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Abstract-Uniformly labelled L-valinet4C and L-isoleucineJ4C serve respectively as effective precursors of 
the aglycone moieties of the two cyanogenic glucosides, linamarin (a-hydroxy-isobutyronitrile-po-glucose 
and lotaustralin (a-hydroxy-c+methylbutyronitrile-fl-o-ghrcose) which occur in Lotus arabicus L. and Lotus 
tenuis L. Asparaginar4C isolated from the tops of etiolated seedlings of these species which had been fed 
HWN was degraded and the data obtained provide evidence for the amide carbon atom being formed from 
the nitrile carbon. In the case of plants fed L-valine-U-14c, the occurrence and distribution of radioactivity 
in aspmigind4C suggests that radioactive linaman ‘n formed from the valine breaks down slowly to yield 
HXN which in turn is incorporated into asparagine. 

INTRODUCTION 

THE WORK of Blumenthal-Goldschmidt et al,’ which showed that young seedlings of a 
number of plant species extensively incorporate radioactivity from H14CN into asparagine, 
prompted us to investigate whether cyanogenic glycosides can donate their nitrile group for 
the biosynthesis of asparagine. These compounds have a wide distribution among higher 
plants2 and are normally accompanied by endogenous enzymes which can degrade the 
cyanogen found in the plant. The experimental results presented in this paper show that the 
nitrile moiety of linamarin (a-hydroxy-isobutyronitrile-@)-glucose) provides a l-carbon 
unit, undoubtedly HCN, for the biosynthesis of asparagine in L. arabicus and L. tent&. A 
preliminary report of these 4Mings has already appeared.3 Experimental evidence for 
linamarin and lotaustralin (cl-hydroxy-a-methylbutyronitrile-@glucose) being the only 
cyanogenic constituents of L. arabicus L. 4, 5 finds further support in the results obtained by 
feeding labeled compounds to this species. That these two cyanogenic glucosides occur in 
L. tenuis L. has been previously reported by B~tler.~ 

Various biochemical, physiological and taxonomic roles have been assigned to the 
cyanogenic glycosides of plants. These range from the suggestion that cyanide serves as a 
precursor of proteins to the suggestion that these compounds are excretory product~.~ The 
experimental evidence concerning the function of these compounds is so meagre that one 
cannot attribute any definite physiological significance to these cyanogenic constituents. 
It is quite clear however that the cyanogenic glycosides are metabolically active rather than 
being inert end products of metabolism. 

* This research was supported in part by a grant GM-5301 from the National Institute for General Medical 
!kiences, U.S. Public Health Service. 

1 S. B--Go-, G. W. Bm and E. E. C~NN, Nature 197,718 (1963). 
2 R. J&GNAUIB, Phmm. Weekbknf%, 577 (1961). 
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RESULTS 

Occurrence and Biosynthesis of Linamarin and Lotaustralirl 

When dry seeds of L. arabicus and L. tenuis were ground, suspended in Hz0 and aerated 

overnight, no cyanide could be detected. However 5-7 pmoles and 13-I 5 pmoles, g (fresh 
weight) respectively of cyanogenic glycoside in L. arabicus and L. temris were observed m 
2-3day-old etiolated seedlings (Table 1). Thus a rapid synthesis of cyanogenic material 
analogous to that which occurs in sorghum seedlings8 takes place in these specie% on germina. 
tion. 

TABLE I. THE (‘YANOGFNIC GLYCOSIDE COhTENT or THE 

_htliS SPFCIES 

Species 

Glycosrde 
_‘____. ..- -- ____ 
Lmamarrn Lotaustralm 

t~moles:g fresh weight 
(“; in parentheses)) 

Total 

__--------.--.-.- ..--. - . . . --_ .-_-_._ 

L. urubicus L. 43 (73) 1 6 (27) 59 
L. tenuis i.. 8.9 (60) 5X(40) 14 7 

The tops from etliolated seedhngs uere extracted and the 
cyanogemc glucosides tsolated and Identified as previously 
described.t* 13 

The two cyanogenic glucosides, linamarin and lotaustralin had previously been shown TV 
account for the cyanide released from L. arabicw on grinding the plant material and aerating 
overnight.5 Using the same procedures we confirmed6 the presence oft he same two cyanogenic 
glucosides in L. tenuis. When the tops from Sday-old etiolated seedlings were examined for 
linamarin and lotaustralin. the molar ratios were approximately 7 : 3 and 6 : 4 in L. arabit-1c.r 
and L. fenuis respectively (Table 1). These same ratios were observed in the aerial portrons 
of plants grown in light and were maintained over the total period of vegetative growth rn 
both species. 

T4BLE 2. INCORPORATION OF L-VAUNE-U-W AND L-ISOLEUCINE-U-14C IVKI I.I~AMXRI\ 

AND LOTWS'IXALIN BY SEEDLINGS OF htltS SPECIES 

Compound administered HCN released Per cent 
_--- * --_ ,_---_c___ _ . 
Compound Percentage Amount mcorporatcd 

(Counts/mm) uptake f/cmoles) tCounts~mm) 

A. Lotus arabicm L. 
L-valine-U-1% 1.3 * 10” 98 07 6570 3; 
L-lsoleucine-U-‘+C 23x105 92 OX 510 I 0 

B. Lotus tenth L. 
r-valine-U-W 13x IOh 97 2.5 24.400 Y’ 
r-isoleucme-U-r T 23x10” 90 25 5090 x5 

Spec~tic activitres of the valme and tsoleucme admimstered m these experrments nete 2W 
and 14.3 /Lc/pmole respectively: 0905 pmole of labeled valine and O-07 /‘mole of Idbeled IW- 
leucme were fed to 0.12 g each of L. arabicus seedlings and the same amounts were admmtstered 
to 0.20 g each of L. tenuh seedlings. 

* T. AKAZAWA. P. MIL.JZ~.ITH and E. E. COW. Plant Ph~4d. 35. 535 (1960). 
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Studies on the biosynthesis of the cyanogens in these species readily revealed that uni- 
formly labeled L-valine-14C and L-isoleucine- 14C are extensively incorporated into the 
aglycone moieties of linamarin and lotaustralin respectively. In a typical experiment (Table 
2) the administration of L-valineJV4c in tracer concentration (O-005 qole) to twenty 
etiolated seedling tops (O-12 g fresh weight) of L. umbicus for 20 hr showed an incorporation 
of 2-7 per cent into linamarin. Under similar conditions, the incorporation of valine into 
linamarin in L. tenuis was 9-7 per cent. 

Similar results were obtained from the incorporation of L-isoleucine-U-“‘C into lot- 
australin. For example, when O-07 pmole of L-isoleucine-U-14c was fed to twenty seedling 
tops of L. tenuis weighing O-2 g for 20 hr, the percentage conversion of carbon-14 was found 
to be 8-5 (Table 2). 

H14CN Fee&g 

When etiolated seedling tops of these two species were exposed to H14CN (5 or 10 w) 
for 24 hr, radioactivity was incorporated into asparagine (Table 3). These members of the 

TABLE 3. THE INCGRPGRATION OF H14CN AND L-VALINE-U-‘% INTG 
ASPARAGINE IN btUS SPECIES 

Compound administered 
I , 

Compound Counts/min 

A. Lotus arabicus L. 
H WN 1*2x 107 
L-dine-u-w 7.3 x 106 

B. Lotus teds L. 
H”CN 5.9 x 106 
L-Vahe-u-‘4c 7.5 x 106 

AsparagincJ4C isolated 

‘Amount Percent * 
(pmoles) Counts/min incorporation 

- 

33.2 1*4x 105 
43.7 1.1 x 105 

46.7 1.5 x 1W 2.6 
45.3 2.8 x 101 0.4 

The specifk activities of HWN and L-~alhc-U-W were 7.94 &pmole and 
200 pcipnole re9pcctively; 126 pmok~ of HWN aud 0.025 pmole of L-valine-U- 
14c were administered to 1.21 g of L. ambiclls xedling tops. 063 pnole of HWN 
and 0025 pmole of L-valine-U-W were administered to 1.25 g 0fL. tenuis seedling 
tops. 

TABLE 4. mTIUBIJTION OF RAMOACI~M~ IN AWARAGINE-W 

Compound 

Asparagine-W isolated 
, 1 

Amide carbon Carboxyl carbon 
Asr=agine atom atom 

(counts/min) (counts/min) (counts/min) 

A. Lotus ambicus L. 
HWN 13,080 lOp40 1,660 
L-ValilMJ’4c 7,850 5,990 740 

B. Lotus tenuis L. 
H WN 14,350 11,760 1,630 
tvalineu- W 11,250 7,870 2,180 

The radioactivity in the asparagine carboxy and amide carbon atoms was 
determiued by decarboxylation with N-Side.23 The samples 
were counted in Bray’s solution24 in the Packard Liquid Scintillation counter 
at an efkiency of 45-55 per ant. 
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Lofts family therefore metabolize Ht4CN in the same manner as has been observed for 
numerous other plants.’ When the asparagme-r4C formed from Ht4CN was degraded t,t 
determine the distribution of radioactivity in the molecule. the amide carbon atom contained 
80 per cent or more of the radioactivity in the molecule. The carbouyl-C accounted for onI> 

I l-13 per cent of the activity (Table 3). 

During our study of the incorporatmn of I.-talme-U- tJC Into linamarm b\ etmluted 

seedling tops of the Lotus species we observed that asparagine also became labeled. A\ shy n 
in Table 3 when seedling tops ofL. arabicus were fed 5 1~ of uniformly labeled I -saline-“C. 
a\ much radioactivity wa\ incorporated into asparagine as when H”CN was ndmtnistcrcd 
The incorporation by L. trraris tops was not as great. When the drstribution c~fradtr~ct~vit~ 

in the purified asparaginc-‘JC formed from the amino acid via\ determined ( ~c~hlc‘ 4). the 
distribution of labeled carbon U;I\ similar to that obtained in plant\ fed H’-‘C\ In that the 
amide carbon atom contained the major amount (70 or 76 per cent) (4 the r;tdii>acti\ It! in 
the asparagine. 

DISCl:SSlOW 

The ability of valine and isoleucine to serve as precursor\ of lmamarin and lotaustralin 
respectively in both L. arubicm and L. teruris IS in agreement with earher observation\ (In the 
cyanohydrin group ofcyanogenic glycosides being the result ofammo acid metabolism.“~ .‘I. 
In addition, the data suggests the operation of a biosynthetic pathway for the formation oi 
linamarin and lotau\tralin in Lotus species which is identical with that in Trifihuu reperu L .‘-’ 
Ost~ospomum.jr~cut~~u~~t Norlmdhqb and Linm msifatissitum. ‘? In this pathwq the x-carbon 
and nitrogen atoms of the amino acid become the nitrile group of the glycostde while the 
remainder of the aglycone derives from the remainder of the amino acid. 

The ability of Lotus species to incorporate H14CN mto the amide carbon atom nfaspara- 

gine extends the list of higher plants known I. “9 l5 to accomplish tht\ process. A more 
significant arpect of this observation pertains to a possible metabolic role for the cyanogenic 
glycosides. A similarity in the labeling pattern of radioactive asparagine klated from plant. 
fed uniformly labeled r_-valine-‘“C to that isolated from plants esposed to H”CN. suggests 
that the nitrile moiety of linamarm can provide the H’VN for the biosynthest., of asparagine. 
Presumably this route for the biosynthesk of asparagine is limited to those plants contannng 
cyanogenic compound,. 

The distribution of radioactivity in asparagine-14C produced in plants fed H14CN and 
L-valine-lJC deserves further comment. Blumenthal-Goldschmtdt et al. L observed that 
98 per cent of the activity in asparagine produced from H’?IN in Sorghmz wlgare is present 
in the amide carbon atom and suggested that the other three carbon atoms are derived frtrm 
serine. Recently Nigam and Ressler Ih have provided experimental evidence in \upport iri 
this suggestion. It would thus appear that any radioactivity found in the carboxy carbon 

” 1. MENJZUER and J. FAVRE-BONVIU, Cumpr. Rerrd. 253. 1072 ( 1961). 
II1 J. Kourio~. P. MIIJANIC.H and E. E. Cow. J. Bd. Chenr. 237,.3X3 ( 1962) 
IL S. BEI+YLHC)SHUA and E. E. CONS, P/m/ P/zysiof. 29. 33 I ( 19641 
I2 G. W. BUTLEK and B. G. BUTLER. :Vuture 187.780 ( 1960). 
lJ G. W. BUTLER and E. E. Cow, J. Bid. Chn. 239. 1674 f lY64). 
IJ B. TSCWERSCH, Phytochm. 3. 365 (I 964) 
Ic B. TSCHIERSCH, Flotcr 154.445 (1964). 
lo S. N. NIGAM and C. REM by, 6rodwm LJI Bwp/y~. .~cvu 93. 339 (1964). 



Studies on cyanide metabolism in Lotus arabicus L. and Lotus teds L. 241 

atom of asparagine is incorporated by an indirect route. One possibility which readily 
suggests itself is the deamination of asparagine to aspartic acid which, by subsequent con- 
version to fumaric acid, would randomize the label in the two carboxyl groups. Such a 
sequence would have to be reversible and need to occur during the course of feeding experi- 
ments lasting 24-40 hr. No experiments were performed to validate this assumption but 
radioactivity in aspartic acid was observed when some plants were given large amounts of 
H’%N. 

Finally, our studies support the recent observations of Butlefi that the distribution of 
lotaustralin is closely similar to linamarin, and that the latter is preferentially synthesized 
in species of several genera. These appear however to be marked varietal differences in 
the relative amounts of the two cyanogenic glucosides. For example, in L. teds Waldst. et 
Kit. ex Willd. from New Zealand the linamarin and lotaustralin occur in the ratio of 6 to 94, 
while in L. twtnuis L. (creeping bird’s foot trefoil) var. narrow leaf the ratio is 60 to 40. 

EXPERIMENTAL 

Seeds of Lotus arabicus L. were supplied by M. Villax, Rabat, Morocco. Seeds of Lotus 
tenuis L. (creeping bird’s foot trefoil) var. narrow leaf were purchased from F. F. Smith and 
Co. Sacramento, California. Etiolated seedlings which were utilized for administration of 
labeled compounds were grown as follows: the seeds were soaked overnight in tap water and 
spread on moist cheese-cloth mounted on inverted, perforated, plastic baskets. The baskets 
were placed in a beaker containing dilute mineral solution17 and the beaker was then placed 
in a light-proof box at 28”. Under these conditions uniform germination and growth occurred. 

The procedures for feeding uniformly labeled L-valine-l%! and L-isoleucine-r% (New 
England Nuclear Corporation), as well as the extraction, chromatographic isolation and 
identification of linamarin and lotaustralin have been previously outlined.13 The HCN 
released, following the hydrolysis of cyanogenic glucosides with linamarase, was estimated 
by the method of Aldridge. l8 Linamarase was purified approximately twenty-fold from 
linseed meal by the method of COO~.‘~ Quantitative determination of glucose released on 
paper chromatograms was made by Wilson’s method.20 

The H14CN was administered as follows: 23-day-old etiolated seedling tops weighing 
O.XI.75 g were placed in a 5 ml beaker containing 2 ml distilled water. This beaker and 
another one containing Na14CN (5 or 10 PC) in O-1 N NaOH were placed on the porcelain 
plate in a 25 1. desiccator. After addition of a slight excess of mineral acid to release the 
Hr4CN, the desiccator was immediately sealed and left for 24 hr. 

The asparagineJ4C was isolated from plants fed H14CN and L-valine-14C by passing 
the extraction solutions (80 % ethanol) through an ion exchange column (Dowex AG 50 Wx-8, 
20-50 mesh, H+ form). The amino acids were then eluted with O-4 M NH40H and purified 
chromatographically on paper with three different solvents : (a) butan-l-01 : acetic acid : water 
(12:3: 5, by vol.), (b) phenol: water (80:20, by vol.), (c) methanol:pyridine:water (160:40;8, 
by vol.) as solvents. A final purification was carried out by paper electrophoresis using 
pyridine: acetic acid: water (25: 1:225 by vol., pH 6~4).~l Purified asparagine-r% was 

17 L. JACOBSEN, R. OD, H. M. KING and R. HAND-, PIant Physiol. 25,629 (1950). 
18 W. N. ALDRIDGE, hlyst 69,262 (1944). 
19 I. E. Coon, N.Z... Sci. Ttihnol. 22B, 71 (1940). 
20 C. M. WUON, Anal. Gem. 31,1199 (1959). 
21 I. %ITH (Ed.), Chromatographic and Electrophoretic Techniques, Vol. I, Chromatography. Heinemann, 

Lodon (1960). 
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enzb matically hydrolyzed to aspartic acid- 14C with a Psemhmnas enzyme which exhibits 
asparagmase activity.‘, ?’ 

The distribution of carbon-14 in the asparagine-r4C and aspartic acid-lJC was deter- 
;nined by decarboxylation of the carboxyl groups of the two compounds with N-bromo- 
succinimide.23 The radioactivity in the amide-carbon atom was calculated by subtracting 
the activity in the carboxyl group of asparagine from the radioactivit? in both carboxy 
groups of the aspartic acid derived from the asparagine by the Psemlonmas enzyme. The 
‘JC02 liberated was collected in O-5 ml 1 M potassium hydroxide in the center well of Warburg 
.,-essels and determined by the method of BrayZJ in a Packard Liquid Scintillation Counter. 
S4odel3 14EX with a counting efficiency of45-55 per cent. Asparagine was estimated spectro- 
photometrically by ninhydrin” and manometrkally by 8Y-bromosuccinimide.23 

12 M. E. .4. RAMADAK. F. EL A~MAR and D. M. GREENIFJW, Arch. Bwchem. Bwphvr. 108. 143 ( 1964). 
-2 E. E. CHAP~LLE and J. M. LLXE, J. Bid. C/rem. 229, 171 11957). 
I” G. A. BRAY. .4tmI~v. Biochern. I. 279 (1960). 
If ‘% P. COLOUIC L; and N. 0. K WLW, .?kfeth. Dr:pnoL 3.468 (1957). 


