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THE DISTRIBUTION OF TI-IE CYANOGLUCOSIDES 
LINAMARIN AND LOTAUSTRALIN IN HIGHER PLANTS 

G. W. BUTLHR 

PIant Cknktry Division, D.S.I.R., Palme&on North, New Z&and 

(Becekf27 Muy 1964) 

~-~asweyofplantswhichhavapnviouslybeenrcportedtoconCaineitherlinamarinorlotaustralin, 
it was found that in 8encraI both cyano&ccsides vmra present. Sads of Hevea brusifiensis wen cxccptioml 
inthatonlyIinam&ncouldbedet&ed. Thetwocyanoetucosideswaefoundtobepreacntinanumberof 
additional m drawn from genera containing aped3 already known to contain either linamarin or 
lotaustralin. Implication9 of th4 similar distribution of the two eyano@ueosidea are dkussal with nspect 
totheirhiosyIlthesis. 

INTRODUCTION 

TBB cyanogenic glucosides linamak, 2-hydroxy-isobutyronitrile-0-@~gl~se, and 
lotaustralm, 2-hydroxy-2-methyl butyronitrile-O-j%B-glucoside, have been reported to 
occur together in Trifolium repens L.’ and Lotus australis Andr.2 Linamarin has been isolated 
from several additional plant species in which lotaustralin is not known to occt~,~-~ while 
lotaustralin-but not 1’ mamarin-has been isolated from L. afabicus L.6 

In the course of studies of the biosynthesis of cyanoglucosides,7 it was observed that 
lmamarin and lotaustralin occurred in approximately equivalent amounts in the tissues of 
linen flax (finrun usitatissimum L.), where previously only linamarin had been reported.s~ g 
l.n both flax’ and Trifolium repens, lo the synthesis of linamarin and lotaustmlin was shown 
to be closely associated with the metabolism of valine and isoleucine respectively. It therefore 
seemed likely that lotaustralin has a similar distribution in higher plants to linamarin. A 
survey has now been carried out and the results are presented in this paper. 

RESULTS 

Extracts of the plant tissues were prepared and the total cyanoglucoside content was 
measured by treatment of suitable aliquots with linamamse and determination of the HCN 
released. 

Suitable aliquots were used for paper chromatography in a solvent system which resolves 
linamarin and lotaustralin. The cyanoglucosides were located by treatment of the papers 

1 J. M~L~III.B and B. W. DOAIC, Nay Ze&nd J. Sci. Tech&. Z&67 (1940). 
2 H. F~NNEMORE and J. M. CoopBR, J. Sot. Chem. Zmf. (London) 57,162 (1938). 
3 W. KMuum, Konstitutkm und Vorkomnm der organiscken Ppnnzenrtofi, Birkhauser Verb, BasIe (1958). 
l 0. Dm, l%cycropcdio of Phnt Physiology, Vol. 8, p. 1050, Spr&er VerIa8, Berlin (1958). 
5 R H~~NAUBR, Pharm. Weekbkd94.248 (1959). 
‘ T. A. HENRY, 1. Sot. Ckem. Id. (London) 57,248 (1938). 
’ G. W. B~JTLXR and E. E. C~NN, J. Biof. Chem 239,1674 (1964). 
‘ A. Jomssa~ and E. HNR& Bull. Acod. Roy. Sci. &lg. 14,923 (1887). 
9 A. Joruss~~ and E. m &ll. CIarsc Sci., Actad. roy. &lg. 21,529 (1891). 

10 G. W. BUTLER and B. 0. BUTLER, Nature 181,780 (196Q. 
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Distriitim of two cyanogIlxusidcs in higher plants 129 

with limmraw prepared from linseed meal, followed by detection of both the liberated 
HCN and glucose. The amounts of hnamarm and lotaustralin present were measured by 
determi&gthe amount of glucose liberated in each case. 

Table 1 shows the results of the survey. It will be seen that the relative contents of the two 
cyanoglucosides present varied widely between species and varieties. 

The four Gnum species examined contained considerable amounts of both linamarin 
and lotaustrahn. With T@foZium repens, where twenty collections were tested, the total 
cyanoglucoside content varied lOO-fold but the relative proportions of hnamarm and 
lotaustralin did not vary greatly. Linamarin and lotau&ralin were both present in all of 
the cyanogenic Lo&r species and varieties tested, but there was wide variation in the relative 
proportions of the two cyanoglucosides. With Phaseolus hatus, Madot cartkaginem&, 
Dimorphotkeca eckkmis and D. barber&e and the closely related Osteospermum jwundum, 
. 

lmmarin was present to a much greater extent than lotaustralin. Linamarm has previously 
been reported from roots of M. uti&rsima Pohl and Al. palmata Muell. Arg.r4 and from 
leaves of D. spectabilis S&l%. and D. zeyheri Sond.,i5 D. cmeata Less.16 and D. fmticosa 
DC+.” No lotaustmlin was detected in seed of Hevea broiling. 

In the case of Osteospernmm jwm&un where only a trace of lotaustralin could be detected, 
further evidence for the presence of linamarin and lotaustralin was obtained by means of 
14c-labelling experiments. Uniformly labelled ~valir.te-~~C and rAsoleucin@C! were 
administered to freshly excised young leaves, which were allowed to metabolixe for 20 hr. 
The material was then extra&d, twodimensional chromatograms prepared and radio- 
autographs made. S~on~y~~~~ radioactive areas were observed in positions correspond- 
ing to hnamarm in the case of L-valineJ4C administration and lotau&ralin in the case of 
rAoleucineJ”C administration. Also, the general labelling patterns observed on the 
radioautographs were very similar to those previously observed in experiments with Limmt 
usitatissimm.7 The radiomtive areas corresponding to the cyanoglucosides were eluted, the 
radioactivity was determiued and the cyanoglucosides decomposed by treatment with 
. 

hamame ‘ Upon donation of the residual radioactivity it was found that observed 
counts per minute were reduced by this treatment from 3128 to 20 for linamarin and 2182 
to 15 for lotaustralin (corrected for background). This is consistent with the formation of 
volatile products (acetone or methyl ethyl ketone and HCN) from the l%-labelled aglycone 
moieties of the two cyanoglucosides. Furthermore, the presence of glucose in the residues 
was established by paper chromatography. 

DISCUSSION 

Isolation and characterization of huamarin and lotaustralin from the various plant 
specie-s was not attempted in this survey. The establishment of the presence of two cyano- 
glucosides is unequivocal, since it rests on the identification on paper chromatograms of 
both HCN and glucose liberated by the action of linamarase. The identification of these two 
glucosides as linamarin and lotaustralin rests on paper chromatography in five solvent systems 
together with their ease of hydrolysis by hnamarase. In addition, the ready incorporation 
of carbon-14 from r_-valine-r4c and t-isoleucine-*4C into linamarin and lotaustralin 

x4 W. R DMAN and T. A, Hxa~, Pm. Roy. Sot. 78,145 (1906). 
1s C. &MINCSTON, 18tk Rep. Dtrectar Vet. Serv. AnimalIn& Onderstqwort, p. 935 (1932). 
16 J. S. C. Mmms and C. RIMINGTON, Ondmtquwrt A Vet. Set. An&d Ind. 3,111(1934). 
17 C. Rmm~m~ and D. a. m, onderstqxwrt J. Vet. Sci. Animal Znd. 5.79 (1935). 
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respectively confirms the identification of these two cyanoglucosides for Littunz usitatis- 
sinurn, Trifoliuttt repens’O and Osteospertnunt jucundunl (this paper). 

While it appears to be true that the distribution of lotaustralin is closely similar to that 
of linamarin, the latter cydnoglucoside is preferentially synthesized in species of se\reral 
genera. It is of interest that in one of the latter species. (0. jtt~lttt~ltttto. there was extensive 
incorporation of carbon-14 from L-isoleucine- lJC into the aglvcone moiety of the tract of d 
lotaustralin present. 

Closely similar or identical biosynthetic pathways involving valine and isoleucine meta- 
bolism have been shown to operate in Tr(foliuttt repetts. Littuttt ttsitlrtis.cittnrttt and Ostcosprr- 
ttzwlljrrcund~t)zmenlbersofthe families Leguminosae. Linaccae and Compositae respectiveiy. 
It seems reasonable to expect that the same metabolic routes would be present in cyanogenic 
species of Phaseolus, Lotus. Manihol and Ditttorphotheca. where both cynnoglucosides have 
been shown to be present. The position with Hevea hra.ri/ietwis requires further study. If 
lotrtustralin is indeed absent from this tissue. tither the enzymes involved in the biosynthesis 
have greater substrate specificity in H. hrusifiettsis. or linamnrin i\ here synthesized by a 
different route. 

EXPERIMENTAL 

The Trifoliuttz repetts material used was from a trial carried out by Mr. C. S. Harris, 
Grasslands Division, D.S.1.R.. where 20 collections of T. repeta originating from the 
~editcrranean area, Europe. North America and New Zealand were growing in the field 
on a randomized layout. Litwtt and Lotus species were grown from seed in pots for 3-b 
weeks under glass and the seedling tops were harvested for analysis. For T. wprtts. Ditnor- 
photheca sp. and Osreospertttuttt juwnduttt, young leaves were selected from vigorously 
growing plants. For Mattihot t.urt~tagittetwis. roots were freed of adhering soil particles and 
extracted as described bclou,. Seed of P~tu.~eoltt.~ ~1tttattt.s and Hewt ~~~~t.~iliett.~i~ were first 
ground in a Casella seed-mill. 

Extractions of 1-2 g fresh weight of plant material were made \vith 50 vol. hoiling 80:; 
(v:v) aq. ethanol for 5 min. The solvent was evaporated in wcwu L\I 40 and the residue 
extracted with 2 ml 10”; (v/v) aq. isopropanol. The extract was clarified by ccntrifugation 
if necessary and suitable aliquots were used for paper chromatograph?. 

For routine use the solvent system methyl-ethyl ketone: acetone: \\atcr (30: lO:O% v/v} 
was employed using the descending technique. For two-din~e;lsional chromatograph) 
propanol:water (7:3 v:v) was used as the second solvent. Other useful solvents were 
butano1:pyridine:water (6:4: 3 v/v). isopropunol:acetic acid: \+atcr (70: 5: 25 V/V). 
butanol : acetic acid : water t 120: 30: 50 v/v). R, data for these solvent systems hake been listed 
elsewhere.7 

Linamarin and lotaustralin were detected on chromatograms by spraying the paper 
lightly with a solution of linamarase (purified approximately 20-fold from linseed meal by 
the method of Coop).18 The liberated HCN was then detected on an adjacent paper sprayed 
with alkaline picrate as described elsewhere’o or the liberated glucose w;1s determined 
quantitatively using the adaptation” of the detection method using aniline phosphate 
reagent.‘O 

*I 1. E. COOP, New ZeaImdJ. Sci. Techoi. Z2B. 71 (1940). 
19 C. M. WILUJI% Alla&t. Chem. 31,1199 (1959). 
20 B. J-i. HOWARD. Biochem. J. 67.643 (1957). 
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For the 14Glabelling experiments, uniformly labelled ~valine-~~C and rAoleucir&‘C 
were purchased from Amersham Radiochemical Centre, England. Five microcuries of each 
amino-acid (0.2 pmole L-valine, 0.8 rmole cisoleucine) were administered in O-2 ml water 
to 1.5 g fresh weight of young leaves through the freshly excised petioles. Radioautographs 
of two-dimensional chromatograms of the extracts were made using Kodak No-Screen 
X-ray film with exposure times of 2 weeks. 

Radioactivity determinations of eluted cyanoglucosides were made using a Geiger-Muller 
detector with mica end-window of density 2 mg/cm2, after drying the eluates on to planchets 
using an i.r. lamp. The cyanoglucosides were then decomposed by addition of O-2 ml 
bnamau~ in 0.01 M phosphate buffer, pH 6.0, and incubation overnight in the presence of 
toluene vapour. The liquid was evaporated off the planchets using an i.r. lamp and residual 
radioactivity was measured. 

Atiwledgem~nrs-The author thanks Mrs. J. Foot for technical a&stance and Miss M. J. A. Simpson and 
Mr. G. S. Harris for assistance in obtaining plant material. 


