.047 

IO0 
91 
88 
91 
80 
39 
14 
IO 
3 
3 
6 
8 
x 
-- 

much the same rclatlvc conccntratlons for both Fe’ * and 
Cu’ *. For example. plottmg 1hc data m Tables 2 and 4 
shows that the pin1 a1 which equal amounts of the IWO 
products arc formed is a1 0.0480 equivalents of Fe’ l and 
a~ 0.0515 cqulvalcnts of Cu’ ‘. which IS reasonable 
agrccmcnt II seems likely. therefore. thaw c’u” has the 
Same mode of action as Fe” in 1hls instana. and 
probably on thcagluconc asJust sug.gcstcd. but that it IS in 
addltlon a strongcnzymc inhIbItor whcrcas Fe’ * is only a 
weak mhlbltor Whcthcr this dlrcctional cffcct on 1hc 
degradation of glucosmolalcs shown by these spcc~cs IS a 
gencralizcd phcnomcnon shown by other appropriarc 
metal tons nrvds further s1udy In slmllar gcnumc model 
systems 

CXPERIMHEhTAL. 

,%~vIw. subsmu ad smndudr Rewously reported m&c& 
were used IO ~soln~e and purify thloglucoslde glucohydroloK 
from seeds 01 B nupi6.s CY panzer [ 21. and lo synthcsuz 2- 
hydroxybur-3.enylgluco~nolalc [ I]. S-~lnyloucolldlne-2-thlone 
[ 251 and Isyano-2-hydroxybul-3cnc [ 261 

Enryw degrdorton oJ 2-hydroxpbur- 3-enyg/urosi~&1e m the 

presence oj ascorbae 2-~iydroxybu1-3-cnyl&w~nola1c 
(I 2 pmole) In 275 d of acc1o1e buffer soln (0.02 M. pH 5 7) 
con1ammg1heappropru~econcnofascorbatcashs1cd InTable I. 
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MS mtxed with 25 4 of B. nopus thiogluosidam -ratron and 

the mixture incubated at 2P for 1 hr Roducta were extracted 

wtth CH,Cl, (600~) and assayed by FID-GC. For S- 

nnyktxaxolidtac-2-thione, a I5 m x4 mm i.d. glass column 

pcked with 5 % Apiaon L coaled on Celite was uacd. at a temp. 

of 130’ For Icyarm-2-hydroxybut-3-ene. a 1.5 m x 4 mm id 
glass column packed with 109, neopentyl glycol rumna~e 

(NAGS) coated on Celite was used, a1 a temp of 150” In both 

cases. N, flow rate was 30 ml/mm. mjrction temp. 150‘. detector 

temp 250.. and quantihcation was accomplished by utpcting 

known quantttres of the synthetr standards under the same GC 

conditrons. 

The same expls were also carnal OUI a~ pH 7.0.7 8.8.1 and 8.8 

Enzymic drgrcldarron o/ 2-hydroxybur-3~nylgl~o~l~r in 

the pt-r o/ Fe”. 2-Hydroxybut-3mylghrcoundrtc 

(24 bntol) tn 200 Al of acetate bulfcr soln (002 M. pH 5 7) 

contauttng the appropriate concn of Fe’ * tferrous ammomum 

sulpha~e) (Tabk 2). was mixed with 100 Al of B mxpus thtogluco- 

sdasc prcpxratton and the mixture incubated a~ 25” for 4 hr. 

Products were extracted wtth CH,Cl, (6OOPl) and assayed as 

described above 

The same cxpt was also carned out usmg a smglc. standard 

amount of added Fe” (00625 quivaknts). but assays were 

performed after certain pertods of mcubatton (Table 3) 

Enrymic dcgrodarton o/ 2-h~drox~bur-3-mylglucoJlnolorr in 

rh presence oj Cu’ - These cxpts were carried out exactly ax 

described abobe for tho.u with Fe’ ‘. bul using Instead various 

amounts of added Cu’ * tCuS0.) (Table 4). 

Aclrwwleddgrnwnr -WC thank the Agncultural and Food 
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