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ABSTRACT

The metabolism of glucosinolates has been investigated, including
the properties of thioglucoside glucchydrolase EC 3.2.3.1 (myrosinases).
New column chromatographic techniques have been used for group separa-
tion and sample preparation prior to HPLC analysis of amino acids and
glucosinolates. Pattern and content of glucosinolates in the samples
have been determined by HPLC of intact glucosinolates. The properties
of myrosinase isoenzymes have been investigated by traditional methods
of enzyme analysis, enzyme kinetics and FPLC.

Glucosinolates are biosynthetically formed in the plants from 14
structurally related amino acids. Tracer experiments with different
labelled precursors have been used in these studies. For Brassica spe-
cies especially methionine, tryptophan and phenylalanine are important
precursors which in complicated processes are transformed into gluco-
sinolates by multi enzyme complexes. These processes involve (a) and/or
(b)-(g):

(a) chain-lengthening via incorporation of C-2 units in the a-keto
acid chain elongation process

(b) Fformation of terminal double bond in glucosinolates derived from
methionine + elimination of the methylthio group

(c) oxidation of the methylthio group into a methylsulphinyl group

(with (R)-configuration only) or a methylsulphonyl group
(d) hydroxylation at C-2 in the glucosinolate side chain. Both (25)-

and (2R)-configuration are known
(e) hydroxylation/oxidation of aromatic side-chains
(f) -introduction of methoxy-, sulpho- or glycoside groups in the side

chains
(g) acylation in the thioglucose part with e.g. cinnamoyl derivatives.

Glucosinolates are catabolized in the plants and amines and y-glu-
tamyl derivatives thereof are in some cases found as products. It is
also found that myrosinases occur with glucosinolates in. all of the
hitherto investigated glucosinolate-containing plants. Myrosinases cata-
lyze in vitro the transformation of glucosinclates intc several diffe-
rent products whereas reliable informations on such processes in vivo
are difficult to obtain

INTRODUCTION

Glucosinolate metabolism is of utmost importance owing to
the many diverse interests associated with glucosinolate con-
taining plants. Examples are plant-insect relations (Larsen et al.,

1985; Holm et al., 1985), plant-fungal relations (Buchwaldt et al.,
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ber of other plants have been occasignal reported as containing gluco-
sinolates but some of these reports nave been seriocusly questioned {Lar-

sen et al., 1983; Bjerg et al., 1987b}.

Brassicaceae (Cruciferae;
Capparaceae
Resedaceae
Moringaceae

CAPPARALES Tropaeolaceae
Tovariaceae

{in the botanical Limnanthaceae

broad sence} Bretschneideraceae
Salvadoraceae
Pentadiplandraceae
Gvrostemonaceae
Bataceae

The metabolism of glucosinolates comprises their formation (biosyn-

thesis) and degradation {catabolism} {Figure 2.

/'?/OH ORQ

i —~

G0 AN o and /io\o/w/im VARIOUS

CHNHy —e —o R-C\ QH R- C\ .O’j —= ==  PRODUCTS

X Noso,07 k' Noso0, k (FIGURE 1)
RZ [ RS = cinnamoyl-

derivatives

Aminc acids Glucosinclates

Figure 2. Biosynthesis of glucosinolates from amino acids and catabolism
to various products.

Biosynthesis of glucosinolates is only known to occur in plants
(vide supra) and with amino acids as precurscrs in cnmplicated processes
which can involve one or more of the processes (a) to {g) as mentioned
in the abstract (Meller et al., 1985). Direct incorporation of the ami-
no acid precursors into the corresponding glucosinolate with preserva-
tion of the amino acid nitrogen has been shawn to occur in some few
cases. Desulfoglucosinolates (Figure 1), thiohvdroximic acids and aldox-
imes (Figure 3) are known intermediates but lots of informations on the

biosynthesis are not available {Meller et al.. 19853,
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Figure 3. Illustration of biosynthetic steps involved in biosynthesis
of glucosinolates.

Catabolism of giucosinolates can occur in myrosinase-catalyzed reac-
Zions in vitro resulting 1n several well known products {Figure 1;.
“hese reactions occur fast when glucresinolates and myrosinases are mixed
in the presence of water, e.q. in autolysis processes :Olsen and Seren-
sen. 1981). In the intact plant tissues mvrosinases and glucosinciates
seem to be separated but an active catabolism and biosynthesis occur in
plants (vide infra). fungal thioglucosidases (Petroski and Kwolek, 1985;
and most likely different types of enzymes in the digestive tract of
ammals catalyze glucosinolate degradation {Eggum et al., 1985), These
Jegradation and/or absorption studies of glucosinolates infand from the
Jigestive tract of different animals have been continued (Bjerg et al..
'987a). The results obtained show that Jlucosinoclates have a fast turr-
over and metabolism in the animals. However, we need to realize, that
Jur knowiedge of the metabolism in animals of the glucosinolates arc.er

their degradation oroducts apsoroed in the blood is limited and much
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more research in this field is required.

GLUCOSINOLATE METABOLISM IN VIVO
Investigations of the metabolism of glucosinolates in vivo require

that we avoid ulceration and mixing of myrosinases and glucosinolates
{vide supra). Special tracer techniques based on1aC- and/or132-1abelled
srecursors are needed {vide infra). Information can also be abtained from
investigations of the types and concentrations of the metabolites in the
plants if reliable and sensitive methods of analysis are used (Bjerg et
al., 19847 Bjerg et al., 1987¢). Based on these methods the change in
content of glucosinclates, amino acids, amines and related products have
been followed during germination and development of several plant spe-
cies. The plants included in these studies have comprised: Sinapis
arvensis L., S. alba L. cv. Savor, Brassica nigra (L.) Koch cv. Junius,
B. campestris L. cv. Candle, B. napus L. cv. Erglu and cv. Gulliver,
7 cultivars of B. oleracea L. and some other wild growing plants.

Figure ﬁ shows results from investigations of the change in the con-
centrations of glucosinolates in seed and seedlings of S. alba and 8.
nigra.

nmole! per plant/plant part
Sinalbin {S. alba;

A
120 7
60 -
Glucobrassicin
(mainly in. stem;
8 n .

2 10 20 days

Figure 4. Concentrations of glucosinolates in seed and different parts
of S. alba and B. nigra seedling.
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ihe glucosinolates are degraded during germination and appreciable

5iosynthesis occurs after few days of germination. Of the indol-3-ylme-
thvlglucosinolates (Figure 7}, 4-hyaroxygiucobrassicin occurs especiallvy
in seeds and séed-leaves. 4-Methoxygiucobrassicin reacned the highest
concentration in 14 days olc seed-leaves, and neoglucobrassicin reachec
the highest concentration in stems and roots of 4 tg 7 davs old plants.
The results obtained with the other investigated Brassica species {vide
supra; followed the same trena. Several giucosinolates are, however.
accumulated in these plants .8jerg et al.. !987c) which gives a3 much
more complicated picture than shown for sinigrin in 8. nigra (Figure 4.

Of the various possible catabolic products of glucosinolates (Figure
2), it has been found that several planmts accumulate biogenic amines

as shown in figure 3,
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Figure 5. Biogenic amines farmed from amino acids with glucosinolates
as 1intermediates. * For structures of glucosinolates. st-
turallv related amines and eventuallv v-glutamvl-derivative,
see Figure 6.
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The bilogenetic relationship between glucosinolates and amines as
well as further transformations of the amines (Fiqure 6} have been the
subject for several investigations {Olsen and Serensen, !980; Larsen et
al., 1984).

) , coo”
- - '
Eg; ' S-glucose . %NageH
— —r - —— ——n !
"HNHg R G ) R-NH; —= —= CH,
R NOS0,0 CHy
{
.C
0”7 “NH-R'
Amino acids Glucosinolates Amines y-Glutamyl-
derivatives

Figure 6. Amino acids as precursors for glucosinolates which can be
transformed into amines and y-glutamyl-derivatives thereof.

Apart from the above mentioned results. only little infermation is
available on other possible in vivo transformations ivide infra) cor-
responding to these known as in vitro products of mvrosinase-catalyzed
giucosinolate hydrolysis (Figure 1).

Sulfatase-catalyzed glucosinclate hydrolysis is also a well known
in vitro process widely used for analytical purposes {(Bjerg et al.,
1987c). The sulfatases have not been found as constituents of plants,
whereas desulfoglucosinolates (Figure 1) are known intermediates in the
biosynthesis of glucosinolates (Figure 3).

Myrosinases are thus the enzymes which have attracted special in-
‘terest in relation to glucosinolate catabolism. Recently new and highly
efficient methods of analysis have been developed for studies of these
enzymes (Buchwaldt et al., 1986), Thereby it has also been possible to
obtain additional information on myrosinase isoenzymes, and it gives
possibilities for more careful studies of the complicated myrosinase
kinetics which seem to involve an allosteric mechanism {Petroski and
Kwolek, 1985) in addition to a possible ascorbic acid effect on the en-
zymes.

Biosynthesis of glucosinolates occurring in seeds of gilseed rape
(Brassica napus cv. Gulliver and cv. Quinta) have been investigated with

use of different MC-labelled precursers and the cotton-thread technique.

Previously it has been shown that

seeds before the compounds giving

glucosinolates are present in the

the major contribution to the seed
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weight (Rahman et ai., 1986,;. [t is also known that the siliques are
ohotosynthetic organs wnich produce carbon assimilates not only for the:
own growth but aliso for the seed they contain. It was, however, found
important to héve additional informations on the site of the glucosino-
iate biosvnthetic steps (Figure 3) and the seguence and details about

the piosynthesis of individual rapeseed glucosinolates (Figure 7).
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~igure 7. Glucosinolates biosynthetically derived from methionine and

tryptophan.

The experiments oerformed have comprised supply of the precursors
immediately before the silique. In another series of experiments the
precursors were supplied immediately before the leaf. The incorporatior
of 1AC into the glucosinolates have been investigated with the orecur-
sors: Z-EQC-acetate: U—TQC-methionine: U-’QC-asoartic acid: U-TQC-UDP-
glucose and U-€aCiglucose. 3oth total activitvy and specific activity
{activity per umole of glucosinolate) have been determined using pre--
parative HPLC and the techniques described =lsewnere (Bjerg and Serer-

sen. 1987},

In accorgance with the biosvnthetic sceme Figure ' 2cetate was
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# mast efficient orecursor For the rapeseed giucosinolates (Figure

7:
Bjerg et al.. 1987c!. followez 5v JOP-qiucose anc methionine. An appre-
ciable lower efficlency was optained with aspartic acio and especiaily
glucose. The best results were cotained by supply of the orecursors im-
mediately before the silique, except for Z-YQC-acetate where suppivy im-
mediately before the leaf gave better results. The use of unripe siliques
[20-30% OM of the seeds) was preferable to that of later deveiocpment
{more than 55-60% DM of the seeds’. Most of the glucos:inolates and ac-
tivity in the glucosinoclates were present in the seeds out minor amounts

were also found in the siliques.

Table 1. Relative activity in tojal rapeseeg glucosincliates from biosvr-
thesis using different ~C-precursors.

e '

1 4 £
4 Y. U-1JC- g oo

- -

c-
UDP-gluc Acetate  Met Slucose

Supply immediately
before the silique 330 00 202

Supply immediately
before the leaves 100 243

Table 2. Specific activity {dom in relation to giucosinolate concentra-
tion) from preparative HPLC and use of different precursors.

Precursor
. Ha
Glucosinolate U~

-~

C-Asp a—?aC—Acetat U-YaC-Met
Progoitrin : 59.1 67.8
.Glucoraphanin 198.0 200.0
Gluconapin ‘ 123.5% 298.2

Glucobrassicanapin 46.0 51.9

The preliminary results presented in Table 2 show a higher specific
activity in glucoraphanin than i1n gluconapin which nave a much higher
specific activity than progoitrin. If the glucosinolates are proauced by
catalysis of the same multi enzvme comolex., the results indicate-that
the hydroxvlation occur relatively late in the biosvnthetic seauence.

Figure 8 shows the structures and names for some glucosinclates Hio-
synthetically derived from the aminc acids ohenvialanine or tvrosine. In
Limnanthes douglasii. the glucosinplates Nos. 9 and 21 are accumulated
together with the corresoonding amines and v-glutamvliderivatives thereaof
(Figure 5 and 6.. This was found of interest to consider as examples of

both m-hydroxvlation and glucosinclate metabolism in vive {Figure 6;.
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Structure aof R group Semisystematic names Triv:ial namas

jf—§_CHr Senzylgiucesinclate

‘\=-’

/—\hfﬂ ~Crge :-Hydroxv-z-phenylethylgluccsinolate

Slucotropaec. is
Phenechylgiucogsinolate Sluconasture: i~
Slucopbarbarin
__, Ct_ T~Hydroxypenzylglucosinolate Slucolepigrar:~
o-dydroxycenzyiglucosinolate Sinalbin
m-Methoxyocenzyiglucosinolate Siucolimnancn: -

2=Metnoxyoenzyiglucosinolate 3lucoaubriet i~

structures ang names o7 Jiucesinc.iates ciosynthetically
rom onenviaianine of

resulbs cotained ov suppiv of the foilowing precursors

A A

douglasii: 2- "C-acetate: i- “C-aspartate: U- “C_tyro-

<ounts per min. reiative .o appilec DTECUrscrs and amount of
2iant material for compounas isclated from orecarative HPLC.

®recursor
Moooulhe uTee
Compouna

Slucoiepioramin s 54¢ 2.693
colimnanthin : 17 2 ‘ 8% 7.355
-Hvaroxvoenzy Lamine 37 =7 ! 350
n-Methoxvbenzviamine 122 12 ‘16 3.897
v-Glu-m-rvarcxvoenzyviamine 'g : T4 ; 157

v-iGlu-m-Methoxyoenzviamine 246 415 235 ' 407

snow tnat onenvialanine :s far the best precursor for
these m-nvdroxviated ang m-methoxvlatzag compounds Tacl-e
glucosingiates and structurallv related

~

1s 3lsoc revealed by these axperiments.

orevigus apservations - Olsen anc Serensen, !980: Larsen ex

.arsen. _,
?esann’ﬂs
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