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AImtrad--The distribution of certain non-protein amino acida and other ni&drin-mactiog compou& 
in seed extracts of 120 Astrqgolrw @cci#, was dcterminal. No decisive chrmotaxonomic amclusionmmrgcd 
from the survey beyond those reached in earlier stud& concerned with selenium accun~uhtion by species 
of the genus. 

INTRODUCTION 

IN AN earlier study, Brown and Fowdenl showed that some Asrragalur species, in common 
with many other legumes, contained &cetylomithine. Brown’s2 detailed survey established 
that other non-protein amino acids and small peptides, such as canavanine, r_glutamylphenyl- 
alanine and y-glutamyltyrosine, also occurred in seed of Astragalus species. Now the 
pattern of distribution of these and other amino compounds within many more representative 
species of the complex As?rug&s genus has been studied to determine whether this group of 
compounds can provide the type of useful chemotaxonomic information already derived 
from similar distribution studies within the Lathynrr and Vi& genera (see Bell?. 

RESULTS AND DISCUSSION 

Extracts of seeds of about 120 Astragnlus species were examined by two-dimensional 
paper chromatography. Typical chromatograms showed the presence of several ninhydrin- 
positive spots superimposed upon the regular pattern given by unbound forms of the protein 
amino acids (see Fig. 1). The distribution of some of these additional amino compounds in 
certain Asrruguhs extracts are shown in Table 1. The table includes only species found in 
North America, and each species is assigned to the section of the genus as originally listed 
by Jones.4 Other species examined included North American representatives not listed by 
Jones, as well as species growing in Europe and Asia: many were obtained from Botanical 
Institutes in the U.S.S.R. 

An inspection of the table suggests that few distinctive differences of amino acid com- 
position exist between species. This conclusion is further emphasized by analysis of more 
than eighty other Asrruguh species not included in Table 1. Therefore the present amino 
acid survey adds little of critical taxonomic value to the conclusions reached previously by 
Rosenfeld and Beaths upon the basis of selenium accumulation by Astrugalm species, or by 
Ledingham’j using chromosome numbers. 

1 D. H. BROWN and L. FOWD~, Z’hyrochem. 5,881(1966). 
2 D. H. BROWN, Ph.D. Thesis, Univ. of London (1964). 
3 E.kBe~~,InC~~~u~Phyroclrr?mlstry(bdited byT.Swm),p. 195. AcadanicP=s,NmYork(l966). 
4 M. E. JONES, Revision of North American Specks of Astragahs, published by author. !&k Lake City (19a). 
5 I. Rw and 0. A. BEATH, &Mum: Geobotany, Bkxhemf.Wy, Toxicify and Nutrition. Academic 

Prcq New York (1964). 
6 G. F. IZDINCMAM, Rot. Cm. Sm. Cm. 3,lS (1958). 
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TABLE i. TttB DiSllUBUfION OF CERTAIN NON-PR- AMINO ACIDS AND 0lHF.R NINHYDRIN-REACTIVE 
COMPDUNDS IN SfZED OF .&r~dliS SPECIES 

Compound 

Species* 
-. -_ - 

I. Homalobi 
A. ten&s 

4. fnffati 
A. miser 
A. vuseyi 
A. vest&s 
A. crotaiariav 
A. macrodon 
‘4. dorcgasii 
A. allochrous 
A. oxyphysus 
A. ieuco~h.~i~u.~ 
A. leacoos& 
A. kn&inosus 

6. Afaini 
A.abori&um 

A. col&nus 
8. Podo-sclerocarpi 

A. pachypus 
.4. pectittafus 

9. Preusw 
A. prea.& 
A. sabidosus 
A. pattersoni 

11. Uliginosi 
A. canademis 

12. Hypoglottides 
A. nitidus 

16. Strigulosi 
A. rubyi 

17. Flexuosi 
A. ~exuosus 

20. Molfissrmi 
A. nloI~issiinas 
A. giganteus 

7 I. Sarcoclrp1 
A. crassicurpas 
A. mexicanus 

23. Bisulcati 
A. haydentanus 
A. his&u&s 
A. dihoJcc0.v 

24. Galegiformis 
A. racrmosus 

25. Lonchocarpi 
A. ostwboati 

26. Hamosi 
A. ffrkmicus 

27. Leptocarpi 
A. nurta&mus 

29. Didymoczwpi 
A. bra:oetrsis 
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Phrnoi-NH3 

KCY to spots: 1, aapartic acid; 2, glutamic acid; 3, wine; 4, glyciw; 5, aspmqiue; 6, glutamine; 
7, tluwuk; 8, alanine; 9, hydroxyprolinc; 10, proline; 11, ty&nc; 12, valk; 13, phonylalank; 
14, kuciua; A, ~~utamyltyraaiw; C, y-glutamyl-~-methykystcine sulphoxido; D, yhydroxy- 
nordin@; E, y-gh~tamylpht~~lalank; H, Ghydroxynorvaline; L, ct&oadipic acid; M, 
homoaeriuc; N, S-mcthykysteinesulphoxidc; 0, &a&ylomithinc; P, cthanolamiue; Q, ~ghitamyi- 

S-mathykyatek; R, &ncthykystcine; U, y-aminobutyric acid; V, wwaninc. B, P, G, I, J, K, 
and T represent unidentified ninhydrin-positive spots cucountewl fkquently in Astregahs species. 

The main differences we found involved certain sulplmruWaining compounds. S- 
Methylcysteine (isolated earlier from A. bi.ru2cafu.r~ and y-glutamyl-S-methykysteine were 
absent from most species, but were invariably present in relativery high concentrations in 
species known to be sehmium accumulators. (The corresponding selenoamino acids am 
not separated from the sulphurcontaining compounds by normal paper chromatographic 
procedures.) In addition, S-methylcysteine sulphoxide and r-glutamyl-.S-methylcysteine 
sulphoxide (at position C in Fig. 1) were frequently present in the accumulator species: a 
ninhydrin-positive substance occurring at position C in other species was chemically distinct 
from the y-glutamyl peptide. Species characterized by high concentrations of these sulphur 
amino acids in their seeds usually contained little or no canavanine, in contrast with most 
other species where canavanine represented the major component of the soluble-nitrogen 
fraction of the seeds. Among the species we have examined, high sulphur amino acid-low 
canavanine-containing species are confined to the sections Podo-sclervi, Preussii, 
Bisulcati, Galegiforrnes and Lonchocarpi. The single exception is A. crotakwiae, which 
Jones’ included among the Inflati, a section otherwise containing only species having high 

7 S. E Tziw.w, A. A. Dr Sohfw and A. L. JA~x& Scfcnu 132,618 (1960). 

Footnow to Table 1 

+ Spccics arc arranged in the sections to which they WCIC u by JO~ICS.’ 
Key to cancwtratioas as judged by nkthydriu maction: S, droug; M, moderate; W, weak; T, traa 

compouent; 0, not deta?ted. 

: ~&~~‘&t the s~bstax~~ formed the major constituent of the seed’s free amino acid pool. 
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canavanine-negative L&substituted cysteine derivatives. On the basis of selenium accumula- 
tion, Roscnfeld and Beaths later transferred A. crofaluriue to the section Preussii which 
contains several other accumulator species; our analyses do not contradict this assignment. 

Canavanine occurs widely in the sub-family Papilionoideae.* and without further 
evidence it would be unwise to conclude that particular Asfrugalus species completely lack 
the enzyme complement necessary for its biosynthesis. The reciprocal relationship en- 
countered between S-substituted amino acid-canavanine concentrations may have a 
nutritional basis. When plants accumulate high concentrations of sulphur~selenium. much 
of the seeds’ available soluble-nitrogen will be required for the synthesis of the sulphur 
amino acids, leaving little nitrogen for the formation of nitrogen-rich canavanine molecules. 
In non-accumulator plants. the canavanine biosynthetic enzymes will not be subject to 
similar competition for available nitrogen. Occasionally the inverse concentration relation- 
ship did not hold and species lacking both detectable canavonine and substituted cysteines 
were encountered, e.g. A. mollissimus and A. aborigimtm. 

A spot coincident with ~-acetyIornithine was present in all species listed in the Table except 
the two having the highest observed concentrations of S-methylcysteine and particularly 
y-glutamyl-S-methylcysteine. i.e. A. racemosus and A. bisulcatus. Frequently, this spot was 
among the strongest observed on chromatograms from individual seed extracts. Although 
Brown and Fowdent established that ~-acetylornithine occurs in seed of certain Astragalus 
species. the amino acid present in this position has not been established with certainty as 
Gacetylornithine except in a few species of those now examined. Other naturally occurring 
amino acids such as O-acetylhomoserine and y-acetyl-a,ydiaminobutyric acid arc known 
to co-chromatograph with ~-acetylornithine in the phenol-butanol-acetate acid solvent 
combination used for our two-dimensional chromatograms. Now, we have established that 
some species, i.e. A. mollissimus and A. alopecuroides. contain an additional amino compound 
that runs exactly with S-acetylornithine. This latter substance (Spot T. Fig. 1) could be 
separated from ~-acetyIornithine on paper chromatograms developed in a pyridine~thyl 
acetate solvent, and it was shown to be acid-labile yielding homoserine as the sole ninhydrin- 
reactive hydrolysis product : however T was not identical with O-acetylhomoserine because 
the two substances could be separated chromatographicalfy in the pyridine-ethyl acetate 
solvent. Spot B, which generally formed a minor constituent of the .WrugahcF extracts. also 
yielded homoserine after acid hydrolysis. The isolation of larger quantities for chemical 
identification of substances T and B awaits an adequate supply of seed of an appropriate 
species. Two further hydroxyamino acids, y- and bhydroxynorvnlines. formed minor 
components of most seed extracts. Previous isolations of these substances also have been 
from legume seeds, e.g. 8-hydroxynorvaline from soybean9 and y-hydroxynorvaline from 
Lathyrus odoratus.‘o 

METHODS 

Pulverized seed material was extracted by shaking wtth 70”; ethanol for several days at 25’. The free 
ammo acid fraction was separated from each extract using small canon-exchange resm columns (as Dunnill 
and Fowdentt), and an ahquot representing @2 g seed maternal was apphed to two-dtmensional chromate_ 
grams. These were developed first rn ?SO,/, (w/w) phenol-NH1. followed by butan-l-ol-acetrc acid-water 
(90: 10:29, by vol.). Amino compounds were revealed using O-S “,, nmh>drin m ethanol as a chromogenic 
reagent. 

8 B. L. TURNER and J. B. HAKBORNE. PhJVorlrem. 6,863 (1967). 
q J. F. THOhlP!SOF;. C. J. MORHIS and C. E. HUNT, 1. Bid Chem. 239. f 122 (1964). 

10 L. FOWDEN, Narure 2g9,807 (19663. 
f 1 P. M. DUJWILL and L. FOWDEN. Phyrochem. 4,933 (1965). 
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For purposes of idmtifkation, small quantities of material were eluted kin appropriate arsas of duoma- 
tograms and were co-chr~tographcd with authentic compounds on chromatogcams developed in the 
above two solvent ayskms, and in pyridinc-ctbyl a&&e-water (1:2:2 by vol.) and rcrtglllrl alcohol- 
acetic acid-water (10: 1: 10 by vol.). Acid hydrolyses were performed by heating the eluted materials with 
6 N-HCI at loo” for 18 hr. 
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