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Akmct-Thioghtcoside glucobydrolasc (EC 3.2.3. I) was extracted from seeds of Brussfca M~IU cv. panta (rape) and 
p&ad by a procedure including gel 6ltration and ion exchange chromatography. Its spazi6c activity using 
allylgl&noLatc as substrate was more than twice that when using 2-bydroxybut-+mylgluc<nindate, even though the 
latter @coGnotate is the natural substrate in B. MW. At least two isoetuymea waedetcctad with pH optima of4.4 and 
8.0. 5-Vinyloxazolidine-2-thione was the sok product of cnzymic degradation of 2-hydroxybut-3-cnylghxzosinolate 
above pH 5.4 caching a maximum at pH 8.0, whilst l-cyano-thydroxybut-3enc was the main product at low pH 
reaching a maximum at 3.4. 

INlXODUcl’lO~ 

To date, nearly 1OOglucosinolatcs (1, Scheme I) have been 
identified in nature, and mainly they di&r only in the side 
chain, R. They degrade enzymkally, as shown in 
!5chcmc 1, to yield a variety of important products, 
including isothiocyanate (3), nitrik (4) and thiocyanate 
(51 Those glucosinolatcs possessing artain spazifk strut- 
tural features in their side-chain arc also capabk of 
forming oxazolidincthioncs and/or epithiocyanoalkancs. 

The enzyme rcsponsibk for glucosinolate degradation 
is thioglucosidc glucohydrolasc (EC 323.1). sometimes 
referred to by the trivial name myrosinasc. There has betn 
some controversy concerning the nature of the ctuymc. 
and cqxcially regarding whether there is a dual function- 
ality. Early workers suggested that myrosinasc was both a 
sulphatase and a ghrcosidasc, and Gaines and Gocring 

*Present addrar: Dqmrtmcnt of Chemistry. Nottinghm While a great deal of work has been carried out on 
Univrnity. Nc-uingham, U.K. characterizing thioglucosidase enzymes. relatively little 

claimed separation of the two fractions (1,2]. 
Subsequently, however, it was shown that myrosinasc 
ckava only the thioglucosidic link [3,4], the resultant 
agluconc (2) then spontaneously undergoing a Lossen 
rearrangement with concerted loss of sulphatc to yield 
isothiocyanate as shown in Schcmc 1. Nevertheless, thio- 
glucosidc ~~hydro~ does occur in muhipk forms in 
plants, but as isoenrytr~~. Many workers have character- 
izai such isocnzymcs in the CNEifcrac [5-l 21. Bjdrkman 
and Janson separated thra isoenzymcs from Sin0pi.t alba 

sad [S]. They referred to the predominant one as 
myrosinasc C, and this was found to be a glycoprotein 
with M, of ca ISI 000, and consisting of two identical 
polypcptide subunits each with M, of co 62ooO together 
with the carbohydrate part [S]. Subsequently, Ltrnnerdal 
and Janson separated four isocnzymcs in Bmssica napw 

(61. Henderson and McEwcn have shown that variations 
in the proportions of the thiogltxosidasc isocnzymcs have 
some taxonomic signiScancc 193. 

IhiOglUCOSidC * 
gluoohydrolar 

2 

SC&IDC 1. Enrymic dqxtation of glucoslrolata 
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attention has been devoted IO their substrate spcciBciIy. 
However, Bjorkman and L&merdal have shown the 
activity ofmyrosinasc C from Sinupis clfbo to vary with the 
Iypc of glucosinolate used as substrate [7]. The spazihc 
activities of thioglucosidascs can also vary, and quite 
markedly, dcpcnding on the source. Thus, the enxyme 
activity In Sinupis olbo has been shown to bc ten timcs 
greater than in Brussico napus and B. campestris. even 
though the total thioglucosidasc in S. olba is fifteen rimes 
rhat in B. napus [6]. 

Elaborate methods have been uscd to scparatc and 
purify thioglucosidascs. Originally, Schwimmer simply 
used acetone fractionation to purify the enzyme from 
commercial mustard powder (mainly Bras&u juncea) 
[ 131. Vosc extended this type of procedure and scparatcd 

two thioglucosidascs from Sinapis &I using polyacryl- 
amide gel ckctrophorcsis [IO]. However, possibly the 
most successful methods to date have been dcviscd by 
Bjiirkman and co-workers. and have utilixcd such Icch- 
niqucs as gel filtration. ion cxchangc. isoclcctric focusing, 
gel clcctrophorcsis and ultraccntrifugation [S, 6. 141. 

Whilst it is the thioglucosidascs of the higher plants 
which have been best srudicd. some workers, in particular 
Ohtsuru er 01. [ 15 171, have investigated other sources of 
the enzyme. and found it to bc prcscnt in the fungus 
Aspergihs sydowi and the bacterium Enrerobacfer 
cloacuu [ 161. Recently. thioglucosidasc has even been 
located in artain muscks of the thorax and head of the 
aphid Bretkoryne bradcue [ 181, and it would bc intcrcst- 
ing IO discover whether this metabolizes glucosinolatcs in 
the same way as plant thioglucosidascs. 

The thioglucosidasc isoeruymcs have been found to 
have diffcrcnt propcrtia to one another, particularly with 
regard to their pH and tcmpcraturc optima. and in their 
rcsponscs IO ascorbatc [7-IO]. The quoted pH optima for 
various cnzymc preparations from various sources cover a 
surprisingly wide range from 4.0 to 9.0 [7, IS. 17-231. 
although the divcrsc ionic strengths and buffers used by 
different workers complicate any direct comparison of 
results. However. the pH optima determined by 
Bjorkman and Lonncrdal for the isocnzymcs of Sirrupis 
olbo (4.G5.8) and of Brarsica mopus (4.5 5.2) [7] arc much 
lower than those obtained by most other workers for 
thioglucosidascs. which arc usually bctwccn 6.5 and 9.0 
[ 15. 17, 19.20, 221. although a value of 5.0 has been 
reported for the thioglucosidascs of Brevicorync brussicae 
[IS] and Lppidium sufiuum [23]. 

The pH at which glucosinolatc degradation tiually 
occurs has an important effect on the distribution of the 
products. Thus, it has been found in many cases that 
cnzymic hydrolysis at iridic pH leads predominantly to 
the nitrilc (4, Scheme I), while hydrolysis aI neutral or 
near-neutral pH kads prcdominantly to the iso- 
thiocyanatc (3). The mechanism of cyanide formation is 
bclicvcd to bc proton-dcpcndcnr, with the proton aaing 
on the thioglucosidasc-produced agluconc (2). and there is 
much evidence in favour of this mechanism [23 271, 
although Virmncn suggcstcd that the prcccss was cnxymic 
rather than non-cnzymic [28]. 

Most cnxymic dcgradativc work using model systems 
has ban car&d out on cxtr;rrcd glucosinolatcs, although 
some has urilixcd a pure glucosinolatc [29]. Since such 
cxtractcd substrates would bc cxpcctcd to contain im- 
purities. it is quite possible that these might have intcr- 
fercd and given miskading findings. To obtain most 

meaningful results, it is therefore obviously nazsary IO 

work with pure, synthetic glucosinolatcs and puriticd 
cnxymcs. Partly for this reason, rcccntly WC synthcsixcd t- 
hydroxybut-knylglucosinolatc (progoitrin) as the pure 
substrate [30]. This paper thcrcforc dcazribcs our prcpar- 
ation and examination of puriticd thioglucosidc gluco- 
hydrolasc as the other component of the basic model 
system In particular, WC studied the cffccI of pH on the 
products of reaction. 

2-Hydroxybut-knylglucosinolatc is the main glucosi- 
notate of Brassico napus (rape), and therefore this spccics 
(cv. pantcr) was a rasonabk choice as the source of 
Ihioglucosidc glucohydrolasc to study this glucosinolatc’s 
cnzymic degradation. The procedure for extracting and 
purifying the enzyme was broadly based on previous 
methods, and cspccially those of Bjorkman [14], but it 
inch&d a number of modifications and improvcmcnts 

AfIcr extraction of B. napus thioglucosidasc with buffer. 
the extract was dialyscd for a few hours to rcmovc small 
pcptida and to allow formation of a prccipitatc, which 
was rcmovcd by ccntrifugation. This prazss was carried 
out to avoid subscqucnt protein precipitation on the 
Scphadcx G-SO column. Initial purification was achieved 
using the Scphadcx G-50 gel. which allowed fast scpar- 
ation of the Ihioglucosidasc. At this stage, the clution 
profik of B. M~US thioglucosidasc indicated at kast two 
isocnzymcs. Active fractions wcrc combined and con- 
centrated by ultraccntrifugation. Further purification was 
then achicvcd using a column of Whatman DE-52 ion 
exchanger with a linear salt gradient, and again the clution 
profile indicated at lcast Iwo isocnxymcs. This step 
provided a purifkation factor of Il.3 over the 8cphadcx 
G-SO separation. and yicidcd a final spccifk activity for the 
cruymc of 0.92 pmol/minimg protein. using allylglucosi- 
nolatc as substrate. In carlia work, a spocitk activity of 
only 0.164 pmol/min/mg protein was obtainal by us for 
the thioglucosidasc of commercial mustard powder, but 
extracted and puri!icd using the less sophisticated original 
proccdurcs of Schwimmcr [ 133. 

Using Sinapis alba thioglucosidasc. Bjorkman and 
Janson found allylglucosinolatc to bc hydrolyscd at about 
twice the rate of 2-hydroxybut-knylglucosinolatc [S]. It 
is interesting thaI WC obscrvcd exactly the same bchaviour 
wiIh our Ihioglucosidasc preparation. Thus, when 2- 
hydroxybut-knylglucosinolatc was used as substrate. 
the Ihioglucosidasc cxhibitcd a spa& activity of only 
0.426 pmol/min/mg protein. less than half that obtained 
when using allylglucosinolatc as substrate. In many 
rcspccts this is surprising. sina the former glucosinolatc is 
undoubtedly the natural substrate for the thioglucosidasc 
of Brussico ~pu.s cv. panlcr, buI since allylghbcosinolate 
was hydrolyscd at a faster rate. then the enzymecannot bc 
specific for 2-hydroxybut-3-cnylglucosinolatc. In that 
case. it must bc the nature of the glucosinolate side-chain 
which dctcrmincs the rate of cnxymc hydrolysis. Taking 
into account previous studies on substrarc spocifkity 
[S. 73 together with the results reported here, it would 
seem that those glucosmolatcs with more hydrophilic 
sidechains, such as those with a hydroxyl group present. 
arc hydrolyscd at a slower rate than those with less 
hydrophilic side-chains. It may bc thaI non-s@c 
hydrogen-bonding from such glucosinolatcs to amino or 
amido groups of the enzyme might hinder the scaring of 
the glucosinolatc into the acrivc site of the enzyme. 



Considering now the effects of pH on the etuymic 
degradation of the synthetic 2-hydroxybut-f 
tnylghrcosinolate, initial studies on its reaction with 
mustard thioglucosidaae in an unbu&rcd medium 
showed that the pH decreased with time as glucosinolate 
degradation progressed. Data arc shown in Table 1. and 
the only product was 5-vinyloxaxolidine-2-thione (goit- 
rink since the pH did not fall sufficiently for the proton- 
dependent formation of Icyan+2-hydroxybut-Eene. 
This oxaxolidincthionc is formed in this case by spon- 
taneous cycliaation of the unstabk isothiocyanate. Similar 
results have previously bttn reported for allyl- and 2- 
phcnethyl-glucosinolatcs with the same enzyme prcpar- 
ation, and an explanation given for thii type of behaviour. 
However, in both these other cases the decrease in pH 
during the same time period was more severe, so that 
eventually nitrile was also produad [ZT]. With 2- 
hydroxybut-3-cnylglucosinolate, it oan be san (Table 1) 
that both the decrease in pH and the production of 
oxazolidincthiont were beginning to kvel ofTafter about 
40 min as the amount of substrate availabk became the 
limiting firtor. 

The effects of controlled pH on the degradation of 
synthetic 2-hydroxybut-knylglucosinolate by the purr- 
god &us&a napus thioglucoridasc were evaluated in two 
ways. First, a limited hydrolysis was carried out (for 
SO min) to obtain pH optima for this particular system, 
and then prolonged hydrolysis (for 4 hr) was also pcr- 
formed in order to determine the relative amounts of 
glucosinolate products at different pH. Results of the first 
set of expcnments are given in Tabk 2, and the optimum 
pH (for maximum glucosinolatc degradation) for this 
thioglucosidasc is at about 4.4. This agrees very well with 
the value of 4.5 previously obtained by Bjcirkman and 
Liinnerdal for myrosinasc C, the most abundant iso- 
enzyme, of Brgssieu napus [q. However. these workers 
also detested two other isocnzymcs with pH optima at 5.2 
[7], which WC did not. As stated earlier. most other 
workers have reported higher pH optima for thioglucosi- 

37, t~Y$2]. ~~~~~~t~~~~~r~~~~, tJ?te tlZ 
our results (Tabk 2) also show a second, although smaller. 
peak of glucosinolatc degradation at a pH of about 8.0. 
more in line with thcsc other observations. Clearly this 
must indicate another isocnzymc in our system, but not 
found in previous studies of 8. rntpus thioglucosidasc [7]. 

A seeming pazuliarity of the results in Tabk 2 is that at 
best only about 329, ghrcosinoiate degradation was 

Table I. Enzyrn? degradation of 2- 
hydroxyhut-knytgtucosinolate (I.35 mol) in 

an unbuKcral medium 

Time, S-Vinyloxuolidinc- 
min 2-throne. ml PB 

0 - 6.94 
4 - 6.68 
8 traa 6.47 
12 trrr 633 
16 0.14 6.25 
22 0.62 6.10 
30 1.11 6.03 
38 1.33 6.03 

*Using mustard rhioglucosiduc 

T&k 2 Enxyr&* degradation of 2-hydroxybut-knylgLui- 
ndate (0.5 ~1 for 50 min) at amtrolkd pH 

PB 

26 
3.4 
4.1 
4.4 
4.7 
5.4 
6.4 
7.0 
7.7 
8.0 
8.3 
8.8 
9.7 

I-Cyano-thydroxy- 5.ViIlyloxazot- Toui 
but-3-cnc. idinazthionc. produC& 

lnaot lrmo) lrmot 

0.073 .- 0.073 
0.079 0.017 0.096 
0,042 0.103 0.150 
0.034 0.126 0.160 
0.022 0.123 0.145 

- 0.120 0.120 
- aon 0.077 
- 0.075 0.075 
- 0.085 0.085 
- 0.092 0.092 
.- 0.082 0.082 
- O.M5 0.065 
- 0.065 0.065 

*using pur&d Bras.&u Mpur thiogtwXGdasc. 

obtained in 50 min under these circums tanas. whereas in 
unbuffered medium very nearly 100~0 degradation oc- 
currd within 40 min (Tabk 1) The reason for this is that a 
much larger quantity of thioglucosidasc (of different 
origin) was used in the preliminary assay in order to 
enabk direst comparison with similar earlier studies on 
other glucosinohta [27]. However, when prolonged 
cuzymic hydrolysis (for 4 hr) was carried out, near 
quantitative degradation was again observed. as can be 
seen from the results of thm experiments, given in 
Tabk 3. 

Tabk 3 also shows that oxazolidincthione was not 
produced at pH levels below cu 3.4, whilst nitrik was not 
formad at pH values greater than ~115.4. This latter limit is 
further extended beyond that found in Table 2 i.e. pH 4.7, 
presumably due to the longer period of the hydrolysis 
allowing for trace amounts of nitrik to increase beyond 

Table 3. EnzymiP degr&tion of 2.hydroxybut-3-cnylglui- 
notate (0.6 @ for 4 hr) at controlkd pH 

PH 

tCyano-2-hydroxy- 5.Vinyloxud- Totaj 
but-3-cn&)cmol idine-tthionz @noI producta 
(% tkordicrl) (% tl=rrtial) Ptnol 

26 
3.0 
3.4 
3.8 
4.4 
5.0 
5.4 
5.8 
44 
7.0 
a0 
8.8 
9.7 

0.164 (27.3) 
0.218 (36.3) 
0.300 (50.0) 
0.256 (427) 
0.1 IS (19.2) 
aou (7.3) 
0.022 (3.7) 

- 
- 
- 
- 

- 

- 0.164 
- a218 

0.085 (14.2) a385 
0.249 (41.5) 0.505 
0.410 (68.3) 0.525 
0.470 (78.3) 0.514 
a490 (81.7) a512 
0.520 (86.7) 0.520 
0.524 (87.3) 0.524 
0.530 (88.3) 0.530 
0.535 (89.2) 0.535 
a426 (71.0) 0.426 
0.360 (00.0) 0.360 
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detection limits. The decreasing yields of nitrilc below pH 
3.4 co&J be due either to its instability at such low pH 
levels or to enzyme inhibition. In the same way that nitrilc 
formation did not eventually become quantitative at 
lower pH, neither did oxazolidincthionc at higher pH. It 
reached a maximum at ro 8.0 but then also declined 
rapidly with more extreme pH. ‘l-his may also bc due to 
chemical degradation or reaction. but this pH does, of 
course. coincide exactly with the pH optimum of one of 
the Bras&a nupus thioglucosidasc isrxnzymcs. 

Although the effects of prolonged hydrolysis support 
current theories on the main proton-dependent mcchan- 
ism of nitrilc formation, it should bc emphasized that in 
natural systems it has been observed on a number of 
occasions that nitrile can bc the dominant product of 
glucosinolate degradation at neutral, or cvcn basic pH 
[23,31-341. Attention has previously been drawn to this 
diffkrcnct bctwccn the model system and natural autolysis 
[27], and clearly in the natural system some extra feature 
must bc present which directs glucosinolatc degradation 
to nitrite under thcsc conditions. This could bc as simple 
as the presence of Fez + [26.35], but further proper model 
system experiments arc necessary to evaluate the 
possibility. 

EXPERIMRYTAL 

Synthesis oJ subsmtr d rramiurds. 2-Hydroxybul-b 
cnylglufosinolate was prcparal by a multi-stage synthesis from 
pr@ and z-oglucosc [30]. 5-Vmyloxazobdine-2-thionc was 
prcpared from 1.2-cpoxybut-3-cne in three ruga by rht mclhod 
of ref. [36]. l-Cyan*2-hydroxybut-krne was prrparaf in two 
steps from buta-l&dicnc and c&urn hypochlotite using stan- 
dard procedures [ 371. 

Sepmocion Mll puri&ation oJ~h&lroside glucoh+k~~ (EC 

323.1). Ground sads of Brarrua napuc Ev. panla (ISg) were 
&fatted with hcxanc (IO x 100ml) and the glucosinolatcs re- 
moved by cxtraclton with icc<okl 70”, Me#ZO. After filtration 
the seed powder was extracted with NaOAc buffer (0.01 M. pH 
5.9. 54l ml) for IOmin a( 4”. The extraci was then ccntrifugcd a1 
13ooOg for IS min at 4‘. and ~hc sucmatant dccantcd and 
dialyscd PI 4” for 2 hr against 0.01 M NaOAc buffer. The extra 
was then czntrifugcd again at 13000 g for I5 mm before spplymg 
iI to a 30 x 4.4na Wright column packed wrth Scphadcx G-50. 
Proteins were elutcd with NaOAc buffer (0.01 hi. pH 5.9) at a 
Bow rate of 66ml/l1r. The clurion of protein was followed by 
mcasunng the A at 280 nm of 15 ml frstlons Thioglucostdasc 
oct~nly of each fraction was asscsscd by adding I ml 10 I mg of 
pure allylglucosmola~c, and mcubating ~IK mixture al 40” for 
I hr. Pralucts wcrc extractal with CHICI (2 x Sml). the 
extracts dried (Na$O,)and coned under vruum at room temp. 
The residue was taken up in 0.5ml CHICll and the ally1 
lsothmcyanatc prcscnt dctcrmincd by GC. Th~oglucosidasc ac- 
r~vity was reprcscntcd by the peak arca due 10 ally1 tsothiocyanatc 
for ach fracllon. Fractions wnh rluoglucosKiasc Mivlty wcfc 
lhcn combmad and conal 10 Mml using an Amron filtration 
apparatus (M, cut-off, ISOOO) at w)psl. The conal extract was 
rltcn apphcd to a 10x l.Scm Wright column p+ackcd with 
Whatman DE-52 ion cxchangc resin (cqut&ratai overnight wrth 
0.01 M NaOAc buffer. pH 5.9I Protein wa &ted svwtrh B Itnear 
sah gdicn~ (O-Q.2 M NaCL 0.01 M NaOAc. pH 5.9) II a flow 
rare of 30 mlihr. Fractions ( 10 ml) wcrc collcctcd and assayed for 
prorcin and Ihioglucosidau actwiry as before. Fractions with 
thmglucosti activity wcrc combmad and co& as before. 

Protein dctcrmmaltons, for assay of spccttrc actlvitm, wcrc 
achieved by the Folin Ciocalrcau mcth& with a calibratron 
curve obtamcd using bovine strum albumm 

Enqmic depdafon 0J 2-hydrox+t--krrylgWe 
in an w&@cd JR&RL 2-Hyd~xy~t-~yw~~te 
(1.45e)in l~of~H,O~~~~tb IOmgof 
mururdr~uporidutpqwmdbytbcma~ofrb~l3f.fhe 
mixrurc was incubated at 4oc, and tbc pH marursd at anain 
time int& Ar tbcsc same times the concn of > 
vinylo xa&id&-2-thionc was dctammad in the mixlurc by 
atraction with CHsCls (6OOfi) followed by FID-GC using a 
I.56 x 5mmid.gluscoluamp&alwitb5~ApiaonLmtal 
on Ctlit~c&mn temp. f 30”, injection point temp. I so”, dctcctor 
temp. 21x)“. Ns dow rate 3Oto/min. Quanti&ation wu by 
compuiron with stand&a of synthetic oxazoljdincthionc duo- 
nbatogTaphadundcrlbcsamccondilion& 

Enz@c dcgrodcniaa oJ 2-hydroqfnu-3-enylgl~~e at 

cmm/&d pH. Buffaz from pH 28 to 8.0 wcrc # from 
0.2MNasHPO.andO.l Mcitricrid;butTcrsabovcpH%wcrc 
prrprndfrom8.5*/~aSM~OAf.O.l43M~hrbitonc 
and 0.1 M HCL 2-Hydroxybut-32nyl&cosinolatc (0.5 or 
0.6-l) in 504 of appropriate bulTcr soln was &al with 
I004 of &&a opus thioglua&laac pccparation and the 
mixture incuhtcd at w for 5Omin or 4 hr. Products were 
extracted with CH#Zl, (6OQ& artd 5-vinyloxazolidinc-2-thiont 
assayed as dcaaibcd above. I-Cyano-2-hydroxybur-3-cnc was 
ltsoda~adinrhcutrwubyFIIZGC.buturingaI.5m 
x4mm id. glass a&nun @aI with 10% ncopcntyl gfycol 

suainatc (NPGS) cuatal on Cctite, column temp. I w, injection 
point temp. IUP, dctcctor temp. 2w, N, Oow rate 3Oml/min. 
QuantiBcation was again accompli&cd by injecting known 
quantities of the synynthctic stnndud unda the same GC 
conditions. 
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