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SHEGRY

The bicaynthemis of selected cyamogenic ghmosides and glucpaimnlates was
exarined in higher plants. ILinen flax seedling shoots (Limum usitatissiomn L.)
ware used exxiusively to study limmrin blosynthesis while prumasin biosynthe=-
sis vas studied in both peach shoots (izumus persiea Betsch) and cherry laurel
sboots (P, lgurocerasus i.). Ilsomropylglucosinolste and benzylglucosinolate
vere studiad in scurvy grass seedlings (Coghlearia ofiicinalis L.) and garden
creas sesdling shoots (lepidium sativum L.) respectively.

Altogether 9 isotopically labelled conpounds were prepered as part of the
study end 1l were administered to plant tissue. The quantity of cyanogenic
gluwaldre was deterninal by seasrin: hydrogen cyanide following engymic hyd-
rolyeds, The specific activity ar dilution of the labellad compound after
incgroration intc the jjlucoaides was determined and used to judge the effect-
iveness oo the administered caupound as a precursor of the glucosides. IDenzalde~
hyde i{rom prunasin was measured as its semicarbezone and the ieothiocyanates ,
obtained by enz:ue hydrolysis of the ghmixnlam,m identified by converalan
to thiiooen derivatives. Famper and thin layer alzamtosraphy and electrophcresis
were used to separate non-volatile redicestive compounds.

IsobutyralamAme0-1C, 2-arirdnoieovalaric acia-U-'5C, isctutyranitrile-
1=%C and 2-hydroxyisobutyroni trfic-1-'7C were all incarporated into limmrin
%o extents comparable to that from L-valine-U-'"C, By the use of ‘2N labelled
compounds the C-N bond of isohutyraldarise and Z2-oximincisovaleric acid was
shown to remain intact during the omvermion to limmerin, Isobutyreside=ie'
and hydrogen eyanide- 'C were not significantly incorporated into linamerin,

Fhenylacetaldoxine-U-""C, 2-cximino-3-phenylpropionic acid-2- 'C and
phenylacetoni trile-1=“C were converted to prumasin to greater extents than was
Lephenylalanine-U-'"C, Radicectivity frem D,i-mandelonitrile-t-'"C and, to a
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mitrile modety of jrumasin, Ihenylacethydromamic acid=te 'C was not signifi-
cantly comverted to rumain,

Linen flax scedling shoots were examined for both wolatile and non=-vola=
tile intermediates. Hadicactive precursors of linamarin were administered in
the presence of other suspected intermediates or inhibitors of limamarin bio-
synthemis, Both iscbutyraldoxime and isotutyromitrile were shoun to be formed
in the shoots from L-valimesU- T,

A non=-volatile compound which accumilated in the presence of a few inhib-
itors of linamarin biosynthesis was studied in detail, Treatment with acid
under mild conditions yielded isctutyraldehyde while emilsin gave isobutyrald-
oxime, It vas resistant to linammrese, Isobutyronitrile was a product of
pyrolysis. The proposed structure for this compound is isobutyraldoxine-0-
glucoside,

Isobutyraldaxine-Ue ¢ and phenylacetaldoxime-U-'"C were both better pre-
Qurmars of the corresponding gluccsinolates then were L-valine-U-'*C or 1-
phenylalaninei-4C,  2rinimdsovalaric acideU- “C was not significantly
incorporated into isopropylglucosinclate. .

It is concluded that aldoximes are intermediates in the biosynthesis of
both gyanogenic glycosides and glucosinolates. Other intearmediates proposed
thMWw#Wﬂﬁwmuht
order. N-lydroxyamino acids may be intermediates between amino aclds and
aldoximes. memuwmm-mW
thesis although it is possible that the cbserved incorporation was by way of
prior non-ensymic conversion to nitriles. The experiments with labelled ad-
M“WhﬂmﬂMapMdemmgww
ﬂMwnhpﬂlﬂchmmﬂmd&.mm
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CHAPPER I

1.1 Glycosides

The term "glycoside" as commonly used embraces a very wide class of
aompournds even within the confines of the plant kingdam. MaIlruy (1951)
mrrouly defines lycosidies as derivatives of the cyeolic faxmas of sugars
in which the reducing or potential aldehyde group of the sagar is substi-
tuted by oondermation with an alcohol or phenol (the aglycone) to form a
hemi-acetal, These are the O-glyaomides. Subsequently in his mmmogruph
he discussed the miclecaidas es examples of Bglyumides and t:ioglycamides
(primxAmlly glmodmnlates) as examples of -glycosides and thereby
implies an extension of the definition of "glycoside”. In recent years a
new class of C-glycosides has been recognised (Vagner, 1966) where the
ammic sugar C atom is direotly linked to a C atom of the aglycons,

Irn almost all cases glycosides have the S —cmmfiguretion although
the K ~glyoamidio 1linkage does occur in a mumber of common polymaccharides,
A few satural ocampounds wvhere the linkage is not to the anawaric C atom are
known and theso would fall cataids the ebove definitians.

Nallrey asoepts that meny oligosaccharides and polysaccharides are
also glycosides but these are generally classified separately and are
usually separately discussed. In most cases the matural process of carbo-
hydrate polymerisetion will have much im cammm with glycosylation auring
glycoside biosynthesis. Details of this step will be discussed later
(Section 1.3). Both chemically and physiclogically the matural glycosides
are distinguished more by their aglycone portion than by their glycosyl
portions and are therefore usually treated under separate headings such as
flavonoids, phenolics and steroids (e.g. Robinson, 1963).



In this investigation particular attentian is directed at a stndy of
the biceynthesis of cyamngenic glycosides and glucaosinolates as examples of
two distinot ut posaibly ralated ;xoups of glycumidsa. It will be ahowm
that a particular relationahip between these two alassas 1ies prinoipally in
the pature and biogenesis of the aglycaws,

1.2 General function of glycosides
The role of glycosides within plants is a subject open to mch specu-

lation., Vell dafined metabolio roles are known for only a few glyosides and
most of these can be considered essential for the growth and metabolism of the
plant. Emamples innlmde the muclecsides which oocur in all 1living argarmiams,
scum phamlio glyoceides mich as coniferin and syringin shich appear to be
involved 4n lignin bdiosynthesis (Neish, 1965), or the glycolipids which may
act in maintaiming the integrity of higher plant chlaroplast mmiwarws. In
contrast ths restricted cccurrexe of a ccnsidsreble numbar of glycoamides indi-
oates that mny are pot essential for the lmaic metadelism and growth of the
plants. These are often conaidered to be sepamlary mstalulites - a desaription
which my bde spplied to many products that are not glycasides. Although the
ooo-easential nature of these compounds may de dswcastrated it is not denied
that they sy have a banafisial effect in the plant,. Qlywmaidms, in partics
lar, may be formed from toxic, weakly soluble, or reactive compounds to parwit
scaumlstion or Granslaca@ion in a form which may later be further metabolised.
It has been noted ffeqmntly that some accumlated glycosides are hydrolysed
vhen plant tissue is damaged either mechanically or by parasites. The aglycones
then formed mey be important factors in protecting the plant from further
damage. It has been suggested that sazs glycosides represent waste products
of metabolism in & form not toxic to the plant (Miller, 1942). Further exam-
ination may however show other distinet physiclogical roles for such glycosides.



1.3 Glycosylation

It is now widaly acoepted that the formatiom of O-glyosidio bands
geomrally involves the trarafer of a mwmaccharide unit from a mcletaids—
5%-diphosphate sugar to a suitable acceptcar (Hemsid, 1967). This type of
reaction applics not only to glycneide bicayntbeais tut also to the synthesis
of many polysaoccharides. A few axmmples are known where glycusidic bonds are
fazed by other transfer mmchaniszms such as glycogen formatiom in vityo from
X «D-glnoase-1-phospiate by the sction of a phasphorylase (Cord and Cari, 19.0)
or stachyuse Viogynthemis froo galactinol and raffincse (Hassid, 1567). These
sre exveptions to the genarel rule.

The first demonstration of what may now be r—cognised as normel glycaside
bicsynthesis mas the farmation of o-amincphenyl-D=gluamanoside from o-amino-
phenal by Dutton and Starey (1951). Since then a large mumber of glycosylation
reactions have boen studied which involve various miclecoaide~5'-diphosphate
sagars.

The famtion of glycceides with dissacharide or even larger sugar
gaupe fallows the pattern of transfer of mxpeacalmride from a micleoside-5'-
AMphasphnte migar. An example which may be amalogous to the bicsyntheais of
amygialin is the farmation of phenyl-gentiobiose amd wridine diphompiate (UDP)
from UDk-D-glucase and phenyl-glucoaids by the action of ensymss from wheat
germ (Yameha and Cardini, 1960). Similarly, rutin sy be cbtained from querce-
tin by the transfer of zlucase from either UDP-D-glucose or thymidine diphos-
phate D=glucose falloeed by transfer of l-rhammose from UDF-l-rhamnose or
thyMdtos diphawphate L-ghammss, The necessery ensymes have bsen cbtained
from mang bean leaves (Barber, 1962).

The formation of the N-glycosidic bonds of mmlectides differs fram the
type of mechanism described above in that S-phosphoribosylpyrophosphate is the



source of the sugar molsty (Carter, 1556).

Very 1little study bas been rade of 3S-glycosylation. Cessner and Acara
(1568) lave Aamxmmtrated an ensyme system in some insects which transfers
gluccse from UlF-D-gluccse to thiophenol and S-merceptouracil. A few thio-
glucosides and S-glucuronosides are known as metabolites of exogenocus thiols
in plants and animals tut thedr formation has not been studied.

o

Chemistry. Cyamgmnis glymmides form, for the most part, a well
aractarised groxp all ampabls of yielding hydrogen cyanide upom hydrolysis
with suitadle £ -glycosidase preparations. A1l well studied cyanocgenic glyco-
sides my be considered as S -glycosyl derivatives of cyanchydrins of ketones
or aldehydes, Table I lists most of the known cyanogenic glycosides, the
aglycones and the sngar groups. Detalls on the rapearties and cocrTempe of
inddvidusl glymmiles has been reviswed by Nellroy (1551) and Dilleman (1958).
A structure for the glucoside, gymocardin, was recently proposed by Coburn and
Long (1966).

The most widely dsstriluted cyamgemis glycosides are limamxin (I) and
lotmnstralin (1I) which asmlly cccur together (Butler, 1965), the dsrivatives
of msndelonitrile especially prunasin (I1II), and the derivatives of p-hydroxy-

b Linarerin 1L, lotaustralin
e IR
- 2 i
0 = glucopyrancee © - glucopyrancse



TAELE I  CYANOGENIC GLYCOSIDES

Glycoside Aglycone Sugar

Acacipetalin m;hgdrlkei;en glaceas

Amypdalin Demandelonitrile 6= S=glucosylglucose
m&mm) L~p=hydroxymandelonitrile glucose

Gynocardin a cyclic cyanahydrin glucose

m&a tin) acetone cyanohydrin glucose
Lotaustyalin methylethylketone glucose

cyanahydrin

Prunasin Demandelonitrile glucose

Sambunigrin L-mandelonitrile glucose

Taxiphyllin D-p=hydroxymandelonitrile glucose

Vieianin D~mandelonitrile 6=X =L=Arabinosylglucose
Zierin m-hydroxymandelonitrile glucose




Al the glycosides listed in Table I are substituted on the cyamohydrin
hydroxyl group. lowever a p-hydraxysandelonltrile glucoside bas been repartad
(Axgol et al., 1966) where substitution is on the p-hydruxyl groap and as a
consequence it releases hydrogen cyanide by narmml cyanohydrin dissoociatiom
without enzymic treatment. Irulmurasin which is not included in Tahle I has
been described as L, L-mandelonitrile-D-glucoside tut ahould mmre properly be
considered as an eguimclar mixture of prunasin and sambunigrin, Frulaurasin
wms first reportad as aoqurring in the leaves of cherry lsurel (Prumas lauye-
omasus L.) (Barissoy, 1905) lut it has since been shom that prulaurasin may
be farmed by yartial isomerisatien of munaain or saohunigrin under relatively
mild canditions (Plasvier, 1935), and this may have occurred amring the original
extraction of aberry lmurel leaves frum which prunasin has since been isolated.

An umisual cyanoganic glycoaide, lotuain, was reparted by Dunstan and
Bary (1901) to occur in the sap of Lotus ermbimip amd to yield maltose cyano-
hydrin amd lotaflavin upon hydrolysis ut recent work by Alrol and Can (1965)
bas cast strong doubt upan its existence.

No clear pattern of distribution of cyam-
genic glycosides within sature higher plant argans has emerged. Seeds of smme
plants tend to accumlate the glyomides while im others the leaves have high
concentrations of the glycosides., If more than one glycoside occurs then the
relative proportions may vary between crgans. In several Prunus species amyg-
dalin is accumlated in seeds tut prumasin predominates in leaves (Robinsom,

19%0). There the glycvsides cccur in vegetative parts of the plant there is a
tendency to higher concentrations in seedling shoots and other actively growing
young shoot tips which alsc frequently appear to be the sites of most active

biosynthesis of these compounds (Butler amd Comn, 1964a).

The specific function of cyanogenic glycosides in higher plants are for




7

the most part unkmown. It has been suggested that cyamogenic glycosides may be
a saloble storage form of nitrogen - a rale suggested from the occasional
acoumlation in seeds. Indeed, mechanisms which utilise the nitrogen from cyano-
gexisc glycoxides are known, However it is more likely that the role of cyano-
genie glycosides is directly assceiated with the physiclogical properties of
the hydrolysis products, particularly hyirogen oyanide. This ccmpound which
is taxic to most crganiams at relatively low cxmentratians should be considered
s st adgpifimnt camm factor in &1l attampts to understand the function of
oyuEEwnio glyoasides. A few scattered repmrts indicate that attention ehoald
be dtreotad at the poaBidM ity of cyancgemic glycasides being mjar fectars in
the protactisn of the plants agaimat a broad spectmm of mrasites. Jonas
(1966) lms shown that cyanogenesis in lotmp aynimlatus is a aignificant factar
in protecting the plant against attack from certain slugs, snails and voles but
had 1ittle effeot aa attack by the larvee of two Zygsena species. It is notable
that these moths are amcng the very few amimals which are timmselves cyarmgenic
(Jones et al., 1962). Scue willipadss are also cyanogenic (Hlum and Voodring,
1962; Pllares, 19%6).

Besides ccourring in several umrelated families of angiceparms, Syano-
genesis has been reported with gymosperms and pteridophytes (Hegmauer, 1959;
Towers et al., 196h). Altogether, about 750 species from 60 fanilies ave
known to be cyanogenic.

Cymmogenesis has been reported for several fungi, particularly basidio-
mycetes (Bach, 1956), tut little is known as to the mature of the compounds
involved. In one unidentified parssitic psychrophilic basidiomycete, which
das been studied in some detail, invasion of host tissue was associated with
an scoumlation of hydrogen cyanide to concentrations highly toxic to the host
(iebean and Dicksom, 1955). This fungus contains limmerin (Stevens and



Strobel, 1968) and possibly other less stable ayanogenic campannds.

Metabolism. Many cyamogenic plants have been shown to contzin ensymse
for the hydrulyxis of the glyoosides. In some casss a sequance of ensymic
steps for a partimlar glycceids have been demonstraded. "Emalsin® from
almonds (Prums emygdplus Belsch) contains at least two (S -glucmideeas
(Balferich and Kleinsnitmidt, 1968) which have been arystallised. Complete
hydrolysis involves cleavage of'a disaccharide linkage to give D-glucose and
pramain, hydrolysis of prurmsin to L-mandelonitrile and D-glmouse, and
fimlly cleavage of I-mandelonitrile to temmaldehyds and hydrogen cyanide
(Haisman and Knight, 1967). This last revarsible reaction is catalysed by a
staw-specific axynitrilase which contains a flavin presthetic group, FAD,
(Becker, et al., 1963). Simllarly the hydrolysis of dhrrin recuires a f3-
glacamilase and the release of hydyrogen cyanide is again catalymed by an oxy~
nitrilase although this ensyme from sorghum seedlings doea not contain a flavin
mcleotide (Sealy ot al., 1966).

Batler gt al., (1965) stndied the glucvaidases of linen flax (Limum
usitatissimum L.) and white clover (Irifolium repens L.) and found a f-gluoco-
sidase with partial specificity to linamarin and lotaustralin. However certain
veristiss of white clover lack this activity (Carkill, 1942). Emlsin and
extracts from other higher plants gave only weak or no hydrolysis of these two
cyanoglucosides. With (-glucosidase extreots from linseed, seperation of
activity towmrds lioammrin o salicin in one case ani anygdalin or amllohions
in the other was possible. The latter activity wms attrilutsd to a -dimccha-
rase.

Rapid hydrolysis of cyancgenic glycosides ususlly cocurs when the plant
tisme is crushed or otherwise demaged. This indicates a normal compartment-

ation of enzymes snd glycosides within the plant tissue. Slow hydrolysis of the
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oyancgenic glycosides may bDe inferred fram chserwaticns on the subsequent
metabolisn of the glyvovaides, and particulsTly of hydrogen cyanide.

Interest in the mstabalism of hydrogen cyanide in higher plants wms
stimlated by the rinding that, although it ws not irmcarparated into cyano-
genic glycosides, it was extanaively and specifically canverted to the amide
molety of asparagize (Rlamsntim)-Coldschmidt ¢t al., 1963; Tschimrmah, 1564).
Gnly in common vetch (Yicis sativa L.) was hydregen cyauids comvertad to a
compound other than amparegine. Subsequent stndies (iessler et al., 1963;
Fowden, 1965) have shown that 3-oyancelanins is an intarmediate in the form-
ation of asperagine and that the compound derived from hydroren cyanide in
common vetch is (S-glutamyl)-3-cyancelanine. The =stabalism of hy@rogem
cyanide eanarding to these steps accurs in a mumber of plants, inmoluding
Chlorella, not balisved to be cyanogenic. The ensymss foar >-cyammlanine
Yosynthexis have been studied from varicus plants by Floes gt al., (19%5),
Danhi1) and Fowden (1965), and Hendrickeom (1968).

The mptadnlisn of hydrogen cyamids in some fungi has been studied by
Stredel (1966, 1967). An umidantifisd payolrophilic dastdicmyaste, which
produses suffiocient hydrogen cyamide to be taxic to hoat plants, wms ahown to
be capable of incorporating hydrogen cyanide into f-carbeoxyl groups of alanine
and glntamic acid. The fungus contained easymse eapable of catalyaing the Stre-
cker synthesis of Zemimyrupisdtrile and f-amino-i~cyanobutyric acid fro=
hyftogem cyanide, emmonia and acetaldshyde Or suceinic ' semialdehyde respectively.
The nitriles were hydrolysed to the amino asids.

1.5 Glucosimolates

Chemistry, The glucosinclates may all be comsidered to be S~ [ ~De-gluco-
pyranosyl derivatives of O-sulphomated thiohydroximic acids as shown in
Figwe Ia. The aglycone derivatives vary in complexity from methyl to indole.
Challenger (1959) and Kjaer (1960, 1963) have reviewed the chemistry and
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history of glacaximmlates.

Until recsmtly trivial mames, e.g. sinmigrin for allylglmxminolate or
glucotropaeolin for bensylglucosinolate were im cosmon usage. In the last few
Jours a corsicerable mober of these gloooaides has been dmmxribed. To simplify
naming, the seaisystematc term "gluoosimnlate” has bdeen intGrainasd by Ettlinger
and Daseo (1961) and will be used in tids thesis. This group ms alsc been
refared to a8 "thisgluccaides” or “mstard 0il glnocaides” based on the typlaal,
altheggh not cniversal eeacrence of volatile iscthicCyanates, i.c. mustard oils,
as products of ensymic Rydrolyais.

All glacoginnlates occur as salts, usually of potassiuns ut other bases
are known. Sinaldbin, isclated from white mustard seed (3inapis alba), is the
salt of p-hydraxydumylglucosinolate and sinapin, the choline ester of 4-hydruxy-
3 s5-dimsthaxycimmmio acid. 3ome glucminnlates have been crystallised as
quatgemry ammonium salts and are not of natogel origine.

Gadsmer (1897) arigirally propased a strusture far allylglmsosinolate as
11lustrated in Figare Ib, chiafly on the tasis that allyl isvthicoyarmte wms a
product of hydralyais, and that silver ions cleave off glucose, indicating the
thiogiucoside lininge. This structure was axryrising as allyl cyanide and
alphar had previcualy alsc been found as hydrulymis products of sinigris - an
observation not easily reconciled with Gadamer's structures.

Bttlinger and Lundeen (1956) proposed the revised structure for glucosino-
lates as in Pigure Ia and explained the characteristic production of isothio-
cyanates by intramclecular resrrangement. The altermative production of nitriles
and sulphur was also explained. Both resctions are illustrated in Figure 2.

Additional evidence for the revised structure in the case of allylgluco-
sinolate wast

(1) Produotion of n-butylamine upon hydrogenation,

(41) Aeid hydrolysis gave vinylacetic acid,

(141) Cold concentrated hydrochloric acid yielded hydroxylamine.
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N-0-503
R-C

|
S-glucose

Enzyme (myrosinase, glucosinolase,
or thioglucosidase )

v
w-o-sog
R-C + glucose
|
S pH 7

pH 2-4 R-NCS + HSOZ
(isothiocyanate)

v

R-CN + Sulphur + _HSOZ
(nitrile)

FIGURE 2 HYTROLYSIS OF GLUCOSINOLATES BY CNE ENZYME
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The p-D-thioglucopyranosyl configuration ms suggested by earlier wark
(Sohneider ot gl., 1930) and the general rovised structure has been confirmmd
by the synthesis of bensylzlocosimlate (Ettlinger and landesn, 1957). X-Ray
erystallography by Waser and #atson (1963) bas demonstrated the anti configu-
ration of the allyl group and the silphate residne of allylglucasimnlate.

Distritution. The divarsity of eglyomas and the distribution within
families has been revirved by Klemr (1966). Appruximmtely fifty difi'erent
glucosinolates have been described, meny of which are related, often in homo-
logous series. These include compounds with simple and branched alkyl side
chains and varicusly hyiroxylated derivatives of these, monoketo-alkyls, w ~
methylthiocalkyls and the carresponding sulphoxides and sulphones, aralkyl
groups and hydroxylated derivatives, and a few with heteroeyclic substituents.

Glucesinolstes ocour in a restricted mumber of dicotyledonous families.
They occur in most species of most families of the order Rhoeadales. This
includes Cruciferse, Capparidaceae, lesedaceae and lMoringaceae. Unrelated
families, e.g. Tropaeolaceae and Buphorbiacese also have soe species contain-
ing glucosinolates.

As in the case of oyamgenio glyomides no genmalisations are pasxible
on the distrilution of glhmsimnmlates among plant argans. There is a frequent,
bat not universal, tendency for glucosinolates to accumlate to high concen=
tration, and perhaps be formed at e high rate in young end actively growing
tissue. Many species contain mare than cne glucosinclate and cunsidersble
differenves in relative esmunts may coccur detween argans of the one plant
(Josefsson, 1967; Kjaer, 1960).

There is some evidence to imlicats that mtrition and climetic factors
influence the production and ecoxmlation of gliveximnlates Just as other
secondayy metabolites may be affected. It bas been shown that sulphate lewvels

directly affect glucosinolate biosynthesis (Sedlak et al., 1963); dweswer,



more investigation of these factors is reguired.

The diverse range of aglycnrms cumplicates a
dlamasion on the posailble roles of glucarinclates within the plant. Apart
frem spealation based only an camparison with the way in whish other s=tamdary
metabalites act, there is little systematic evidame far guxrific roles of

glucosinnlates. fThere is no evidanoe to show that glucosinolates as aach have
a daneficial affcct in the plant. Indeed it has beon shown that certain
parasitic insocts have their feeding stimlated by ths preaance of glncosino~
lates - a situation ware the glurcainnlates appear to be having an undesirable
effect.

The principal products of enzymic hydrolysis of glucosinolates beside
sulphate and glucose are isothiocyanates, nitriles, and sulphur, and in a few
cases arganioc thiccyanates. 7“hite mistard powder when mixed with water has
also prodiucad smll smounts of N,5-di(p-hydroxytmnsyl )dithiocarbamate, presumably
from p-hyraxytmngylglucosinolate or its aimpler hydrolysis products (Kasakiaht
et al., 1967). The dithiamariammte can be further decomposed to di-(p-Rydraxy-
bensgyl) dimilphtds, p-hydruxydensylamine, p-hydruxytzmyl alcchol and hydrogen
salphide, This complex degradaticn acheme may ccamr with othexr gluoosinclates.

The (swtiiazyenates are genarully reactive and my spontanscualy und€rgo
further reastions with amines, irmlnding fyres amino groups of oteins, to give
substituted thioureas. Isothicoyanates with 2-hyidroxyl ar J-hydraxyl groups
may underge cyclisation to give thiooxasolidones (Challenger, 1955). A few
isothiocyanates, notably p-hydroxybensyl isothiocyanate, 3~indolylmethyl Ssothio-
cyanate (from gluccbrassicin) and its Nemethoxy derivative (from neoglucobrassi-
cin) spontanecusly give thiocyamate and corresponding alcohols which mey be
involved in further reactions, for example, in the formation of ascorbigen
(Virtanen, 1962).

Ensymic hydrolysis within the plant is widely considered to ocour only
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wea the plant tisame is acrualed, It has been claimed that the hyadrolytic
axyms systea known as pyraaimmss is isclated in spsaialised cells tarmed
idicblasts (Guigmrd, 1890) and glucomimlates may acowmlate in the vammalar
ssp of other cells, There has besn dispute over wsthar the clasainal myrvai-
nase system is ane engym», two, or more., GQaines and Camring (1962), following
earlier wrkmrs (Sandberg and Holly, 1932), bave claimed that myrowinass frum
ariantal mustard seed (irassica juncea) could be prepared by ethanol precipd-
tation followed by fractiomation with ammonium sulphate and ion emchange
clramatography, and that sepurate ensymic eotivity far a f-thioglucosidase amd
a “wyromilphatase” could be demonstrated. Further, they claimed that both
activities were required far the complete hydrolysis of allylglucosinolate.
Subsequent work by Caldaran gt al., (1966) has failed to substantiate these
claise although a recent study of ariantal mistard has indicated that myrosi-
mse is a glywgwotmin with both f-thioglucosidase and sulphatase activity
(Thompsen, 1966).

Bttlirger and lundeen, when propasige the revisad structure of glncosino-
lates, suggested that only ome emymic activity would be reguired (namely the
 =thioglnoasidase), and that nitriles or isothiscyanates would be formed
acooxding to the pH of the medium, Subsequently an enzyme was deecribed frum
white mistard flour which was insoluble in salt solutions and which hydrolysed
a range of glucosinclates by way of unstable intermediates dstsstadle by U.V.
spectrophotonetry (Ettlisger ot al., 1961; Ettlinger and Thamgmmm, 1962).
The iatemiiates vere pstalated a3 Qdadytramm te-Oumlpierntes and the
enzyme, termed glncosinclase, was shown to reguire ascorbate as a cafactor.
Other workers (Tsuwruo and Hata, 1967; Kojima and Tamiya, 1964h; Nagashisa and
Uchiyama, 1959) bave also investigated the effect of ascorbate om what they
consider to be myrosinase, It is apparent that there may be several different
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plast ensymes with [ ~thisgluonaidass activity and, poseibly, milphatase
activity and that mot all of these require ascorbate. liacGibbon (parscml
commnication) has shown that there are at least two ensymms in rape leaves,
(Bpussics pgme L.) which can be ssparated by acrylamde gel electrophuresis
and d>tacted by camsing presipitation of barinm milphate in the gel when
treated with berium chlaride and allylglncasinolate in the absence of added

@ E.Ce Jo2¢3.1 has been
given to [-thioglucosidases. An enzyme frection from mustard which wmas said
to contain this aotivity hes been shevn to de axpable of transferring glucose
frea p-aitrophenyl- f ~t~Dghanpyramise to glyamrul (Howard and Cainmss, 1968).
This type of tranafer is aammmly observed with othar f —glmxmileses.

Urgardc thiccyanates are farmsd upon ensymic hydrolywis of glmncaimnlates
in sevar=l plants. ‘he production of phemylewtomitrile, bensyl hiacyarmte
and bensyl isothiocyarate bas been studied by Virtanen and Searivirta (1962)
when finsly ground seeds of garden cvess (Lepidium gativum 1.) were addsd to
water at 0°. It ms shown that if the reaction was stopped by rapid heating
within about 30 seconds them benzyl isothiocyanate predominated. With longer
periods benzyl thiocyanate and phenylasvtamitrile were formed and omly low
concentrations of bensyl isothiocyamate were cbserved., The production of both
bensyl thiocyamate and phenylacetonitrile required particular enzymes and it
was suggested that an isomerase converted benszyl isothiocyamate to bemzyl thio-
cyanate although no direct evidence was cbtained. in altermative explanation
of benzyl thiocyanate formation may involve an enzyme acting on an intermediate
such as bensyl thiohyiroxamate-C-sulphonate. The initial high concentration of
benszyl isothiocyamate could be attributed to nonenzymic degradation of the
acoamlated intermediate after all ensymes had been destroyed at the end of the
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short incubation period. Both possibdilities are illustrated in Figure 3.
Farther experiments are required to settle this matter.

Not all cases of nitrile formtion require epexific enzymes. It has
been shown that under acidic conditions several glucosinclates may give nitriles
vhen treated with myrominase. Cf partioslar interest is the fermatiom of 3~in-
dolylasetonitrils from 3-indolymethylglmrminalate (Gmelin and Virtanen, 1961%).
This nitrile has strong anxin activity in a wide range of plants and attracted
anglderebls intarest when it mas first isclated frum Massiom species. There
have been some reamt atbampta to study the glucosinclate itself for auxin
activity but no clear comolusions have emsrged (Xutacek gt al., 1966;
Arfiersen and Mr, 1966).

The reactions descaribed above occur when plant tissue or seeds are cut
or ground with water and there is little evidence to show that these reactions
occur in undamaged tissue, Amines, or their deriwatives, related or derived
frem tsothiacyanates have besn detected im plants containing axrrespsiing
glancuinclates (larsem, 1965; Chakrevarti, 1955) and these findirgs my repre~-
sent evidemce of cwtabnlism of the glucosimolates in intact plants,

Othar examples of further metabolism of glucosinolates cecur in micro=-
organisms (Oginsky ot al., 1965; Reese gt al., 1958) and animls (Goodman gt al.,
1959). The decomposition of plant mtarial containing glmnemimolates my
involve microorganisms as well as ensymes froem the plant. It is therefore not
possible to attribute to specific organisms the source of varicus degradation
products including carbon disulphide, hydrogen sulphide, varicus disulphides
(e.g. diallyl disulphide), amines and perhaps many other compounds, all derived
from glucosinolates.

Although no beneficial effect to the plant has been aserided to the gluco-
sinclates as such, there is some evidence to show that the hydrolysis products
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my belp protect the plant from same perasites. Isothiocyanates are kmown to
be toxic to insects (lichterstedn, 196€). Virtanem (1962) has shown isothio-
oyanates and thiocyanates have anti~baoterial or anti-fungal effects at low
arventation, Fowver it scaxs sone paruxites do mot find gluaaisnlates or
their hydrolysis products toxic and salsctively attack plants containing gluco-
sinclates (Wemser, 1962; Traynier, 1965; Hovanits and Chang, 1963).

1.6

The dogmmetis relationship bLetwesn these two classes arises fram the

nature of the aglycoms rather than from the fact that both classes are glyco-
sldss. Rullowing the mreamtation of a revisad structure for glooraimmlates,
it was recognised by Kjeer (1960) that mny gliroxinnlates have a conaiderable
pxtian of the carbon and nitrogen skeleton in cammm with known amino scids.
In certain cases the aglycans may be direcotly related to an amino asid by
asmoving the lams of the amino a2aid carboxyl gruxp and axidation of the 2-omrdan
atom and amino group to a hydroxamic ecid. This relatiammhip has since been
ounfirmad in a mmbar of experiments.

Similarly most cyanogeneic glyoumides have aglycones which may be related
to axino acids by assuming the loss ofacarboxyl group and oxidation of the 2-
and 3~carbon atoms as well as the amino group. OF those glycosides listed in
Teble I only gynocardin, acacipetalin and sierin do not bear such a direct
relationship to common amino acids. Again numercus experiments have confirmed
this relationship.

Cyanogenic glycosides and glucosinclates may tius both be derived from
anino acids with loss of carboxyl groups and oxidation of the remaining fragment.
If the retention of the C-N bond is accepted and if the carboxyl group is lest
as carbon dioxide then in both cases a six electron oxidation is required which
may be interpreted as tiree oxidation steps. The possibility arises that the
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bioaynthesis of each class mey have certain intermediates in common. In theory
these intermediates could include amines, N-hydroxyamines, N-hydroxyamino acids,
oximes, 2-oximino acids, amides, nitriles, and hydroxamic acids. Experiments,
as detailed healow, have virtaslly alimimnted same of these posaidilities hut
have ahown the (=N bond is genarally reteainmd,

The rulationahip between amino acids and cyanagenic glycosides was experi-
m=rtally Gammetrated by Cander (1958) and Coon and Akasswa (1958) when signifi~
cant imrparafiom of radicestivity fram C-labellad tyroaine was cbserved in
the hydrolysis products of dlurrin from sorgium (Sorghum walgare). Gender also
otserved an inorwase in content of cyanogenic glyooside when l-tyrosine, 3-(p-
hy@raxyphexyl )serine, l-serine, glycine or hydrexylamine was inclnded in the
mitrient for sarghm seedlings and he suggested that >=(p-hydraxyphenyl)serine
might be an intermediate between tyrosine and dhurrin.

Similarly Mentser ot al., (1963) showed the phenylalanine was canverted
to prunasin (although described as "prulaurasin”) in charry laurel ehoots, amd
the same comversion was observed by Ben-Yehoshua and Conn (1964) in peach
(Bruwms persica, Batsch) seedlings, Butler and Butler (1960) showed wnite
c¢lover shoots synthesised linamerin end lotamstralin from L~valine and i~iso-
leucine respectively and these observations have been extended to other plants
containing these glucosides (Butler and Comn, 1564a; Abrol, 1966; Abrol and
Comn, 1966; lertey, 1968). Recently taxiphyllin has also been shown to be
formed from tyrosine (Bleichert gt al., 1966).

Good evidence for demonstrating that the C-N bond of amino acids remainy
intact in the biocsynthesis of dhurrin (Uribe and Comn, 1966), taxiphyllin,
(Bleichert gt al., 1966) and linamerin (Butler and Conn, 1964a) has been obtained
by sdministering amino aeids with both "°C and '7§ labels and cospering the



degree of dilutiem of these two isotopes.

Attempts to obtain evidence for intermediates between amino acids end
cyanogenic glycosides met with less success., Before it was shown that the
C-N bond remained intact, attempts were made to test some non-ritrugwwms
ampainds &8 precursors or intemadiates. Iththtma-"'C,
3-hydroxylsovaleric acid-3- C and 3,3-dlawthylacrylic acdd=ih '~ *C were not
offimiantly incorporated into limamrin (Batler and Cann, 19%64a). Keither
were Qyramimmi- 0, p-lydraxypmylmetiod-0C, p-coumaric acid-3-1C, or p-
hy@roxybenzaldehyde-7- 'VC efficimt precursers of @urrin although p-hydraxy-
bamelishyie7-C was incorporated into a gluonside which wms initially theught
%o be dmurrin (Koukol et al., 19623 Lidby, 19623 Gander, 1962). L-phenylala-
nine ws not a menrwr of dharrin, eliminating the poesidility of the
phenolic group being introduced after the tranching point in the biosynthetic
pattmys to tyrosine and phenylalanine, Purther, thare was 0o signifioant
{mewroretion from hydrogen cyamides "G into limmrin or @urrin (Hlnsmthal-
Goldschmidt et el., 1963) although it was extensively metabolised. This ex-
cluded any possibllity of the biesynthesis being a reversal of cyanoglycoside
degradation, Competitar ep=rimmts, whare unlabellal compounds were admini-
stered with labellsd amino acids im the hope of observing reduced incorporation
of label into the glycosides, failed to indicate 1ikmly intermediates.

Following the experiments with '~N labelled amino acids, attention ms
focused on possible intermediates containing nitrogen. The two classes of
““mhmumnmmnummm
are amides and oximes, Rearrangement of hydromamic acids to 2-hyiroxyl compounds
is unlikely but camnot be extluded. A certain minisum mumber of definable steps
may be postulated. These may inslude the loss of the earboxyl group, the
introduction of a hydroxyl group possibly via an unsaturated intermediate pricr
to glyvosylation, the oxidation of the amino group possibly in two steps to an



amide or oxime, and the dehydration of the amide or oxime to give a nitrile.
Some of tlese steps may occur in concerted reactions, for example, the con-
version of 2-oximino acids to nitriles is kmown to ocour (Ahmed and Spenser,
1961) and would represent combined decarboxylation and dehydration reactions.
Similarly amino acids can be oxidised to amides in one step with loss of
carban dioxide (Maselis and Ingreham, 1962). Becsuse there are several com-
binaticns of the order in which thsse steps may ococur there is, in thexry,
apEuximtely fifteen to twenty compounds which cculd be intermediates. It
is also possidble that sevexal of the neossaary transformations oacur with
beund intarmmiiates.

It has been suggested that the introduotion of a J-hydraxyl group on
the amino acid precurwmer is the first step in the patimay to eyanogenic glyco-
sides and evildems has been presentad to show that 3=(p-hydruxyphenyl )serine
my be formed from tyramire in sorghum (Cander, 1959). However, mibssquent
axperimnts with labelled 3-hydruxy amino eoids bave failed to show aignificant
incorporation into dwrrin (Uribe, 1965) or limamarin (Butler and Comn, 1964a),
end tend to exclude the introduction of the 3~hydroxyl group as the first step.

Arides have been tested ss premuxwme of cyanoglycosides but no good
evidance of Amarparaticn has been cbtained. p-hydroxyphenylecetamide-U-'C,
which is formed from L-tyrumimeU-'"C by particulate ensymes from sorghum
seedlings, vas imarpaeted into dwrrin at only a small fraction of the rate
of L-tyrosine-U-'4C (Gride, 1965). In flax seedlings 2-hydroxyiscbutyramide-
B =1-D-glucopyrancside~ 'C was not converted to limamarin although this amide
has been identified in trace amounts in ethanolic extracts of linen flax seed-
lings (Conn and Butler, unpublished results, 1965). This observation may have
been due to partial hydrolysis of linamarin during extraction and chromstography.
While no experiments have excluded a pathway involving amides, there is little
evidence to show that they are the principal compounds involved.
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The other group of campainds which could be intarmediates are the oximes,
Many aldoximns (Sidgwick, 1966) and 2~oximino acids (ihmmd and Spenser, 1561)
my be canvarted to nitriles by one or two simple chemical steps as illustrated
in Figure h. Howsver there are only a few scattered reparts of oximes aocurring
as natural praduots., 4 pathemy to "prularasin” has been postilatsd by
Mentzer et al., (1963), with 2-aximino-3-hydruxy-3phanylpropionic acid as an
internsdiate. The smiggestion that this aximino acid was farmed fyum the
axrespmding bsto esid and hydroxylamine was inconsistent with the later
finiing that the C-N bond reminsd intact. Other warkers (Uride, 1965; BEutler
and Conn, 1964a) have also sugsested that oximes may be intarmsdiates in eyano-
genic glivoside biosynthesis.

Same attespts to directly otsexve posaible intarmmdiates have been made.
Uribe (1965) systematically varied the conditions under which sorgham secdlings
imxrparated labelled l-tyrcsine into dhaxrin tut could not detect an inter-
ssdiate. Candar (1966) has reparted that sargiym seedlings can maks another
pbenolic gluenxije fram L-tyroaine which cannot be separated froa dirrin by
paper chrame togrephy tut which may be distinguished by its reaction with 2,4-
dini Sroplemylhyirasine and its partis)l resistance to hydrolysis by (3 -glusos
sifage, No further information has been published on this glucoside. Recently
Gander, in a perscnal commnication, has indicated that it may have been an
sxrtifast.

In an attempt to induce the accumlation of intermediates in linamarin
biosynthesis Butler and Comn (1964b) administered a renge of analogues of
valine and iscleucine together with L-valine-U-'"C. A muber of the analogues
inhibited linamerin biosynthesis and a few allowed the accumulation of an
unidentified glucoside. These cbservations together with further studies on
the unidentified glucoside will be discussed in detail in Section 3.3 of this
thesis. Butler and Conn did mot examine the plant tissue for volatile inter-
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Although only a few glucosinolates have aglycones directly related to
common amino acids these have been studied in most detail. It has been shown
that bensyl-, isspropyl-, and 3-indolylmethyluowainclates are efficiently
formed fram the common amino acids L-phenylalanine (Underhill and Chishalm,
19643 Berm, 1562), L-valine (Esakin, 1965) amd I~tryptophane (Schraudelf and
Bergmann, 1965) respectively, and that 2-phenylethylglucosinolate may be
farmed frum Lophenylbutyrine which in tmm is derived from L-phenylalanine
and apetate (Underhill, 1965). Only with p-hydragybemsylgluonainalate has
doubt besn raised as to whethar the carresponding amino acid tyromine was a
direct prenoua. It was shown by Kindl (1965) that p-caumaric acid was more
remdily incaxparated into this glucosinolate than was I=tyzrvaine in white
austard plants. ‘Yhis may have boen dne to differences in the transpmrt of the
two precursors to the site of syntheais. Extensive metabolism of the L-tyro-
sine occurred.

There is no analsgms amino asid known in nature for allylglucosinolate.
However this glucosinclate frequently coocurs in plants along with J=methylthio-
propylglucosinolate (glucoibervirin) and the sulphoxide (glucoiberin) and
mlphane (glucocheirolin) derivatives (Ettlinger and Thompson, 1962). ividence
has accumilated to show that all of these may be derived from Lehomomethionine
which in turm may be formed from methionine and acetate (Chisholm and Wetter,
19663 Matsuo and Yamasaki, 1966)., It was proposed that 3-methylthiopropyl-
glucosinolate may be an intermediate in the formation of allylglucosinolate.
D,l~Allylglycine was not efficiently incorporated. Higher homologues of these
glucosinolates may be formed similarly from higher homologues of methionine.

Experiments with '*C and 'ON labelled l-phenylalanine have shown that
bensylglucosinclate retains the amino group but the carboxyl group is lost,
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presumbly as aardon diaxide during the biosynthesis (Underh{ll and Chisholm,
19643 Meakin, 1965). As with cyamngenic glyooxides scme Dan-nitrogencas com-
pounds ware studled as posaidle mreamrwm=z» of ghmuaimlates bafare it ma
shown that the C-K bond of l-phenylalanine remained intact during the biosynthe-
mis of benzylglucosinolate.

Some attempts have been msds to find intermediates betwsen amino ecids and
glacwinclates. Fhenylacotamide, 2-phenylethylamine, phenylacetanitrila, phany-
lacethydroxmmis agid and 2~aximine >phenylmupicdo acid (pbenylpyruvic asid
oxime) ware not affisisnt)y incorporated into btmgylglunacaimlate (Underhill
and (xisbolm, 1964; Maskin, 1965).

Recent expwriamts, some of which form part of thia thesis, have shawn
that isobutyraldaxise (Tapper and Butler, 1567), phenylacetaldoxime (Tapper and
Butler, 1967; Underdill, 1967) and 3-phenylproptanaliorice (Underhdll, 1967)
my be incorporated into isomropyl-, bemsyl-, ar 2-phenylethylglucaminalates
respectively at rates greatar than that cbtained with amrrespmnding amino anids
unler similar ocaditions. Murther, phenylagetaldaxizs foarmtion has been
detected in the nasturtium (Jropasolun mjus L.) ahoots used to study bensyl-
gluo=dmlate biesynthesis (Underhdll, 1567) and a cell free preparation can
convert N~hydroxyphenylalanine to phenylacetaldoxime (Xindl and Underhill, 1968).

The eofficiency of varicus sulphur compxmmnds as precurscrs of both the
salphate and isothiocyanate sulphur has besn iovestigated. lphmr dlaxids
(Rutacek et al., 1966) sulphate, emlphids, thiosulphate, ssthionizme (Vetter,
1964) and cysteine (Kindl, 1965) may all serve as precursors, with warying
efficiencies, of the two glucumizmlste aulpimr atams. The C-aulpimmte group
may be directly darived fyrom adencsine-5'-phosphosulphate or 3'-phosphoadenc-
sine-5'~phosphosulphate (Vetter, 1964). Recently, Meakin (1967) has alaimed
that phenylacetothichydroxamic acid does not contribute the isotbiocyanate
sulphur atom of glucosinolates but it may come from A-D-i-thioglucose. This
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implies that glucosylation may occur by mechanisms quite different from those

ethods for biosynthesis studies
Adelberg (1953) has suggested that three general approaches may be employed
to obtain evidence of biosynthesis pathways. These are the use of isotopic
tracers, tle in vitro study of enzyme systems, and the use of arganiams with
biocsynthetic pathways which csn be blocked eithar hy mitations ar by use of
spmxifip inhibitars. Canmiderabls insight imto the possible pathways may come
from aaing non-radicactive preoacks including compounds not of natarel origin,
ﬁol%tmﬁdmﬂﬁadmﬁyuhﬁdmbm-mﬁnl
camrse of the ggowing esasan, and chemical speaulation as to the possible
relationship of similar structures. Aill of these procedures may be criticised
depanding cn particnlar ciroumstances. The first three criteria are :ost
commonly used tut conaiderable cmrtion is required when interpreting experimmts
relying on only one type of eviderme.

It may be necessary to distinguish between a normel pathway with normal
interzediates and othear possidble pathwmays which may contribute to a partiouzlar
Ydosaynthesis. Farther, what may be camaidsred to be the emmudoot of one
biosynthetic pathway may be further metabolised and therefore considered to be
an intermediate on a Wwuwmdar examination,

Swin (1965) in a revier of methods used for biosynthesis studies on
higher plants, has discussed some of the limitatioms of experiments using iso-
topic tracers. If an administered campoand is to be demonstrated as a precursor
the plant tissue mast be able to abeaxd it, generally from dilute sclutionj
transport it to the site of bicsynthesis; convert a subatantial proportion of
it to the desired end-product; and then acoumlate the end~product. These
conditions must be taken into account vhen plant material is selected. Several
factors may affect the interpretation of experiments of this type. !!.i!stlyn



ompand is adninistered, fregquently to a detached organ, under far from
actwmml physiologicel conditions. Cecondly the compound may be toxic whem
adninistered under these canditions or may be excluded from the actual aite of
aynthesis. Thirdly the aduministered cwmpound may not be a paturel intarwms=ilate
but be converted to the demired prodnot by way of reactions unrelated to the
eorual lWdoeynthesis ar by natural pathways o limited significance.

A further difficulty arises in the axpremsion of the remults of experi-
ments. The affectivensas of a caspound as a precurscr may be expressed as
the peccortage incor;orated into the moduct after a cartain times interval,
This i3 cvesi wien o relatively amll amount of labelled campoumi can be intro-
duced into the effective natural pool with minimwm disturbance, The possibility
of the campound bein; metabolisod in other ways should be assessed and
meagired if posaible and tids taken into account when intexpreting the results.
For example, an amino acid might be iroarpmuted substantiaily into protein
and give only a snall percentage incorperation into the desired product yet
still be an effective, indeed obligatory, natural precurscr. In contrast a
coampound considered to be an intermediate and convertible anly to the dexired
product should have a high percentage conversion.

If a relatively large amount of precursor is adminigtered and if the
rates of biosynthesis is limited the percentage converted may be low. An indi~-
cation of precumrsor effectiveness may then be given by a comparatively low
dilution of label. Underhil) gt al., (1957) used the dilution figures as the
principal oriterion for assessing precursors of quercetin biogyntheais., How-
ever Waticin and Reish (1960), also studying quercetin, showed that the percen~
tege of L-phenylalanine converted was a move feliable guide to precurscr
effectivencss. Their results are notable for the affect of the amcunt of
administered l-phenylalanine on the extent of incovporation. In particular a
five-fold increase in percentage conversion ccowrred with a ten~fold increase
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in the amount administered and the arrespamiing dilution was 600 times less.
fms the interpretation may become dependent on the amunt and cancentraticn
of the administered compound.



MATERIALS AND LETHODS

21 Elant Vaterial

Filax cgll calture. Biosynthetic patirenys have frequently dbeen studied
in microorganisms with ;reater ease than in higher plants. Cyanogenic glyeo-
sides, however, are known in only a few microurganisms and have been poarly
described until very recently. Further, no glucosinolates have been repartad
in microorganisms, Some of the advantages of warking with microorganisms (1.e.
udfauity of tissue type, regraducibility, atarility, and ease of handling)
can be cbtainsd with mispended cell caltures of higher plant tissues. .n
unsuccessful atteipt eas rade to establish linen flax (Linum usitatissioum L.)
in sspended cell culture using a camprehensive licuid medium with supplements
of cocomt milk, kinetin, indole=3=acetic acid, 2, eiichlarcplugysfo acid
and glutarmine (Murashige and Skoog, 1962). For this attempt, callus tissue
groun fram seedling hypocotyl was obtained from Dr .. Ce Bollard, D.S5eI.Re,
Auckland and maintained on o similer agar mediume

Hlax seediing shoots. Ilinen flax seedlings, veriety “Redwood", were
used for the study of Mimmxin biosynthesis, The conditions for optimal incor-
mﬁmdm%mmmunmmwmucmm
(1964a). Seeds were cbtained from Mr P, Falmer, Crop Research Division,
DeSeI.Re, Idncoln, and germinated on a layer of moist cotton wool in plastiec
trays. The seeds were held at 25° in darkness and a saturated atmosphere for
four days, by shich stage the etiolated shoots were about 3 to 4 em tall.
~ They were then covered with , sheet of clear "parspex” and placed in a growth
cheber where they received 18 hours exposure to artificial light of approxie-
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mataly 2000 foot candles intemsity. Rapid gresning of the cotyledons occrurrei.

The top 2.5 to 3 em partiaon of the linen flax shoots were cxtised under
water to restrict damege to the vaacular system and used in experiments,
umnally in lots of twenty. TIbe cogpounds to be administered were dissolved
in 200 ul or less of water ar tris(hydroxymethyl Jaminamethane buffer in 1 ml
beakers and the shoots allowed to take up all the solution, which was followed
by water as revquired, In cartain cases whare valatile coampounds were admini-
stered, the seedling shoots were emclosed in suitable transparent vessels.
The ahoots were usnally allowed to assimilate and wstabalise the administered
ocampamds for 7 hours of contimaocus artificial 1ight.

sherry laurel and peach ghoots. Cherry laurel shoots (Prumus lmgo-
gerasus L., were used by hentser et al., (1963) to show that phenylalanine
cald be corverted to prumasin, Although charry laurel was ariginelly
deacribed as containing prulaurusin, Ilarvier (1535) has shown that this arises
by isorarisation durirg the extraction proomhme arigimlly used and that
chexrty lmurel contains prumsin, This was canfirmed in this imvestigation by
the isalation of prunasin as white crystallire necdles fram oven dried cherry
laurel shoots acaoxding to the method of Flouvier. Iaper chramatography
failed to show evidence for any other cyanogenic glycoside in ethanalic extracts
of fresh cherry laurel shoots. In the experiments d=scribdbed hare, young and
actively growing ghoot tips bearing tiree or four expanded leaves were selected
for isotope experiments.

In similar experiments to those of Mentszer gt al., (1963),en~-Yshasinm
and Comn (1964) showed that prunasin in peach seedlings was efficiently synthe-
sised from L-phenylalanine. However, sterile peach seedlings (Erums persicas,
Batsch) are not particularly easily obtained, so the possibility of using
young growing shoots of mature trees was investigated. Again, extraction of
oven dried shoots yieclded crystalline prunmasin and paper chromatography failed
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to give evidence of any other cyarmgenic glycosides. imtches of shoots of
both cherry laurel and peach selected at different times of the year fram trees
growing under natural conditions may have varied in their metabolic responses.
Both speciss mruduce shoots abondantly in the carly mumer tut later in the
smney, only after pruning. -+ supply of shoots was passible for about half of
ths year. FEecause of the posaible seasnrml variations most exyorisents
ircluded contral treatoents where L-phenyalanineU-'*C was administered.
Peach shoots were selected frum two trees at dif'ferent times of the year.

Nan-valatile cagpumis were assimilated by peach and clexyy laural ahoots
from solutions in 2 ml bemkars and were followal by mater as reguired. Vala-
tile compounds were administered with the shoots enclosed in glass vials., Two
or mxe shoots were used for each treatment and the freah weight recorded.

ZLurvy ;rass. rlant systems for studies on glucosinclate biosynthesis
were chogsen Learing in mind the availability of isotopieally labelled compounds,
all of which were also used in the s tndies on cyanogmnic glucoaide bilosynthiesis.
Samvy grass (Cochlearia officinalis L.) was chosen for its repartad content of
isopropylglucosinoclate in seed (Kjaer and Conti,1953) and a prelimimary investi-
gation indicated that this gluooaide alang with othare was resent in the lsaf
tissue, Seeds were cbtained from Frofessor i. Kjaer, Copenhagen, and after
germinating on wet filter paper, the seedlings were .rowm by water culture in
a growth chamber under long day oonditicns until they were ebout 3 em high.
labellad ompands were assimilated fram solution tixoagh pert of the roots -
aboat half of the root system was removed prior to treatments., :Ixcised leaves
were not sultable for experiments as they tended to wilt under even mild
condi tions.

Sexden gress. Seedling shoots of garden cress (lepidius sativue L)
were used for the study of bensylglucosinclate which is the predominant gluco-
sinclate in this plant, 5eeds were obtained from irthw Yates and Co. Litd.,
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Asckland. Ile sceds were germinated cn matst il ter paper for five days in
asrkneas at 25°, and then given 18 hours of exposure to light in a growth
chamber prior to treatment with labelled compounds. The ‘seedling shoots were
used in batches of 30 in sicdiler xovedures to those used for liren flax
shoots. Assimdlation was for 48 hoxs under cmtimaus artificial light of
approximately 2000 foot candles intensity.

2.2  Chemigals
ZCxipinoisoveleric acid. The rethod of synthesis was adapted fyum
Abhmad end Spenser (1961). : sclution of 5 mmoles of hydiraxylamine hydrochlor-

1de end 5 mmoles of sodinn bicarbamte at 5° in 1.5 ml of water was added with
caoling to 5 mmles of Z-ketoisovaleric acid dissclved in 3 ml of wmter. The
mxtire was left standing for 18 hours at about 20° pricr to baing cooled and
agtdified to pH 1.5 with 6% w/y hydrochlarie acid. It ws then extracted three
times with diethyl ether, the camdined extracts being dried over aschydrous
sodizm milphate and the solvent removed under reduced pressure. The olly resi-
due crystallised slowly and Z-oximinoisovaleric ®wid was obtained by recrysta-
llisation from a mixture of ether and hexane, in 76, yield. It was identified
as the anti(I(—=C(Ci)isomer by coymring its infyrared spectrum with the data
reamdad by ihmad and Spenser (1961).

Iscbutyraldoxime. The method of synthesis was adapted from Vogel (1948).
A mixture of O.1 mole of freshly distilled isobutyraldehyde and Oe11 of
hydroxylamine hyirochlaride was placed in a flask fitted with a dropping funnel,
thermometer and stirrer together with 15 ml of water. 4 small excess of 0,06
mole of sodium eardamte dissolved in appraximmtely 20 ml of water was added
slowly with stirring, keeping the temperature below ,5°, The nixzture was stirred
for a further hour befare the crude oxime was separated off, The aguecus phase
was extracted twice with a suall volume of diethyl ether ani this was added to



34

the crude oxime and dried cver anhydrous sodium sulphate prior to distillation.
The principal iraction boillng at 1.0-142° (755 mn) was isobutyraldoxime in
73 yields (ldt. Lepe 440° lieiltron, et al., 1965). iccarding to Fhillips
(195L) isotui rsicoxine exists in gyn and anti foruvs in the ecuilibrium ratio
of 2.1311. .ie ;resence of two 1souers in this prejaration was confirmed by
gas chromatograrhy. The isomers were partially sgnarated using a preparative
scale Carbowax .00 column and examined by infrared spectrometry. The two
fractions gave slightly diffarent spectra initially btut af'ter standing over-
night at 20° both fractions gave spectra identical tc the initinl mizxture.

Sodiun hydraxide soluticn (!.0. %/v) was added to

50 mmole of hydroxylamine hydrochloride and ice in a stmll flusk fitted with
a stirrer, until the soluticn was just alksaline, Teo thia, % asolc of phenyl-
acetaldehyde was slowly added with vigarous stirring {'or arn hoar. i o0ily
paste which separated was recrystallisai twicefrou diethyl ether and hexane
mixtures to give a 30 yield of phenylacetaldaxime, mefe, 96¢5°s (1ite Depe,
96.5°, Helltran, et al., 1965).

2&-Oximino-J~phenylpropionic acid (phenylpyruvic acid oxime). The method
of synthesis was adapted (rom .hmad and spenser (1961). 4 solution of 10
mmoles of hy.roxylamine hydrochloride, and 12 mmoles of sodium bicarbamte in
5 1l of water was added slowly to a cool filtered solution of 10 mmoles of
sodium phenyl; sxuvate. The mixture, after standing at 0° for 30 mimtes,
was egain cooled, acidified with concentrated hyirochlaric aeid, and extracted
three times with diethyl ether. The solvent was resoved under reduced
pressure from the combined extracts and the residue recrystallised twice from
a mixture of diethyl ether and hexane. lore 2-oximino-3-phenylpropionic acid
was recovered from the mother liguors giving a yield of 45% It was identified
as the gnti(HO—-COOH)isomer by oomparing its infrered spectrum with data record-
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od by Ahmad and Spenser (1561). lLep. 173° (decomp.), (1ite m.p. 166=147°,
decomp. Almad and Spanser, 1961).

Isopropyl isothiogcyanate. The method of synthesis waa adapted from
#oare and Crosszley (1955). - mixture of C.16 mole of curban disulphide and
0.18 mole of sodium hydroxide was yplaced in a flask fitted with stirrer, re-
flux condenser and droppiny funnel together with 25 ml of water. This
mixture was ccoled to 10° and 0.18 mole of isopropylamine added over a period
of 30 mimites. Il was then stirred with heating to about 40° for one hour
before addirny (.1E mrole af ethylochlaroformate snd a little apre water over a
periad of an hour. 7The isothiocyamate separated off at the top and the
agueous portion was extracted with a suall partion of diethyl ether. Lhis was
canbined with the isothioocyanate for drying over anhydrous sodium sulpha te.
Iscpropyl isothiocyanate waa isolated by fractional distillation under vacuun
and boiled at about 80° at 25 mm,

Isopropyl thiourea. About 9.2 ml of isopropyl iscthiccyanate was treated
with 5 ml of concentrated arinania solution overni:ht at roon teugerature.
Some crystalline material dissclved on boiling this tixture to crive off
ammania and recrystallised on coolirg. The thiourea s filtered oif and re-
crystallised with hot water. E.p. 172° (1it. m.p. 165=170°, Kjeer and Conti,
1953).

DyleO-lothyl threonine. This coupaind wes prepared by ir I. kemning in
these laboratories according to the method of #est and Carter (1937).

A mixture of Q.5 D,i~-O=methylthreonine

and 2g of ninhydrin in 20 ml of pH 2.5, 1M citrate buffer was heated to 100°
for 10 mimites and then steam distillal, The distillate was collected in a
wossel containing 1g of hydroxylamine hydrochlaride and 1.5g of sodium bicar-
bonate dissnlved in 5 ml of water and allowed to stand at room temperature for
2, hours. The oxime was then extracted into diethyl ether and the extract,
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af'ter concentration under reduced pressure, purified by gas clhromatography.

The extract contained only cne velatile compound widch was wapped in cooled
glass U tubes fitted to the cutlet of a thexvnl conductivity detector. This
compound was eaxamined by hi, h resplution mass spectravetry using an .h.1. 159 rass
spectrometer. The base peak wes at mass 59 with cther peaks in dexreasing mgni-
tude at masss 73, 71, 88 and &6. The latter two peaks ;ave accurate tmss
memmirerants consistent with ions of ,HghO" and C,HclO,"s 4s both of these
contain one nitrogen atom and an even number of hydrogen atoms, both mst be
fragzamts fran a hypothetical paront ion which wes not observed. The fragments
mmqmﬂmﬂ:eloasd‘(mandcﬂjﬁunmnpootﬁpmtimorm
103.

. The procedure followed was that of Adams
et al,, (1.5¢). * .ixture of 1 mole of paraldehyde and 3 moles of methanal ras
coaled to below 0° ani treated with an omress of dry hydrogen chlaride. The
mxtxe separated into two phases and dry calcinm chloride was added to the
lower pase to assist further separation. The top plmse was cooled and bubbled
wvith nltrogen % remove excess hydroyen chlaride prior to distillation. The
fraction boiling at 70-7t° (755 mm) contained 1-chlarcethyliethyl etber at
approximately 70% yiald.

A slarry of 0.9 mole of crprous cyanide (axz(em)z) in diethyl ether, was
added alowly to 1.8 mole of 1-chlarcethylmethyl ether in a further 500 ml of
ether and the suspension stirred and gently refluxed for 3 baca. The ethareal
solution was decanted, the residue washed with further portions of diethyl
ether, and the combined material was distilled to give D,l-Z-mviwgypopiani-
trile. Redistillation gave a fraction boiling at 115=117° (76 m) (ldt. b.p.
148°, Heitron ot al., 1965).

RaleZrliothoxyvalive (Dim2-emino-3-methoxyisovaleric acid). The nethod

of West gt pl., (1537) was used. A solution of 0,01 mole of 3,3=dimethyl-
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acrylic acid in 20 ml of methanol was added to 0e01 mole of finely ground
silver nitrate suspended in 80 ml of methanol and followed Ly tle slow
addition with stirring of C.01 mole of btrumire, /fter a further hour of
stirring the silver Wromide was filtared off and the filtrate neutralised
with 3¢ sodium hydruxide. Earcess solvent was evaparated off' and the residue
extracted ance with diethyl ether wvhich was diacarded., It was then acidified
with 2 sulpharic acid and extracted three tives with egual volumes of
diethyl ether, This combined ether extract was dried over anhydrous sodium
sulphate, filtered through activated charcoal (iarco G60) and the solvent
evaparated. 2-Irano-methaxyisovnleric acid was recrystallised from a mixture
of banszens and haxane with a yield of 6Qiss

The amino acid was prepared by heating O.hg of 2-bromoe3-methoxyiso-
valeric zcid to 90° for 16 hours with 3 ml of concentrated ammonia solution
in a scalel tube. .hc cxcess ammonia was evaporated off’ and the residue,
dissoclved in water, was absnrbed on a Zegoard 225 calum (50-100 mesh, 8 em x
1,mﬂwﬂ(*)fom). After washing the colurm with wmter, the amino aeid
vas eluted with 10" w/v ammonia solution and taken to drynmess. Dyl~3=Methoxy-
valine was recrystallised fron a water and acetone :ixture. FPaper chromatography,
followed by a ninhydrin detecting reagent, showed anly one amino acid to be
mtﬁ.ﬁmmiahk’inﬂnmtmunnd. A total yleld of 0s23g was
obtalimed,

Methaorylonitrile. A sample of 17g of methacrylamide was heated with 20g
of phompixxals pentaxide for 40 minutes and the nitrile distilled off. It was
redistilled to give a iraction with b.p. 86-89° (75 m) at 69% yleld, (Tit.
Depe 90-92° Hedltwon ot al., 1965).

Methacrolein oxime. This was prepared by adding slowly, with stirring,
Os1 mole of sodium carbomate dissolved in 40 ml of mater to a mixture of 0.2
mole hyiroxylamine hydrochloride and 0,18 mole of methacrolein, After 30
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mimates al rcom taperature, the top layer was collected and the acueous phase
extracted witl diethyl cther.e 7The combined carganic phases were dried over
anhydraus potassium carbamate and distilled with a short fractionating calumn
at a reduced pressure of L5 mm, A fraction boiling at 76-78° gave a 20
yield while other frastions also contaired less pure iethacrolein axime,

t=Butylisobutyramide. The method was adapted from llant and kitter
(1951). Apmraximately 11 mmles of isobutyronitrile was idxed with 20 mmoles
of t=butancl in 5 ml of glacinl acetic acid. The mixture was coaled priar to
adding 20 mmoles of concentrated sulphuric acid and then held at 4,O0C for 50
mmtes. t-Putylisctutyramde was jrecipitated by adding 20g of ice, filterecd
off and recrystallised from ethanol and water. It subliced at 110°,

2a=Dipi trophenylhyirazine derivatives. DNEH derivatives were propared
from acetone, methylethyl ketone, iasotutyraldahyde, phenylacetaldeahyde and
benzaldehyde.. The gemarul rocedure was to add a sonll excess of the carbanyl
compound to a werm satirated ethannlic solution of 2,4-dind trophanylhydrazine
hydrochlaride containing alao a small partion of dilute hydxrachlario acid,.
The arysialline derivatives which separated on cooling were filtered off and

recryst:llised irox ethanol ar bensene and hexane.

ARLL UL L i A LA ARIIIL O o

Lewaline0- ¢ (107 uC/mole), L-phenylalanine~U-2C (7.0 s /mmle),
potasxtum cyanide-'2C (0.5 mC/ng) and sodium iscbutyrate-1-''C (180 nC/ag)

were all cbtained from the Rediocherdcal Centre, Amershame Fhamylacethydruzo
mio acid-1='4C (0,90 pC/ng) end 2-aximno-3-phenylpropianic acid-2-'¥C (1.52
jC/mg) were genercus gifts from Dr E. #. Underhill, Frairie Regiomal laboratary,
Saskatoon. Hy@raxylamine hydrochlaride- 2N of 95 atoms per cent excess (APXS)
was obtained from Ir E. E. Conn, University of Califernia, Davis. IL-valine-'oN
of 45 APXS was cbtained from Schwars Bioresearch Inc., New York. All other
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labelled compounds were prepared as described below, In most cases methods of
synthesis werce tried with unlabelled er low specific activity compounds befare
committing the ii h specific activity compound. The compounds from these trial
preparations were identified by cunparing their infrared spectra with spectra
of well characterised stardards.

2-Oxininoisovaleric acid=U='"C, 2-Ketolaoveleric acid-U-'C was obtained
by the action of 4 mg of Lwemino acid axidase (dried Crotalus adamanteus venom)
on 10 pmales of Levaline=U='4C (50 puC) in the presence of 25 units of cetalase
in 2,5m1 of water. The mixture was incubated with toluene as preservative for
12 hours at 27° and acidified with 0.5 ml 2! hydrochlaric acid before extract-
ing with diethyl ether (i'eister, 1552). The combined ether extract was added
to a solution of 4,55 ng of non=radiocactive sodium 2-ketoisovalerate and 15 xg
of sodium bicarbonate in 100 ul of water. To this 4LOpl of LM hydraxylamine
hydrochleride was addsd and the nmixture lef't standing at roon tamperature far
18 hours. The 2~oximinoisovnlaric acld was extraoted into diethyl ether after
acidification with 0,3 nl of 1 hydrachlaric aoid and the sclid residue obtain-
ed upon ecvaporatin, the ether was recrystallised from a mixture of ether and
bexanc, =i inoisovalerio acideU-'C was identifisd as the anti (HO=COGH)
isomer by corparison oi' its infrured spectrum with the gpeotral data recorded
by Ahmad and penser (1961).

;mmmy_—ﬁ*g. Isobutyraldehyde=U-'"C was prepered by heating
' 0u1 mmole of L-valine-U-'“C with 100 mg of nimhydrin in 2 ml of pH 2,5, 1M
citrate buffer for 5 minutes at 100°, It was then steen distilled directly
into 0,2 mmole of hydroxylamine hydrochloride and 0,2 mmole of sodium bicarboe
nate dissolved in 1 ml of water, The isobutyreldoxime-U-'C that was formed
on standing 18 hours was partitioned into diethyl ether and purified by gas
chromatography. The oxine was trapped in a glass U tube inserted into a thermal
conductivity detector cutlet and cooled with solid carbon dloxide, It was
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presuzed to be a mixture of syn and anti isomers.

mmm"‘c- This was preparal by heating 50 puoles of L-
valine-U-'4C with § &g of ninhydrin in C.1 ml of pH 2.5 13 citrate buffer on
a boiling water bath in an evacuated system. The isobutyraldehyis-U-'C was
collected by ¢ ndensing in a rartion af the closed system cooled with liquid
nigo sn. The acuecaus solution obtained on thawing was administered directly
to the aenilin se

Iscbutyramide=1='4C. Appraximtely 30 pC of sodiun isctutyrate-i- ' C
and a small exoess of sodium bicarbtomate was refluzed with G.3 ml of thionyl
chloride in 2 al of diisomopyl ether for 15 mimutes, It was then coaled and
100 p1 of isotutyric acid added before refluxing for a further 15 mimtes.
The mixture wes coalad over dry ice and 2 ml of concenirated asmonia solution
added by syringe thwough a rubber seal. 1t was left standing for two hoags at
roan temparature befare evaparating to dryness under reduced rressure. The
solid residne was extracted with ethyl acetate irom which the iscbutyrumide-1-
V¢ erystallised in 10w overnll yield vhen the volume uas reduced by evapar-
ation. The product had a specific activity of 46.5 pC/mmile.

Iscbutyropitrile-1-"C. This wes prepared by heating 0.11 mule af
mmﬁmﬂ-"'c (23. 3 uC/mmole) with aparoximtely 80 mg of phrspharaus
pentoxide to 200° for one hour. Ihe nitrile was flushed cut with a gentle
stream of nitrogen and trapped in a U tube coaled with liquid air. In a repeat
preparation . G35 rmole isobutyramides1-¥C (6.5 pG/mcle) wes simlarly
heated with 250 mg of phosphorcus pentoxide.

g, 4 sclution of 1 mg of phenylalanine-U- G

= ehed s LA

in 0.6 ml of pH 647, 0s05 M phowphate buffer was treated with 2 mg of N-bremo-
succinimide and 50 mg succinimide. Reaction was for 30 mimites at 5° with

contimious shaking with a total of 1 ml of dlethyl ether in portions, The ether
extract containing phenylagetaldehyde-U-''C was then added to 25 mg of hydroxy-
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mmﬂm&wmwmbmbmatedimlvadinMpld'
water, The ether was removed with a gentle strear of nitrogen and eppmoximtely
20 ng of carrier plenylacetaldehyde added. The aixtiwe was shakem far 4O
mrutes at 5° to precipitate phenylacetaldaxize-U-'1%C, the aqueous phese wes
ramoved, and the reaidus dried and recrystallised twice fyom diethyl ether and
bexane. A low owmgall yiald was cobtained.

Phenylacetonitrile=1='4c. 4 solution of 11 mg potassium cyanide=''C in
140 1 of 705 v/v aquecus etharwl s scaled in a glass tube with an excess of
50 )1 of benzyloklaride. The tube was heated at 75° for 150 mimutes. The
nitrile was isclated by gas ciromatography in a similar way to iscbutyraldoxime-

were remred fron potasmiimm cyam.de-u"c imredia tely befare administration and
vere used withaut priar porification.

Iscbutyraldoxine-'N, A salution of Os2 mmole of hydroxylamine hydro-

chlaride'N (47.5 APX3) and 0.2 mwle of sodium bisarbanate in Oel ml of ice
ocold mter was treated with atout Ce6 rmole of isotutyraldehyde. After 18
hozrs at 18° the mxture was extracted three times with a total of & ml af
diethyl ether. The expeas ether was evaparated off and the isobutyraldaxime=-
155 prifieq by gah chrom tography as for the '°C labellsd compound.

2-Oximinodsovaleric agid-'“N. 4 solution of 0.2 mmole of hyiroxyl-
mMﬁN (475 APX3) and a small excess of sodium bicarbonate
in 1 ml of wmter ms treated with C.2 smole of sodium 2-ketoisovalerate. ihe
mixture was held at 18° for 28 hams befare acidifying to pH 1.5 with dilute
hydrochloric acid and extracting three times with a total of 12 sl of diethyl
ether, The combined ether extract was dried over enhydrous sodium sulphate
and the sclvent evaporateds M%‘%mmm
twice from ether end hexane,
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l=emino aeid oxidase. Dried {rotalus adamanteus venom vas used as a
source of lL-amino acid oxidese and was obtained from Ge:lbiodmr., Los ingeles.
The enzyme was dialysed against distilled water befme usce.

Catalase. Crystalline catalase was obtaired {ror Jalbiochem, ios
Angeles, and was also dialysed against distilled wmter hefare use,

B =Glucosidase. "mlsin” obtained from B,D.H. [td, ingland, or "f =
gluonaidamn, (Sweet Almonds)" obtained fram Seravac laborataries, Cape Town,
were used for the hydrolysis of prumain. [hey were dissolved in phosphate
huffers priar to use.

Lipamerase. This S -glucosidase with specificity for linamerin and lotau-
astrelin was jrepared in this labaratory by Mx .. D. Fennett according to the
meticd of Joop (194.je ~ total of 100g of finely ground defatted limseed
meal (veriety "edwood") was shaken in portions with 2 litres of water and
immedintely centrifuged. The extract was buffered by adding 100 ml of 0.3!
sodium acetate and 100 ml of O.2! acetic acid. A white recipitate farmed on
standing but ocontained only a fraction of the engymic activity and was centri-
fuged off and discarded. The supernatant was cooled to below 10° and one half
its volume of cold ethanol added slowly to produce a further precipitate
which wms also disamrded, lore alcchol was added to tring the final concen-
tration to 60% v/v. The precipitate which then formed contained the linama-
rase and wms centrifuged off Defare dissolving in approximately 250 ml of
distilled water, Dilute sodium hydroxide wes added to lring the solution to
pH 7 and it was stored under a few drops of talusne at 5°. The enzyme, which
was purified spmuaximtely tsenty-fold by this mrucedure, was diluted with
phosphate buffers bef'are use.

Myrosinase. This enzyme was prepered from commercial mistard flour
(Reciki tt, Coleman, Mugget (N.Z.) Ltd.) by esmonium sulphate precipitation. A
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partian of 113g of the flour was defatted vith light petroleum and air aried
powmier susperded in 3.0 ml of water for 4 hours. The =lids were cemtrifuged
off and washed with a further 100 ml of water which was then added to the
first wetler axtracte —.alid armondum sulphate was added in partions and the
precipitate fcruing Letmeen 50 and 70/ saturation at 18° centrifuged off.

This precipitate which contained myrosinase was dissolved in 25 ml of water and
dialysed in water for two days. It was stored in a deep freeze.

2.5 Ixtraction

Ethanol extracts. In ganarul, linen flax shoots and scurvy grass
seedlings were extraoted by boiling without prior blendin;, in 8Gs v/v ethanol
for 15 ar 20 mimtes, About 25 ml of solvent was used far 20 flax ahoots o
each scurvy grass seedling., Jfter standing several hours at rcom temperature
the extract was decanted and the tissue reaidue extracted again with a similar
valums of solvent. The camimed extracts were taken to dryness under vacuum
at below 50° on a rotary evaparatar before taking up in 2 al of water or v/¥
205 aquetus -mropeml. They were stared at -=10°. Suitahle partions of these
extracts were used for chromatographye.

Feach, cherry laurel and garden cress shoots were similarly extracted
twice with &0 v/v ethanol in appropriately larger volimea of solvent af ter
blendinge. Ihe solvent was again removed with a rotary evaparatar and the con-
centrated extracts dissolved in water to make 5 ml in the case of peach and
cherry laurel or 2 ml for garden cress. A small amcunt of peach and chexry
laurel extracts not soluble in water was removed by centrifugation, Again
mmmmrhmmmummmmw
enzymic treatment or chromatogrephy.

Diethyl ether extraots. In experiments F and Q, procedures different
from those above were used, In these the linen flax shoots werc first treated
with diethvl ether to cbtain extracts suitable for analysis by gas chromatograpby.
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For experiment ¢ the batchsa of 20 shoots were placed in txrass cylinders of

ahout 7 ml volume togetlmr with 1.5 ml of ethar, 1.5g of Lmn glass beads and
0O.5¢ of anhydraus scdium sulphate. 1lhe cylindars, sealed with trass caps and
palythane wmabhars were shaken, to diaintegrate the plant tissue, far 30 seo-
onds at 5° in a shaker built accarding to the design of Nossal (1953). The

brass caps were then replaced by paraus polythene filters and brass filter

holdéers, and the ether extracts filtered by centrifugaiion into amell vials.
About 1 #l of the extracts was recovered and samples were taken for gas chro-
matography. The sclid residues were transf'erred to beakers for extracting

with o00dd ethanol.

2.6  Chromatography.

Cyanogenic glvcosides. Whatman 3 13! peper was used for both preparative
and analytical paper alwrumtograrhy. ITumasin was separated using n-butanal
saturated with water (BW) thile separations of linararii were cade using this
solvent as wall as methylethyl ketone:acetone:mater, 15:5:3 v/v (1i%) and pro-
panoltwater, 7:3 v/v (P7). Thin layer chromto.rarhy was also used with
supparts including !N=300 cellulose (Yacherey, Magel and Co., Germany), aized
layer of }i-300 and silica gel H (ierck, Cermmny) (Bieleski and Turnar, 1966),
Avicel (M Corp., U.5.A.) and EZastman Chromogram sheet 6064 Two dimensiomal
separations on psper ar thin layers used ¥AY in the first dimension followed
by either B¥ or Fii. #ith thin layers the sample was applied as a short band
near an edge, and after developing in the first dimension:, the partially
resclved bands were @luted intc compact spots near the margin of the plate by
immersing rost of the plate up to the bands in water for a few mimites
(Bielesii and Turner, 1966). The plates were then dried and developed with the
second solvent.

Cyanogenic glucosides could be detected by spraying with an appropriate
p=glucosidase solution and, after standing some hours in a closed humid
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vessel, the glinase pruduced by hydrolysis gave spots with typical reducing
sugar sprey reagents such as aniline Phosphate in n-tutanol (Eryson and
Mitchell, 1951).

A more sensitive and specif'ic method was developed in this labaratory
(Eenrett and Tapper, 1968, see appendix ) which involved detecting cyanide
released by engymic action. The cyanide, held on the papar or thin layer,
catalysad tho formation of a blue dye frua p-nitrotenmldchyds end o-dimitro-
benzere under slightly allmline conditiaons (Guilbault and Kremer, 1966).

Glucosinolates. These were scparated on hatmen 3l peper waing n-tuta-
nolsethanolsvater, 43134 v/¥, or on thin laywrs using a combination of electro-
pharesis and chromatography. The jxovedire was a mxiification of the methods
used b Bicleski and Twrer (1966) far amino acid separations, The sample
was ap}lied a8 a shart band near the middle of, and at a right angle to, one
edge of a 20 cm square cellulose thin layer plate. .fter electroplumvoais in
pH 2 tuffer (17 ml %0 formic acld plus 57 ml aostic acid per litre) the
partially resalved bands were eluted into spots, amd developed with the chroma-
tography solvent of r—propaml twater:nspropylacetate:acetic acid:pyridire, 120:
60:203431 v/v. With suitably chosen voltages and timos fur electrupharemis
(e.g. 1000 wolts for 15 mimtes) a partial amino acid separation could be
obtained on the same plates as the glhixcaimlate seraration. The glucnein~
lates were detected by spraying with 0,024 silver nitrate, drying in an oven
for a few mimates and then cwmsmayigg with 0,02 potassinm dichromate,
Glucosinolates appeared as rele yellow spots on a 1light trown background
(Challenger, 1959).

Thioureas, prepared from gluccsinolates, were separated by ascending
peper chrom tography with chloroform saturated with water as solvent (Kjaer
and Rubinstein, 1953) and they were detected by spraying with an icdine-aside
reagent (3g sodium aside, 1.27g iodine and 0.83g potassium iodide in 100 ml
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of water) which gave white spots on a brown tmckgraund (Feigl, 1956). Identi-
ﬁuﬂmmbykfmmta relative to known standards,

These derivatives of sinple aldehydes and
ketones were acparated on ailica gel G (Merok, Germany) thin layers, or Sast-
man Chrooa rwan abeet K 301 R, using benzene, tolueme, o n-tutylacetateslight
petroleun (L0-0(°), 119, as solvents. Standard rmarkmre were used to identify
spots er bands.,

Apino scids. /wdno acids were separated and estimted by the method of
Bieleski and Turner (1566)s The amino acids were separated by two-dimenaicnal
thin layer cilzam tography, oinhydrin complexzes ware farmed under controlled
conditions, and the eluted corplexes detarmined colarimetrically.

Yolatide oompounds, Gas chromnto:xraphy was used both in the preparation
of seme compounis end in the analysis of plant tissue extructs., Instruments
used ware a modified Aerograph 664 (Varian Aerosraph, California) fitted with
both thermal conductivity and flame icnisation detectars, amd an Aerogxraph 1520.
This instrument was fitted with a stxeas splitter such that a amall propartion
of the gas fran the column passed into 2 flame ionisation detector. The
reminiar was condicted to a propartiacnal gas flow detectar (Nuclear-Chicago,
Illinois) for meammring the redicactivity of volatile compounds as they were
eluted fram the gas clromatography column,

The following columns were found most suitables

(1) 15 w/w tarbowmsx 400 (polyethylene glyool) on Chrumamard W (60/80
mesh, CS treated) was packed in a Jm x 7.6 mm ID aluminium calumn, This
colum was temperature programmed between 35° and 140° in the Aevogreph 664
by simple control of the oven heater power input, and was used for separating
a range of compounds with boiling points up to that of isotutyraldoxime. A
partial separation of isobutyraldehyde from acetone and between the stereo~
isomers of isohutyraldoxime was possible.
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(41) A smller elumiminm column, 1.5m x 4e5m ID, packed with 11%

w/w Carbowax 00 on Chromosorb F (60/80 mesh, HilS treated) was also used in
the Aarogreph 664, for some preparative separations as well as to exanine
linen flax shoots for the mresence of isotutyronitrile. ihe therual ccrduct-
ivity detector was used with this column.

(111) A stainless steel colum, 2m x 2.5mm 1D packed with 10, w/w
Carbosax 1500 on Chrooosarb ' (60/80 mesh, 1:D5 trected) was used with the
flame ionisation deteotor in the ‘erograph 664. The columm could clearly
resolve the two isomers of isobutyraldoxime and was used to examine linen flax
shoots for the presence of isohutyronitrile and isctutyraldoxime.

(4¥) A stainlees steel column, 2.5m x 4.5m ID, contaiming 21> w/w li-
EFF Ik (diethylene glycol succimate from Applied :.clenoe Labarataries, Inc.,
Us.je o) or Clro osorb . (00/80 mesh, re-aieved, acid washed and treated with
Xo DTS in toluene in this labaratary) was used for separating a range of com=
pounds with the ‘erogragh 1520, Heliwn carrier gas was used at about 80 ml

per mimate with limnear temparature programmes up to 1900.

2.7 Analysis of glucosides.

Iingmarin. The amalysis of gluco=ides involved meamuring radicactivity,
identifying by enzymic hydrolysis, and measuring the amount of compound present
to obtain the specifioc activity values far the intact glucosides or scme of the
hydrolysis products.

livamarin was purified by cne or two dimensional chromatography before
analysis, Its presence was usually indicated by zones of radicactivity in
appropriate areas detected by radicamtography or by geiger counter, Iinaymic
hydrolysis was carried ocut in 50 ml or smaller flasks fitted with either centre
wells or cups suspended from glass stoppers. 7The limamarin, dissolved in 0.2
to 1.5 ml of water was hyirclysed with 0,5 to 1 nl of linamarase soclution and
G5 to 1 ml of pH 5.9, 0.1l phosphate (sodium salts) buffer. The flasks were
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@axaully shaken for at least 2, hours at 30°. The hydrogen cyanide, produced
by hydrolysis, was absarbed in 0.5 ml of 1 sodium hydroxide in the centre wolls
ar cups and suitable partions diluted ard cuantitatively analysad for cyanide
by the method of Aldrddge (1944). [he specific activity of linamrin was

then aalculated on the basis of the total activity of linarcrin and the yleld
of hydrogen qyanide upon hyirolysis.

Prunasin. As paper doramatogrephy gave no evidence f'ar cyanogenic glyco-
sides other than pruraain in the peach and clerry laurel extracts, no prelim
inary separation was recuired. fartions (0.5, 1 or 2 ml) of the extract
dissolved in water were treated with 1 mg of B-gluccsidase (Seravac) and, to
reduce any possibility of bacterial metabolism during the hydrolysis, 125 pg
ahlaramphemcol diasclved in 0.5 ml Oe1k phosphate tuffer, pH 5.5 was added.
The hydrolyses were conducted in 50 ml fleaks with centre wells contaiming 0,5
ml of 15, w/v semicarbazide hydrochloride and cups suspended from the stoppers
contoinin. 05 il of 1, sodiwm hydroxide. The flasks were held at 30° for 48
hours anc ;iven occasional cr contimuous gentle shakinge. lhe benzaldehyde
liberated from prunasin farmed crystals of benzaldehyde semi-carbazone in the
oantre wells which, after removing the exress reamgent, were recrystallised two
or three times fyom ethancl. The purity and quantity of the recrystallised
bensaldahyds semicartazone was measured by recording the U.V. absorption spec-
trum in ethanal with a Unicem SI800 recarding spectrophotomeier. No impurities
ware detected. The quantity was detsymined by the optical density at the peak
aberxrption of 283 mm. The radicactivity of known cuantities was deterwined
by liquid sointillation counting and a specific activity mmsgwment calculated.
Both the cuantity and the radicectivity of the liderated cyanide was measured.
Two ahecks with sexrystalliced prumszin shoved 95 and 98% recovery of hydrogen
cyanide by this method.
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In those cases vhere prunasin was labelled predominantly in the nitrile
moiety and where paper chramatogrephy showsd that little else in the extiract
was labclled, tlorn contaimation of the cyanide with other volatile radicactive
axymounids capcble af Leing abearbed in alkmli was ocnaidered unlikely or in-
significant. Iin other cases where a runge of componds vware strongly labelled
and vhere benzaldshyde was alsc labelled, some risk aof contamination of the
cyanide was caonsidered possible. In particular, benzaldehyde uight react in
the 1ii sadtnm hydroxide giving non-volatile products and also some radicactiv-
ity in the sample may have bean released as carbon dioxide.

To check on these poasibilities, portions of the cyenide solutions in 1
epdingm hydxraxide were treated with excess acetic acid in the prestnce ar
almence of silver acetate in stoprered flasks with centre wells containing
0.5% °Hyamins 10x" hydraxide (Rchm and Imas, Ue3.4.) in iethancdl. after allow
ing diffusian of the acid-liberated volatile campauxls to take place for at
least 18 hours with gentle slaking, the centre well coniaents were analysed by
liquid seintillation counting. In the presence of excess silver ions, cyanide
formed a precipitate which was not decomposed by the acetic acid, and it was
posaible to estimnte the extent of the exrors mentioned above, and make
corrections accardingly. Lwen so, the posaible errors in determination of the
specific activity of the mitrile moiety are estimated to be greater than the
errors involved in benzaldehyde specific activity measurements.

In some of the earlier experiments with pruvasin, a procedure based on
that of Ben-Yehoslme and Comn (1964) was also used and gave essentially the
same results. A phanylhydrasine reagent (5 ml of phenylhydrazine and 5 ml of
acetic acid, mede to 100 ml with water and filtered through activated charcoal)
was used.

Glucosinolates. After electrophoretic end chromatographic purification,
the glucosinclates were cluted and the radicectivity measured directly in the



50

licuid scintillation counter. No evidence far glucosinoclates other than
tenzylglamnainolate was obtained with the garden cress. FPartions of 200 nl
of the extraot dissalved in water were treated with 20 pl of myrosinase
solution and 50 pl of pH 5.9, Oe1k phosplate buffer at room temperature,

This mixture was extraoted perialically (fram 15 mimites to 8 hours after
mixin-) ith diethyl ether. The cambined ether extracts of ajpruximately 3 ml
ware treated with < ml of cancentrated ammonia solution and 3 ml of ethanol to
farm Nebenzyl thiourea. /fter standing 18 hours at room temperature the excess
ammonia and solvents were reamoved by a stream of nitrogen and the residue
applied to chromatography paper for thiourea separation. Radicactive bands on
the developed papexrs were detected by a geiger counter, eluted with aqueous
etlnnal and the U.V. absarption spectrunm and radicactivity ceamued to detexr-
mns the specific activity of the benzyl isothiocyanatec. The absarption peak
at 2, nm was used for uantitative meammenents. 1 trial using tetrametlyi-
amoniun bensylglicoainalate (Calbiochem) showed an overall recovery by this
procedure of about 405, Isothiocyanates are known to undergo reactions with
amino and mlphydryl groups (Eamn, 1950; Gaksoyr, 19€4) which wauld tend to
reduoe the ylelds obtained when treating glucosinclates with myrosinase,
Some formtion of phanylacetanitirile may also ocour at pH 5.9 and reduce the
yield,

Bandicactive isopropylglucosinclate was identified by a similar procedure
af'ter clsctrophoresis and clwromatography. The purified radicective glucoside
in O ml of water wmas mixed with 50 pl of a scurvy grass leaf extract which
acted as a mupply of oarrier glucoside, and treated with 20 nl of myrosinase
at room temperature to liberate iscpropyl isothiccyamate. 7This was extracted
with diethyl ether after 15, 45 and 120 mimates and the combined ether extracts
treated with anmonia solution and ethanol. The thioureas were chromatographed
as described for the bengy) derivative. The addition of carrier glucosinclates
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was necessary to aveid excessive losses in yleld of radiocactive isopropylthio-
urea. This prevented estirmtion of the specific activity of the aglycone.

2.8 lMsasurement of Radicactivity

Radicentography (with Kodak mediscal X-ray filn) was usually used for the
detection of radicactive compounds af'ter two dimensional electrophcretic and
chroma tographic separations and, to a lesser extent, after one dimensional
separations when geiser counting was also used. Faper strips or 5 cm wide
thin layer clramtograss were scarmed with either a Nuclear=Chicago Actigraph
II, 47 thin wirdow counter, a a Paclkard 7200, 477 windowlaas radiochramto-
gram scanner,

liost quantitative measurements of radicectivity were made by licuid scin-
ti1lation counting. Instruments used were a Ceckman L3100 and Faeckard models
4312, 3375 and 2211, All instrunents wers capable of routinely caunting G
at 60 to 85% efficiency depending on instrumental sedtings and scintillation
mxtire. A range of mixAmes, similar ar identical to publiahad farrulase
(Schram, 1963) were used and the efficiency of countins determined using stand-
ard heaxndooums 'C (Radiochemical Centre, \mersham).

On sewveral occasions "quench curves" were constructed by either the
intermal channels ratio or the external standard chamnels ratio methods. 4
set of vials inaluding a blank and standerds with increaaing degree of quanchs
ing from either water or chlarcfarm was usually included in each lot of samplea
for sutomatic counting to check the instrument's performence. All samples
were counted at least twice and where possible to a standard «rTar of less
than 1.

4 variety of sample prepearation procedures were used. The szones of
radicactivity on thin layer clromatograms were scraped off the plates and
tmnaferred to scintillation vials., This transfer was facilitated by the use
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of short pieces of glass tubing with a small wad of cotton wool held at a
cantral constriction and which were connected to a vacuus pump by rubber hme.
After sucking the thin layer material on to the cotton wool, the glass tube
was detached from the hose, the thin layer material and cotton wool puabed into
a vial and the tubde rinsed with 1 ml of 500 v/v aqueaus zethanal. In mast
cases the compamds to be caunted ware limmmarin, an unidentified compound (IV)
(of mirdlar paolarity to limmarin), or veline. Teats showed that, after
standing a feww hours in the 50/ methannl, these cmpamds remained dissolved
shem a dioxane based scintillation mdxume was added.

BRadinective compaumis on chrammtogruply paper were counted by placing
the plece of paper in a vial togethor with 1 ar 2 ml of a toluene based scin-
tAllator mixture ~ aufficient to saturate the papar. This method tended to
glve hi i sweigroands ard thewefore an altemative provedrmre was freqently
used wvhere tie compaunis were [irst aluted with mter. Rectangular plieces of
paper were stood in a amall volun® of water in a shallow dish and the radio=
active corpounds washed to the uppar end, The piece of wet paper was then
inverted, wapped in "Farafilm” (Gallenksmp, london) and alirmrdum foil, and
gently rullad so that it cauld be rlacad in a oentrifuge tube., The top moet
paxrtian of the “Purefiln” and foil wes folded over the lip of the cemtrifuge
tube to hold the roll up from the bottom of the tabe. (nly light centxifu~
gation was required to collect most of the water and virtually all the radio-
activity from the paper. Vhere all the sample ws to be counted, a scinti-
1lation vial with a short glass tube supparted from the top of the vial was used
in place of the centrifuge tube. In this way the eluted sample was collected
directly in a standard vial and required only addition of a dioxane based
seintillation mixtare pricr to counting,

Volatile radicactive compounds from experinent P separated using the
Aeyograph 664, were trapped in a wad of cotton wool satwrated with xylene and
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held in the barrel of a 5 nl syringe fitted into the thermal comductivity de-
tectar. The syringes were changed to ccllect fractions and the xylene with the
radicactivity was rinsed into vials with scintillation mixture prior to counting.

2.9 Asalyeis of "N

Imll smmples of the 2-cximinoisovaleric acid=2K and isobutyrwldoxrimes
158 used for administration to linen flax sesdlings were digested by the Kjeld-
ahl method in the presence of 10 mg gluccse as an additional reducing ecompound
and 3 ml of Mgestion mixture. The ammnia, liberated by sodium hydroxide,
was steam distilled into 25 w/v baric acid and titrated with dilute hydrochlor—
ic acid. The aldoxime gave a quantitative recovery but scme of the aximino
acid was lost, presumably as isobutyronitrile.

1-Valinse'°N vas analysed by an adaption of the method of Sobel et al.,
(19%45). The amino acid was heated with 100 mg of minhydrin in 7 ml of pH 2.5,
0.3 citrate tuff'er to 100° for 15 mimtes. The exccss ninhydrin vas destroyed
by the additian of 10 drope of 300 w/v hpirogen peroxide fallesml by 5 mimtes
further heating. The ammonia, again liberated by sodium hydroxide, was steam
distilled and titrated 2s ebove. spproxdimtaly 98% recovary was obtainsd.

idpeoerin, isolated by paper clrom tography, wms treated with 1.5 sodium
hydraxide for 30 mimites at 100° to hydralyse the nitrile molety to ammonia.
The ammnia was then steam distilled from the same vessel for 15 mimtes into
2% w/v boxrio ectd and titrated. Recovery of ammonia was 95-100%.

A1l samples for 7N analysis were again steam distilled from alkali and
the distillate acidified with dilute sulphuric acid prior to conceutration by
boiling.

The "N analysis was performed by mass spectrometry according to the method
of Sprinson and Rittenmberg (19.9) on an instrument designed and constructed at
the Institute of Muclear Science, Wellington.



EXPERIMERTAL RESULTS

3.1 Intyoduction

The axparimsnts and remilts fall into three groups for puposes of dis-
cuasian ult.ough this was not in all cases the arder in which they were conceived.
In the first section experiments are discussed where various isotopically
labelled capaunds were admimistayed to plant tisaue and the imxmparation into
cyarvgenic ;luoosides measured. In some cases attantion is drwsn to other
ampaands which also became laballad, The second section cnmrises attenpts
to show the presence of intermediates. All the experiments in this section
were performed with linen flax seedlings. In the third section tlree experi-
ments are described which, as in the first section, arc attapts to demomnstrate

incorporation of labelled compounds into glucosides. In this case the gluco-
sides are glucosinolates.

lowalire is an efficient pramxmy of limaoarin in several plants and su;gested
that corresponding 2-oximino acids might be intermediates between amino acids

and cyanogenic glycosides (Butler and Conn, 1964a). Table II gives the results
of experiment i shere this suggestion was testad by comparing the incorporation
of Lvaline=U-'C and Z-oximinoisovaleric acid-U-''C into linamarin in linen

flax seedlings. Ihe conditions were essentially similar to those used by Putler
and Conn (1564a). The labelled precurscrs weye dissolved in 100 ul of pli 7.b,
0.2 tris(hydroxymethyl )=aminomethane tuffer and administered to 20 seedling

shoots in open 1 ml beakers., Additional water was supplied as required end the
labelled compounds were assimilated and metabolised for 7 hours under artificial



TABLE II

CXTFES A3 PRMECURSCR S ¢ 00 ZTINALLRIN

Compound Administered +Anamarin fecovered Valine
Amount 3.4.8 Anunt A8 s precursor Mlution Asoount SeA®
(amole) 7 (umole) ¢ canverted of 1kC (pmole) 7
Lovaline-u-i¢ 1.2 910 12 1741 23° 3° Ce67 390
2-Oximinoisovaleric
acddeU= 40 1.0 1150 11 746 g® 121 0025 15
Levaline=u- 2 343 300 15 13,5 25° 18° - -
Isobutyraldoxime-
=Yg 3ok 350 15  18.5 21 21 - -
Isobutyraldehyde-
=Yg 1.3 1510 13 1.0 0.7 1510 - -

a Specific activity (including the carboxyl carbon atom) in pC/mmole

b Corrected for an esmumed loms of cerboxyl carbon atom ~ see text

ss
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light. Less than 10% of the sdmnistered radiaectivity reminad in the bemkers.

In experiment B {sobutyraliaxime was similarly tested as a precursor.
Laltres- 9T and 10tutyralacxtio—i-4C were dissolved in water and admini-
stared from 1 ml beakers. IsobutyrlishydeeU- *C was 0lso tested as a precmaxr
to determine whether iscbutyraldoxime could be incarparated after hydrolysis of
the axime group. The aldehyde was administered fram solution in a closad 25 ml
glass vial. These remilts are included in Table II.

Butler and Futler (1960) showed that the administration of U,l-valine-1ie
WUg gives instgnificant label in linamarin as would be expected if the carbom
skeleton of l~valine forms the besis of the linamarin aglycone. Others have
shown a siniler loss of amino acid carboxyl groups in the biogyntheais of dhu-
rrin (Cander, 1962) and prumsin (Mentszer ¢t al., 1963). For this remsan the
values for radicactivity of linamrin derived from l-valine-U-'“C have been
adjusted by the factar 5/4 to give better indicatians of the percentage of tiis
precursor incorporated and the dilution of specific activity., If 2<(xisimiso=-
valerio-U='4C was an intermediate between L-valins and linamarin then a similar
adjustment for loss of the carboxyl group is Jjustified.

The results, expressed as percentage precurscr converted to linarvarin,
show that 2-oximinoisovaleric acid was a little less then half as effective and
isobutyraldoxime was about esually effective as [-valine as precursors of lina-
marin, The incorporation from l-valioe cbesrved in these axpericemts was con-
sistent with that found by Butler and Camn (1964a). Figare 5 illustrates the
umal pettern obtained by redicemtographs of two @imensional chromatogrems.

Idnamerin was the mjor labelled product from L-valine-U-'"C., There ws
a low level of imcoarporation into leucine and a few other unidentified compounds.

Although the incorparation from Z-oximinoisovaleric scid-Ue''C was less
than from L-valine-U-''C,1it wmas still considered significant and indicated that
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EIQURE §  IICORICRATION QF RADIQACTIVITY FRQM LVALINS~U-'C IN LINEN FLAX,
A RADTOAUTGGRAPY FOLLOWING THIN LAYRR QRQUATQUGRAFHY OF AN STHANOLIC EXTRACT.
L IS LINAMARIN,
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the &aminiroisoveleric acid conld have been an intmrmediate in linaoarin
diosynthesin. A lowver incorparation could have been due to a toxic effect of
this compaand when admimistered at tihis concentration or difficulty in trans-
paxt to the site of bosynthesis, ‘ltermatively Z=axixsinoisovaleric acid
might have bean canvarted to L-valime in the plant tissue either by hydrolysis
to 2-Xkstoisovaleric asid and hydroxylemine followed by trmnsacirmtion or by
direct reduotion of the aximino group to an amine, These possibilities were
emmined by isolating valine at the end of the exprrinent and cauparing its
specific activity with that of the linamarin, The results are also in Iable
II, here L-valine-U-'*C was aduinistered, the recovered valine had a specific
activity many times greater then the lirammrin whereas with 2~aximmoisovaleric
add-U-u‘C the epecific artivity was relatively little more than that of the
Ummarin, Murther, the ammnt of valine wvas amall aorpared with the azmmnt
of lincrerine An indication of the amall amount of radiocactivity in valine
when Z-oxizinoisovaleric seideU- *C was administered is given by iigure 6,
which also shows that other unidentified compounds were present in small
amunts. These results indicated it was unlikely, but rot impossible, that 2=
oximinoisovaleric acid was incorparated into linasarin by way of a preliminary
cawerzian to L-wvaline.

The incorparation of isobutyraldoxime-U- OC into limamerin to about the
same extent as fram Lwalim—i /T tas good evidance far the aldoxime being a
matural intermediate, It was considered that the cbserved conversion of 215
was a mimml figure bexmmme of an expected loss of a portion of the conpound
by evaparation aming administration,

Figare 7 indicates that linammrin was the principal labellad ethanol
soluble product from isotutyreldaximsU-'*C althaigh some other unidantified
labelled compounds were also noted in amall amcunts,

The possibility of a conversion of iscbutyraldoxime into linamerin by way
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of isotutyraldehyde can be excluded cn the basis of the low inagpamtion frum

that compound - despite the fact that it was taken up readily by the seedlings
and extansively metabolised as indicated in rigure &.

Ihe results of experiments
A and U irdicated that Z-oximinoisoveleric acid and isobutyraldoxise may have
been interedliates in linanarin biasynthesis. On the lasis of the finding by
Butlar end Conn (156ke) of the retentian of '2 from I-valine, it was conaddered
that the two oximes shoauld also be incorporated with the C-N bond intact. In
Wtc,a)mlol‘ofﬂm&mblehballedmawbm,dimlﬁ
in water, were aduninistered to 160 flax scedling shoots amd allosred to metabol-
ise for 9 hours under artificial light. iFor the first 2 hours of exposure, all
the shoots were anclosed in clear plastic containers to reduce evaporative
losses of isobutyraldoxime., -ach batch of shoots yielded about 100 umoles of
linamarin which was purified by paper chromatography. The extent of dilution
of the two isotopic labels was detamiined and campared far each treatment.

Table III contains the resulte which show that the ' label mas diluted
to approximately the same extent as the G of the four aglycane carbon atoms
in each treatment. If the C-K bond remimsd intact then a ratio of one would
be expooted for the dilutions of 2N and C. The relative ailutione obtaimed
with Ze-oximinoisovaleric acid and isobutyraldoxime ere considered to not devia-
te significantly from one when the cumlative experimental errors are taken
into accounts The C-ll bond therefore remained essentially intact.

The relative dilution from double labelled I~valine was just significantly
greater than one, This indicates that some transamination of the L-valine may
bhave occurred prior to the biosynthesis. Mmlhmﬁnpmv
of the two oximes being intermediates in linamarin biosynthesis, They also ex-
clude any significant incorporation of 2-oximinoisovaleric acid by a pathway
via valine, imvolving transamination, as in that case a considerable relative

dilution of the >N would have been expected.
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FIGIRE §  INOORP(RATION CF RADICACTIVITY FRON ISCBUTYRALUSHYDG~Ue G IN
LINEN FLAX, A RADIOAUTOGRAFH FOLLG#ING THIN LAYSR CHRGMATCGRAHEY CF AN
ETHANOLIC BXTRACT. 1L I3 LIRAKARIN,



TABLE IIX

INCCRIGRATICN OF V2N=OXDES INTO LINALARIN

Compound Administered Idnamrio
i Relative
3ol A¥XD SeA. APXS Mlution Dilution Dilution % precursor o
15N 15N of u.c of 15," of 158/1‘1;0 oanverted

Levaline-u-"g, x 152 22,7 327 0y 372 46 b 13°
2«Oximinoisovaleric acid- b

vathg, 3y 301 22,1 0,625 0.53 38.5 42 1,09 13°
Isobutyraldoxime=Us= 4G,

a Specific activity in uC/mmole

b Carrected for an assuzmed 1o8s of carboxyl carban atom

¢ OCaloulated from the inoarparation of 'C into linamarin



the mevious experiments indicoted that 2=Amimdacvalario acid and isotuty-
raldoxime might have been intermediates in limmerin biosynthesis, the possibi-
1lity ramind that dboth, ar either, were incorporated by wey of steps not
oconring maturally, In pertioular, 2-ariminoieovaleric acid could hawe been
imn@yaated by prior non-angymic coaveraion to isobutyranitrile (4hmed amd
Spenser, 1961) if this latter cogpaund was also incorparated. Isotutyronitrile
ocould be a natiral intermediate in linamrin bicsynthesise.

In experiments D and £ isotutyranitrile-i-'2C was administered to twenty
flax scadling shoots in cloeed 12 ml glass vessels together with 100 ul of water,
and L-valine0-“C was adninistered to similar shoots in opan 1 £l beakers as
cantrols. Isohxtyramideﬂ-wd, which Imd been prepared as an intamediate in
iscbutyronitrile-1="*C synthesis, was simdlarly administered in open beskers.

JJ= results in Table IV show that isotutyronitrile was incorporated into
linamarin and, alti.cagh the percentage converted to linamarin was not as great
as from I=valine, the dilution was less. The dilution by a factoxr of ten for
iscbutyronitrile upon incorparation into lirarerin im experiment i was also less
than the dilution of the Z-oximinocisovaleric aeid in experiments A and C,
(Tables II and III respectively), where approximately the same percentage of
arpwsion t0 limmmrin was cbserved. These results were consistent with the
possibility of a nonenzymic conversion of Zeoximinoisovaleric escid to the
nitrile which was then incorparated into linamarin. They also indicate that
nitriles m8y be intermediates in cyanogenic glycoside biosynthesis.

The low incorporation of label from isautgramde-i-'*C into linamarin
indicates that this compound was not an intermediate, The figure of 0.2% con-
verted into limamerin is a maximum figure as the small amount of radicactivity
eluted from the linamerin scne of chromtograns was not sufficient to positively

identify as linamerin,



TABLE IV

INCORFORATION OF ISOBUTYRONITRILE INTC LINAMARIN

Compound Administered linamarin
Rupt. Amount ., , @ o prEamear Aoount a Dilption
(mnl:) ESlis convertad (mmoles) *** o iC
D Lowlines ¢ 3 1210 23° - - -
Isobutyroni trile-
1.““0 10 23,3 9 - - -
Iscbutyramide-1-
U, 7.3  46.5 < 0.2 - - -
E  Levaline-U- g 1 1210 23° 13 17.6 55°
Iscbutyronitrile-
1= Vg 10.1 645 11 1 065 10

a Sp-dﬁonuutyin’ﬂ/mnh
) cmru-mmmw-"'mmmiu-s—“c
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The pailarn of radicactive zones obtained upon paper chromatography of
some of the exiracts of experiments D and =« are illustrated in Figure 9. The
count rate is plotted on a logarithric scale %o facilitate corpmrimms be-
tween chromatograms with differing total activity and between minor and major
canporents in the same extraot. It may be sean that the majar radioactive
zones were asscoiated with valine and limarardn vwhen ~valine=U- “C vas admini-
stared, Vith the isohutyronitrilsi-'*C treatment the linamrin zone contained
radicactivity widle no other poartion of the clromatogran was sufficiently
redicactive to be detected. The rattermn frum addnistration of isctutyramide-
140 confirms the cbservation that limmerin wms rot labelled although same
other labellal cayauxie were present.

Zlyroxylsotutyronitrile-1-'"C as o precursar of limawarin, The results
of experiments D and E indicated tiat iscbutyronitrile might be an intermediate

in linamerin biosynthesis in which case the introduction of a 2-hydroxyl group
and a subsequant glucomylation coild be the fiml two steps of the biosynthesis.
The likely intermediate would be 2-hydroxyisoltutyronitrile (acetan cyanchydrin).

in cxpaeriment ¥, this aompound was prepared and adninistered to 20 flax
seadling cliootse lecause of the difficulties of purifying and handling small
amounts of labelled 2-hydroxyisobutyronitrile, a procedire was adopted whereby
the compound was prepared from acetone and hydrogen cyanide- 'C immediately
before use without a purification step. A solution of 2.5 pmoles of potassium
cyandde~C in 5 nl of water, ms added to 5 pmoles of potessinm dihydrogen
phosphate dissolved in 5 pl of wter and 5 pl of acetone, The potassium di-
hydrogen phosphate was used to liberate hydrogen cyanide under cenditions
shere synthesis of 2-hydroxyisotutyronitrile-1- 'C would have been repid in
the presence of an excess of acetone. The mixture was held at room tenmperature
for cne hour priar to diluting to approximetely 100 pl with water and admini-
stering to the shoots in a closed 12 ml vessel.
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It was recognised that the faruation of 2hydraxylsotityrondtrile-i-''C
wﬂdmthmphhevmifeq\mmmrmmandm%wmmm
present as hydrogen cyanide. A similar batch of s=miling shoots were therefore
exposed to hydrogen c;;mﬁde-“‘c as a control, A galution of 2.5 pmoles of
potassius cyanide- *C and 5 pmoles of potassium dihydrogen phowphate in 100 ul
of water was used,

The realts are given in Table V and show that 2-hydroxyisoltyranitrile
was incorporated intc linamerin at a substantial rate. The figure of 28% pre-
cursor converted to linamerin was the highest such figure observed in the series
of experiments with flax seedling shoots and indicates this compound may be a
netural intermediate. In contrast hydrogen cyanide was not signiiicantly imcor-
porated into limamrin, canfirming a result obtained by iutler and Conn (1904a).

The extracts of the treated seedlings were exanined by paper and thin
layer olromatography and electropharesis. iigure 10 illustrates the patterns
of radicactivity observed upon one dimensional separation. In the Z-hydraxy~
i sobutyroni trile~1='"C treatment, a cansidersble zane of radicactivity was
associated with lmmarin, tut was mot detectable with the hydrogen cyanides G
treatment. Doth chromatograms showed that a range of other camgpaumis were
1abellaqd; mtahlycmpqnmcflwﬁrinﬂziswlmtmtm The amino acids
of both extracts were separated on thin layers as shown by radicautographs in
Figures 11 and 12, isparagine, identified by the typical brown colour produced
with a ninhydrin spray reagent (1% ninhydrin snd 1% collidine in ethancl), was
the major labelled amino acid. Other amino acids were tentatively identified
by their colour reaction vith niphydrin and relative position on the chromato-
grams, Glutamine had considerably less radiceactivity than asparagine while
some other amino acids contained only traces of radicactivity. Several com-
pounds, neutral at pH 2, were cbserved to be labelled.

From these separations and radicactivity measurements, it is apparent



PABLE V

TOCLCLEIUN OF 2elYIRCXITSCBUTYRORITRILE INTC LINANARIN

S.A ) 5., 8 o Preoassr Dih:htém of
2-Hydraxyi sotu tyro-
m trile-1- 14g 1830 12 105 28 17.5
Bydrogen cyun:ldo—% 1830 11 <2¢5 < 0.6 >700

a Specific activity in pC/mmole
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FIGURE 41  INGORPORATICN OF RADIGACTIVITY FRON HYLR(GSN CYANIDEm'*C INTC
AMINO AGIDS IN LINEN FLAX. A RADTOAUTOCRAPE P AN AINC ACTD 3EPARATION
AFEER ELECTROPHORESIS AT pH 2 AMD CHROMATCGRAFHY,
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that asparagine was a mmjar labelled product in both cases, althaugh maxre was
formed in the hydrogen cyanide- 'C treatnent. This caufirms the results of
others on the metabolism of hydrogen cyanide. lost of the laballed corpminds
observed in the >hydruxylschutyronitrils-1-'7C treatment, excepting lirarmrin
and two other ampaumis, can be ascridbai to ircrparation of laballed hydrocen
cyanide.

These results would be consistent with 2-hydroxyisobutyronitrile beinz
an interiadiate in a small matural poal which was not famed fron acetons and
hydrogen cyznidis and whioch had a reapid turmover. Taken together with the
results of earlier exparimenis, part of the patimmy of blosynthesis to linamarin
may be postulated as invalving at least some of the reactions in Figure 13.
In the following few cxperiments, an
attempt has been made to substantiate the type of patismy illustrated in
Figure 13 in different plant systems pradwing a different glucoside. It has
been shown that both peach (Ben-Yehoslma and Camn, 196%) and cherry laurel
(Mentzer gt al., 1963), can synthesize the aglycone of prunasin from Lephenyl-
alanine, Foth of these plants have been used in experiments ' to I.

In experiment ¥, four actively growing antumn shoots of cherry laurel
with a total fresh weight of about 3.4g were used in each treatuent. For
experiment H, four autumn shoots of peach with a total fresh weight of about
3.6g ware selected far each treatment. IL-FhenylalaninesU=''C end phenylace-
taldoxime-U- G were each aduinistered from beakers in 250 pl of water, al-
though the oxime was first dissolved in 5 ul of ethanol. Additiomal water was

added as reqired and the assimilation and metebolism was for 4) hours in a
controlled environment with two dark periods of 6 hours each.

Four eutumn shoots of cherry laurel with a total fresh weight of about
3.8z were used in each treatnent of experiment G wiile three sutumn shoots of
peach were used in each treatment of experiment I. These peach shoots, with



L-Valine —  Isotutyaldaxime

FIGURE 13 TENTATIVE PATHWAY OF LINAMARIN BICSYNTHESIS
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combined fresh weight of about 3.5g, were of a different variety fyom those
used in experirent H and were a little more mture. The labelled compounds
vere asdmirmistared 28 Os6 @l of salntion and additiacnal water was added as
required. Thare 6.1 umoles of 2~oximim=3-phenylpropionic acid-2-1'C was ad-
ministered, it was firet dissclved in 10 pl of ethanol as was the phenylacetald-
oxime=U='4C in exparimant I. In the other treatment witk 2arimin3-phanyl~
proplonic acide2-"C in experiment I, 2.58 umoles was aduministered as the
sodiun salt in spproximately O.Ohk, pH 7.4, tris(hydroxymethyl)aminomethane
buffer. In experiments G and I, assimilation and metabolism was for 28 hours
of contiruous light.

Ihe results presented in Tables VI and VII show that phenylacetaldoxime
and Z=oxirtino-j»phenylpropionic acid were both better precursors of prunasin
than L=phenylalanine as demonstrated by the higher parventage convertai to
pramsin and the lower dilution of ‘*C.

Vhere unifornmly labelled precurscrs were administered, the percentage
converted to prunasin was calculated on the basis of the specific activity of
benzaldehyde, determined as the semicarbazone, and the yicld of hydrogen cyan-
ide obtained upon treatment vith f-glucosidase. The carboxyl carbon atoa of
L-phenylalanine-U-"C was essumod lost as vas the case with L-valine-U=''C in
linamarin biosynthesis. mm@xwmmamm
MMWmM@bwmwhmtmdthhhﬁmBr
identical to prunasin.

If the Lephenylalanine-U- *C and phenylacetaldexime~i="'C were converted
to prunasin without any cleavage of the phenyl ring from the side chain then
the ratio of specific ectivities of the recovered benzaldehyde and hydrogen
cyanide should have been 731, The appropriate ratio figares in Tables VI and
VIl were considered to not deviate significantly from 7, taking into account
the experimental errors, and therefore retention of the side chain was confirmed.



TARIS VI

OXIMES AS IRECURSORS OF FRUNASIN IN CHERRY LAUREL

Compound ‘dministered Froduots fyom prunasin
Amount HON Sele™ S.A."b % preamear Ratio® Dilution of
(amoles) S.A.* (pmoles) HON  Bens, oonvarted g e
L=Fhenylalanine=-
ve Vg 107 439 326 0,026 0.176 163 67 19407

ihﬂ 162 23 31 0.0040 04033 105d 83 610d

I~Fhenylalanine- ,
u- g 2 439 278 0.032 0,22 8.3 6.9 15503
2=0ximino= j=phenyl-
propdado aota-2-t0 6,1 271 303 2.23 £0,002 41°  <0,000  120°
a Specific activity in po/mmole
b Bensaliehyds determinad as the semicarimanr®
¢ Ratlio of radicectivity of benszaldehyde and hydrogen oyanide
d Mmcommimofcs-c1mww;xmartomddwdo
® [Lased on incorparation of redicectivity in hydrogen cyanide



TABLS VIX

OXIN®3 AD IRECURSCR: O IRUNALIN IN IBACH

Compoand Administered Iroducts from prunasin
.
y Sehe -3011&& ii.:'\.ab ;‘;Pl‘m Rt.tioc Dilution of
(unS18k) (nmois) ICN Benz.® converted  iC 14c
H I~Fhenylalanine~

v Yo 1,07 439 177 0.0% 023 144 649 1,60
Phenylacetaldoxine=

va g 1,2 23 157  0,0062 0,060 s P

I  LeFhenylalanine-

R 21 439 257 0,085 0466 e 7w 520%
2e0xdmino= J»phenyls o
propionie acid-2-'tc el 27 231 3.3 <0,002 47° <0400 &0
propionic seide2elbs 2458 271 251 1,73 <0,001 62°  <0,001 160°
Fhenylacetaldoxime-

g Yhg 2,08 23 20 0,0077 0,053 2 69 se0?

a Specific activity in uC/mmole

b Bamlidyde detmtinsd as tl® semicarbazone

¢ Hatio of radicactivity of benzaldehyde and

hydrogen cyanide

d Dased on canversion of 06-01 moiety of preamed®

to benzaldehyde
e lased on incerparation of radicactivity into hydrogen cyanide

&
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The Tables also show that Zmoximino3-phenylpropiomic acid-2-''C was incorpor-
ated with negligible randomisation of label into the benzaldehyde moiety,
further indicating its effectiveness as a precursor.

These results show that oximes were good precursors of prunasin and were
p=imps matiural intepvadiates in peach and cherry laurel. It is notable tiat
in both peach and cherry lawrel the 2-aximincos phenylpropionic acid was a

il L LAACILY LA LU UL WAL L E

1="C to peach and cherry lewrel. Similar criticisms apply to the
incorporation of oximes into pruncsin as was the case with oximes incorporated
into limmrin, In particular, 2<aximinos3-phenylpropianic acid mdght have

been imxxparated into prumeain by rice nop-enzymic conversion to phenylaceto-
mtrile. In ogeriomts J and K, phenylacetonitrile-1='2C ws adwinistered to

st &C NG RNayvLaC el YU OEAILLC

aprin; shoots of cherry laurel and peach respectively. Controls with L-phanyl-
alansre-U- '%C were used. ihenylacethydroxamic acid~i- 'C wms administered to
cherry laurel shoots only to test the hypothesis that hydroxamic acids may re-
arrange to give 2-hyiroxyl compounds which oould be converted to cyanogenic
glycosides.

Four cherry laurel shoots with total fresh welght about 2.9g and thres
peach shoots with total fresh weight about 1.7g were used fur each treetment.
Foth Lephenylalanine=U-'C and phenylacethyirozamdc acidei-''C were dissolved
in 0.5 ml of water and administered in open beakers with additicnal water added
as required, Fhenylacetonitrile-t-'2C wms administered with 0.2 ml of water in
a 33 ml glass container. It did not completely dissclve at the beginning of
the experiment tut the droplets gradually disappeared within an hour, o=
sumebly being taken wp into the shoots in solution or as vapour.

The results given in Table VIII show that phenylacethyiromamic acid was



TABLE Viii

IRGCRIRATICE OF Ifkﬂﬂ;meﬁWIﬂiILh‘—bﬂ'C AND : HENYLACTHYDROXAKIC ACII>1-"*C INTO PRUNASIN

Compound Administered Iroducts fram rsunasin
Expt. \ a Ty a 14 s
Amount v . a MO ) olie Sele 3‘3 Pmlram‘ Dilution Of
(pmoles) S (umoles) HOK Benz.? ' ocenverted Uy
Cheryy laurel
J  LeFhenylalamine-U-''C 2016 438 260 0,07 0,39 1,° 880°
Fhenylacetant trile-'C 3.9, 2150 250 17  <£0.002 633 128
Fhenylace thydrammic
acta-1-4g 1,81 136 300 <0.003 <0,001  <0,33 -
Leach
X  L-Fenylalaniae-0- ¢ 2eih 439 38 0.26 1.4 7.6° 2,0°
Phenylace tond trile- 1 332 2150 41101 <0,01 57 214
T S e e A b T

pecific activity in pC/mmole

benzaldehyde determined as the semicarbazone

Based on conversion of 06-61 molety of precursor 10 denzaldehyde
Based on incorporation of radioactivity into hydrogen cyanide

e 0 o P
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not effoctive as a precurscyr of prunasin, thereby indicating that the formation
of oysnogenic ;lycosides by rearrangement and glycosylation of hydroxandc acids
was most unlikely. The large incorparation of phenylacetonitrile-t='C into
prunasin in both peach and cherry laurel stirongly sugcested that it was a
natural intermediate., The level of incorporation may have been suf'ficient to
account for the considerable imrrpaation from Z-aximino= =phenylprepionio
acid octweyved in experiments G and I if convexrsion of the c-oximine acid to

M trile corrad frenly.

Figure 1 shows the distribution of radicactivity obtained upon paper
chromatography far each of the cherry laurel treatments. L-phenylalanine=U= *C
was extensively metaboliscd with only a smell partion remmining. lzunasin was
by far the majar noo-volatile product from phegylacetomitrilesi-9C. In the
phenylaceOydrammo acid-1- ¢ treatment, no sigdficent redicactivity coamred
in the prunasin sone tut other unidentified radicactive compounds were observed.
Peach shoot extracts gave clromtograns essentially similar to respective
cherry laurel extracts.

In experiment L an
attempt wvas made to test mandelonitrile as a precursor of prunasin in cherry
lawrel shoots. Ihe tasic procedure was similar to that used in experiment =
to show thet 2-hydraxyisobutyromtrile=i-''C my be incerparated into linamarin
by flax seedling shoots. A solution of 5 pmoles of potassium dihydrogen phos-
phate and 2 puoles of potassium cyanide-''C in 10 pl of water, was allowed to
stand with 2 pl of freshly distilled benzaldehyde for 40 mimtes at 5°Cs D,L-
mﬁlﬁb"cm-putdunrmumm The reaction mixture
vas CwEfSrwl with 190 nl of water to 2 3 ml glass vessel enclosing tixree
aberry laurel shoots of aboit 2.4g total fresh weight. A further three shoots
of similer fresh weight were treated with 2 umoles of poiasximn cyanide-''C and
5 nmoles of potassiun dihydrogen phosphate in 200 ul of water in a similar
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closed glass vessel as a control treatment. Assindlation and metabolism was
for 28 hours in contimous lighte

The results of this experiment given in Table IX slow that hydrogen cyan-
ide was incorparated into the nitrile moiety of rrunasin to the small btut sig-
nificant extent of 4.0+ of the amount edrdnistered. Frior treatment with
excess benzaldehyde increesed the incarporation of redicactivity tut not to a
great degrem. The low specific activity of the benzaldehyde from prunasin
indicates that little randomisation of label ocomred.

These results may be consistent with the poeaibility that lLermndelani-
trile is a mtmal intermediate if certain canditions applied during the experi-
ment. The inamrparation of hydragen cyamides *C may have arisen from reactian
with benzaldehyie released from the shoots, poseibly due to damege Auring the
admrmistration of the labels, Tdtis reection mmy bave bean catalysed by a spec=
ific oxymitrile lyase shich would be expected in this tissue and which would
give only lemmmialam trile. The cbserved incarparation of hydrogen cyamides ' C
was inoonsistent with a patlmay of biosynthesis from an amino acid, aldoxime,
or nitrile.

e relatively low level of incorperation from the D,l-mandelonitrile=i-
""Cﬁmtzmtmymcbom&utoam:‘mm In martiailar, sandalo-
nitrile my rot have been formed efficiently under the conditions used lat
rather some of the benmaldehyde may have been convertad to unlalmllal bensain,
Farther, the manielonitrile, excess benzaldehyde, or any other compounds formed
in the resction may have been toxic, It was observed that the bottom 5 mm of
the shoots, which were immersed im the solution, showed "browsing” after about
30 mimites exposure and eppesred desd at the end of the experiment,—THis-affect
camnot be attributed to only a toxic effect of hydrogen cyanide as the shoots
treated with gyanide showed only codest “Wwosnigp” of the cut surface at the
end of the emperiment. A toxic effect of the D,l-mendelonitrile-i-''C treatment



TABLE IX

DANGLGONIT Ll 75 A FECURSOR OF IRUNASIN

a a d

tmount . . a Sehe Sele p /° Precurscr Ratio

Qnmles) e ila Q.n:':fs) HCN  Bens. converted ¢ iC

D,L-Mandelo-
n trile-1- g

240 690 265 0.33 G.002.: 6e5 0. 007

2,0 690 280 0.19 0.015 L0 0,08

Specific activity in pC/mmole
Benzaldehyde determined as the semicarbazone

Basad orn irworpration of redicsctivity in the mitrile
modety of prumsin

Batio of redimctivity of benszaldahyds and nitxrile
moiety
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may therefore have prevented significant uptake fram sclution thraugh the stem.
Some of the imxmwparation cbeerved may be attributed to imarparntion of hydro-

gen cymde 'C similar to that already mentioned. If D,J-mandalod trileei-
were furoed initially, then during the experiment it may have diasociated to
give lpxiTogen cyanidcd-"*c vhichk ocould be assimdleted fram the vapour phase.
Figure 15 shows that scme other unidentified coxpaurxis, nsutyal at pH 2,
were furmed when hydrugen cyamdss ''C was administared. A notable feature of
this treatent was the low level of radicsctivity recovered in amino acids.
The amino acid seperation of the D,l~sandelonitrile-1-'"C treatment gave an

essentially similar radiosutograph.

Introduction. Among the criteria used to establish a pathwmy, the
demonstration of the matural existence of posaible intermsdiates plays an

important central role. If conventiomal methods of chenical analysis are not
sufficiently sensitive to dsteot a amall concentration of an intermediate then
a limited nmber of othar tacimi/mes are available. The use of radiocactive [re-
cursors of high specific activity may increase the sensitivity of an isclation
rocedure several-fold. If a sample of the compound suspected as an intermed-
iate is administered along with labelled precursar then the labelled inter-
mediate may be dilnted and accumlated in the tissue., 7The use of this type of
procedure has been described as “"trapping”. Altermetively, accumlation of en
intermediate may be induced by administering a specific inhibitor of the bio-
synthesis, Lach of these technigues has been used to investigate intermediates
in cyunogenic glycoside biosynthesis.

In a series of experiments discussed briefly at the Tenth International
Botanical Congress, Butler and Comn (1964d) administered a range of genewal
metabolic inhibitors and specific structural analogues of valine and isoleucine
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to linen flax shoots together with Levaline-U- "C. In some treatments partial
inhibition of incorporation of label into linamerin was observed and in a few
cases two dlasrmicnal paper clroratography revealed a new unidentified labelled
compourd (IV). Table X lists the awmpaunds adcinistercd snd sives a cualitate
ive indication of the eff'ect. ! are umpublished work by Mutler showed that when
D-gluscee~'C was adninisterea with D,L-C-methyltlreonine sams label accumi-
lated in the same arez of chruemmtoyrams as for IV. Trectrent with: eculsin
releaased glucose-'“C from this compaund. ’hen isaleucine-U-'C wes edmimister-
ed with D,[-O-m»thyl threonirne another unidentified compaund was obsarved, This
was presumably homologous with IV. It was concluded that IV was a glucoside
and possibly an intarmadicte, ar was derived frum an intermsdiate of linesmrin
biosyntheais. An attempt to cbserve incorparation of '*C-labelled IV into
linssarin by administering back to flax shoots was unsuccessful, In some of
the experisents wiich follow, the effect of O=-methylthreonine and related can-
pounds and the nature of IV was further investigated.

Effect of D,
4y 10 pmoles of D,L-O-methyltlrecnire or Dyl=3=methaxyvaline were administered
with 1.2 pmoles of L-valine-U-'"*C ar 1,0 pmole of 2-axisinoisovalerie acid-U-

4 to 1inen flax seedlings. The conditions were identical to those used in
experiment A which therefore represents control treatoenis.

Table XI combines the results of experiments 4 and !. D,l=U-lethylthreo-
nine gave significaent iphibition of limamerin biocsynthesis and accumlation of
IV when L-valine-U-'“C was aduinistered. @hile D,l-3-methoxyvaline had a sig-
nificant imhibitor effect, it did not induce ecmmilation of IV and therefore
had a different mode of action from D,L-O-zethylthreanire. It is pamaidls that,
D,L-3-methoxyvaline could exhibit an izhibitor effect as an amalogue of a
naturel amino acid. A small conversion of L-valine-U-'C to leucine which



TABLE X

RESULTS OF INHIBITOR bXPERIMENTG BY BUTLAR 4iD CONN

Compound Inhibition  Campaund IV
S trep tomyedn Nl 141
Chloramphenicol ril1 ril
L=Ferdcillamine M1 ril
L-allo=Iscleucine M1 M1
2-lyarazinoisowaleric acid M1 vl
Dylrarytiro-2=-Amino-3~chlarabu tyric acid M1 Nl
Dol=threo=2-Amino~3>>chlarotut;ric acid Nil M1
2=Amino=3othylewmlaric acid Strong M1
Dol~2-Amino-3=methiobutyric acid Strong 141
Iaxropyloalate Nl N
DplrC=l ethyl izxeanire Strong Canaliaruhle
DylmO=ite thyl-allo=threcnine Strang Considerable
Iscbutylamine hydrachiaride seal Trace
2-sthaxypropiammine hydrachlarid» Weak Noderate




TABL. XI

BFFECT GF ToC ALIRC aCIDS AS INHIBITORS

1

1, I.msuq;nm'-tim:a fram C
C ound Inhibitar
s cxpamd
Expt. /> convertad o converted
to linamarin to IV
A L-Valine--'4c - 23 M1®
¥ L-Valine-U-4C D,1~O-}ethyl threonine 9 3
M L-Valine-U-'“c D,1-3-Nethoxyvaline 10 n1°
A 2=Upiminoisovaleric b
i Wi - g M1
i 2«Oximinoisovaleric UglmCenethyl threonine 5 Nilb
acid-U- 4y

a Assuming a loss of mrbo:q,*l-mc from precursor
b Estimated as leas than 0.5 vhich was the minimmn detectable

level
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oocurred in tl.e cantrol treatment was absent in the presence of D,l~3=methoxy-
valine; otler effects on genaxral metabolian were not studied.
Dol=O=-ligthylthreonine inhibited the convermion of 2= imirmmianveleric
8cid-U="C to linamarin although the effect was relatively less than when L~
vl U-4C was administered. Campaurd IV did not accumlate. ihis cbserve-
tion indicates that D,l-O-methylthreonine may act in two ways to reduce the
syntheals of linamrin, It may be a gemmral inhibitar of cell metabolism
cansing a depreamion in the level of 1imammrin biosynthosis by affecting other
functions of the plant tissue as well as a specif'ic inhibitar of linamarin
biosynthesis leading to the accumilation of IV.

findng by Butlar end Conn (Table X) of a weak inhibitary action of isotatyl-
amne and 2-mwdrxymromanarire, togethar with the faruation of traces of IV,
suggested that other related capainds withaut a carbaxyl group wmight also be
aotive as tris tyre of inhildtar. C(n the basis of the hypotheais that aldoximes
and nitriles are intervediates in cyanogenic glycoside biosynthesis, the
corres oncin ethoxyaldoxime and methoxynitrile were prejared and tried as in-
hibi tors.

In experiment N, D,l=Z-methoxypropionaldoxime and D,l~O-methyl threonine
(as an inhibitar control treatment) were administered with 1 pmle of Lovaline-
0-YC a5 11 apertmmt D. For experiment 0, 10 pmoles of U,L-2-methoxypropio-
nitrile were administered to the usual batch of 20 linen flax seedlings,
together with 1 umole of L-valine-U~'"C dissolved in 70l of water and enclosed
in a 12 ml glass container., Assimilation and metabolism was for 7 haars in
contimous light.

The results of these experiments listed in Table XII show that D,l~-2-
methoxypropionaldoxime was an even more effective inhibitor of linasarin bicsyn-
thesis than D,l-O-methyltiweonine. It is possible that D,l~O-methyltireonine
may obtain its specific inhibiter action by prior conversion to the aldoxime,



TABLE XIX

FFFECT OF D,l=2-METHOXYFPROPIONALDOXII & AllU D,Le2=i -THOXYIRCE ICNITRILE

Inhibi tor Im-pa'nt.im‘ f'rom
I
Amemnt ;o canvertai /o comverted
(moles) to linamerin _ to IV
D - 23 Nﬁb
N Dyl=O=lie thyl weonine 10 7 3
N  D,l=2-liethoxypropionaldoacine 9 ] 4
0 D,leZelethoxypropionitrile 10 2.5 mb

a a'aamgalmdmw’%&mm%

b stimated as less than 0.5% which was the minimam
detectable level
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perhaps by the same enzymes which may convert i-valine to isoutyraldoxice,

“*c to linamrin with the .,l-Z-methoxy-

The low conversion of [~valine=U-
apionitrile treatrent may have been due to an inhibition effect by this cone
pound, or my have been due to slow uptake and tramfer of L-valine-i= *G to
the site of synthesis aof' linarerin vhen the seedling shoots were anclosed in
a small vessel which inhibits transpiration. Conpound IV was not detected in
this treatment.

Yolatile intexmediates. In the preceeding experizents including those
in Tahle X, no attespt was made to examine the linen flax seedlings for wvolatile
intermediates, In this section attempts are described to cbtain direct evi-
dence o isowuijronitrile and isolutyraldoxime in the linen fiax seedlings.

" batci of 100g of seadling shoots, grown as usual, were blended with
200 ml of water and steen distillad until 500 ml of distillate had accumlated.
The distillate wus extracted with 20 ml of light petruleun (bepe 30-407) and
samples taken for gas chramtography using a Carbowaz 100 colitm . {1.5m X Le+5m
ID) as deacribed in section 2.6. No isobutyrunitrile was detected. The
mindrum detectable level was estirnted as 0.2 mg/g fresh weight.

In a subsequent attempt to sh.ow wolatile intermedites, 100 seedling
shoots were allowmd to assimilate and metabolise 10 urwles of l-valine for 24
hours from sclutian, with and withaut the addition of 50 pmoles of D, =C-methyl-
threonine, The two batiches of shoots were then steam distilled and the 20 ml
of distillate extracted with 5 ml of diethyl ether, The extract was reduced
in volume to 0.5 ml and portions taken for gas chromtogrephy on a Carbowax
1500 colum., HNeither isobutyronitrile nor isobutyrealdoxime were observed al-
though other unidentified volatile compounds were detected in both treatments.

Lebelled wolatile intermediates, I. In experiment F, three batches of
20 secdling shoots were treated with 2 ymoles of L-valine-U-''C containing 1
mC of mdicactivity dissclved in 200 ul of wmater. In one treatmemt 10 pmoles

of Dyl~C-methyl threonine was added and in another 60 pmoles of isobutyraldoxime
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was added to the solution and 0.6 mmole placed in an adjacent 1 ml beaker. 4ll
treattents were enclosed in 200 ml trammparent contairsrs far two hours and
expased to light for a total of eight hours after wiich the shoots were blended
with 50 ml of cald dlethyl ethar for one nimite. The ether extrauct was
decanted and the residue extrmcted twice with boiling &0. etianol. .artions
of 5 ml of the ether extracts were cancentrated in the rresence of edied
carrier acetone, isotlutyraldehyde, isobutyronitrile, and isotutyraldoxize.
These compounds were sepearated on a large Carbowax 4,00 columm (Jm x 7.6am ID,
section 2.6) and the volatile radicactive compaunds trapped and caunted as
described in seotion 2.8.

Figure 16 shows histograms of the average counting rate of the fractions
for the three treatments as well as an indication of the temperature programe
amd a typical separation ocbtainede. Ihe notable feature of the remults was the
accuml tion of radicactivity in the fractians containing isobutyraldoxdrs
when it or ., .~(=pethylthreonine was administered.

Hurti.er portions of the ethar extracts were treated with 2,,~dimi tro-
phanylhydragzine dissolved in dilute ethannlic hydrochlaric acid priar to thin
layer clwomatngraphy. Fands of radiocactivity cxrespnoding to isobutyraldehyde-
24l~dini tropheqylhyirasme were cbserved far the treatments with iscbutyralioz-
ime and D,L-O-methylthreonins.

These results were consistent vdth iscbutyraldoxime being an intermediate
and slso indicated that the specific inhibition of ldimmmrin biocsynthesis may
ococarr at a step between ischutyraldaxire and limmrin such thet the oxire may
accumlate, Radicectivity ccomred in other volatile ampainds especially in
the absence of isobutyraldoxime a D ,I-O-methyltihrecnine,

The ethanclic extracts of the plant tismme remidues were reduced in volume
under vacuum and clromatographed. Table XIII gives reanlts which indicated the

usual inhibdtory effect of D,l-O-methylthreonine accoupenied by synthesis of IV,
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TABL. XIII

EFFECT QF D,l~@=-iETHYLTRULRTNE \ND L5CHRUTIRALDOXIME
ON LIKASARIN BIGSYNTHESIS

Treatoent Incarporation” from Levaline=U- 4z
% converted % converted
to linamarin to IV
b
Control 20 il
D pl=O=me thyl threcnine 6 2
fochatyrsidening ns1® na1®

a Assuming a loss of earbcuyl-u*c from l:-valine-U-u“G'

bD Estimeted as less than 0.5, which was the mimimin detectable
level
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The treatsent with isotutyraldoxime prevented incorporation of radicectivity
into linamarin, This may be attributed to either a toxic effect or to compet-
itive diluticn of' the label.

Lsbelled volatile intermediates, II. Sxperiment . was designed to exan-
ine the effects of some other possible inhibitors or intermediates as well as
cuafirm the finding of isclutyraldoxime 'C as en sccumilated intarnadiate.
W%wnMZ)ﬂm1}mhmMaWedtobumhead‘mty
seedling shoots with treatments of unlabelled iscbutyraldoxire, isobutyronitrile,
retUmcauldn oxine, methacrylanitrile, 2-hydroxyisabutyronitrile, 2-oxicimiso-
valeric acid, 2-methoxypropionaldoxime, and D,/~C-methylthreormne, The last
txres compamls, beiry considered non-volatile, were administered with the L-
valirm-0-C 4n 142 pl of vater. Two partions of 50 pl of wter were added
AQuring the first 2.5 boirs after which the shoots werc enclosed in 12 ml glass
vessels., The other treatments were similar except tiat the unlabelled compounds
were administered after the first 2.5 hours which allowed priar uptake of
virtaally all of the L-valim-U-'“C solution. Volatile cnupoumis were probebly
assimilated from the vapour phase. A further 7.5 hours was allowed for metab-
alisn of the L-valine=U='""C in the pressnoce of the added unlabelled compounds.
Remults may ve copared with a control where no unlabelled compound was used.

The shoots were extracted first with approximately 1.5 ml of diethyl ether.
The prooedure, which was designed to eliminmate the meoeasity of occacentration
of the ether axtact prior to gas clromatography, is described in detail in
section 2.5. The solid residue was extracted tiree times by standing for several
hours in 20 ml of cold 950 ethancl. The combined ethancl extracts were concen~
trated and portions separated by paper chrometography.

Details of the gas chromatography and determimation of radicesctivity of
the ether extracts using a diethylene glycol succimate column are described in
seotion 2,6. A flame ionisation detector was used to detect mass peaks of all
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compounds. Figure 17 gives a typical example of the separations and the temp-
erature programme used. The letters refer to areas of the chromatograms which
were of interest - some were the paaitions of known compmunis, The ammll peak
at ] is baliswad to be an impurity furmed from isobutyraldoxime.

Figures 18 and 19 are semi~logarithmic histograms of the count-rate
ottairned with the proparticnal counter on the same time acmle and under
identical canditions to the separation shown in rigure 17, using approxiantely
150 pl partions of the ether extracts. The units of radiaaotivity are mnireds
of oaunts reaxded in the 0.4 mimte intervals of the histogramm. The shaded
areas are those vhich exceed twice the standard error of the background in 0.4
mmte countin’ pcriods and represent eigniificant peaks of radioectivity.

q,ure 16 co.pures the pattarns of radicectivity obiained with the control
treatent and the trectments with 60 pmoles of isotutyromitrile and 20 ymles
of isotutyraldaxire. Certain peeks of radicmctivity eypearwd in all or most
treatments to varying extents and ray be due to labelled campainds not related
to, nor imvolved in, lirmmerin bdiosyntheals. They included peaks at pasitions
Re L5 B dv ks 1 anmd p. These peaks remained unidentified althaugh it was likely
that the peak at b was due to acetone derived from labelled linamarin during
the extraction or from 2-hydroxyisobutyronitrile which was a possible intermed-
iate.

The most notabhle feature of the isobutyraldoxime treatment was the consid-
erable radicactivity associated with isobutyraldoxime at b which alse appeared
as a large mass peek in the flame ionisation detector. This peak was trapped
in a U tube cooled tith s0lid carbon dioxide, and 2,i~dinitrophenylhydrazine
Muummmdﬁichmasinglnpakdrﬁimthityﬁﬁunr
identical to that of iscbutyraldehyde-2,.-dinitrophenylhyirazone upon chroma-
togrephy with toluene on silica gel (Sastman Chromagram sheet, type K301 R).
This confirmed the identification of labelled isolutymldaxims., The consider-
able peak of radicactivity at j in the isobutyraldoxime treatment had an
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assococinted peak with the flame iorniasation detectar and appeared to have approxi-
mately the same specific activity as the recovarwd iscutyreldaxime,. It may
have been farmad by the plant tissue o may have arisen as an artifact durin;
or af'ter extractions A small mass peak also caurred at ¢ which may have been
isolutyronitrile with a small amaunt of associated radicactivity not resalved
from radicectivity at f. Arother sall mass peak with an elution time of' about
16 mimites was not radicactive. None of these rass peaks were observed with
the control.

The treatment with 60 uuoles of isobutyronitrile gave a chromntogran
with conasiderable radicactivity correspoming to acetaone at b and an unidenti-
fied coopoumi at g, traces of which ocaurrad in other treatments, + aignifi-
cant peak of radicactivity was associated with a large mass peak far iscbutyro-
nitrile at ¢. 7This paak was trapped and diluted with pure isobutyronmitrile.
t=lutylisoutyranide was prepared from it and recrystallised to a canstant
epecilic activity wiich indicated that spyroximtaly 70+ of the redimmotivity
trupped in this peak was isobutyronitrile. This result supported the hypothesis
that isobutyroniirile was an intarmediate in linamarin biceyntheais,.

Tyeutoent with a amller amount of 12 pmole of isotutyranitrile prahumnad
a pattern of redimctivity very similar to that of the control. ‘ihe anly
significant difference was a broader peak at ¢ and £ indicating some "trapping”
of radicactivity in iscbutyronitrile.

The clwomatograms of treatments with 10 umnles of U,l-2emsthaxypropicnald-
oxime and 10 pmoles of D,i~C-methylthreonine are ildgstrated in Figure 1S.
Baliactivity attrilutahle to isomtyraldaxice ocoxred with both treatments
at h although to a lasser extant in the presence of 1),l-C-sethylthreonine., A
very amall mass peak carresponding to isomtyraldoxime was also detected along

with a larger peak of D,l-2-methoxypropionaldoxime when this latter coupound
vas administered, These results confirm the findings of expeariment P that iso-
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butyraldoxime accumulstion can be induced by selected inhibitors which also
induce e accumlation of coupound IV.

ke eifect of adndnistration of 2, pmles of methasrylonitrile or 20
jmoles of' methacrolein oxime was examined as both of these co.pounds could in
theory be intermediates in linaumrin bicsynthesis, in which case an accumu-
lation of radiocactivity in them would have been expected. !ethacrylonityile,
in prticular, oould be cansidered as an intarrediate between isobutyronitrile
and 2=hydraxyisobtutyranitrile. The results of gas cliuouatography shown in
Figure 19 daid not give any evidence for radiocactivity in sitiier of the netha=~
oryl acampamds and therofore trhese compaunds are probably not intarmediates.
Methacrylanitrile wmas recovered as a single larye mss peak at g without signi-
ficant associated radicactivity. The treatwent with the :itrile did, however,
hawve the effect of increasing radicectivity at ¢ and ¢ relative to the control.
The radicective pemk at @ could be isobutyronitrile.

Methacrolein oxime had the ef'f'ect of incremalng the radicectivity in a
mmber of volatile compounds, most notably at b which could be acetons. A peak
at § may be attributed to some accumulation of isobutyraldoxime in the presence
of methacroleln oxine.

ireatment with 10 ymoles of 2-axirdnoisovaleric acid or 22 ymales of 2-
hydroxyisobuiyronitrile had little effect on the pattern of volatile radio-
active compounds which was, in each case, similar to that of' the control. A
moderate sized mass peek of isotutyronitrile was cbserved from the 2-oximinoiso-
valeric acid treatment tut the associated radicactivity wes only just signifi-
cant.

With the 2-hydroxyisobutyronitrile treatment, e soderate sized mass peak
of acetone appeared tut te radicectivity was similar to that of the control.
A small and barely significant peak of radicactivity could be attributed to

isobutyraldoxime,

MASSEY UNIVERSITY
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Table XIV gives a qualitative indication of the effects of each treatment
on the formation of linacarin and IV. sdeduced inrwparation of label into
linamerin occurred in every treatusnt relative to the control. The notable
reductions vere with isobutyraldoxice and with 60 pmoles of isotutyronitrile
wvhich were consistent with a cagpetition effect. 7ihe eff'ect of U,L-2-msthoxy-
propionalioxiie wes to again give an even greater synthesis of compound IV and
inhibition of linamrin bicsynthesis than did »,l-O-gethyl threonine, !No other
unlabelled compounds induced algnificant accumlation of compound IV. Except
in the case of isobutyronitrile no atiempt was mde to show the effect of
varying concentration of the unlabelled campetd tar or inhibd tor.

In tiiis section, exparinents

are desaribed which atteupted tc extend irfommation about IV. he finding by
Butler that this comprund was a glucoside which accumilated anly in the
presance of a specific inhibitor of limmrarin biocsynthesis was taken as the
basis for studies. In the first instance IV was puriiied from part of the
axtract of the treatment with D,l-C-methyltlreanine in exgerimnt i. It was
passed through a amall column (3cm x O.3cm) of Hicdemiaralit and purified by
paper chramatogrsphy in teo solvent systems when it appsared %o be rediochami-
cally hanogencus al thaugh not necessarily chemiomlly pure. Its freoe passage
through the delonising resin demonstrated an absence of acidic or basic groups.
In experiment R small portions of IV were treated with 1k hydrochlarie
acid with and witiout the addition of O.1% 2,.~dinitrophenylhydrazine for 2
bows at 0° or far 2, hairs at 30°. The solutions were then neutralised with
excess sodium bicarbommte ani extracted with 16 volmmes of a mixture of egual
parts of ethanol and n-butencl. The supernatant was dramn off and eveporated
under reduced pressure prior to applying to ‘hatman 3 il clromatography paper.
After developing with BV the paper strips were scamned for radicactivity.
The results indicated that the prolonged treatment with acid destroyed



TABLE XIV

BFPCT G COMFETITOR OR INHIBITOR ON LINAMARIN BICSYNTHESIS
FRGY L-VALING=U= Y0
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Unlabelled Compound Radicectivity™

S - B =
Tashtiaed 20 - -
Tsohatyroni trils 60 4+ -
ot te12s 12 o -
D, L-2=Ye thoxypropionaldoxine k= * -
D,1-O=Methyl threonine L b v
Nethacryloni trile 2 at -
Methacroledn oxime 20 h -
2-Oximinoi sovaleric acld 10 R =
2-liydruxyl sotutyranitrile 22 + =

a Compounds separated by cihromatography on ‘hatman 56
peper with B¥ sclvent and scanned for radicectivity
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all of IV and, as no radicactivity was reccvered on the paper chrommtograms,
that portion of the molecule derived from l~valine was rendered velatile., Iro-
longed treatment with 2,.-dinitrophenylhydrazine yielded a ncn-volatile radio=-
wﬁwwnmah@%mmmwmamomdﬂivat&ve.
After treatment with acid for cnly two hours at G° some, but not all, of IV
was reroveral. Treatent with 2,).-dinitropbenylhydrazine umiar similar cond-
itiors again yielded the hydrazone.

The radiocactive hydrazam spots were eluted in ethanol and trunsferred
to silica gel G thin layer chrummtogrwphy strips. The radicectivity had the
same R. as ischutyraldehyde~<,4~dinitrophenylhyirasone in three solvent
systems of benzene, toluene, and n-butylacetate:light petroleun (40° = 60°);
129, I{ was thereby distinguiahed from the corresponding hydrazones of ace-
taldehyde, acetone and methylethyl ketone. Subsequently a2 sample of the radio-
active hydrasone was diluted with 200 mg of crystalline isotutyraldehyde~2,.~
dimtrophenylhyirasa® and recrystallised three times from a mixture of bensene
and e thanol. After each crystallisation a sample of 2bout 85 mg was ocunted at
virtaally infinite thickness with a thin window Ceizer countar. The specific
astivity remined canstant, confirming the identification of the radicective
hydrazone.

Further axpariments with IV ware carried out with a speclally prepared
easple. One batch of 4O flax seedlings was treated with 2 pmles of L-valine
0-"C contataing 10 pC of redicactivity together with 20 junlss of D,l-O-methyl-
threonine for 10 hours with contimous light, Additional water was added as
required. The shoots were extracted twice with boiling 80% aqueous ethanol
and the combined extracts reduced in volume prior to passing through a amall
column (4 em x Ou3 en) of Bicdeminrolit. The solution together with washings
was {rensferred to chrumatography peper and purified by developing with BW and HAW.

In experiment S, compound IV was treated with 0.6l hydrochleric acid at 30°.
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Fortions were taken at intervals end added to an exvess of sodium bicarbonate
prior to drying; in a vacuumn to remove the wolatile products of hydrolysise.
Figmre 20 records the nop-volatile residue of radicactivity.  f'ter 18 bours
a portion wvas chromatographed on psper to confirm that the small amount of
non-volatile radicactivity remaining was IV. Under similar conditions there
was megligible hydrulyals of liremarin indicating the relatively high sensiti-
vity of IV to acdd hydsolyais.

Both IV and 1immuarin with '4C label were treated with hydrolytic enzymes
in experiment T, Each compound was treated with 1.2 mg of p-glucosidase from
Mtalmdaa'SOpld‘nmmseinawtald‘250p1pti5.9,o.ﬂ.i.:phoo-
phate tuffer at 40°, uarples of cach were taken at the begirming and after
faxr hours and spotted on paper ior chroratography with Bi. The zones contein-
ing the ramining IV ar limaarin wace aut cut and traraferred to vials for
scintillation counting in the resence of a toluene hasad scintillation fluid.
After four hours only 26+ of the IV and 707 of the linamarin remained in the
B=glucosidase treatment. In contrast 95: of IV remained after treatment with
lina er«gse widle less than 1,; of the linamerin was lef't. These remilts show
that IV 5 sirongly reaistant to hydrolymis by limmrese tut relatively sus-
ceptible to the action of the feglucnsijase from almnda. Iihis confirms unpub-
1lished findings by Hutler.

Further irformation on the structure of IV was obtained in experiment U
by examining the wolatile products of treatments of IV with the gas chromato-
graph and an attached proportional counter. Conditions for chromatography and
subsequent counting were identical to those used in experiment . and illastrated
in Figure 17.

In the first treatment illustrated in Figure 21, IV was held at 40° in
0.5 hyarochlaric acid far 20 hours prior to extracting with a small volume of
diethyl ether. The single peak of radicectivity obtained with a portion of this
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ether extract had an elution time consistent with it being isolutyraldshyde,
as was expected on the basis of experizent A,

The second treatient was an attegpt to pyralysc IV and find volatile
decomposition yroducts. .. small volume of IV was dried on a licirone wire coil
which mas then inscrted inte the inlet of the gas clrommtoxaph and heated by
an elecwic cuwrent t© a dull red tomperuture. lhe pajor peak of radiosctivity
bhad ar clutic. Une e sare as iscbutyromitrile. It was trapped and diluted
vith pre isout ranitrile. from this, t-butylisotutyramide was prepared and
rTaxystalliani %0 a constant specific activity which indicated all the radio-
activity in this peak ocould be attributed to isocbutyronitrile. Another sasrple
of IV was shown to be partially decocyosed to iscbutyronitrile at 160° on the
ldchrome wire vdthout electrical heatirg.

In the third treatment, IV was Gissolved in 100 pl of pli Se’,y GeCS:
phosphate buffer together with 2.5 ug of emulsin and leld -t .0° ior 20 hours.
The mixtuge was then extracted with a small valure of dietiyl ether and this
used far gas chromtography. ihe mJjar redianotive peak hod an elution timo
the same as far isobutyraldoxime and was trapped and treatad with acidic 2,.-
dini trophenylhydrasine, he hydrazone mreparation gave a peak of radioectivity
wth the R, of isobutyraldehyie-2,.~dinitrophenylhydrasone upon thin layer
chromatography with toluene as solvente 4 amaller peak of wolatile radicactivity
had the clution time of isobutyraldehyie and could be derived from isobutyrald-
oxinee

These results indicate that isobutyreldoxime wes at least part of the
aglycone of IV. This was consistent with the finding of iscbutyraldehyde upon
acid hydrolysis as isobutyraldoxime is itself hypdrclysed by ecid. Further it
is known that C-derivatives of oximes may be readily convarted to nitriles.
The simplest styucture for IV in accord with these findings and those of Matler
is isolutyraldoxime-O-glucoside as illustrated in Figare 22, Farther studles
are recquired to confirm this structure.
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In the preceding experiments it was shown that Z-oximino acids and algdox-
imes may be premomws of Cyanogenic glyonaides. In the following experiments
these coxroonds vere tested as precursoars of glucosinalates.

irecurscrs of isopropylglucogirolate. In experimemts V and #, l-valine-
=Y, 2eaximincisoveleric acid-O-"C, and isotutyraldcximeU- C were admim-
stered to scurvy grass seedlings. Ior experiment V the amino acid and the 2-
oximino acid were dissolved in 200 pl of pH 7.k, 0.05¢ tris(hydroxymethyl)amino-
methane buffa and adninistered to single seedlings which were then exposal to
contimous 1ight for 21 hors. In exparimmt ¥ isobutyrldarimel-'*C or 1~
valh.-U-%,mhdimlveﬂinhSOpld‘mw,madm.nistmtom
of three plants which were enclosed in transparent 220 ml containares to reduce
evaporative losses of the a2ldoxirme. The plants were harvested after 48 hours
including two 6 hour dark periocds. In both cases water was adlded to the
seedling roots as recuired.

Table XV gives the results of expmricents V and 4. The imarparation of
Lovaline-U 4G 4nto isopropylgluccsinclate, vhile not particulsrly high, was
eigmificant. The rediomutojraph of the i~valine-U-'*C treatment ciromtogram
of experiment  reproduced in iigure 23, showed that most radicectivity remined
in the valine pool with only small conversion to othar aompoands including
leucine, lo significant radicactivity was cbserved in other glucosinolate zones.
Isopropyl:lucosinolate was identified by the farmation of radicective isopropyl-
thiourea. This indicates that l-vaeline was a specific precurser of the iso-
propylglucosinclate aglyccne,

Isobutyraldoxine=Ue*C was efficiently converted to isomropylglnonmimolate
which was the most strongly labelled compound as shoawm by a radicautograph in
Figure 2. This result suggests isobtutyraldoxime was an intermediate in iso-
propyglucosinclate biosynthesis. The incorperation from 2-oximinoisovaleric
aciﬂ—ﬁ-% was low 2)though Tadicautosraphs of thim 12¥er Separations showed
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T/BLE XV

COMPARISON OF IR=CURLGRS (f 1 GIRCFYAGLUCCOINCLATE

7 converted to

Expte. Isopropylglucosinolate
M§ S.A..
¥  I-Valine-U-'iC 1.0 2,9 0.87°
2-Oximinoisovaleric acid-U="“C 1,2 1150 0.25°
¥ L-Valine=B-'YG 440 622 0.70°
L-Valirm~0- ¢ 1.0 240 1. 780
Toctutyralaarime U= 4C 3.8 390 15.9

a Spociﬁcactivity.tn,ﬁ/mh
) Gmhdfmmmndlossof-"‘caﬂ



10

FIGURE 23 INCORFORATION OF RADIOACTIVITY FROM Ir-VALINE—U-“"’C IN SCURVY GRASS.
A RADIOAUTOGRAFH FOLLOWING THIN LAYER ELECTROPHCRESIS AND CHROMATOGRAPHY. I IS
ISCPROPYLGLUCOSINOLATE.
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FIGURE 24  INOCRICRATION OF RADTCACTIVITY FROM I3CBUTYRALDOXD:SeUe'*G IN
SCURVY GRASS, A RADIGAUTOGRAFH FULLCWING THIN LAYSR ELECTROPHCRESIS AND
GHRQUATUGRAPRY, I IS ISCPROPYLGLUCOSINOLATE,
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other conmpounds were labelled, Figure 25 is ane suck radieautograph which ex-
cludes the valine sone, Valine was the orly cationic corpound observed to be
labelled in this treatuent and it is pessible that the mmall percentage con-
version of the 2-oximinocisowmleric acid to isopropylglucosinolate may have
involved valine as an intenmdinte. Rarther, the incorpmatian rate given in
Table IV mist be treated as a maxirum value as the gluomdmnlate was not poai-
tively identified as containing the radicectivity in this ireatment. Figure
25 shows the isopropylglucosinclate sone could not be clearly separated from
a streak of other radicective compounds, The pattern of spots on this radio-
antosray i indicates decouposition of one or more labelled compounds may have
occurred during electrophoresis and chromatography. It may be caxcluded that
2 aaAMrmiacv-1eric agid is probahly not an intermadlate in isopropylglucoaino-
late biosyntheais,

mmmw%mmnwmo.zsmwmwmum
of 30 excised seedling shoots of garden cress. The aldoxime was first dissolved
in 5l of ethanol, Assimilation and metabolism wes for 48 hours of contim-
ous light. The remlts are given in Table XVI.

The percentage of i~-phenylalanine ineorparated into benzylglucosinclate
was significant and indicated this amino acid was a precursor of benzylglucoeino-
late. Radiocemtographs of the extract separated on thin layers by electrophore-
sis and chromatogrephy showed benzylglucosinolate as a major labelled soluble
product from Lephenylalanine-U-'"*C, 4 few radicactive campounds, neatral at
pii 2, were also observed although some redicectivity remeined in the phenylala-
nine zone.

le=itenylalanine had previcusly been shown to be a precursor of benzylgluco-
sinolate in nasturtium ({popocolum mpjus L.)(Bemn, 1962; Underhill and Chisholm,
1964).
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FIGURE 25  INCORPCRATION CF RADIOACTIVITY FROM 2-CXIMINCISOVALIRIC ACID-U= Y0
IN SOURVY GRASS. A RADIOAUTOGRAPH FOLLOWING THIN LAY:R ELSCTROFHCRESIS AND
CHROMATOGRAPHY, I IS TEE ISCPRCFYLGLUCOSINOLATE ZOMNE.
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Tabie XVI

Compound Administered Iroducts

tmount . , & % converted to S.i." of Mlution
(umoles) gluonsinclate thiourea of Y4g

Ipamyw"‘c 1.1 5.0 A.Sb 356 110°
Phenylacetaldoxime-U='2C 1.2 23.1 26 1,22 19

a Wacttvityaa}ﬁ/mlo
b Carrected for an assumed loss of - “COCH from L-phenylalanine-

o Yg
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The hgh incorparation of phenylacetaldoximeU= 'C into bensylglugoaino—
late with canparatively low dilution showed this axypaind was an effective
rearew, Again, redicentographs ghowed bengylgluccainclate to be a rajar
labelled praduct,. These results togetlmr with the results of expmriments V
and ¥ indicate aldoximes are probably intmrrediates in the biosyntheais of
stracturally related glucosinolates.
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SR IV

LISCUSSION
41 Glucosinolate biosynthesis

The reailts obtained fran tizree exparisnants with two speciss of cucifer-
cus plants showed that suitable aldoximes mRy be converted to glncosinnlates
to a canmiderahly greater extent than corresponding amino acids. In view of
the previcus unmormasgful attanpts to show aimilar ircarparation for a range
of other possible intervedintes these results with 2ldaxines may be taken as
good evidence for an interrmdiate role.

2-Oxdiminpiarvalaric acid was not notably incarparated into isopropyl-
glucodnnlate. Undertdl) and Chiasholm (196 ) reparted a similar low incar—
paration of an aximino acid irito denzylglucmainclate with nasturtiun shoots
ard suggested that the gnti (/i==CCCH) isamar which they adninistered was the
Airorrect isomer while the gyn (LO—CCG) iacmer might be an inteymaiiate.

The gyn isamers have been repartal for anly a few 3-adimirmo acids (Ahmad and
Sperser, 1%1). iaking into apomnt the facile isamerisation of gyn (HO--COUH )~
2-oxirino benylacetio acid (glyoxylio eoid axime) to the gnti form, the greater
ease of isomerisation of alkyl aldoximes compared with the benzaldoximes, and
the effects of steric hindrance, it is posaible that equilibwation between the
two isomers of meny 2-cximino acids is repid amd favarrs the antd (HO=-COCH)
configaration. If this is so, then a search for gyn (HO —COM)=2=oximino acids
sui table for administering to plants, may be futile.

More reant work by Underhill (1967) has confirmed that carresponding
aldoximes are Amxwparated into bansylgluousinclate and phenylethylglucosino-
late and 4t was found that accumlation of labelled phenylacetaldoxime could
be induced by a "trapping” emperiment with nasturtium, Kindl and Underhill (1968)
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have shown that Nehyiroxyphenylalanine is inaorpoerated into benzylglucosinolate
and they have described an ensyme aystam capable of forming the aldoxime from
the Nehydroxyamino aocid. Thus a sequence of two steps for the formation of
aldoxime has bean suggested which does not include Z-oxirino acids.

The small incorporation of 2-aximino acids observed with isopropylgluco-
sinclate in experiment V and with benzylglucosinolate by Underhill and Chisholm
(1964) and Yeakin (1965) may be attributed to a pathway invelving prior convere
sion to the amino acid, either by way of a hypothetical hydrolysis of the oxim-
ino goup to give a keto acid or by direot reduction of the aximino group to
amine, An engyms capable of this reduction has been reparted by Gmra ¢t al.,
(1967) in highar plants. During the analysis of the Z-axininoisovaleric acid
treatment, a redicactive spot attrituted to valine was rnoted which would be
oonaistent with this suggestion.

subsecquent steps of glucoainolate biosynthesis have dbeen studied in leas
detail. . cekin (1967) has claimed that 1-thiogluccee may donate the isothio-
oyanate sulplur ani that phenylacetothiohydraxamic acid is not imparparated into
benzylglucosinolate, :ore recently, Latsuo (1968) has cited umublished results
which showed that thiogluoose (as sodium thiogluooaide) was not a precursar of
allylglucosinolate. Mirther studies may be required to find the immediate
source of the isothiocyanate sulphur atom and to clarify this discrepancy.

The biosynthesis of the sulphate molety may invalve transfer of sulphate
from adenosine-5'=phaosphomilphate or 3'-phosphoadencsine~5'~phosphosulphate to
an acceptor such as an aldoxime or thiohydroximic acid glucoside by a sulphoe

The experiments with linen flax shoots and peach and cherry laurel shoots
have demonstrated that suitable aldoximes - isotutyraldoxime and phenylacetald~
oxime respectively - may be converted to cyanogenic glucosides. Isobutyraldoxime
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vhich was converted to limmrin with the C=K bond intact is probably narmlly
formed in the liren flex in mimte concentrations but accumilation of it can
be imiced by specific inhibitars of linarerin biocsynthesis. It ray be
acceptad on these reaults tint aldaximes are intercediates in the biosynthesis
of lirmmarin and prunasin and also, by analogy, of structurally related cyanos
genic glyovaides ipmluding lotauatralin, sarbunizrin, acypdalin, vicianin,
daxrin end taxiphyllin.

Similarly, isotutyronitrile and phenylacotonitrile were imrorparated into
linamexrin a:«<l pramasin respectively, and evidence demonstrating the ability of
liren flax sheots to form isolutyronitrile was obtained fram "trapping” expari-
ments. [oicver, the accumlation of isobutyronitxile caild not be induced by
known specific inhibitars of lirmmyin biosyntheais. hese results indicate
mitxriles are also internediates at a subseguent stage,

Vhile neither isotutyronitrile nar isotutyraldoxiune were ircarparated to
a signmificantly greater extent than I-valine damring the experimenta, both were
incoyporated to an axtent aifficient to implicate them as interuediates,
Fastors which ocould wxk towards reduced ircarporntion of them vere their vola-
tility and possible toxic effect when adrinistered in abnarrally larpe doses,.
Both compounds are lipophilic and could well have a disruptive ei'fect an eell
mevbranes and crganelles at these concentrations,

The relatively high and significant incorparation of Zeoximinoisovaleric
acid and 2=aximim» 3»phenylmopiome acid into Mdmmmrin and prurasin respect-
ively is interesting, These compounds are not considered intermediates in the
blosynthesis of structurally related glucosinclates although aldoximes, which
are glumsimnnlate intermadiates, could in theory be derived from them by decarbe
oxylations It is reasamhle to euppose that the observed incorpcration of 2-
oximine acids was via the nitriles, The non-enzymic coanversion of a range of
2-oximino acids to nitriles has been reported by Ahmad and Spenser (1961), In
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exparioent |, evidence vas odtalned far coowrrence of this conversion in the
flax seedlings at urpubliahed results cbtained by Conn and Tapper failed to
demonstrate an ensyme system in linen flax capable cf aocelerating the reaction.
The status of Z-oximino acids as intauediates in cymnorenic glycoside biosyn=
thesis mist remain uncertain until evidence faor a conversion to aldoxines is
cbtained or until the mresence of enzymes for their farramtion and utilisation
is demonstrated.

In the case of linen flax, good evidence was obtained to suggest that 2=
hydroxyisolnt yronitrile was also an intermediate although the pattearn for
inxwpaxation from hydrogen cyanide was also obtaimd, Comfirmatory evidemoe
has come from expariments by Hahlbrock and Conn and forms pert of 2 joint publie
cation (Fahllrouk et al., 1968 - See /ppendix 3).

Results for incorparation of U Jl-mmodalanitrile into prunasin with cherry
laurcl slgois vwere less definitive. A potahle feature was the significant
incorparation of radicectivity fron hydrogen cyanide into prunasin, This was
in apparent contradiction to the evidence far the nitrile molety formation from
phenylacetaldoxine and phenylacetonitrile, It may be recopcilad by pestulating
that a reaction between benzaldehyde froo the plant tissue r~nd the administered
hydrogen cyanide ocourred under the particular experimental cenditions. The
mandelonitrile so formed could be converted to prunasin, 4 further notable
feature of the treatment of cherry lawrel with labelled hydrogen cyanide was
the apperently low incorporation into asperagine and relatively high incorpor-
ation into a yange of neutral or weakly acidic campounds, This may have arisen
as a result of further metabolism of asparagine if it was the first major
labelled compouni. The problem deserves further attention,

It should be moted that the effect of varying the concentration of the
administered compounds on the pattemm of metabolism was not investigated. While
significent concentration effects may occomr it was considered that they would



120
probably be of a lower order of magnitude than the differences of incorparation
rate accepted as evidence far or against a possible intermediate role.

The results obtained froo the expericents witi: linen 'lax seedlings,
peach shoots and aberxy laurel shoots, togetler with the recent findings of
Kirdl and Underhill (1968), mippart a gencral pathway of cyanogenic glycoside
biocsynthesis involvin: a sequence of reactions fyou anino aecids tiwough esld-
oximes, nilriles and Z-hydroxynitriles as illustrated in Figure 26,

sane o the reactions postalated demearve further discusasion. lxperi-
mental precedent for the first reaction (1) has come from studies by Stevens
and Emery (1966) on the biosynthesis of the antibiotic, hadacidin. It was
shown that this hydrommic acid derivative was farred by lNehydraxy lycine end
a formyl donor and that Nehypiroxyplycine could be obtained from glycine,

Mention has already been mmde of the omvarsion of l=hyiroxyphenylalas=
nine to phenylacsw@ld e dancnstruted by hindl and inderidll (1968). This
corresponds to reaction (2) of Figure 26, . olecular cxygen is jrotably recuired.
An intermediate my intervene in reaction (3). Thare is no direct evidance to
show that aldoximes can be converted to nitriles in dilute aguecus solution.
However, under dehydrating comliitians which permit the forimtion of intermedinte
O=acyl derivatives, many aldoximns are converted to nitrilese The blologieal
equivalent of this type of csclmnian could inwolve the formation of an inter-
mediate with a suitable leaving group. One poesibdlity would be the phosphory-
lation of the aldoxime by the action of a suitable kinase and a muclecside=5'-
triphosphate. The phosphorylated aldoxime could then be comverted to nitrile
as in Flgure 27.

An alternative intermediate in the case of linamerin biosynthesis could
umnmmummw Its formation from
a mcloside~5‘=diphospho=D=glucose would follow the usual glyccsylation pattern
and it ocould be ensymically converted to isobutyronitrile as illustrated also
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FIGURE 26 FROPOSED PATHWAY OF CYANOGENIC GLUCOSIDE BIOSYNTHESIS.
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in Figure 27.

It shanld be noted that Butler unsuccesafully attempted to show that IV
oould be canvertsi to limammrin, It was possible tlet the administered IV was
not transported t© the nxmml site of aynthesis of limmarin and therefore the
status of IV as an intermediate rust rernin uncertain, The canditions required
to induce acamilation of IV are of interest. 2-lethpmupiamldorise was
the moat effective inhibitor of limmrarin biosyntlesis ani also induced the
most of IV. Jhis axise or a derivative fram it could well be a cogpetitive
4nhibitor of the conversion of isobutyraldoxims to isobutyronitrile. D,l-O-
dethyltiTeonine may have a specific inhibitary effect because of a priar con-
verzian to D,l-2=me thaxypropionaldoxime by sore of the enzymes narmally active
in linamexin biosynthesis. "he other compounds which Putler showed could
induce a amall acaumilation of IV may also be capetitive inhibitors. If com=
pound IV is not an interwediate in linammrin tdosynthesis, then it is presumbhly
formed from umusually large pools of isobutyraldaxire which may acaumilate in
the presence of these specific inhibitors.

In the case of linamarin biosynthesis a conversion of isobutyronitrile
to 2-hydroxyiscbutyronitrile could have methacrylonitrile, farmed by the action
of a dehydrogenase, as an intermediate. Tater could then be added across the
double band, The results from a single experiment where nmethacrylonitrile was
administered along with labelled L-waline do not msppart tiis hypothesis tat
are not sufficiently rigorous to axnlude all poszibtdlity of methacrylonitrile
being an intermediate.

An altermative mechanism could involve direct oxidation with molecular
oxygenhe 4 simple umatrated intarmadiate is not possible with the aromatic
eyanogenic lycoside biosynthesis and the 2-hydroxyl group may be introduced
in a reaction ammlogous to the mixed function oxidation of dopamine to noradrena-
1line.

The final step of bicaynthesis of linamrin or prumasin and several
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clowely related cyanogenic glnoasddes is probabdly the tranafer of glucoze to a
hydrogymitrile fran a mcleogide-5"~diphospho==glucose Ly a mechanism of
the gmaral type fur formtion of glyoosidic bonds. Hahllwonk and Conn {1968)
have pxrifiad an ensyme camable of forwing limmsarin from UDl =D=7lucnse and
2-hydraxylachutyronitrile. The bicsyntheais of the glycosides agysdalin and
vicianin prodbably involves the txansfer of a further sugar groxp to the
axTepEilyg moe-plunnaides

Although the evidence presented in this study supports the main patlmay
of Qyamgenic glugoside bicsynthesis shosn in Pigure 26, some other pmmaihls
pathways have not been excluded. lentian has already beem made of the pommiddi-
lity of iecxisdmo acids being intermediates. While the results tend to ex~
alude simple s~mides end hydramidc acids as intermediates, 2dydrageliariass
and correspondin, glycosides cannot be exclndad as an altermative petimay to
sinple nitriles and Z-hydraxynitriles. It was poosible that the unidentified
phenclic glucoside reparted by Gander (1966), but about which doubt has since
been expressed (Gander, pmrsunm) commnicntior), was a 2-(p=hydraxyphenyl )-2-
(glucosyl Joxyacetaldoxime, This compound, depending on its stereo-chemistry,
would yleld dhurrin or taxiphyllin upom dehydration of the oxime group. Another
structure, poaxihly consistent with the repart by Cander, is p-glicoayloxyphenyle
acvtaldoxine which ocould be an intermediate in dnrrin, taxiphyllin and p—glucos

Ylaymmalafitrile bicsynthesis.

4¢3 General Comment

Most of the studies, including this ome, of cyanogenic glyccside or gluco-
sinclate biosynthesis have centred cn those commxnds with a direct biogenic
relationship to known amino acids, There are haosever a mubear of glmmnsimlatss
and a few cyancgenic glyccsides for which there are no analogous emino acids
known, The umisual s yucture of some of these compounds suggests that the plants
in which they occour have rovel pathways of metabolism and uncommon amino acids
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on which there Inve not yot been any sigmficant studias,

Also of interest is the relatiomship of the present imvestigation to the
bioeynthesis and retabolisn of other natural prodicts vhere nitrogen is mot in
its fully reduced state. / reference has already been made to hadacidin which
is one of a clase of gubstituted hydroxamic acics wherc the hydramngyl moiety
is protably derived fram an lI=hydroxyamine which in tuxrn is derived by cxi-
dation of an amine, Ne-Hydruxynmmo acids my also be farred in yitgo from
hydroxylamine (Emery, 1963).

A restricted mumber of nitro compounds are known from higher plants,
Some of these smich as karnkin and hiptagin are derivatives of 3-nitromropianic
ecid (Robinson, 1963)., ldptagin is repartad to yleld hydrogem cyanide fallms-
ing treatment with alkali (Gorter, 1921, The nitro graup appears to be derived
fron the amino group of aspartic acid (shaw and | cCloskey, 1967) and an ald-
oxime anuld be an intarmediates similarly prenylacetaldarine could be an inter-
mediate in the blosynthesis of ienitro-2-phenylethane which is found in the
bark oil of anibe canellila («obinson, 1963). Cxidation of an amine to a nitro
group is alsc igelied in the biosynthesis by wimaxpamisms aof chlarasphanianl
(McGrath et gl., 1566) and 2-nitroimidasole (lancird gt gle, 1966) elthaugh in
these casas nitroeo compounds auld be intermediates in place of aldoximes,

It is possible that aldoximes are also intermediates in the bicsynthesis
of the interesting, Wt little studied, asoxy compounds, These include the
glycosides macrozamin (langley gt als, 1951) and cyeasin (Mishida gt gl., 1956)
mmmm—mmnmmmmum.

In contrest to cyancgenic glycosides, ricinine, which is a pyridine alka=
loid, contains a nitrile moiety apparently derived fram an amide by dehydiration
(Valler gt al., 1966)s The formaticn of 3-Myancalanine, Z-amincpropionitrile
and a small group of related compounds from hydrogen cyanide has already been
discussed, as has the formation of nitriles as jroducts of glucosinolate decom~

maalddan
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ihere is a possibility far the biosynthesis of hydrogen cyanide by path-
wmys other than decomgosition of a cyampgenio glycosids in some microorganisms.
Kichaels et al., (1965) has shown hydrugen cyanide biocsynthesis fyom glycine
and suggested cyznoforoic acid as an imtarmediate. In view cf the comperative
ease by which aximes may be cunvextad to nitriles, fwraldndire and oxicino-
acetic acid (glyoxylio acid axire) should also be investigated as interuediates.

It is notable that in all studies of these arpganic nitrovgren cagounds
there has been no eviderre to asiow free hydraxylaxne or other similar oxidised
farms of nitrogan as intermediates and therefore there appears to be no direct
relationship with nitrogen assimilation, fixation ar dissiudlation,
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