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L. K. Simola.: Amino aci<l pools of three Lathyrus species 

Abstract 

The amiuo acid pools of different organs of Lathyrus niger, L. maritinms and L. syl­
vestris, have been sturlied at four de,·elopmental stages. The occurrence of r a re non­
protein arnino acids is the most characteristic feature of each species. They all contain 
pipecolic acid but in L. maritimus it is present in high concentrations and this species 
also synthesizes 5-hydroxypipecolic acid. L. maritimus contains abundant y-methylglutam­
ic acid, which was not found in the other two species . Homoserine and a, y-diamino­
butyric acid are characteristic of L. S)'l!•estris. Homoarginine occurs only in traces in 
L. maritimtts,despite the fact that it is the precursor of lathyrine, a compound which is 
prominent in all the organs of this species. Lathyrine accumulates in the wintering organs 
of L. niger. Using radioactiYe homoarginine as tracer, it could be demonstrated that it 
was effectively catabolized in the leayes of L. niger but sen·ed as a precursor of lathyrine 
in the fruits. The seedlings of L. sylvestris, which do not contain homoarginine, catabol­
ized it only s lightly. This species has lost the ability to form lathyrine and homoarginine 
and was unable to catabolize lathyrine. Lathyrine was catabolized in young seedlings of 
L. niger except in the white underground part of the stem. Some e\·olutionary relation­
ships deduced from the metabolism of homoarginine, lathyrine, homo erine, a, y-diamino­
butyric acid, pipecolic acid and y-methylglutamic acid a re discussed. 

I. lntroduction 

About thirty years after the establishment of nitrogen as an element the 

first amino acid was isolated. In the year 1 06, \"AGQGELIX & ROBIQUET suc­

ceeded in crystallizing a nitrogen-containing substance from the juice of Aspara­

gus sativus. This compound was later named asparagine after the plant in 

which it was discovered. After this, some further amino acids were isolated 

from animal material but half a century passed before any other amino ac.ids 

were found in the plant kingdom. Then aspartic and glutamic acids were iso­

lated from Iegumin and wheat gluten (RrTTHAt:SEX 1 66, 1 6 , 1869) . 

Towards the end of the nineteenth century several of the other known amino 

ac.ids in plants were detected in legumes. In addition some new amino acids not 

previously found in other organisms \Yere first isolated from plants, for example, 
glutamine from cucumber (SCHULZE & BARBIER! 1 -7), and phenylalanine and 

arginine from Lupinus (SCHULZE & B.-~RBIERI 1 1 and ClfC'LZE & TEIGER 

1886, 1887) . . Many amino acids earlier isolated from animal organisms were also 

found in plants, e. g. leucine, tyrosine, histidine, Iysine, Yaline, isoleuc.ine, ala­

nine, cystine and proline in etiolated seedlings of Vicia andfor Lupinus (GORYP­

BESA:\TEZ 187!1; SCHULZE & BARBIER! 1 1, 1 3; CHULZE 1 93, 1 99; 

SCHULZE & WmTERSTEI:\T" 1905 and WrxTERSTEIX & P.-L'."TA.'\'ELLI 1905). 

Before the Second \Yorld \Var ome non-protein amino acids were found. 

Of those typical of some leguminous spec.ies, trigonelline (]AHXS 1 5, 1 7), 

3,4-dihydroxyphenylalanine (GuGGEX1ffini 1913 and TORQ ·ATI 1913 a and b), 

cana,·anine (KrTAGAWA & Tü)fiYA)1.A 1929), abrine (GHATAK c· KAUL 1932), 

djenkolic acid (VAN VEE:\T & HY)1:\:-\ '1935), mimosine (REXZ 1936 and )[A CRE 
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1937) and willardine (RExz 1936) desen·e mention . Also from the seeds of Lath)'­
rus sativus two fractions were isolated (DILLIXG 1920) and a substance crystal­
lized (ALTOX & CHOPRA 1922) \Yhich caused neurological symptoms in experi­
mental animals similar to those long knO\Yn tobe caused by seeds of some Lathy­
rus species when used as food (HIPPOCRATES cit . SELEY 1957). 

The rapid development of analytical methods in biochemistry after the 
Second World War provided entirely new possibilities for analysing the chemi­
cal constituents of plants and clarifying their metabolism. The most important 
new techniques were the use of rad ioisotopes to indicate biosynthetic pathways, 
ch romatography to determine the metabolites produced and new preparation 
and purification methods for enzymes. This also made it possible to identify 
the compounds causing the symptoms of the group of diseases known as lathy­
rism. As by-products of these mostly medically orientated studies many new 
amino acids and peptides have been isolated from species of the genera Lathy rus 
and Vicia . The occurrence of these compounds has even been used to aid in 
clarifying the relationships between these species (BELL 1962 b , 196!1 c, 1965; 
BELL & F OWDE:\' 1964; BELL & TIRB!A::-..-xA 1965 and TSCHIERSCH & H ANELT 
1967). Little is known about the physiological significance and occurrence of 
these rare amino acids in the different parts of the plants. F ew comprehensive 
studies have been made on the amino acid pools of plant s and many investiga­
tors have been content with the mere isolation of a new compound (cf. STEWARD 
& D URZA..'< 1965) . The present work is intended as a basic study of comparative 
physiology and chemical eYolution in the genus Lathyrus. 

The aim of the study has been to compare the amino acid pools of chemically 
and morphologically different species of Lathyrus (L. niger, L. maritimus and 
L. sylvestris) belonging to different subgroups (TAUBERT 1891 and AscHERSO:-< 
& GRAEBNER 1906-1910). The following points have been studied: 1. the dif­
ferences in the constituents of the amino acid pools of each species in different 
parts of the plant during deYelopment; 2. the changes in the amino acid pools 
occurring "ithin each species in different stages of development (seedlings, 
budding, flowering and fruiting plants); 3 . comparison between corresponding 
parts of these three plants; and 4. a study of the reason for the differences in 
the amino acid composition bet\\·een and within the species. 

II. Pre iou studies concerning the amino acid 
pool in t he tribe Vicieae 

In the family Papilionaceae the genus Laihyrus belongs to the tribe Vicieae, 
which consists of five genera: Vicia, Laihyrus, Pisum, Cicer and Lens. Allthese 
genera include economically important species and consequently a great deal 
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rs known about the chemical constituents of these plants. Since the Papilio­
naceae family is one of the largest angiosperm families, I shall restriet this 
review mainly to the literatme concerning the non-protein amino acid 111 

the tribe Vicieae . 

A. Lathyrogenic compounds 

Studies on the amino acid constitnents of species of the gentb Lathyrus receh·ed a 
strong impetus when a peptide, ß-(y-glu t amyl)aminopropionitrile, was isolated from the 
seeds of Lathyrus odoratus and L. pusillus (Dt.'PU'\' & LEE 195.J, 1956; ~[cKAY et al. 195.J 

and Scmr.LI:\!'C & STRO:->C 1954, 1955) and shown to be the compound that caused the 
skelet a l deforruat ions in experimental animals known as osteolathyrism. T his compoun d 
has la te r been detected in the seeds of L. hirsutus and L. tuberosus also (BELL 196.J c 
and P RZYBYLS KA & R Y~IO\\'ICZ 1965) and in the seedlings of L. syi<·estris and L. odoratus 

(RESSLER 1964). ~either this so-called Latllyrus factor nor its precursor ß-aminopropio­
nitrile was fou nd in the seeds of the economically important L. safit•us (STROXG 1956 
and GANAPATHY et a J. 1958). 

Another disease , caused by som e compounds isolated later (a.;•-diaminobut y ric acid, 
a-amino-ß-ox.aly laminopropionic acid , ß-cyano-L-alanine, y-glutamyl-ß-cyano-L-alanine) 
which occur in severa l Lathyrus and r·icia species (REssLER et a l. 196 1; ADIG .\ et al. 
1962, 1963; RESSLER 1962, 196.J ; ~[t:RTI et al. 196.J ; RAO et al. 196.J and TSCHIERSCI! & 
HA).IELT 196 7), is named neurolathyrism (cf. SELE'\' 1957). In the light of these studies 

the reason fo r the somewhat contradictor y pre\'ious results (cf. AXDERSOX et a l. 192.J -
1925; STOCK~fAX 1929; ZAGAMI 1931; GEICER et aJ. 1933 and ~[CC.\RRISOX & KRISIIXAX 
1934) was understood to be due to the fact that seeds of diffe rent Lathyrus species do 
not all cont ain la thyrogenic compOtmds and a lso tha t some experimental animals a re 

more tolerant to these substances than others. 
a,y-Diaminobutyric acid was first isolated from hydrolysates of some antibiotics oi 

the polymyxin group (CATCH & ] 0:\!'ES 19.J8, CATCHet al. 19-19 and H ,\t:S~L\XX & CR.\IG 
1954) . This compound occurs in three r ela ted Lathyrus species in e\·ery part of the plant: 
L. sylvestris, L. latifolius and L. heterophyllus (cf. a lso PRZ'\'B\'LSK.\ &R Y~IO\\'ICZ 1965 

and SDIOLA 1966). BELL ( 1962 b, 1964 c) has reported that seeds of tweh·e species 
of Lathyrus conta in this subst a nce, but other studies do not confirm his results. This 

compound is a lso characteristic of some liliaceous pecies (FowDEX _,· BRYAXT 1958 , 
1959) . Aspart ic-ß-semialdehyde and ß-cyanoalanine are alternati\'e p recursors of a,y­
diaminobutyric acid (cf. FO\\'DEX 1965). 

The a- and y-oxaly l derivath·es of a,y-diaminobutyric acid ha\·e been detected in 
the seeds of t en European Latllyrus species (e.g. L. sylt•esfris) betonging mainly to the 

Eula thyrus section (BELl. 196.J b; BELL & O'DOXO\'AX 1966 and PRZ\'BYLSK.-\ & RY~IO· 
wrcz 1965). The toxicity of these compounds is unknown. PRZ\' B\'LSK.\ & Rv~JO\\'ICZ 

(op.cit.) found a-amino-y-oxalylaminobutyric acid in the roots but not in the seeds of 
L. tuberosus and they were uuable to detect a-oxalylamino-y-aminobutyric acid in this 
species. 

a,ß-Diaminopropiouic ac id has not been found in the free state in Lalhyrus species, 

but its neurotoxic ß-oxaly l derivati\'e has been isolated from the seeds of Lalhyrus sati­

vus (ADICA et a l. 1962, 1963; ~[CRTI et al. 196.J and R.\0 et al. 196.J). This compound has 
a lso been detected in the seeds of twenty other species of this genus (BELL 196.J b and 
BELL & O' DOXO\'AX 1966) . ~Iost of these species belong to the subgroups Eulathyrus, 



ACTA BOTAXICA FE~~ICA 81 7 

Clymenum an cl Ciccrcu/a. Some of the results, however, are somewh at contraclictory. 
a-Amino-ß-oxaly laminopropionic acicl occurs in small quantities in L. sylvestris but 

in rather !arge amounts , especially in the roots ancl mature seecls, in species of the section 
Clymenwn (PRZYD >"LSK.\ & R DfOWICZ 1965). J:ts concentra tion a lso increases cluring 
the germination of L. sativus (::'I (ALATHl et a l. 1967) . The precursorof a-amiuo-ß-oxalylami­
nopropionic acicl, a ,ß-cliaminopropiouic acicl, has been founcl in hyclrolysates of v iomycin , 

an autib iotic synthesized by some Streptomyces (HASKELL et a l. 1952) . This amino acicl 
also occurs in the free state in seeds of .1/ imosa palmeri (GMELIX et a l. 1959) . 

ß-Cyano-L-alanine is especially characteristic of the genus l "icia, occurring in the 
su bgroups l"icia and A tossa, but it is also present in smaller quantiti es in the seecls of 
seven Lathyrus species (e.g. L. sylvestris and L. latijo/iu s) , either in free form or bouncl as 

a y-glutam y! peptide (RESSLER 1962 , 1964; RESSLER et al. 1963 aucl TSCHIERSCII &HA­
)[ELT 1967). These two compounds also occur insmall quantities in many food and forage 
plants such as lentils, soyabean , lima bean and alfalfa . T hey haye not been found in 
subsequent investigations ou Lathyrus species (BELL 1964 c, 1965 and PRZYDYLSKA & 

RYMOWICZ 1965). ß -Cyanoalanine has beeu suggested (REsSLER et al. 1963 and RESSLER 
1964) t o be the biosynthetic intermediate in a newly recoguized pathway for the b io­

synthesis of asparagine from cyanicle in plants. Serine or phosphoserine h as b een assumed 
to be the acceptor of cyana te ancl ß-cyanoalanine is formecl in the reaction . This com-

CN 

CH2 

I 
CH ·NH2 

I 
COOH 

ß -Cyano-
alanine 

CK 

I 
CH2 

I 
CH 2·NH2 

ß -Amino­
propio­
nitrile 

CH2·XI-f2 

I 
CH2 

I 
CH- XH2 

I 
COOH 

a ,y-Diamiuo-
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XH2 

/ 
0-XH-C 

I ~ 
(CH2h XH 

I 
CH·XH2 

I 
COOH 
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I I 
CH2 H3C-CH 
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CH ·KH2 CH2 I I 
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I 
H 

COOH 
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FIG . 1. Structural formulae of some amino acicls characteristic of Lathyrus and liicia 
species. 
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pound is considered to be a labile metabolite with a high turnover rate (POWDEX et al. 

1964). It is almost exclusively con\'erted into either a y-glutamyl peptide or asparagine, 

depending on the species concerned. Lathyrus odaratus illustrates a m arked synthesis of 

asparagirre (PO\\"DE)I 1965) . The binding of cyanide in amino acids proddes a way of 

eliminating the highly toxic free cyanide and a new method for the fixation of inorganic 

nitrogen, which is not limited to the leguminous species (BLl.:MEXTHAL - Gor.os:-.uDT 
et al. 1963 and TscHIERSCH 1964 a and b) . Howe\·er , it is uncertain whether this pathwa~· 

has any physiological significance in na tura l conditions. 

B. Non-lathyrogenic compound 

As a result of researches centred around lathyrism, se\·eral new amino acids which 

are not la thyrogenic have been discovered in the genus Latl1yrtts (ci. Pig. 1). They a re 

lathyrine, homoarginine, y-hydroxyhomoarginine, and y -hydroxynon·aline (BELL 1961, 
1962 c, 1963 a, 1964 a; BELL & PosTER 1962 and FownEx 1966). Only the last-named 

compound, which up to now has been detected within the genus Lathyrus only in the 

seeds of L. odaratus (POWDEN 1966), occurs outside the genus Lathyrus. It is a common 

constituent of seeds among species of the genus Astragalus (D"L':'iXILL & PO\\"DF.X 1967). 
Lathyrine has been isolated from the seeds of L. tingitarws (BELL 1961; BELL & Pos­

TER 1962 and NOWACKI & PRZYBYLSKA 1961) . This compound has also beeu called tingi­

tanine (NOWACKI & PRZYBYLSKA op.cit.). Lathyrine has been found in the seeds of 13 
out of the 50 European Lathyrus species studied (BELL & POWDEX 196-1). It also occurs in 

the seeds or leaves of most of the endemic North and South American species studied 

(SIMOLA 1966). This compound is found only in the fruits or underground parts in 

most of the European species synthesizing it (cf. PRZYBYI.SK ,\ & RYMOWICZ 1965 and 

SIMOLA 1966). Only in L. -maritinms, L. tingitanus and L. sphaericus has this amino acid 

a wider occurrence. 
Homoarginine is characteri~tic of the genus LatAyrus. It has been found in the free 

state in the seeds of most European Latllyrus species studied (BELL 1962 a and b and 

R.-1.0 et al. 1963). According to the work of PRZYBYLSKA and RY~O\YICZ (1965), this 

compound is absent from the vegetath·e parts of plants and is later synthesized in the 

seeds of representatives of most subgroups. Homoarginine was not found in species of 

the EulatAyrus section except L. tingitanus. Lysine is apparently an intermediate in the 

synthesis of homoarginine and lathyrine in L. tingitanus (XowACKI & KoW.-\CKA 1963) . 

Owing to the long duration of their experiment, there may also have been some secondary 

labelling. It has also been established that in this plant the synthesis of lathyrine is re­

stricted to the roots (BELL & PRZYBYI.SK.-\ 1965) and homoarginine is only hydroxy­

lated in the seeds (BELL 1964 a). 
Homoarginine inhibits the growth of some microorganisms, but its effect is competi­

tively reversed by arginine (VOLC.-\..'1 & S:-."ELL 19-18; WALKER 1955 band BOLLARD 1966). 
Homoarginine and lathyrine promote pollen tube growth in Lathy-rus nige-r, a species 

which n aturally contains these amino acids. In most of the other T"icieae species studied 

they had, if anything, a very slight inhibitory effect (Snmu. 1967). It is concluded that 

non-protein amino acid might influence hybridization between species. 

y-Hydroxyhomoarginine has been found in nature in the seeds of four Lathyrus spe­

cies (e.g. L. aphaca, L. tingitam:s). The occurrence of this compound is limited to this 

part of the plant (BELL 1963 b, 196-1 a and PRZYBYI.SKA & RYMO\YICZ 1965). 
It has also recently been shown that the seeds of L. maritimus and L. aphaca contain 

y-methylglutamic acid (PRZYBYI.SKA & STROXG 1968). This amino acid was first found 
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in the lea\·es of a fern, Phyllitis scolopend1·ium (\"rRTA~~;x & BERG 1955). This and some 
other rel at ed compounds a lso occur in se\·e ra l liliaceous species and in Polygala vulgaris 
(Polygalaceae) (Z,\ CIIAR!US et al. 195-l; \\"ICKSOX & TOWERS 1956; FO\\"DEX & STE\1".-\RD 

1957 a and b and jiR..\cEK et al. 1962). y-::\fethyleneglutamic acid and y-methylenegluta­
mine are a lso known to occur in grou ndnut plants, peas and bean seedlings (Do>.IO: & 

FOWDEX 1952 and HYDE 1951 ) . 

C. Chemotaxonomy in the genu s L athyrus 

The Eurasiatic species of Lathyrus have been classified in t ofive groups on the hasis 
of the uncommon amino acids occurring in the seeds (BELL 1962 b , 1964 c, 1965 and 
BELL & FO\\"DEX 196-l) . 

1. Species containing a,y-diaminobntyric acid, a-amino-ß-oxa ly laminopropionic acid, 

a-oxalylamino-y-aminobntyric acid and a-amino-y-oxalylaminobutyric acid (e.g. 
L. sylvestris, L. latijolius). 

2. Species containing homoarginin e and a-amino-ß-oxalylaminopropionic acid (e.g. 
L. och1'us and L. sativus) . 

3. Species containing h omoarginine, lathyrine and som e unidentifi ed compounds 
(e.g. L. maritimus and L. 11iger). 

4. Species containing abundant homoarginine and an unidentified n eutra l compound 

a lso present in group 3 (e .g. L. ver11us and L. montanus). 
5. Species containiug homoargi nine and or ß-(y-glutamyl)aminopropionitrile (e.g. 

L. odoratus and L . hirsutus). 
This classification is based on analyses of the amino acid pool of only oue part of a 

plant and is not linked up with the morphology and cytology of the genus and some 
tnistakes appear to have been m ade in the identification of the seed samples (cf. also 
BR Ul.,.-SBERG 1965). 

There are also some comparative studies on the varia tion of the amino acid pool 
in different Lathyrus species (PRZYBYLSKA & Rv~JO\YICZ 1965 and SDIOLA 1966). The 

occurrence of a ,r-d iaminobutyric acid, a-amino-ß-oxalylaminopropionic acid and 
a-amino-y-oxalylaminobutyric acid is ruainly confined to some species of the subgroup Eu­
lathyrus , the occurrence of lathyrine to the subgroups Aphaca, 01'obastrum and Orobus. The 
occurrence of lathyrine in Lathyrus species is apparently a very primitive feature, because 
morphologically very dissimilar endemic species of Korth and South America contain 
this amino acid (cf . SrMOLA 1966, 1968) . The applicability of morphological taxonomy 
in the genus Lathyrus to phylogenetic considerations has up to now been very limited , 

owing to the frequent tendency to overrate certain characteristics of the flowers. Because 
the classifica tion of ASCHERSOX & GR..-\.EBXER (1906-1910) has been used in many 
floras and in chemotaxonomic studies (PECKET 1959, 1960, BRt:NSBERG 1965 and PRZY­
B\'LSK.\ & RniO\\"TCZ 1965) r eference is made to these subgroups in the present study. 

D . Chemotaxonomy in the genus Vicia 

A chemotaxonomic classification h as also been made for the E urasiau species of l "iria 

(BELL & TffiDIAXXA 1965 and TSCHIERSCH & HA ... "ELT 1967) . From this it emerges that 
species containing canayanine are also morphologically primitive. They therefore sbow 

the hasis of morphological and chemical evolution within the genus and tllf• tribe Vicieae. 
Vicia is the only genus in this tribe that contains thi amino acid , although it is common 
in many other genera of the family Papilionaceae (KITAGA \\"A & To~HYA~I.-\ 1929; 
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ACKER~IA:-lX & APPEL 1939; F E.IROX & BELL 1955; BELL 1958, 1960; TSCHIERSCH 1959, 

1961 ; BmDSOXG et al. 1960 and T L'R.'iER & H .\RBOR)."E 196 7) . The species not containing 

any rare non-protein amino acids are morphologically highly e1·oh·ed (TSCHIERSCI! & 

H .\2'/ ELT 1967) and the conunonest crop plants of the genus are members of this group. 

The abi lity to synthesize canaYanine is a primiti\·e feature wi thin the Papilionaceae but 

a highly evolved charact eristic in Legnminosales (cf. TSCI!IERSCH & H AXEI.T 1967 and 

Tl'R:-IER & H .IRBORXE 1967) . 

Can avanine can inhibit the growth of se1·era l microorganisms (H ORO\\'!TZ & SRB 

19-!8; \V.\LKER 1955 a and \\'r.1~m et al. 1962) as well as plant organs (BOXXER 19-! 9; 

STEWARD, POLLARD, PATCIIETT & \nn:OP 1958 and S.I~!BORSK.I & FORSYTH 1960) , and 

e\'en the pollen tube growth of some representati\·es of the tri be l'icieae (SD!OLA 1967). 

apparently by serving as an antimet abolite o f arginine. Cana1·anine in some concent­

rations is known to stimulate pollen tube growth in l'icia 1mijuga, in which this amino 

ac icl occn rs naturally. 

Severa l other r ar e amino acicls ha\'e been detected in the seeds of some l 'icia species. 

y-Hyclroxyornithine h as apparently been found only in the seecls of l'icia salit•a {BELL & 

TrRnL\:-1:--IA 1964). bnt y-hydroxyarginine has been det ected not only in m any species 

of Vicia (BELL & TIRDIAXXA 1963 a ancl b, 196-t , 1965 and TSCHlERSCH & HAXELT 1967) 

but also in some invertebrat es, Polycheira rufesans an d Anlhophopieura japonica (Ft:J ITA 

1959 a11d CILIKISL'~!A 1961, cit. CIIEISTER 1 965). 

The n a tural occurrence o f ß-cyanoalanine and its y-glutamyl peptide is a lmost exclu­

sh ·ely confined t o the seeds o f the subgroup l ' icia (TSCHIERSCH & HAXELT 1967). Accorcl­

ing to some older reports (Gt:GGEXHED! 1913 an cl TORQl'ATI 1913 a and b) l 'icia faba 

contains 3,-1-dihydroxyphenylalanine. This compound was also detected in the seecls of 

:H ttw11a (::\IILLER 1920 ancl DA ~!ODARAX & R.U!.\S\\'.UIY 193 7) . 

a-Aminoacl ipic acid has been found in some l'icia ancl Pisum species. This compound 

is fairly widespread in lugher ancl lower plants (BLASS & CIL\CHEBOEl'F 19-16; BERG et al. 

1954; HATfu.'<AKA & YIRT.\XEX 1 962; LA \\'REXCE & GR.\XT 1963 ancl B EXT & :\fORTOX 

1964). U is a constituent of corn protein, a precursor of Iys ine in some fungi (\\'rxDSOR 

1951 and ROTHSTEIX 1965) and a precursor of pipecolic acid in .tl cacia ancl A spergillus 

(FO\\'DE:--1 1960 and ASPEX & MEISTER 1962) . 

E. Compounds common to the genera Lathy ru s, Vicia and Pisum 

Two of the b iosynthetic p a thways concerning the metabolism of rar e amino acicls a re 

common to the genera Latllyrus, !'icia ancl Pisum . They are the abilit ies to synthesize 

homoserine and pipecolic acid (:\foRRisox 1952; YIRTA)."EX et a.l. 1953; :\IIETTIXEX 1955; 

PRZYBYLSKA 1963, 1964; P RZ\'BYLSKA & Rn!O\\l:CZ 1965 ancl BELL & TIRH!.\XXA 1965). 

The other two genera of this tribe, L ens and Cicer, do not contain these amino acicls 

(PRZYBYLSKA & NOWACKI 196 1} as far as is known. However, t hese two compounds a re 

a lso fai rly common in the amino acid pools of representatiYe of other genera. 

L-Homoserine was first fonncl in the free state in the roots of Trifolium prateuse (HexT 

195 1} and in seecl lings and fruits of Pisum sal ivum (:\f.rETTL'iEX et a.l. 1953 ; \'rRTAXEX 

et al. 1953 and HYDE 195-l}. lt also occurs in Pis um as the corresponcling Iactone (:\!IET­

TIXE:--1 et a.l. 1953) and as 0-acetylhomoserine (GROBBELAAR & STEWARD 1958). In some 

Lalhyrus species an 0-oxalyl derh·atiYe of this compound is found (PRZ\'B\'LSKA & R \'­

:\10 \\'ICZ 1965). Homoserine is one of the main components in the b1eeding sap of P isum 

{BREX~AX et a1. 1964; PATE & \\-.\LLACE 196-t and W ALLACE -PATE 1965). 
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H omoserine is synthesizecl in eyery part, except the m ature seeds, of most European 

Lathyrus species (PRZ\"BYLSKA 1963, 1 96~ and PRZYBYLSKA & R\'~10\\"ICZ 1965). The occur­

rence of 0-oxalylhomoserine is more sporadic. These compounds were not detected in 

the subgronps Nisso/ia, Aphaca a nd 0Yobastrum . H omoserine has been cletected chro­

matographically in taxonomically di irnilar genera (e.g. Trifolium, A straga./us , A cacia , 

.1/alu .<, Peperomia, Coleus, Z ea, Taxu s and ..i spleuium) (BERGet a l. 1954 and Dt::":"!LL & 

F 0\\'JH::-.; I 96 7). 

The synthesis of homoserine has been studied in microorganisms and in Pisum sati­

v w ll . C lutamate, ß-asparty l phosphate and y-arninobutyra te can serve as precursors of 

thi s compound, which is an intermed iate in the m et abolism of threonine, m ethionine 

and isoleueine (TEA S et a l. 19-18; TEAS 1950; BL.\C K & \\'RIGHT 1953, 1955; CüliE:" et a l. 

195.J; :\rs~IAX et al. 195.J ; \\'OR K 1955; S.\S.\OK.\ 1958; SASAOKA & I xAGAKI 1960 ancl 

DATTA&GEST 1965). 

Pipecolic ac id occurs in the free stat e in the antino acid pools o f seyeral plants. lt has 

been found in many legurninous genera (e.g. Pisum, !'icia, Lathytus , Pha seolus, Trifo­

liu m ancl L upinus) as weil as in some other cl icot ylenous (e.g. 11Jalus, Solanum, u'rtica 

ancl J'acci11ium) ancl monocotyleclonous genera (Hordeum ancl .'\Iusa) ancl some ferns , 

mosses and fnngi ( Ht:L~IE & ARTHI:"GTO:" 1950; )fORRISOX 1952, 1953; ZACHARIUS et a l. 

1952; )f!ETTI:"EX et a l. 1953; GROBBELAAR & STE\\'ARD 195.J ; HY DE 1954; l\fCK EE et al. 

1955; PLES!IKO\' & FO\\'DE:" 1959; FREIBERG & STF.\\'ARD 1960 a nd STE\\'ARD et al. 1960). 

The tra nsformation of Iysine to pipecolic acid has been demonstrated in fun gi (SCII\\'EET 

et aJ. 195.J ancl ASP EX & :\fEISTER 1962) ancl in seyera l legumes, e .g. Pisum a nd A cacia 

(LO\\.Y 1953; GROBBEL.\ .\ R & STE\\'.\RD 195·1; )fEISTER et a l. 1957; FOWD E:" 1960 and 

HY!.I X 196.J ) . 

F. Compounds found especially in the genus Pisum 

T here is much information on the chernical constituents of Piswn, because speci es 

of t hi s genus a re genera ll y used in physiological and b iochemica l experiments . Several 

aspects of the amino acid metabolism of Pistoll sativum haYe a lso been studied, such as 

changes in the a mino acid pool during gerntination of seeds a ncl deYelopment of pods, 

amino acic\ upta ke by roots a nd tra nsport of nitrogen compounds (BERG et al. 1954; 

::lfCK EE et al. 1955; \ 'ALLE & \'IRTA:"EX 1960; LAWREXCE & GRAXT 1963; BRE:":"AX 

et a l. 196·1 and P.\TE & WAUACE 196.J ). Here , it will be enough to r efer briefly to the 

rare antino acids founc\ within the tribe !'icieae only in the genus Pisum and a lso in ge­

nera of other tribes. Some physiologically or biochemically interesting results a re also 

mentioned. 

a- :\minobuty ric acid h as been detectecl in the free st at e and as a peptide in Pisum 

(CIIR!ST!AXSEX & T!IDI.\XX 1950; H t ' :"T 195 1; .-\.t'CL\IR & ::IIALTAIS 1952 and \ ' rRTA:"E:" 

ö: )fJETTI:"E:" 1953). This compounc\ was fi rst detected in eclestin and yeast proteins 

(AI.IDER IJ..\LDE:" & B.\11:" 1937). It is rather a common corupound in the plant kingdom , 

occurring in both nticrobes and higher plants (DEXT et a l. 19.J7; WORK 1949; H t:XT 195 1 

ancl ::lfcK EF. 1962). 
y-C luta m ylalanine and glutathione occu r in high conceutra tio ns in young pea plants 

(\'TRTAXEX & BERG 1 95~ a nd )fiETTIXEX 1955) . y-Glut amyla lanine is synthesized especi­

ally in the roots of this p lant (::I[IETTIXEX 1959) . Indole-3-acetyl-D ,L-aspartic acid is 

another compouncl t ypica l of pea roots (AXDREAE & GooD 1955; KLÄMBT 1960 and 

A:"DREAE et a l. 196 1) . The latter compound has also been det ect ed in t om at o seedlings 

IRm\· et al. 196 1). Baikian ( ~ . 5-dehydropiperidine-2-carboxyli c acid) has been identifi ed 
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chromatographically in Pisum andin some other legumes (KrxG et al. 1950; HYDE 1951 
and H EGARTHY 1957) . 

Aminoethanol has been found in the seeds and pods of Pisron sativum (HYDE 195-1 ). 
lt occurs in relatively high concentrations in the stems of this species but in other parts 
only sporadically (:IIIETTIXEN 1955). It h as also been detected in A cacia and in J1usa 

(VIRTANE)I' & KARI 1955 a and STEWARD et al. 1960) . Cadaverine and agmatine occur 
sporadically in Pisum (HYDE 195-1 and :\IIETTrXEX 1955). Pota ium-deficient red clO\·er 
and barley accumulate putrescine and agm atine, which are decarboxyla tion proclncts of 
ornithine and arginine respectively (S)JITH & RICHARDS 1962) . Trigonelline w as first 

cletected in the seecls of Trigonella (JAHXS 1885 , 188 7) . This compouncl has also been 
found in some other leguminous genera (Pisum ancl Phaseolus) as weil as in species of 

many other families (SCHULZE & TRl ER 1911 ; \\'EE\'ERS 1933; ACKER )JANN & APPEL 1939 
and llfcK EE et al. 1955). In the green pea nicotinic acid is an cffective precurscr of 
trigonelline (ZEIJLEMAKER 1953) . 

III. The amino acid pools of different organs at different 
stages of development 

A. Material and methods 

1. Collection and storage ofmaterial 

Lathyms (sect . Eulathyrus) sylvest'Yis L. and L. (sect. Orobus) 11iger (L. ) Beruh. were 
grown in the Botanical Garden of the university of H elsinki in the same humus soil. 
The L. (sect . Orobastrum) maritimus (L. ) Bigel. (L. iaporJicus \\'illd.) material was collectecl 
from its natura l environment, in sandy soi l on the sea shore in K allvikuclde near Helsiuki. 

The samples of each plant species were collected a t corresponding stages of de,·elopment 
on sunny days between 12 and 14 hrs to avoid any possible diurnal variation in the amino 
acid pool (cf . RABSOX & STEWARD 1962). Some meteorological data for the date and time 
of year at which the m at erial was collccted are presented in Table 4. 

In June 1963, samples of leaves of L. niger were collected under natural conditions 
in the Botanical Garelen for two days a t inten-als of six hours. The ligh t intensity was 
measured with a photom eter (Eel Lightmaster) and the temperature was also taken. 
In the midclle of June the clay is nearly 19 hours long in Helsinki. The clifferences in t em ­
pera ture between day an d night were r elatively small. 

It was sometimes difficult t o decide the corresponding parts of the three species owing 

to their r a ther dissimilar size and mode of growth. For example, the average length of 
the shoot of flowering L. sylvestris m ay be 120 cm and that of L. marilimus only 30 cm. 
Therefore a big plant h as been studiecl more accurately because there are moreinternedes 
per shoot. The leaves were classified as full-sized or young on the basis of their fresh 
weight. The weight of young leaves was usually less than 0.; g, but in seedlings of L. 11igey 

under 0. t g. The fresh weight per 100 seeds was deterrnined and used as a criterion of 
the st age of development. Som e details of the material are given in Tables 1-3. 

The size of samples varied with the part of the plant, e.g. from 2 to 10 g of rootstocks, 
and usually from 2. o to 10 g of leaves but only from 10 to 50 mg of pistils and anthers. 
Sampies were generally collected in duplicate. Only >ery small samples were not divided 
into two small ones. The dry weight was usually estimated from 0. s, 1 o r 2 g o f m a terial, 
depencling on the plant m aterial available. The samples for amino acid ana1yses were 
placed in 94 per cent eth anol (about 100 ml per 10 g fresh weight) and stored at ,.rc 
until required. 
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.Z. Preparation of amino acid concentrates 

Extraction: The ethanol containing the greatest part of free amino acids was decanted 

from the samples for amino acid analyses and the plant material was homogenized in 

70 % ethanol (about 75 rul per 10 g) and left to stand 0\-ernight at room temperature. 

The homogenate was filtered and the extracts combined. 
Ion exchange: Prior to chromatography and electrophoresis the samples were passee! 

through a cation exchange column (0. 9 X 12 cm) in H + -form (Ionentauscher I, ::lferck ,) 

The ethanolic eluate was stored for determination of free sugars and eyaporated to dry­

ness at 60°C. The column was washed with abont 50 ml of distilled water and the amino 

acids were remoYed with 50 ml of 2 :::\ ammonium hydroxide (::lferck) (cf. STE\\".\RD et al. 

1960) . The colum.n was washed with 10 ml of distilled water. The basic elnates were com­

bined and evaporated to d ryness on a warm plate in a fume cupboard at 50°C. 

Storage of samples: The residue was dissolYed in a known amount of water (usually 

in 1/ 10 or 1f5 of the fresh weight of the samples) . Dissolution is not quite quantitative, 

but !arger amounts of water would haYe increased the aliquot to be pipetted onto tbe 

starting point for chromatography. The yessels used for evaporation were rinsed with 

toluol (::lferck p.a. ) in order to transfer tbe amino acid solution as quantitatively as pos­

sible into the small bottles in whicb the sarnples were stored under toluol in - 15°C until 

they were chromatographed . 

3. Electrophoresis and chromatography of amino acids 

Paper electrophoresis: A preliminary runwas made (\\'hatman Xo. 1; buffer: pyridine, 

acetic acid, water, 1:1 0:200, pH 3. G; BF.LL 1962 b) in order to find convenient a liquots 

for chromatography and to identify the most acid (a-amino-y-oxalylaminobutyric acid) 

and the most basic amino acids (ß-aminopropionitrile, a ,y-diaminobutyric acid and homo­

a rginine) characteristic of Lathyrus species. The yo)tage gradient was 8Vfcm and the 

nmning time 3 bours. 

Chromatography: The amino acids were separated by ascending t wo-directional 

paper chromatography (\\'hatman Xo. 1, sheet size 20 X 20 cm) in a chromatoframe set 

for 12 sheets (Plouvier, Servall) or on thin-layer sheets 20 X 20 cm in size coated with 

ceUulose (::IL'\ 300 G, ::lferck) (cl. STAHL 1962). The paper chromatography p roYed to be 

more practical and repeatable and was therefore used for most separations. Thin layer 

chromatography may in some cases gh·e sharper separation, especially if there are a )arge 

number of amino acid components of low concentration in the same analysis. 

The com·enient amount of the solution to pipette per sheet varied according to the 

species and the part of the plant. For fresh leaves of L. sylvestris, for example, it r epre­

sents about 25 mg (2. s p.l of the final solution) , for those of L. maritimus 50 mg (5 pl) 

and of L. niger 100 mg (10 p.l). The analyses were performed in duplicate and 2-3 sheets 

of each sample were chromatographed. One sheet was run with a double amount of amino 
acid solution for special reactions, which are often less sensitive than the ninhydrin reac­

tion. 
The first solvent, phenolic water (4: 1), pH 4. 2, was used without an amruonia atmos­

phere. This solvent retained its usefulness Ionger without ammonia. ::lfost amino acids 

had RI-values nearly corresponding to those mentioned by STEWARD et al. (1955) but 

the separation of arginine and homoarginine was somewhat better. Phenolic water (4:1) 

containing ammonia (pH 5. s) was also tried, because it is a Standard solvent system and 

had been used in seyeral previous im·estigations (cf. STEWARD et al. op.cit. and STEWARD 
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& POLLARD 1962). The chromatograms were left t o dry in a fume cupboard m·ernight , 

after which any remaining phenol was r emoved in a Yentilated oven at 60°C for -15 min ­

utes. 
As the second solvent the upper phase of an n-butanol-acetic acid -water mixture 

(4:1:5) was mostly used . The sheets were dried in the same way as after the first ruu. 

The following solvent combina tions \\·ere also used for more accura t e identification of 

amin o acids: 
1) n -butanol, ethylmethy lketone, 1 N a=onia, wa ter (5:3: 1:1); n-butanol, acet ic 

acid, water (see above) (WOLFE 1957). 

2) Phenol, water (4: 1); n-butanol , ethylmethylketone , dicyclohexylamine, watcr 

(10: 10:2 :5) (BOWDE:'< 1959). 

3) Phenol, water (3: 1); n -propanol, water (-1:1 ) (TSCI!IERSC!l& HA.'\ELT 1967) . 

.J ) Phenol, water (-1:1 ); P EPP soh ·ent mirture (HA:\"ES et al. 196 1); for separat io n of 

homoa rginine from arginine. Chemieals of :\Ierck (p .a.) were used except fo r dicyclo· 

hexy lamine (puriss.), which was produced by Fluka. 
For more accura te identification of the diffe rent components of the amino acid pools, 

some samples from each species were first analysed by one-way paper electrophoresis as 

explained above and then by ascending chromatography witb phenol water solution or 

ethylmethy lketone, propienie acid, water (2:1:2) (PRZYBYLSK.A & Rnrowrcz 1965) . 

Same compounds were a lso identified by electrophoresis after two-dimensional chro­

m a togra phy. The spot areas of several unsta ined chromatograrns were locat ed with the 

aid of a stain ed chromategram and by staining some other less important parts of the 

chromatograms. The spots were disso!Yed in water , concentrated and a na lysed. The 

electrophoretic mobility was compared with those of known reference compounds. 

Xon-exchange chroma tography : Xn order to confirm the identification of some constit ­

uents of the amino acid pool of L. 111aritimus, some representa tiYe samples a nd se,·eral 

reference subst ances were analysed, using a Hitacbi Perkin-Eimer 03-1 automatic amino 

acid an alyser. Xn tbis procedure the amino acids are analysed as their zinc complexes 

(a slight modifica tion of the m etbad described by ARIK.AWA 1967 and in the standa rd 

methods for protein amino ac ids1). 

4. Developmuzt of chromatograms 

Ninhydrin r eagent was used for a ll amino acids and peptides. The chromatograms 

were usually developed by dipping them in a fresh solution containing 100 mg ninhydrin , 

10 ml acetic acid and 2 ml 2,4,6-collid ine in 50 ml of acetone . The sheets were then dried 

for 6 min . at 80°C. :Many amino acids acquire characteristic colours: lathyrine orange-red, 

asparagine and proline yello\\·, aspartic acid and ß-alanine blue (cf. STAHL 1962). 

The following special r eagents \Yere used for estimation of amino acids of different 

chemical n ature: 
Sakaguchi 's reaction, as modified by ] EPSO:\" & SmTH (1953), was used for estima tion 

o f arginine and homoarginine. Chromategrams were dipped in a 0. 1 per cent solution of 

8-hydroxyquinoline in acetone. After drying in air tbey were sprayed witb fresh sodium 

hypobromate solution (about 2 per centbromidein 0.:; X X aOH). 

Xsatin reagent as modified by K:s- .-u :T (196-1) was used for identification of proline, 

pipecolic acids, phenyla lanine and t yr osine especially. The chromatograrns were dipped 

1) The standard methods fo r protein amino acids. Accelerated amino acid analyses with 
the Iigand system. Hit achi LTD 1967. 
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;n a solution conta ining 0. 2 per cent isatine, 4 per cent acetic acid and 0. 0 6 per cent cad­
mium chloride in acetone. The chrom atograms were heat ed at 90°C for 10 min . Allprotein 

amino acids react and give ch aracteri sti c colours. ::IIodifica tions d escribed by :McK EE 
et a l. (1955) and S AIFER and ÜRESKES (1956) were a lso tried. 

E hrlich 's reagent was used for estim a t ion of ci t rulline, homocitrulline , tryptophane, 
tryptamine and urea. Chrom atogr am s were sprayed with 1 p er cent solution of 4-dime­

thylaminobenzaldehyd e in 96 per cent ethanol. T he chrom atogram s were then placed in 
an a tmosphere satura t ed with hydrochloric ac id ,·apour for 3-5 min . Indole com­
pounds give a pink colour, ureides a yello\v one. The reaction is not quite specific (cf. 
STEWAR D et a l. 1960) . The procedure is described in a m anu al edited by ::l[erck . This 

conta ins se,·er al other specia l st a ining m ethods for amino acids, m any of which were 
a lso t est ed in this work. All chemieals used were p roduced by ::IIerck. 

5. H ydrolysis of peptides 

Some a mino acicl concentra tes conta ining a wicle range of unknown nin.hydrin-posit ive 
substances, usua lly in low concentra tions, were hydrolysecl in 6 :::\ HCI for 6 hours a t 
138°C in an e\·acua t ed sealed tube (Krn RIKKO 1963). The hydrolysat e was then cliluted 

with distilled water and neutra lized with 0.; :::\ :::\aOH . The sohtt i011 was d esalted on 
a cation exchange column and chrom atographecl as describecl abo,·e (p. 13- 14). 

G. R eference compounds 

The a mino acids were identifiecl with t he help of co-chrom atography and co-electro­
phoresis and with va rious colonr reagents, and t heir mobil iti es compared to the Ri-values 

o f known co mpounds (cf. Co:-:sDE:-: et a l. 1 9 ~~ ; D E:-:T 1 9~ 8; ::lfiF·:TTr:-:EK 1955 ; STEWARD 
et a l. 1955 ; CRA~IER 1958; S~IIT!l 1958; BOWDE:-: 1959; Lr:-:SKE:-:5 1959; PALMENTIER & 
\' .\:-:DER!!AEG!!E 1960 and STEWARD & POLLARD 1962). 

The reference substances usecl a re listecl below. For t he identification of , -ery ra re 
a mino acids, samples of which were not a \·ailable, a mino acid concentra t es were m ad e 

from the following species and chromatographed: seeds of l 'icia sativa L ., V . sepium L ., 
L athyru s odoratus L., L. sativu.s L., L. tingitanus L. and seeds of se \·er a l Astragalus species. 

The a mino acid pools of these species are known {BEI.L 1 96 ~ c; Dt·:-::-:n.L & F O\\'Dl·: K 1967 
a nd T SCll! ERSC l! & H .\ :\'ELT 1967). 

L ist of reference substances used 

Agmatine sulpha t e, H .L .R& 
DL-A.l anine, Difco Laboratori es 
DL-a -Aminoadipic acid, l\Iann 1 

DL-a-Amino-n-butyric acid , Bastm an K odak Company, Rochester , :::\ .Y . 
Aminoeth anol, Sehering K ahl ba um AG., Berlin 
y-Aminolaevulinic acid hydrochloride, Plu ka 2 

ß-Aminopropionitrile, K & K . Laboratories Inc. 
L-Arginine, B .D .H 3 

!,-Asparagi ne, ::IIerck~ 

L-Asp artic acid , Fluk a 
Betaine HCl , L . Light & Co. Ltd , Colnbook 
L-Can avanine sulph at e, ::IIa nn 
DL-Citrulline, Fluka 
DL-Cyst eic acid, Fl uk a 
L-a , y-Diaminobutyric ac id dihydrochloride, F luk a 
a ,ß- Di aminopimelic acid, ::-r.B.c .s 
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DL-a,ß-Diarninopropionic acid monohydrochloride, Fluka 
L-Glutamine, H.L.R. 
L-Glutamic acid, :\[erck 
L-Glutamic acid y-methyl ester, Fluka 
Glycine, :\Ierck 
Histamine dihydrochloride, ?.Ierck 
L-Histidine monohydrochloride, :\Ierck 
L-Homocitrulline, :l>[ann 
DL-Homocysteine, Fluka 
L-Homoarginine, K.B.C. 
DL-Hornoserine, ?.fann 
L-Hydroxyproline, Fluka 
L-Leuciue, General Biochemieals Inc. 
L-Lysine monohydrochloride, Fluka 
L-:\fethionine, Flnka 
DL-:\Iethionine sulphoxide, Sigma 
L-Ornithine monohydrochloride, N.B .C. 
DL-ß-Phenylalanine, B.D.H. 
DL-Pipecolic acid hydrochloride. Sigma 
L-Proline, Fluka 
Putrescine dihydrochloride, H .L.R. 
L-Serine, F!uka 
Spermidine, Fluka 
Taurine, Fluka 
L-Threonine, Fluka 
L-Tryptophane, X.B.C. 
Tyramine, H.L.R. 
Tyrosine, Merck 
ß-Vreidopropionic acid, Ega-Chemie KG Keppler & Reif. 
D L- \ · a!ine, l\Ierck 

I. ?.fann Research Laboratories Inc. 
2. Fluka AG. Buchs. SE. 
3. The British Drug Hauses Ltd. 
4. E. Merck AG., Darmstadt 
5. Nutritional Biochemieals Corporation 
6. P. Hoffmann - La Rache & Co. AG 

7. I solation oflathyrine 

Seeds of L. maritimus (125 g, collected near Porvoo) were ground with a grain mill 
(Casella) and extracted overnight with 250 ml of diethylether (~[erck p.a.) at room temper­
ature and after this 'l"ith 150 ml of diethylether. The Suspension was filtered and the 
meal was extracted oyernight with 250 ml of 70 per cent ethanol and after this for two 
hours with 125 ml of 70 per ceut ethanol. The filtrates were combined and passed through 
a cation ex<'hange column in H +-form. The fractions were eluted mth O.s X ammonium 
hydroxide solution. The extinction of the fractions was measured at 300 mJ.l, where the 
absorption maximum of lathyrine lies (cf. BELL & FOSTER 1962), using a Beckman DB 
spectrophotometer. The fractions containing the bulk of the lathyrine were combined 
and evaporated to dryness on a warm plate. A paper electropherogram of the residue 
was run and it appeared that the sample was not yet quite pure. The residue was dissol­
Yed in a small amount of hat di tilled water. The solution was allowed to crystallize at 
+ -l °C. Lathyrine is much less water-soluble than many other amino acids (BEI.L 1962 b). 
The crystals were centrifugecl and rinsed with cold distilled water. After this they were 
dissolYed and recrystallized in the manncr described abO\·e. The sample was shown by 
electrophoresis to consist of chromatographically pure lathyrine. The uncrystallized part 
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of the lathyrine solution was ion-exch anged again and crystallization was repeated. 
Abou t 100 mg of crystalline lathyrine was r eco \·ered. 

The purity of the isola t ed sample of la thyrine " ·as yerified by infrared spectroscopic 
analyses (Beckm a n IR 8) and the spectnun compared with tha t reported in the liter atme 
(:-l"OWACKI & PRZ\'BYLSJ.;A 196 1). with which it was in good accord. Thirteen milligra rns 
of pure la thyrine was sent for tritiation to the X ew England Kuclear Corporation, where 

such tritia tion bad a lready been carried out earlier ( RA~IACHAXDRAX & RAO 1964). The 
specific actiYity of the sample was 1.28 millicuriesfmg. H owever , a ]a rge part of the sam­
plc was deco mposcd chiring the tritiation. Further purification was carried out by the 
author. The sample was di,·ided into two portions, which were purified separately. It 
was dissoiYed in hot distilled wate r but the greater part rema ined undisso]yed . The solu­

t ion was filt ered and passed through a ion-exch ange column as d escribed aboYe. The 
fractions containing lathyrine were combined and a lso the fr action before and after 
them The frac tions were e\·aporated t o dryness and their radioactivity m easured 

with a Geiger-:\Iüller tube with thin endwi.ndow connected to a counter (FRIESE KE 

HOEFNER). About '2f3rds of the acti,·ity was in tlle la thyrine fractions. Electro­
p herograms were also run from each la thy rine-couta ining fraction and it could be 
demo r!strated tha t la thyrine was the on ly amino acid in the fractions, but only about 

1 7 of the labelling \\·as in the lathyrine band . The bulk remained near the st art. Frac­
tions conta ining la th yrine in ]a rge quantities were combined and further purification 
was carried out using zone paper electrophoresis. A part of the electropherogram \\·as 
~tain ed with ninhydrin for localizat ion of la thyrine. :\Ieasurement of the radioactivities 

of the different zones showed that abont 1 / ~th of the labe! was in the lathyrine. \Vhen 
lath yrine was dissoh ·ed from the paper with h ot distilled wa t er and the solution was 
<:\·aporated to dryness, its acti,·ity was only 5~0 countsfmin . 

8. Serniquantitatt"ve and colorimetric esti mation of amino acids 

The size of the spo t areas and the iutensi ty of the colour of the ninhydrin stained 
chrom at ograms were compared to a wide concent ration range of reference a rnino acids 

chrom atographed " ·ith the soh ·ent combin ations and staining reagents used in the assays. 
T he a mount of each amino acid was estima t ed on scale r auging from 1 to 10 (rarely 15 
a nd '20) in order to faci lita t e presenta tion of the results in the form diagrams. The scale 
was calibrated by running chromatograms of corresponding reference substances (O .J , 

0.25, 0.5, 1.o. 2.5, 5.o, IO.o , 20.o, 50 and 100 pg). The a mounts ha,·e been expressedas 
absolute quantitics in /tg 'g fresh weight and the est ima ted mean ,-a lues have been m arked 
under each column in the diagrams. 

In some cases the a mount of the amino acids was a lso estima t ed colorimetrically from 
the intensity of the ninhydrin-posith·e spots. The chromatograms \\·ere d.ipped in a 0.25 
per cent solution of ninbydrin in acetone. They were left t o dry in d a rkness for 30 min . 

. ·\fter this they were hea ted for 6 min. at 80°C. The st a ined spot areas were cut out and 
the colour extracted for 15 min. in /5 per cent ethanol (3 parts absolute alcohol, 1 part 
satura t ed aqueous solution of CuS04 ; filtered) {LE\\'!S & COXZALYES I 960) and the extinc­
tion was measured at 570 m.u. The lathyrine spot does not dissoh·e weil in this soh·ent 
b ut of a wide rangc of soh ·ents t ested by the author , that consistiug of 50 p er cent ethanol 

cont a ining 0.05 per cent CuS0 4 and 0.5 X HCI prm·ed to be the best one . The extract has 
a ,-ery clear absorption m aximum at 390 mp. 

In view of the time that would be consumed in m aking quantitati,-e colorimetric 

a nalyses of a wide range of subst auces occurring in , ·ery dissimilar concentrations, I have 



18 L. K . Simola: Aminoacidpools of three Lathyrus species 

mostly contented myself wiili rougher semiquantitati\·e estimations of the amino acids 
and noted only their relath·e amounts, but I ha\·e also endeavoured to gh·e enough data 
for semiquantitative comparisons. 

9. Presentation of results 

The results are presented in the form of diagrams (Figs. 3-6). Theseparateparts of 
the plants, in all the developmental stages studied, have been grouped together in order 
to r eveal any clear trends within an organ during development and to facilitate an onr­
all comparison between plant organs. \Vhere an organ has been analysed in se\·eral parts, 
the lower and usually older part has been marked in the diagram abO\·e the younger one. 
The developmental stages have been presented in their natural sequence from top to 
bottom. The amino acids have been grouped asprotein amino acids, non-protein common 
intermediate products, rare non-protein amino acids and peptides typica1 of the Lathyrtts 
species and unknown compounds which usually occur only in traces. The most charac­
teristic amount of each amino acid in ftgfg fresh weight has been marked under the 
column of each amino acid . Owing to fact that the convenient amount to pipette at 
the start point on chromatograms varies with the species (cf. p. 13). the absolute quanti­
ties, corresponding to the same values in the scale (from 1 to 1 0) in the diagrams . 
are not the same when different specics are compared. 

B. Results and discnssion 

1. General comparative remarks 

The three species studied have rather similar patterns of protein amino acids. 
Alanine, valine, leucine-isoleucine, aspartic acid, glutamic acid and serine 
with y-aminobutyric acid and asparagine form the main part of the pool. Pro­
line occurs in higher concentrations in L. maritimus than generally in the other 
two species. L. maritimus and L. niger han greater similarities with each other 
than with L. sylvestris. They both synthesize lathyrine, but in L.1ziger this com­
pound accumulates in the underground parts and fruits, whilst in L. maritimus 
it is presentin allplant organs. L. maritirnus, howenr, contains i'-methylglutam­
ic acid and 5-hydroxypipecolic acid and some peptides which neither L. ma­
ritimus nor L. sylvestris possess. L. sylvestris, on the other hand, synthesizes 
homoserine and a, y-diaminobutyric acid. L. maritimus does not contain these 
compounds and L. niger only homoserine in some plant organs. Bothin different 
developmental stages and in plant organs L. sylvestris and L. maritimus show 
rather little variation in the amino acid pool. Ko clear diurnal endogen­
ous rhythm could be detected in the amino acid pool of leave of L. 11iger. How­
ever, the analytical method used is too insensiti\·e to reveal small variations. 
Only the amounts of asparagine and leueine were a little higher at night than 
during the daytime. The relative differences in temperature and alw in light 
between day and night were rather small. 
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In the following representation the occurrence of each constituent in the 
amino acid pool is described in greater detail. The amino acids have 
been grouped, wherever possible, on the basis of connections in biosynthetic 
pathways (cf. Fig. 2). 

2. Alani11e and serine 

Alanine (No. 1 in the diagrams) is one of the main components in the 
amino acid pool of L. niger and L. maritimus. In L. sylvestris this amino acid 
also occurs constantly, but not usually in such high concentrations as in the 
two former species. It is also a predominent compound in pods of Pisum 
sativum (:.\IcKEE et al. 1955). The concentration of alanine is somewhat lower 
in the underground part of the vertical stem and in the anthers of L. niger as 
well as in the pericarps and older seeds of L. maritimus than on average in 
these species. The older seeds and pericarps of L. sylvestris, however, contain 
this amino acid in relatively !arge amounts in comparison to the underground 
parts of young seedlings. 

Serine (No. 4) occurs quite constantly in moderate concentrations in the 
amino acid pool of every plant organ. Its concentration is very low in older 
seeds, as in those of Pisum (:McKEE et al. 1955) andin rootstocks of L. sylvestris 
and L. n.iger. This compound does not accurnu1ate in any partiewar part of 
the plant. Its concentration in the Jeans of L. niger is somewhat higher than 
in the stems. Serine is a precursor of glycine, tryptophane and cysteine (cf. 
NAIR & VAIDY&'l'ATHA.'\ 1964 and FOWDEX 1965). These three protein amino 
acids are lacking from the amino acid pool of Lathyrus species and from 
the ,-egetative parts of Pisum or occur in low concentrations (cf. l\irETTIXEX 
1955 and PRZYBYLSKA & RY::\10\\'ICZ 1965). 

Aminoethanol (No. 29) is the decarboxylation product of serine. It occurs 
sporadically in relatively small quantities in the three species studied. This 
compound is somewhat more common in the floral parts of L. maritimus 
than in other plant organs. It occurs in considerable amounts in several 
organs of Pisum sativum and also in "11 usa (H'vnE 1954; l\fiETTIXE" 1955 
and STEWARD et al. 1960) . 

.1. l ' aline and leucine-isoleucine 

Valine (No. 2) and leucine-isoleucine ( o. 3) have very parallel distribution 
patterns within the plants studiedas weil as in pods of Pisum (YJ:cKEE et al. 
1955). They occur constantly in relati,·ely !arge amounts. The concentrations 
of these two amino acids are low in the underground parts of young L. sylvestris, 
li.ke the concentration of alanine, and increase during later developmental 
stages; valine is lacking from the underground parts during the seedling stage. 
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In L. niger the amounts of Yaline and the leueines increase in the rootstocks 
and underground part of the Yertical stem during the middle stages and de­
crease during the fruiting stage in the shoot. The concentration of valine and 
the leueines is low or they are altogether lacking from many floral parts of 
L. sylvestris and L. niger. In L. maritimus, on the contrary, the amount of 
leueines is high but valine is absent from the stamens and pistils and also from 
the pericarps, although both are abundant in the peduncles of L. sylvestris 
during both the bud and flower stages and also in the flowers themseh·es. 
PRZYBYLSKA & RBrowrcz (1965) report that Lathy rus species contain both 
leueine and isoleucine, but in their study, as in the method used routinely in 
this work, valine oYerlaps methionine. Ionexchange chromatography showed 
that the rootstocks of L. maritimus contain no methionine but equal quantities 
of leueine and isoleucine . 

.J. Amino acids derived from aspartic acid 

.\spartic acid (No. 6) and asparagine ( o. 7) occur nry constantly in 
medium concentrations in Lathy rus species. The amount of asparagine is high, 
especially in the underground parts of L. maritimus and L. niger, but it is 
not usually found in the pericarps of these plants or in some floral parts of 
L. sylvestris. It has been detected that asparagine is also lacking from the 
seeds of Pisu.m sativum after the middle stage of their denlopment (McKEE 
et al. 1955) . The Yariation in the quantity of asparagine in some samples of 
the stems of L. sylt•estris may be due to the relatively low night temperature 
(cf. Tables 3-Li and Fig. 5), which is known to have stronger effects on the 
amino acid pool (especially on the amount of glutamine, glutamic acid 
and asparagine) of M entha piperita than changes in the photoperiods (RAB­
sox & STEWARD 1962). Asparagine and aspartic acid are two of the main 
constituents in the root and petiole bleeding sap of Pisum (BRENNAN et al. 
1964 and PATE & WALLACE 1964). A paragine is the most prominent free 
amino acid in this plant and in the tubers of some potato strains ( ~iiETTI::-.'Ex 

1955 and STEWARD & DURZAX 1965) and one of the main amino acids in many 
other species (SCH\VAB 1936; \"ICKERY & P CHER 1943; STEWARD et al. 1954 
and WILDIKG et al. 1960). The amount of this amino acid increases during 
germination and in etiolated plants (cf. YEXEJLUIP 1955). Aspartic acid and 
asparagine serYe as good nitrogen ources for some embryo culture (RrKER & 
G TSCHE 19!•8; POERL 191

1 and RlJVEX 1956) 
The equilibrium between glutamic and aspartic acids and their amines has 

been studied in detail in Jf entha piperita by CRAXE and TEW ARD ( 1962 a and 
b). Both long-day conditions and a high pota ium concentration in the nutrient 
solution tend to promote the shift from amides towards amino acids. Both short-
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day conditions and a high calcium concentration tend to promote the shift from 
amino acids to amides. Under short-day conditions asparagirre accumulated 
during the night, glutamine during the day (CR.-\::--""E & STEWARD 1962 a) . 

ß-Alanine (No. 17) is formed from aspartic acid by decarbo.s:ylation in the 
seeds of a number of legumes (Ab1BE & SOHOX1E 1959) . This compound is a 
common constituent of the amino acid pools of all three Lathyrus species 
studied and does not show any uniform localization in the plants. It occurs 
in rather low concentrations, which presumably e.s:plains why it has not been 
detected earlier in Lathyrus species. ß-Alanine accumulates in the leaves, 
floral parts, seeds and tops of the shoots of L. maritimus, and in the stems, 
floral parts and pericarps of L. niger. In L. sylvesteris this compound is rarer in 
the shoot of the fruiting plant than in the shoot at earlier developmental 
stages. It also occurs in low concentrations in many argans of the pea (Dnus­
TIANSEN & THn1A:"X 1950; AUCLA.IR & ::\I.-\LTAIS 1952; H YDE '1 954; .:\IcKEE 
et al. 1955; l\IrETTI:-IEX 1955 and L AWREXCE & GR--\XT 1963). 

ß-Alanine is one of the most ubiquitously distributed amino acids in plants. 
It occurs in the free state in both mono- and dicotyledons and microorganisms 
(DENT et al. 1947; FowDEN 1951; SY:"GE 1951 ; CLOSE 1960 and MORRIS et al. 
1961). ß-Alanine is synthesized in most organisms, because it is a part of 
pantothenic acid and coenzyme A. This amino acid is also formed from 
ß-ureidopropionic acid, which is an intermediate in the catabolism of uracil 
(BATT&ExToN1956; FRITZSo:-~1957; FruTZsox&PrHL '1957; EV.-\_'\"S&A.xELROD 
1961 ; BARNES & NAYLOR 1962 and Ts.u & AxELROD '1965). ß-Alanine is thus 
obviously not of any great chemotaxonomic significance. 

a, y-Diaminobutyric (No. 19) acid occurs only in L. sylvestris of the species 
studied, but is found in all the argans of the plant and in every developmental 
stage. In the leaves its concentration is somewhathigher in flowering plants than 
in other stages. This amino acid is found in especially high concentrations in the 
rootstocks, peduncles, buds and seeds. Lathyms species which contain a, y-di­
aminobutyric acidalso contain homoserine (cf. PRZYBYLSKA & RYMowrcz 1965) 
Aspartic-ß-semialdehyde is apparently a precursor of these two amino acids 
and azetidine-2-carboxylic acid (cf. FowDEX 1965). The last-named compound 
is typical of some liliaceous species which also contain a, y-diaminobutyric acid 
(FowDEN & BRYAXT 1958). a-Amino- y-oxalylarninobutyric acid ( ro. 20) was de­
tected in high concentrations in the flowers and fruit more often than in the 
other parts of L. sylvestris. 

ß-Aminopropionitrile (No. 21) and its y-glutamyl deriYative arerather com­
mon in L. sylvestris. These compounds occur only sporadically in L. niger. 
The shoot of L. maritimus contains this amino acid in considerable quantities re­
latively constantly but does not contain its y-glutamyl derivative. In L. sylvestris 
there is a shift towards synthe is of glutamyl derivati,-e. RE ' LER (1964) has 



ACTA BOTAXICA FEX~ICA 81 23 

likewise found ß-(y-glutamyl)aminopropionitrile in the seedlings of this plant. 
It has been suggested that ß-cyanoalanine might be the precursor of both ß­
aminopropionitrile and a, y-diaminobutyric acid (RESSLER 1962). 

In my studies homoserine (No . 23) was found in Lathyrus sylvestris at every 
stage of development andin every part of the plant. It is one of the main constit­
uents of the amino acid pool of this species. Homoserine was also detected 
in smaller quantities in the aerial shoot of L. niger. The seeds of Pisum sativum 
contain only a little homoserine, but during germination the amount increases 
two hundred fold in the embryos (BERG et al. 1954 and LA\VREXCE & GRAXT 
1963) . This compound is a precursor of threonine, methionine and isoleueine 
(NA YLOR et al. 1958). Homoserine dehydrogenase has been found in Pisum both 
in decotylized seedlings and in cotyledons, and the pathways of homoserine 
biosynthesis is sirnilar tothat in yeast (SASAOKA & INAGAKI 1960 and SASAOKA 
196 1). The homoserine dehydrogenase isolated from Rhodospirillium rubrum 
is subject to feed-back inhibition by threonine (DATTA & GEST 1965). 
Both methionine and i oleucine, which are the biosynthetic end-products, can 
relieve this inhibition. They can also stimulate the reverse reaction, the forma­
tion of aspartic-ß-semialdehyde from homoserine. Homoserine does not gener­
ally accumulate in plants, although they s:ynthesize threonine (NA YLOR et aL 
op.cit.). Threonine (No. 5) is found only sporadically in L. maritimus and it is al­
together lacking from the pool of L. sylvestris, although its precursor homoserine is 
a common constituent in the last-named species. In L. niger threonine occurs 
constantly in moderate concentrations in the stems and leaYes at all except 
the earliest stages. This compound is found in the pistils and stamens of both L. 
maritimus and L. niger. Threonine and homoserine have similar distribution 
pattems in the developing pods of the pea (:\IcKEE et aL 1955). 

5. Amino acids derived from glutamic acid 

The amount of glutamic acid (No. 8) is nry constant in the Lathyrus species 
studied (cf. Figs. 3--6). The occurrence of glutamine ( o. 9) is more variable. Glu­
tamine is lacking from the underground parts and fruits of L. sylvestris but occurs 
sporadic ally in other parts. In L. 11iger it is not found in the floral parts or peri­
carps but is rather common in the underground parts, stems and seeds. In L. ma­

ritimus glutamine is mostly concentrated in the rootstocks, stems, stamens and 
pistils. Glutamine and asparagirre are characteristic of non-growing potato and 
carrot tissues, but are lacking or occur in low concentrations in the arnino acid 
pool of actively growing tissue cultures (STEWARD, THOMPSON & POLLARD 
1%8). It has been e tablished that species containing glutamic acid in high 
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FIG. 3. Diagram showing the arnino acid constituents of \·egetative organs of L. niger 
at different stages of development (I A-D =seedlings, Il =budding, III =flowering, IV = 
fruiting plants). Description of the ma terial in Table 1, p . 60. The order of amino acich. 

is indica ted in Fig . 4 and (cf. also p. 1 ' ). 
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Frc. 4. Diagram show:ing the a mino acid constituents of reproducti ve organs of L. niger a t 
different st ages of de,·elopment (cf. F ig. 3) . 
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concentrations are usually able to t olerate more ammonia than other species, 
because they are al>le to bind it in the form of glutamine (ScHWAB 1936 and 
Lrss 1958) . Glutamineis also a superior nitrogen source for the in vitro growth 
of embryos of several plant species (RIJ VEX 1952, 1955, 1956, 1958 and 
NORSTOG 1961). Glutamic acid is the precursor of {'-aminobutyric acid, 
ornithine, arginine and proline. 

y-Am inobutyric acid (No. 18) is a wi.despread constituent of all three species 
studied in the present work. It is fairly eYenly distributed among the Yarious 
organs of these species but is abseut from the peri.carps of L. maritimzts. PRZY­
BYLSKA&RvMowrcz (1965) have found this compound in e\·ery Lathyrus species 
studied, but it is lacking from the mature seeds of senral species, including 
those of L. maritim~ts and L. sylvestris. Tl.tis amino acid has been found in 
several organs of many legumes (H YDE 1954; .:IIcKEE et al. 1955; .:IIIETTIXEX 
1955; BuTLER & BATHURST 1958 and LAWREXCE & GR.-\.XT 1963). It is interest­
ing that y-aminobutyric acid in bound form is only to be found in substantial 
amounts in the root nodules of some legu minous species. especially those of 
Trifolium repens (BuTLER & BATH1.1RST op.cit. ). 

It has been found that y-aminobutyric acid often accumulates in age­
ing leaves (FREIBERG & STEWARD 1960; \YEI"-""BERGER & Gonr.x 196!t and .KHAV­
Krx 1964). This corresponds weil to the observation that the acti,·ity of glutamic 
acid decarboxylase also increases during their senescence (\\ 'EIXBERGER & 
CLE~DEXXING 1952 and \VEIXBERGER & GüDL'\ op. cit. ). In the present work 
such a tendency was detected in the stems and lea\·es of L. syluesiris. The old 
leaves of L. mar·itimus, on the contrary, do not contain more y-aminobutyric 
acid than the younger ones. The amount of this amino acid also increases 
in some rapidly grovving tissues (THOMPSOX et al. 1953), which indicates that 
this compound is an intermediary rather than an end-product. 

r-Aminobutyric acid has a very wide distribution in the plant kingdom. I ts 
total absence from the amino acid pool of a species is, moreonr, rare. It is fotmd 
in bacteria, fungi. and algae (AcKER.i\1A .. '\ 1910; \Yoru;: 1949; BE.xT & .:IIORTO.X 
1950; REED 1950; F OWDE:-< 1951; CLOSE 1960 and LEW1 & CüXZALVES 1960, 
1962 a and b) in gymnosperms andin se,·eral angiosperm genera (cf. DEXT et al. 
19!l7; H ULME & ARTHINGTOX 1950; \YESTALL 1950; \""XGE 195 1; THO:\IP 0:'\ 
et al. 1951, 1953; LIXKO 1960; STE\YARD et al. 1960; CR.-\.XE & TEWARD 1962 
a and b and GAGNO~ 1966) . 

The formation of y-aminobutyri.c acid from glutamic acid as a result of de­
carboxylation has been demonstrated with the aid of enzyme preparations 
obtained from microbes and from higher plants ( CHALES et al. 19"6). However, 
y-aminobutyric acid is not always a decarbo::-..-ylation end product. It is synthe­
sized in Pseudomonas through succinate and succinic semialdehyde (B.-\CHRACH 
1960). It has been established in carrot ti ue that v-arninobutyric acid is rap­
idly converted to glutamic acid and glutamine ( TEW.-\RD, BrnwELL & YEIDI 
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1958) and in peanut mitochondria to succinate (DrxoN & FowDEN 1961). 
y -).lethylglutamic acid (No. 28) occurs only in L. maritimus of the three species 

studied. This compound is one of the main constituents in this species. It occurs 
in rather large quantities in most argans and at all developmental stages. This 
amino acid likewise occurs in the seeds of L. aphaca (PRZYBYLSKA & 

STROC\G 1968) but not in the other species studied. In L. aphaca it also occurs 
in the YegetatiYe parts (SB10LA, unpublished data). y-l\Iethylglutamic acid has 
the erythro-L configuration in the genera Phyllitis and Lathyrus (BLAKE & 

FOWDEN 1967 and PRZYBYLSKA & STROC\G 1968). Threo-y-methyl-L-glutamic 
acid, however, is one of the four isomers of y-methylglutamic acid, the sub­
strate of glutamine synthetase in the pea (KAGAX & ).fEISTER 1966) . 

Arginine (No.11) was usually present in low concentrations or was lacking from 
the vegetative parts of Lathyrus species. This compound was only detected in any 
substantial quantity in some floral parts and rootstocks. Its quantity in pea 
seedlings depends on the organ and its stage of development (l\IrETTINEN 1955). 
The developing fruits of Pisum contain only traces of arginine (McKEE et al. 
1955). Arginineis commonly found in growing tissues andin the anthers of 
Lilium its amount increases during mitosis (STEWARD et al. 195t. and NASATIR 
et al. 1961). On the other hand, this compound is moreabundant in non-grow­
ing potato tuber and carrot root tissues than in rapidly growing cultures of the 
corrcsponding tissues (STEWARD, THOMPSON & POLLARD 1958). Arginine is a 
storage compound in the underground parts in the families Saxifragaceae and 
Rosaceae. I n scme genera of the Papilionaceae the corresponding storage amino 
acid is proline (REUTER 1957). 

Praline (No. 15) is one of the main constituents of the amino acid pool of 
L. maritimus, but does not accumulate in the underground parts. This amino 
acid is a lso generally to be found, especially in th~ floral parts, in all three 
species studied. It generally occurs in large quantities in pollen grains 
(AüCLAIR & }AliHESOX 1948; VIRTAXEX & KARI 1955 b; BRITIKOV et al. 
196ft and TUPY 1964). It has been established that th~ free proline found in thc 
pollen of Amaryllis hybrida reaches this site by transport from the ngetative 
argans (BRITIKOV et al. op. cit.) and not local synthesis from glutamic acid, as 
carlier supposed (VIRTA:-..-r;;x & K.uu op. cit.). 

The old peduncles of L. sylvestris contain large amounts of proline, but in 
the pericarps and seeds at the same dentopmental stage it is only present in 
,·ery small quantities. The pericarps of Piston sativum do not contain proline 
in thl" free state and in the young seeds it is only present in traces (::\IcKEE et al. 
1955) . The amount of this amino acid is surprisingly small in the fruits of L. 
maritimus, except in their youngest stage. It may be that proline transported 
from other parts of plants is effectiYely used in protein synthesis. The amount 
of many other protein amino acids is also rather small, especially in the peri­
carps, as compared with that of seYeral non-protein aruino acids . 
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Frc. 5. Diagram showing the amino acid constituents of different organ of L. maritinws 
a t cliiferent stages of development (cf. Figs. 3-.t and T able 2, p. 61). 
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6. Amino acids derived frorn lysine 

Pipecolic acid (No. 2tl) is constantly present in large amounts (about 100 pgfg 

fresh weight) in the amino acid pool of L. rnar-itirnus. The concentration is some­
what lower in the older fruits. In L. niger this amino acid is only found in high 
concentrations in the fruiting plant. The quantity of pipecolic acid is very high 
in the young pods, which do not contain proline, lathyrine or homoarginine. 
The pericarps of Pisttm sativurn do not contain pipecolic acid but it occurs in 
the young seeds insmall amounts (:~IcKEE et al. 1955) . I n L. sylvestris this com­
pound is present in the young stems and leayes in somewhat higher concentra­
tions than in the other parts, in which it is usually very sparse or entirely lack­
ing. 

The synthesis of pipecolic acid Yia lysine has been established in several 
legumes (LOWY 1953; GROBBELAAR & STEWARD 1954; ?IIEISTER et al. 1957; 
FowDEN 1960 and H YLIN 1964) and microorganisms (SCHWEET et al. 1954 and 
ASPEK & MEISTER 1962) . In this as weil as in earlier studies (PRZYBYLSKA & 

R YMOWICZ 1965) the amount of lysine in all three species under review has been 
found tobe very small or nil. The enzymatic balance is therefore geared t owards 
pipecolic acid synthesis, especially in L. maritimus. 

It has been found that in Neurospora, seedlings of both green bean (Phase­
alus radt'atus) and pea, and rat liver , enzymes effecting the last st eps of proline 
synthesis also catalyse the production of pipecolic acid (:\IEISTER et al. 1957). 
The occurrence of pipecolic acid is therefore dependent on the substrate speci­
ficity of the proline-synthesizing enzymes. L. rrzaritimus, which contains more 
proline than L. niger and L. sylvestris, also contains more pipecolic acid than 
these two species. In catabolism, pipecolic acid has been demonstrated t o break 
down via a-aminoadipic acid to glutaric acid (GROBBELAAR & STE\\'ARD 1951l 

and RAO & RODWELL 1962). 
5-H ydroxypipecolic acid (No. 25) was found in the present study only in L. 

rnaritimus. It occurred in all stages of development and in most parts of the 
plant, especially in the pericarps. It was not present in the buds and petals 
and its concentration waslow in some stem and leaf samples from young plants. 
This compound has not hitherto been found in the genus Lathyrus. 

5-Hydroxypipecolic acid has been isolated from Acacia and a palm, Rhapis 

excelsa (R. jlabellijormis) (VIRTA..'ffiX & KARI 1954, 1955 a), from the pericarps 
of the date (Phoenix dacty lijera) and from the genera ~ lrelitzia, Baikiaea and 
Lettcaena (VrRTA ... '\EN & KARr 1955 a; GROBBELAAR et al. 1955 and HEGARTY 
1957). The ability to synthesize this amino acid is clearly polyphyletic but its 
occurrence can be used as a chemica1 characteri tic " ·ithin a genus. \\üether 
the Finnish L. maritimus is actually aseparate chemical race has not yet been 
investigated. :M:any of the species which contain 5-hydroxypipecolic acid also 
synthesize pipecolic acid andfor 4-hydroxypipecolic acid and baikiain. Lysine 
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likewise functions well as a precursor of 5-hydroxypipecolic acid (H YLE\ 1964). 

A rnetabolic relationship between 5-hydroxylysine and 5-hydroxypipecolic 

acid has been established in anirnal tissues (LrxDSTEDT & LrxDSTEDT 1959). 

Lysine is apparently an intermediate in the synthesis of homoarginine and 

lathyrine in L. tingitanus (NOWACKI & NOWACKA 1963) . I have supposed that 

homoarginine could be formed by a system homologous to the urea cycle: Iysine 

and carbamyl phosphate would form homocitrulline and after condensation 

with aspartate this would lead to homoarginine and fumaric acid. Homo­

arginine is then decomposed by an enzyme to Iysine and urea or dehydro­

genated to lathyrine. 

In the present study homoarginine (No. 26) was found sporadically insmall 

quantities in L. maritimus, although it is the precursor of lathyrine, which is one 

of the mai!t constituents of the amino acid pool of this plant. The occurrence of 

homoarginine was nearly parallel with that of lathyrine in L. niger but its am­

plitude of occurrence in the plant was a little narrower. Homoarginine did not 

accumulate in the seeds but was rapidly transformed to lathyrine. 

In rnost European Lathyrus species homoarginine is present in the mature 

seeds but not in the vegetative parts (cf. BELL 1961~ c and PRZYBYLSKA & RY­

~IOWICZ 1965) . It was not found in L. sylvestris. This compound is rare in the 

subgroup Eulathy rus. y-Hydroxyhomoarginine \\·as not detected in the prese11t 

study. or has it been found in these species earlier (BELL 1963 b, 196'J a and 

c and PRZYBYLSK..A & RYMOWICZ op. cit.). 

Lathyrine (No. 27) occurs in high concentrations in every part of L. maritimus. 

Othem·ise only L. tingitanus and L. sphaericus have this kind of general distribu­

tion of lathyrine (PRZYBYLSKA 1962 a and b and PRZYBYLSKA & RYMOWICZ 

1965). However, most North and South _'\merican endemic species of Lathyrus 

also contain it in the vegetative parts (Snrou. 1966) . 

L. niger represents a species in which lathyrine accumulates in the wintering 

organs. Lathyrine is found in the rootstocks and in the underground parts of 

the vertical stem but disappears from the aerial stem . To find out whether light 

was responsible for the decomposition of lathyrine, the stems of eight budding 

plants were darkened \\ith aluminium foil for ten centirnetres upward from 

the soil Ievel. After eight days the underground white part of the stem, the 

darkened part of the stem and ten centimetres above it were analysed 

separately and a~o the corresponding parts of untreated plants. 

There was no difference in the amount of lathyrine in the darkened part of 

the stem of L. niger compared with the corresponding parts exposed to light. 

Light is therefore not the direct activator of the enzyme decomposing lathyrine 

in the stem. The physiological boundary between the different parts of the stem 

is apparently formed at an early stage of development, when the tissues are 

differentiating, by a process in \\·hich light apparently plays an important role. 
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Young pods do not contain this compound but when seeds begin to develop 
they contain lathyrine and apparently induce the pericarps to form this com~ 
pound. L. aphaca and L. pratensis han a similar distribution pattern 

of lathyrine to L. niger. In mature seeds of L. maritimus and L. niger it is one 
of the main components. Like most species of the Eulathyrus, Clymenum and 
Cicercula sections, L. sylvestris does not contain this compound. 

7. Aromatic amino acids 

Tyrosine (No. 14) \vas found only in trace amounts in the aerial ngetatin 
shoot of Lathy rus species in the present study. This compound accumulates in 
the underground vertical part of the stem of L. niger and in the seeds of L. 
maritimus. m~ Tyrosine is present in especially large quantities in the Iatex of 
Euphorbia myrsinites (:\IOTHES et al. 196'J ). :\Ii.'LLER and SCHÜTTE (1967) ha,·e 
established that m~tyrosine is synthesized Yia shikimic acid but the pathway 
branches off after this and phenylalanine is therefore apparently not a direct 

precursor of tyrosine. 
Phenylalanine (No. '13) occurs only sporadically in L. sylvestris. It shows a 

slight concentration in the underground nrtical part of the stem of this plant. In 
L. nigerthis amino acid is e pecially abundant in the rootstocks andin the lea\·es 
of the fruiting plant. In L. rnaritimus phenylalanine occurs constantly in mode~ 
rate concentrations in the leayes. It is also relatiYely common in the other Yege~ 

tative parts of the plant, but nry rare in the floral parts and fruits. Phenyl~ 
alanine and tyrosine are found in low concentrations in the amino acid pools of 
some other Lathyrus species (PRZYBYLSK:\. & Rniowrcz 1965) andin the genus 

Pisum (McKEE et al. '1955 and :\IrETTIXEX 1955). 
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8. Unidentijied amino acids and peptides 

Nine small ninhydrin-positive spots could be detected especially in chroma­
tograms run from samples of L. maritimus (cf. Fig. 7). As a results ofthesporadic 
occurrence of these compounds and the small amounts recovered, it was 
not possible to identify them. The hydrolysis of some amino acid sam­
ples showed that at least three of the unknown compounds (X1-3) are pep­
tides. Their colour reactions (usually pink or yellow) are similar to those seen 
in fingerprillt electropherograms of the seed proteins of some Lathyrus and 
Vicia species (J ACKSON et al. 1967). 

Peptide X1 was found in all three species studied. This compound occurs 
very constantly in L. maritimus, especially in the floral parts, but only in traces 
in the pericarps and it is lacking from the older rootstocks. In L. niger this pep­
tide does not occur in the flowers but it is common in the stems and rootstocks. 
In L. sylvestris it likewise accumulates in the rootstocks and stems, except dur­
ing the fruiting stage. 

Peptide X2 is very common in Lathyrus maritimus in low concentrations. 
It occurs constantly in the stems and tops of this species. Peptide X3 is com­
mon in the leaves. Other unidentified compounds do not clearly accumulate 
in any part of the plant or any developmental stage. 

IV. Feeding experiments with amino acids 

A. Material and methods 

1. Experiments with fruiting Lathyrus niger~ 

In order to establish whether lathyrine is synthesized in the fruits of L. niger 
or is only translocated to them at night from the underground parts, and in order to 
study the biosynthesis of this amino acid, the following experiments were carried out. 

Detached shoots of L. niger (length about 35 cm) bearing young fruits, which do not 
contain lathyrine, were used. The leaves were removed from the lower part of the shoots. 

The stems were washed in running tap water and sterilized in 1 % sodium hypochlorite 
solution for 1 min. After this they were washed carefully with sterilized distilled water. 
About 1 cm was removed from the lower end of each shoot. The shoots (5) were put in 

Erlenmeyer flasks containing 1 I sterile nutrient solution (cf. VIRTANEN et al. 1933). 
The containers were closed with cotton wool which the stems perforated. The plants 
were allowed to develop for 11 to 16 days with a photoperiodism of 16 hours light, 8 

hours darkness (six daylight lamps. Airam L 40 W-35 H 11). The samples were gathered 
and treated as described earlier (p. 12-14). 

1. a. Ammonium nitrate (111Df) as nitrogen source. Time of experiment 11 days. 
b. Similar experiment, but 30 mg/1 aureomycin in order to inhibit growth of microbes 

(cf. CROMWELL & ROBERTS 1964). 
2. Homoarginine (1 n:Lif) as nitrogen source; aureomycin; 11 days. 
3. Lysine (1 mM) and carbamylphosphate as nitrogen source (1 mM); aureomycin; 

11 days. 



34 L. I<. Simola: Amino acid pools of three Lathyrus species 

4. Homocitrulline (1 mM) and asparagine (1 !IUI) as nitrogen source; aureomycin; 
12 days. 

5 . No nitrogen source; aureomycin; 11 days. 
6 . a. A=onitun nitrate (1 m.M) as nitrogen source; 50 p.c guanidino-14C-homoargi­

nine; aureomycin; amount of solution 500 ml. The u-periment was carried out in a b ig 
glass Container through which an air stream was led and the effluent a ir was then led 
through 4 N NaOH in which C02 was captured. 

b. A similar experiment without radioactiYe homoarginine. The am.ino acid compo­
sition was deterrnined separately from stems, leaves, peduncles, pericarps and seeds. The 
results a re presented in this order from top to bottom in the diagrams (cf. Fig. 8). 

2. Experiments with seedlings 

In order to establish whether there are any diiferences between Lathyrus species in 
their ability to catabolize l a t Ii y r i n e , the following e:>..-periments were carried out. The 
method was the same as in earlier experiments in which an amino acid in a standard 

mineral nutrient medium, usually without any other nitrogen source, is translocated 
in the plant by the transpiration flow . Shoots of young seedlings were used in these stud­
ies because lathyrine was shown to disappear from L. niger in this stage of deYel­
opment (cf. p. 27). The amount of nutrient solutionwas usually 50 ml. 

1. a. Yotmg shoots of L. niger (length 10-15 cm) were used. They transpired stan­
dard nutrient solution containing a small quantity of tritiated lathyrine (concentrat ion 
of a=onium nitrate 1 !lWI) a t a r a te of 40 ml in 4 days. Cnderground p arts of the stem, 
aerial stem and leaves were an a lysed separately (cf. Fig. 8). 

b. Control experiment without lathyrine. 
2. a . Young shoots of L. maritimus (10- 15 cm). Similar experiment as in 1 a with 

tritiated lathyrine. Transpiration during 4 days 42 ml. Sterns and leaves were analysed 
separately, as in all the following experiments. 

b. Control experiment without lathyrine. 
3. Young shoots of L. sylvestris (length ca. 20 cm); lathyrine (1 !IUI) as sole nitrogen 

source. 50 ml of nutrient solution was transpir ed in 24 hours. 
a . After feeding with lathyrine the shoots had to transpire nutrient solution (10 ml) 

not containing lathyrine. This took about 5 hours. 
b. Similar control experiment but without lathyrine. 
c. An experiment like 3 a, but the plants were fed, after treatment with lathyrine, for 

6 days with a standard nutrient solution of a=onium nitrate (1 ruf) as nitrogen source. 
The upper and lower parts of the stem were analysed separately (cf. Fig. 8). 

d. Similar control experiment but without lathyrine. 

In order to study the possible pathway of the catabolism of Ii o m o arg i n i n e 
in L. sylvestris, which only sporadically conta.ins this arnino acid, the following experi­
ments were carried out .' 

j 

1. a. Experimental conditions as in 3 c but the nutrient solution contained homo­
arginine (1 !lWI) instead of l athyrine. 

b. Control experiment without homoarginine. 
c. Experimental conditions as described abo\·e, but 20 l'c of homoarginine instead 

of unlabelled homoarginine in 25 ml of nutrient solution, 2 days after which the experi­
mental plants were fed with a nutrient solution containing no homoarginine, half of them 
for two days, the other h a lf for four days (cf. Fig. 8). The experimentwas carried out in 
a big glass Container and the C02 in the outflowing air was bound with 4 X KaOH, as 
in the experiments with fruiting L. nigef' (6 a). 

The catabolism of a,y-diaminobttt yric acid and homoserille was 
studied in young seedlings of L. maritimus and L. 11iger in the following experiments. 
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1. a. L. ma.ritimus; a ,y-diaminobutyric acid (2 nLII) as the only nitrogen source in 
50 ml o f nutrient solution; transpi ration of the solution took four d ays; two d ays in nu­
trient solution without nitrogen . 

h. An experiment s imila r to 1 a but with homoserine (2 mM) as the only nitrogen 
sonrce; transpiration of 50 mi of the solution t ook six d ays. In this experiment the leaves 
becam e yellowish . 

c. Control experiment with ammonium nitrate (2 n0i) as nitrogen source for five 
daYs; two d ays without nitrogen. 

2. a. L. niger, a ,y-diaminobutyric acid (1 m)f) as the only nitrogen source in 50 ml 
of nutrient solution ; transpiration of the solution took three d ays. Two days without 
nitrogen . Brown edges of lean•s. 

b . An experimeut s imila r to 2 a but with homoserine (I mM) as the only n itrogen 
source. Transpiration t ook two d ays. F i,-e days without nitrogen . 
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Autoradiography: Kodak X-ray films 24 x 2-! cm in size were used for autoradio­
graphy of chromatograms containing Iabelied compounds. Development of autoradio­

grams took from 1 to 5 months, depending on the activity. The films were developed with 
a developer and a fixative produced by Kodak for this purpose. The intensity of the 
spots in the autoradiograms was estimated with the naked eye on a scale ranging from 

1 to 10 and the nurober marked in the diagrams (Fig. 8). 

B. Results and discussion 

It can be seen from the diagrams (Fig. 8) that m L. niger lathyrine 
synthesis occurs in both pericarps and seeds when ammonium nitrate is the 
sole nitrogen source available. Aureomycin did not inhibit this reaction any 
more than it does the reaction connected "'ith y-coniceine synthesis from lysine 
and a-aminoadipic acid in hemlock (CROMWELL & RoBERTS 1964). Thus the 
nutrient solution could be kept uncontaminated for rather a long time. 

Lathyrine was synthesized with every combination of amino acids used and 
also in plants fed with nutrient solution not containing nitrogen. Lysine with 
carbamyl phosphate caused browning of the leaf edges, which suggests that 
that this species is not very tolerant to extra amounts of lysine. However, 
the amount of this amino acid was not appreciably increased in these plants. 

None of the amino acids tested brought about any marked change in the 
amino acid pool. It was even difficult to detect the added amino acid in the pool. 
In plants without any nitrogen source the amino acidpoolwas nearly similar 
tothat of the other groups. Presumably the nitrogen resources within the shoot 
itself, which could not be eliminated in an experiment of this kind, were utilized 
in this case. This indicates that the amino acid pool of this species is very stable 
and that amino acids added to the nutrient solution in moderate concentra­
tions are easily eliminated without accumulation of any product even when 
its precursor is fed t o the plant. For example, the amount of pipecolic acid did 
not increase when its precursor lysine was given. The enzymes connected "ith 
amino acid metabolism possibly act in suboptimal substrate concentrations 
and the metabolism of cells also needs a distinct amino acid pool. 

In experiments carried out by V ALLE & \ IRTA.."'.""E:-< (1960), barley was unable 
to assimilate most of the extra amino acids given and so these accumulated in 
the cells. In the pea most of the amino acids were metabolized. The concentra­
tions of amino acids in the nutrient solution was about the same as in the pre­
sent study but the observation time was much Ionger in the experiments of 
V ALLE & VIRTANEN and the amino acids were fed via the roots. 

Using autoradiography and counting of the radioactivity of the spots, it 
could be established that homoarginine is completely decomposed in the leaves 
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of L. niger, even though this amino acid does not normally occur in them. In 
the stems, most of the labelling remairred in the homoarginine. This compound 
is apparently decomposed by an enzyme, homoarginase, to lysine and urea. 
The latter compound is then decornposed by urease with release of 14C02 , which 
is derived frorn the labelled 14C-atom in the guanidino radical. A considerable 
arnount of the 14C02 released in the air could be detected when bound in NaOH. 
Homoarginine is therefore not a mere by-product of the metabolisrn. Slight 
labelling could also be detected in aspartic acid, asparagine, threonine, ß-ala­
nine, y-aminobutyric acid and urea in stem tissues. The same cornpounds except 
for homoarginine and urea could be found in the peduncles, but in small­
er amounts, because this tissue contains very little cytoplasm. 

Labelied lathyrine could be found in both pericarps and seeds and even in 
the peduncles. This compound was the rnain labelled compound in the pods 
but label could also be found in some other amino acids, e. g. aspartic acid and 
asparagine. This rnay be due to secondary labelling as a result of photosynthetic 
C02 fixation . The last-named products are really metabolic key substances in 
this process (CALVIN & BENSO::-< 1949; SMJTH et al. 1961; ARONOFF 1962 and 
HILLER 1964). Slight labelling of ß-alanine was also seen, this substance pre­
surnably indicating the catabolic pathway of lathyrine (cf. BARNES & NAYLOR 
1962 and TsAI & AxELROD 1965). 

Lathyrine is apparently mainly synthesized in the seeds, because the peri­
carps begin to contain this compound after the start of development of the 
seeds, which contain this amino acid right from the beginning of their develop­
ment. The seeds apparently also induce the pods to form this cornpound, or 
else h:i:hyrine is translocated frorn the seeds to the pods. The srnall arnount of 
lathyrine in the peduncles indicates that to a small extent lathyrine is trans­
located from the fruits to the underground parts of the plant. Srnall quantities 
of lathyrine could even be detected in the nutrient solution after the experi­
ment. 

In young seedlings of L. sylvestris (cf. Fig. 8) homoarginine was 
relatively effectively catabolized in both stems and leaves. l\iany amino acids, 
e. g. pipecolic acid, valine, alanine, threonine, and tyrosine, were labelled 
as a result of the de novo synthesis of amino acids through fixation of radio­
active co2 in photosynthesis. L. sy lvestris thus possesses an enzyme capable 
of decomposing homoarginine, although this species does not synthesize this 
amino acid. 

In experiments on the metabolism of tritiated lathyrine this compound was 
catabolized so effectively in the leaves of young seedlings of L. maritimus that 
no products could be detected. In the stems only a small amount of radioactive 
lathyrine was present. Thus this amino acid is apparently catabolized even in 
L. maritimus, which contains this compound in high concentrations in every 
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part of the plant, but its synthesis is also very rapid and so there are no great 
differences in the quantity of lathyrine present during denlopment. 

Lathyrine was also effectively catabolized in young seedlings of L. niger, 
except in the white underground parts of the vertical stems. Here, in contrast, 
lathyrine tended to accumulate and this part of the plant also contains this 
amino acid naturally. Therefore I suppose that e=ymes catabolizing lathyrine 
are lacking from this part or arenot present in the active state. Owing to the 
small quantity of Iahelied lathyrine relatiYe to the quantity of endogenaus 
amino acids in this plant, no catabolic products could be detected. 

In seedlings of L. sylvestris lathyrine was not catabolized \Yhen it was their 
only available source of nitrogen. This species has therefore lost its ability to 
synthesize enzymes for the catabolism of lathyrine in spite of the fact that it 
does not synthesize this amino acid in natural conditions or in feeding experi­
ments when supplied with the precursor of this compound. 

Homoserine was to some extent converted to threonine in L. niger, which 
contains this compound only in small amounts. -or did a, y-diaminobutyric 
acid accumulate in L. niger and L. mar-itimtts, which do not naturally possess 
this compound in their amino acid pools. The metabolic product could not be 
detected with unlabelled a,y-diaminobutyric acid, because the amount of any 
normal constituent in the amino acid pool of L. niger did not significantly in­
crease. The quantity of y-methylglutamic acid was somewhat increased in L. 
maritimus fed with homoserine and a, y-diaminobutyric acid, which may be 
due to some transamination reactions (cf. FOWDEX & DoxE 1953). The experi­
ments with a, y-diaminobutyric acid-2-C14 have shown that in the anirnal organ­
ism 5 per cent of this compound is excreted as ß-alanine-1-C14 . The labelling 
patterns found in tissues suggest that part of the a,y-diaminobutyric acid is 
converted to aspartate or some closely related compound (::\IuSHAHWAR 

& KOEPPE 1963). Some toxic symptoms could be seen in L. mariti mtts (yellowish 
leaves, after treatment with homoserine) andin L. niger (brown edges of Ieaflets, 
after treatment with a, y-diaminobutyric acid}. 

V. Gener al discus ion 

A. P rotein and common non-protein amino acid and amides 

The prominent protein amino acids which occur in the free state in most 
parts and in most developmental stages of the Latlly rus species studied are: 
alanine, valine, leucines, serine, aspartic acid , a paragine, glutamic acid and 
glutamine. y-Aminobutyric acid is also a Yer}' abundant constituent in these 
species. Most of these compounds are encountered in relatively !arge quantities 
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in the amino acid pool in representatives of all classes of the plant kingdom (cf. 

bacteria, HüLDEX 1962; fungi , iiiCKlLLICAX 1960; CHA'ITAWAYet a\.1961; algae, 

LEWIS & Co~ZALVES 1960, 1962 a and b; mosses, ~IAASS & CRAIGIE 1964; ferns, 

ALLSOPP 1948, STEWARD et a\.1954; gymnosperms, STEWARD & DuRZAN 1965; 

dicotyledons, THOMPSON & STEWARD 1952, STEWARD &CRANE 1962 b; mono­

cotyledons, DuVICK 1952; FowDEK & STEWARD 1957 a and b; FREIBERG & 

STEWARD 1960; STEWARD et al. 1960 and BIDWELL 1963). 

i\Iany of these aln1ost ubiquitous free amino acids are among the early prod­

ucts of photosynthetic carbon dioxide fixation. The most prominent early 

labelled amino acids in both higher and lower plants are various combinations 

of the following compounds: aspartic acid, asparagine, glutamic acid, gluta­

mine, serine, alanine, threonine and glycine (CA.Lvr~ & BE~so~ 1949; SMITH 

et al. 1961; HEBER 1962; BASSHAJ\1 et al. 1964; Hn.LER & WHI'ITIKGHAM 1964 

and O~GUN & STOCKIXG 1965 a and b). Glutamic and aspartic acids are key 

compounds in the incorporation of ammonium ions into amino acids (VIRTANEN 

& TAR.'<ANEX 1932; MoTHES 1940; VrcKERY et al. 19110; i\IAcVrcAR & BuRRIS 

1948; RAUTAKEN 1948 and BASSHAM & KIR.K 1964). 

Comparison of the free protein amino acids of the seeds of generabelanging 

to the tribe Vicieae and of the young seedlings of Vicia Jaba, Pisum sativum 

and the three Lathyrus species studied demonstrates that there are striking 

differences within the tribe and within its genera. Arginine is the predominant 

amino acid in the seeds of T "icia jaba (BüULTER & BARBER 1963) and also one 

of the main amino acids in the seeds of other species of the section 

Vicia (TscmERSCH & HA.'<ELT 1967). This amino acid is abundant in the seeds 

of most species in this tribe but a number of species of Lathy rus and Vicia only 

contain it in low concentrations (e. g. L. maritimus, V. tetrasperma) (PRZYBYL­

SKA & NOWACKI 1961 and TSCHIERSCH & HAXELT op. cit.) The investigations 

carried out by BELL (1964c), however, han shown that the seeds of most Lathy ­
rus species contain only traces of arginine, whereas most of them have high or 

considerable quantities of homoarginine. V icia and Lathyrus species containing 

only low concentrations of arginine in the seeds often contain large amounts 

of some rare non-protein amino acids (e. g. canavanine, lathyrine). In respect 

of other free protein amino acids the species of the tribe Vicieae are relatively 

alike. Aspartic acid-asparagine, glutamic acid-glutamine and alanine are the 

other main constituents (cf. PRZYBYLSKA & ·aWACKI 1961 and TSCHIERSCH 

& HAl'.'ELT 1967). 
Young seedlings of Vicia jaba (14 days old) contain only traces of arginine. 

Histidine is the predominant free amino acid besides glutamic acid (BOULTER 

& BARBER 1963). The prominant amino acids in young seedlings of Pisum sa­
tivwm are homoserine, glutamic acid, asparagine, y-aminobutyrate, alanine 

and serine (BERG et al. 1954; SASAOK.A 1958 and LAVlREXCE & GRANT 1963). 
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Histidine is found only in low concentrations and therefore the amino acid pool 
of Pisum more nearly resembles that of Lathyrus species (cf. Figs. 3-6) than 
the pools of V icia Jaba. 

B. N on-protein amino acids characteristic of Lathyrus species, 
with special reference to phylogeny 

It is in relation to the occurrence of the non-protein amino acids typical ot 
Lathyrus species that the most interesting results were obtained, and the dif­
ferences between the species studied aremostrelevant in respect of these com­
pounds. The presence of y-methylglutamic acid and 5-hydroxypipecolic acid , 
and a high concentration of lathyrine and pipecolic acid in all developmental 
stages and in every plant organ are characteristic of L. maritimus (cf. Figs. 5 
and 11). L. niger and L. sylvestris do not contain the two first-mentioned com­
pounds. In L. niger lathyrine is mainly found in underground parts and fruits. 
Homoserine and a, y-diaminobutyric acid are typical of every part of L. syl­
vestris (cf. Figs. 6 and 10). 

The differences in the composition of the amino acid pools may be due to 
combinations of the following possibilities. 

1. An amino acid is synthesized in the tissue in which it occurs. 
2. An amino acid is translocated into a tissue, but not synthesized in it. 
3. An amino acid is effectively catabolized in the tissue. 
Therefore the dissimilarities found in amino acid pools are results of differ­

ences in the activ1ties of the enzymes concerned with amino acid metabolism, 
which for their part depend on dissimilarities in the genetic constitution of spe­
cies and differences in gene activity within a plant. 

The synthesis of lathyrine in the fruits of L. niger could be demonstrated in 
numerous experiments. Using radioactive homoarginine it could be shown that 
this compound is effectively catabolized in the leaves ofthisplant and also to 
some extent in the stem (cf. Fig. 8). Only in the pods could radioacti,·e lathy­
rine be found. In the seeds the Iabel was mostly detected in this amino acid. 
It seems therefore that homoarginine is dehydrated to lathyrine in both the 
pods and the seeds, which also contain the latter compound naturally. 

There are some dissimilarities between Lathyrus species in respect of the 
site where lathyrine is synthesized. BELL & PRZYBYLSK.A. (1965) reported that 
in L. tingitam's the synthesis of lathyrine was Iimited to the roots, in spite of 
the fact that in this species the amino acid is present everywhere in the plant 
(cf. PRZYBYLSKA & RYMOWICZ 1965). Recently, however, it has been, established 
that lathyrine is also formed in the shoot of this plant ( :rowACKI et al. 1967). 
The concentration of lathyrine in the rootstocks and fruits of L. niger i appar-
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ently due to the fact that the ngetative aerial shoot has lost its ability to syn­
thesize lathyrine (cf. Figs. 3-4 and 9). Even when the precursor homoarginine 
is supplied in excess, this species is unable to form lathyrine in the vegetative 
parts. Small amounts of lathyrine may be translocated in the stem from the 
pods to the rootstocks, even though this compound is not usually found in the 
stem, because small amounts of lathyrine could be detected in the nutrient 
solution after such a feeding experiment. The translocation of amino acids is 
k:nown to be a very rapid process (cf. KURSA..'WV 1963) . 

Radioactive lathyrine was shown to be effectively catabolized in the young 
shoots of L. niger (cf. Fig. 8), as would be ex:pected in view of the disappearance 
of this compound from the shoots at this stage of development (Fig. 3). It was 
not catabolized in the white underground part of the shoot, which also contains 
lathyrine naturally. This compound is apparently accumulated in it by 
an active mechanism. The dissimilarities in the amino acid pools of the differ­
ent parts are therefore due to dissimilarities in the occurrence of the enzymes 
needed for their synthesis, catabolism or accumulation. 

Lathyrine was also catabolized in young shoots of L. maritimus, which gen­
erally contain large quantities of this amino acid. There is apparently an equi­
librium between the synthesis and catabolism of this compound. The feeding 
experiments showed that L. sylvestris has lost the ability to synthesize this 
amino acid from its precursor homoarginine. or can this species catabolize 
lathyrine but it does to some extent catabolize homoarginine, which it does 
not contain (cf. Fig. 8). Lathyrine is a common constituent of seeds and shoots 
of orth and South American endemic species of Lathy rus (SrMOLA 1966), but 
is not so common in some morphologically highly evolved Mediterranean species 
(e . g. L. ochrus, L. sylvestris) of the subgroups Clymenum and Eulathy rus (cf. 
DAVIES 1958; BELL 1964 c and SIMOLA 1966, 1968). 

It seems to me that the ability to synthesize lathyrine and its precursor 
homoarginine is , from the evolutionary standpoint, an old and primitive feature 
within the genus Lathyrus but within the tribe Vicieae a new and far-e\·olved 
one. For these amino acids, although restricted to the genus Lathyrus, have a 
very wide distribution within this genus. Nearly all Lathyrus species can synthe­
size homoarginine but most Eurasian ones have lost the ability to form 
lathyrine, and may even have e\·olved from such species. The functional occur­
rence of lathyrine (accumulation in storage tissues) is obviously a highly evolnd 
feature, which has developed polyphyletically in morphologically dissimilar 
Eurasian Lathy rus species, such as L. niger, L. aphaca and L. pratensis 
(cf. PRZYBYLSKA & RYMOWICZ 1965 and SrnOLA 1966). Only a few Eurasian 
species (L. maritimus, L. tingitam~ and L. sphaericus), like many South and 
~orth American species, show the same primitive feature that lathyrine is also 
found in the aerial vegetative parts of the plant. 
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The ability to synthesize homoarginine has also apparently been eliminated 

from some Eurasian species of Lathy rus (e. g. L. sylvestris, L. tuberosus and L. 

odoratus), mostly belonging to the subgroup Eulathyrus (cf. PRZYBYLSKA & 

RvMowrcz 1965). These species synthesize homoserine in mostvegetative parts. 

This feature is one that these species share with the genera Pisum and Vicia 

within the same tribe. Homoserine is rather generally found in the amino acid 

pool of legumes and of several other plant genera as weil (cf. p. 11). The ability 

to synthesize homoserine has evolved polyphyletically in several taxonomically 

dissimilar plant groups and this amino acid can be used as a chemotaxonomic 

character only within certain genera, such as Lathyrus. Homoserine occurs 

in the shoot in most European Lathy rus species, but not in the subgroups Oro­

bastmm, Aphaca and .Yissolia, which usually contain lathyrine (PRZYBYLSKA 

& RYMOWICZ op. cit. ). 
In feeding experiments L. niger and L. maritimus do not accumulate homo­

serine, but the amount of threonine wa somewhat increased. The dissimilarities 

in the free amino acid pool are therefore due to the balance in enzymatic reac­

tions. In Pis um and several Lathyrus pecies the enzymatic conversion of homo­

serine to threonine is slower than the synthesis of homoserine. This Ieads to 

accumulation of free homo erine (cf. NAYLOR et al. 192>8) . 

a,y-Diaminobutyric acid i a characteri tic constituent of the amino acid 

pool of Lathyrus sylvestris. The occurrence of this compound "·ithin the genus 

Lathyrus is restricted to species ,~vhich also synthesize homoserine (PRZYBYLSKA 

& RYMOWICZ 1965). It seems to methat the occurrence of a,y-diaminobutyric 

acid is a far-evolved feature " ·hich is seen in the genus Lathy rus only in some 

closely related and also morphologically highly evolved species (cf. Sr:MOLA 
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1966) . This neurotoxic compound has been formed polyphyletically in both 
higher and lower plants (cf. pp. 6 and 22). It was surprising, however, to find 
that Lathyrus species (L. niger and L. maritimtts) which do not contain this 
compound could to some extent metabolize it in feeding experiments. 

From my feeding experiments it can be concluded that the amino acid pool 
of the fruiting shoots of L. niger is very stable and an amino acid occurring in 
excess is readily catabolized. Only lysine when given with carbamyl phosphate 
had harmful effects on the leaves. It is possible that the ability to synthesize 
homoarginine and lathyrine represents a new way, besides the formation of 
pipecolic acid, to avoid the toxicity of lysine. In my e::-..'"Periments the tissues 
of L. niger did not accumulate lysine but apparently converted it to pipecolic 
acid. There is a sharp physiological difference between some monocotyledons 
and legumes in their ability to make use of an external source of amino acid 
(cf . VALLE & VIRTA.l\ffiN 1960). 

Pipecolic acid is one of the main amino acids in L. maritimus (cf. Figs. 5 ancl 
11). This compouncl is also founcl in L. sylvestris and L. niger but in most of the 
earlier studies it has not been found in this genus. 5-Hydroxypipecolic acicl is 
a characteristic compound of L. maritimtts. This compound has not been detected 
in other Lathyrus species. 5-Hydroxypipecolic acid has been evolved poly­
phyletically in many genera which also contain pipecolic acid, baikian anclfor 
4-hydroxypipecolic acicl (cf. p. 30). 

y-Methylglutamic acid is an abundant compound in L. maritimus. Its quan­
tity was somewhat increased in young seedlings fed with a, y-diaminobutyric 
acid and homoserine, which may be due to some transamination reactions (cf. 
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FownEN & DüNE 1953). The keto acid analogue of y-methylglutamic acid, 
u-keto-y-methylglutamic acid, is an abundant natural constituent of Lilium 
regale (WICKSON & TowERS 1956). Among Lathyrus species y-methylglutamic 
acid has been detected only in L. maritimus and L. aphaca (cf. PRZYBYLSK.A.. 
& OWACKI 1961 and PRZYBYLSK.A.& STRO~G1968). Owing tothe fact that in the 
genus Lathyrus y-methylglutamic acid is limited to these two species, it 
is obvious that this compound has been evolved polyphyletically within this 
genus and several times within the pteridophytes (cf. p. 9). 

The feeding experiments in the present study demonstrate that a rare amino 
acid is usually effectively synthesized in the same tissue in which it naturally 
occurs (lathyrine in L. niger). Accumulation of an amino acid as a result of 
transport is relatively rare. Slight catabolism compared to the biosynthesis of 
the compound is presumably the reason for the accumulation of lathyrine in 
seeds. The effective catabolism of a compound which is not found in a certain 
part of a plant is one reason for its absence (homoarginine in leaves of L. niger). 
Another is the possibility that the tissue has lost the ability to form 
an enzyme needed for the biosynthesis of this compound although some 
other parts of the plant can synthesize this amino acid. However, a compound 
not found in the amino acid pool of a plant may be a labile intermediate in the 
biosynthesis of a common compound and therefore fail to accumulate in the 
pool (homoserine in L. maritimus). 

In view of the fact that some characteristic compound may be lacking from 
some parts of a species, it is my opinion that a chemotaxonomic classification 
of a genus should be based on comparison of data from several corresponding 
plant organs. No far-reaching systematic conclusions can be drawn from the 
presence or absence of a single compound in one plant organ. Chemotaxonomy 
is a valuable aid in phylogenetic considerations when it is linked with other 
characteristics of the genus (cytological, embryological, anatornical, morpho­
logical, etc.) . It is difficult, however, to determine the direction of chemical 
evolution. In the first stage, I suppose, when the genera are becoming isolated, 
the ability to synthesize a new compound should be looked on as a far-evolved 
feature . Later, the compound may lose its importance, the ends-steps of the 
long biosynthetic pathways may be lost and genetic material be used for the 
development of new abilities. Evolution of this kind has taken place in the 
metabolism of the phenolic compounds. In the most advanced dicotyledons, 
these compounds have the shortest biosynthetic pathways in the shoot (BATE­
SM.ITH 1962), in which they are without any known physiological role. Similarly, 
the human organism cannot synthesize the amino acids which have the longest 
synthetic pathways (DAVIS 1961). 

Amino acids, on the other hand, have more important physiological effects 
on species than do, for example, phenolic compounds. Some protein amino 
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acids have a strong effect on the morphology of the plant (VrRTA...'<EX & 

LrNKOLA 1946; SANDERS & B CKHOLDER 194" and \ VARIS 1957, 1967). The 
amino acid pool of a species may also naturally be one of the endogenaus factors 
influencing the morphogenesis of a plant. The centre of both the morphological 
and the chemical evolution of the genus Lathyrus lies in the }Iediterranean 
region (cf. DAVIES 1958 and SD10LA 1966, 1968). 

The rare non-protein amino acids can also form a hybridization barrier 
between species that have dissimilar amino acid pools by serving as antimeta­
bolites of common protein amino acids. This mostly depends on the specificit y 
of the amino acid-activating enzymes. It has been established, for example, 
that azetidine-2-carboxylic acid, anormal constituent of many Wiaceous species, 
is not affected by a proline-activating enzyme in these species but is actiYated 
by it in some leguminaus species not naturally containing this amino 
acid (PETERSON & F ownEN 1963). 

It was also found that some rare non-protein amino acids (homoarginine, 
lathyrine, canavanine and a, y-diaminobutyric acid) characteristic of the 
V icieae ha d dissimilar effects on pollen germination and pollen tube growth 
depending on the natural amino acid composition of the species studied (SIMOLA 

1967). This was most clearly seen in L. niger, which contains both homoarginine 
and lathyrine naturally. These compounds promoted the germination and 
growth of pollen tubes at all concentrations studied in this species. In most 
other species they had, if anything, a slight inhibitory effect. It has been 
pointed out that the Lathyrus species n·hich hybridize are in fact chemically 
related (BELL & FownEN 1964 and SDIOLA 1966) . 

On the basis of the present study and the Iiterature referred to, I consider 
an accurate phytochemical comparison of species at various developmental 
stages and an experimental clarification of the physiological causes for the dif­
ferences observed to be of valnein the elucidation of the chemical and physio­
logical evolution within the genus and in the tribe as a whole. 

Summary 
The amino acid p ools of three Lalh)•rus species, L. 11iger, L. maritimus and L. syl­

vestris, h ave been stud.ied at four de,·elopmental stages. Different plant organs have been 
analysed separately and their amino acid composition compared. The reasons for the 

apparent d.issimilarities h ave been clarified with the aid of feeding experiments and the 
metabolism of t he most characteristic compounds simultaneously investigated. 

Some protein amino acids were found to accumulate in certain parts of a given species 
but no general trends could be d.iscerned regarding their occurrence in these species. 
The prominent prot ein amino acids ar e alanine, ,-aline, leucine-isoleucine, serine, aspar­

tic acid and asp aragin e. y-Aminobutyric acid is also found in high concentrations. The 
a mount of proline is great er in L. maritimus than in the other two species studied. 

The occurrence of ra re non-protein amino acids is the most characteristic feature of 
each species. They a ll contain pipecolic acid but in L. marilimus it is present in high 
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concentrations and tltis species also synthesizes 5-hydroxypipecolic acid, which has not 
previously been found in any member of the genus. L. •>~aritimus also contains abund ant 
y-methylglutamic acid , which was not found in the other two species. Homoserine and 

a,y-diaminobutyric acid are charact eristic of L. sylvestri s. L. maritimus does not contain 
these two compounds but L. niger has homoserine in the stems and Jeaves. 

H omoarginine occurs only in traces in the shoot of L. maritimus, despite the fact that 
it is the precursor of lathyrine, a compound whicb is abundant in all the argans of this 

species . There is thus a shift towards lathyrine synthesis in this species, just as there is 
towards pipecolic acid in the synthesis of this acid Yia Iysine. Lathyrine accumulates in 
the wintering argans of L. niger. 

Using radioactive homoarginine as tracer , it could be d emonstrated that this amino 
acid was effect i\·ely catabolized in the Jeaves of L. niger but served as a precursor of 
la thyrine in the fruits of this plant. The natura l occurrence of an amino acid is mostly 
determined by the ability of plant a rgans to synthesize this compound rather than its 

trauspart from other parts. The seedlings of L. sylvestris, which do not contain h omoargi­
nine, catabolized it only slightly . This species has lost the ability t o form lathyrine and 
homoarginine and \vas unable to catabolize lathyrine. Lathyrine was catabolized in young 
seedlings of L. niger except in t he white underground part of the stem, which under 
natura l conditions contains !arger amounts of this amino acid than the other p arts. Its 
concentration in this part may be due to both accumulation and weak catabolism. C\o 

clear diurnal variation could be detected in the lea\·es of L. niger. 
Same evolutionary rela tionships deduced from the metabolism of homoarginine,lathy­

rine, homoserine, a ,y-diaminobutyric acid, pipecolic acid and y-methylglutamic acid 
a re discussed. 
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Appendix: Tahles 

TABLE 1. Lathyrus niger, some details oj the material collected 

Seedlings 

Lmgth of the aet'ial shoots ca. 7-10 cm ( A infig. 3) 
22. 5.-66: rootstocks, 5. o, 28. s; white underground shoots, length 1-3 cm, 1. J; white 

underground shoots, length 3-7 cm, 2. 5; white underground parts of the vertical stems, 
2. 5, 23. 4; aerial shoots, 6. o, 13. 1. 

Length of the aet'ial shoots ca. 10-12 cm (Bill fig. 3) 
20.5.-66: white underground parts of the vertical stems, 5.5; aerial stems, 6.o; leaves, 

4. 5. 

Length of the aerial shoots ca. 18-20 cm (C in jig. 3) 
20.5.-66: white underground parts of the vertical stems, 5.o; aerial stems, 2.5; leaves 

over 0. 1 g, 2. o; leaves under 0. 1 g, 2. o. 
Lmgth of the aet'ial shoots ca. 30 cm ( D in f ig. 3) 
20. 5.-66: aerial stems, 5. o; leaves over 0. 1 g , 2. 5; leaves und er 0. 1 g , 2. o. 

Budding plants 

Length of the aet'ial shoots ca. 50 cm 
13. 6.-64: rootstocks, 5. o, 24. s; white underground parts of the vertical stems, 5. o, 

21.2; aerial stems 0-10 cm over the soil surface, 5. o, 20. 1; aerial stems 10-20 cm over 
the soil surface, 5. o, 21. 2; aerial stems 20 - 35 cm over the soil surface, 5. o, 18. s; aerial 
stems 35-50 cm over the soil surface, 5. o, 20. 1; leaves over 0. 5 g, 5. o, 22. 1; leaves und er 
0. 5 g, 5. o, 25. 1; peduncles, 0. s; buds, 1. o. 

5. 7.-65: petals, 0. 5; stamens 0. o 15; pistils 0. o 2. 

Flowering plants 

Length of the aet'ial shoots ca. 60 cm 
5. 7.-65: rootstocks, 10. o, 35. 1; white underground parts of the vertical stems, 10. o, 

21. s; aerial stems 0-30 cm over the soil surlace, 10. o, 23. o; aerial stems 30-60 cm over 
the soil surface, 10. o, 27. s; leaves over 0. 5 g , 10. o, 27. 2; leaves under 0. 5 g , 5. o, 27. 1; ped­
uncles, 1. o, 38. s; petals (flowers just opened), 0. 5, 18. 4; petals (flowers fully opened), 
1. o, 19. o; stamens (flowers not opened) , 0. 1, 26. 4; stamens (flowers just opened), 0. 3, 
15. 2; anthers (flowers not opened), 0. o3; pistils (flowers not opened). 0. 1, 21. 1; pistils 
(flowers just opened), 0. 2, 20. o. 

3. 7.-64: petals (flowers fully opened), 1. 2; stamens, 0. 21 ; pistils, 0.19. 

Fruiting plants 

Length of the aet'ial shoots ca. 65 cm 
26. 7.-67: rootstocks, 10. o, 40. 5; white underground vertical parts of the stems, 3. o, 

27.o; aerial stems 0-25 cm over the soil surface 10.o, 25.o; aerial stems 25-45 cm over 
the soil surface, 3. 9, 34. 2; aerial stems 45-65 cm over the soil surface, 2 . o, 38. o; leaves 
over 0. 2 g, 3. o, 26. 9; leaves under 0 . 2 g , 4. o, 33. 1. 

5. 7. - 66: peduncles, O.s; pods, length 1.5 - 2 cm, 0.5; pods, length 2.o-2.5 cm, O. s; 
peduncles, 0. s; pods, length 2. 5- 3 cm. 0. 9 

15. 7.-64: peduncles, l.o; pods, length 4-5 cm, 4.o. 
22. 7.-64: peduncles, 0.5; pericarps, 3.o; seeds 0.24g/100, 0.1H; seeds O. o g/100, 

0. 325. 
28.7.-63: peduncles, l.o; pericarps, 4.5; seeds 3.8 g 100, 2. o. 
5. 8.-63: peduncles, l.o; pericarps, 10. o; seeds 4. 5 g 100, 4. 5. 
15. 8. - 63: peduncles, 2. o; pericarps, 10. o; seeds 5. 1 g 100 3. 5, 44 . 1; seeds 4. s g/ 100, 

(half mature), 2. o, 46. s; pericarps, (dry), 5. o. 

(The fresh weight of each plant organ has been marked in grams and after it, if deter­
mined, the dry weight in per cents.) 
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TABLE 2. L. maritimus, some details oj the material collected 

Seedlings 

Length oj the aerial shoots ca. 15 cm 
2. 7.-64: rootstocks, 2. o, 19. o; white underground shoots, length 2. s-5 cm, 0. 1 s; 

stems, 2. o; leaves und er 0. 5 g, 4. o, 16. 6; tops of shoots, 3. o, 16. 1. 

Budding plants 

Length of the aerial shoots ca. 20 cm 
2. 7.-64: rootstocks, 2.o, 26.2; stems, 5.o, 15.7; leaves over 0.5 g, 5.o; leaves under 

0. 5 g, 5. o; tops of shoots, 4. o; peduncles, 0. 3; buds, 2. o. 

Flowering plants 

Length of the aerial shoots ca. 20-25 cm 
2. 7.-64: rootstocks, l.s; stems, 3.o; leaves over 0.5 g, 5.o, 16.s; leaves under 0.5 g, 

1. s; tops of shoots, 3. o; peduncles, 2. 3; petals, 1. 2; stamens, 0. o 1 2; pistils, 0. o 3 2. 

Fruiting plants 

Length of the aerial shoots ca. 25-30 cm 
20.7.-65: rootstocks, 2.5; white underground shoots, l.o, 17. 9; stems, 5.o, 27.o; 

leaves over 0. 5 g, 5. o; leaves under 0. 5 g, 5. o; tops of shoots, 1. 6. 
2. 7. - 63: peduncles, 2.o; pericarps of small pods, 4.o; seeds 1. 25 g /100, l.o. 
20.7.-65: pericarps, 10.o; seeds 8.3 g/100, 5.o, 28.6; 
7. 8.-63: pericarps, 10. o, 20. 4; seeds 9. 3 g/100, 5. o, 30. s; pericarps, 5. o; seeds 7. 6 g/100 

(half mature), 2. 5, 39. s; seeds 3. 8 g/100 (d r y), 2. 5, 81. 5. 

TABLE 3. L. sylvestris, some details oj the material collected 

Seedlings 
Length oj the aerial shoots ca. 25 cm 
8. 6. -67: rootstocks, 5. o, 19. 8; white underground parts of the vertical stems, 3. o, 15. s; 

aerial stems 0-10 cm over the soil surface, 5.o, 15. 1; aerial stems 10-25 cm over the soil 
surface, 2. o, 12. 8; leaves over 0. 5 g, 5. o, 19. 4; leaves under 0. 5 g, 2. o, 18. 8. 

Budding plants 
Length of the aerial shoots ca. 80 cm 
12. 7.-65: rootstocks, 10. o, 23.s; white underground parts of vertical stems, 3 . o, 25.1; 

aerial stems 0-40 cm over the soil surface, 10.o, 2l.o; aerial stems 40-80 cm over the 
soil surface, 10. o, 13.8; leaves over 0. 5 g, 10. o, 23. 4; leaves und er 0. 5 g, 10. o, 18. 6; peduncles, 
4.o, 13.o; buds (small). 2.o, 17.5. 

19. 7.-66: buds (intermediate). 0. 25; buds (b ig), 0. 5; petals 0. 4; stamens (small), 0. o 1 2; 
stamens (big), 0.040; anthers, O.o28; pistils (small), 0.011; pistils (intermediate), 0.047. 

Flowering plants 
Length of the aerial shoots ca. 120 cm 
10. 9.-65: rootstocks, 5. o, 21. 5; white underground parts of the vertica l stems, 5. o, 

22.8; aerial stems 0-60 cm over the soil surface, 5.o, 27.1; aerial stems 60-120 cm over 
the soil surface, 1. 5, 17. 6; leaves over 0. 5 g, 5. o, 26. 2; leaves und er 0. 5 g, 2. o, 19. 1. 

19.7.-66: peduncles, O.s; petals, 2.76; stamens, 0.3&4; anthers, 0.045; pistils, O.o3. 

Fruiting plants 
Length of the aerial shoots ca. 120 cm 
10. 9 .-65: rootstocks, 2. 5, 26. 1; white underground parts of the vertical stems, 4. o, 

28. 2; aerial stems 0-60 cm over the soil surface, l.s; aerial stems 60 - 120 cm over the 
soil surface, 1. 5; leaves over 0. 5 g (in the lower part of the stem), 1. 4; leaves over 0. 5 g 
(in the middle part of the stem). 2. o, 27 . o; leaves under 0. 5 g, 2. s, 29. 2. 

6. 9.-63: pericarps of small pods, 2. 9; seeds 2 .9 g 100, l..s. 
25. 9.-63: peduncles, 4. o; pericarps, 5. o; seeds 8. 9 g /100, 5. o; peduncles, 0. 55; pericarps, 

10. o; seeds 10 g/100, 10. o, 33. 2; pericarps, 5. o; seeds 11 g/100, 5. o, 35. 8. 
20. 9.-63: peduncles, 0. s; pericarps, 2. 5; seeds (dry) 3. 6 g/100, 2. o, 62. s. 
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TABLE 4. Same climalic records for date and period of collectio11 of ma/eria/ 1 

C.Iean C.Iean tem- Tota l Sun-

Day t emper ature tem- perature of solar shine 
Date perature the month radiation hours 

m ean max. rnin. of the for a 30- grkaljcm2 per 
month year period month 

L. niger 
28.7.-63 18.4 23 . 2 14. 0 16. 7 17. 8 652 269 

5 .8 .-63 18. 1 21. 3 15.2 17. 1 16.3 531 198 
15.8 .-63 14.9 18.6 9. i 17. 1 16.3 34 1 198 
20.5.-64 11. 4 15.2 5. 5 9. 5 9. 3 635 299 
13.6.-64 15.9 21. 6 10.6 14.6 1-! . 5 616 317 
15.7.-64 21. 7 26.6 15.6 17.2 17. 8 560 30-! 
22.7.- 64 16.9 20. 1 14.6 17.2 17.8 577 304 
5.7.-65 13.6 17. 5 7. 0 1-!. 8 17.8 5-! 1 254 

22.5.-66 8. 7 12.0 6. 6 9.1 9 . 3 620 292.5 
5.7.-66 17.8 21. 8 13. 0 18.0 17. 8 610 302. i 

26 .7.-67 17.0 19. 1 15.5 16.8 17.8 260 3-!7. 6 

L. maritimus 
2.7.-63 16.0 19.6 10.4 16.7 17.8 652 269 

20.7 .-63 17. 3 22.5 13.7 16.7 17.8 415 269 
7.8.-63 17. I 19. 5 15.2 17. 1 16.3 293 198 
2. 7.-64 16.4 21.1 11. 1 17.2 17.8 667 30-! 

20 .7.-65 20 . 0 25.0 14. 1 14.8 17.8 579 25-! 

L. sylvestris 
6.9 .-63 16. I 17.8 12. 6 13.6 11. 5 119 161 

25.9.-63 1-! . 4 17.3 12.1 13.6 11. 5 202 161 
12.7.-65 13.0 17.2 10.0 14 .8 17.8 ·115 254 
10.9.-65 15. 7 18. 4 13.2 13.-1 11.; 301 91 
19.7.-66 16.3 19.7 14. i 18.0 17.8 580 302.7 

8 .6.-67 10.5 12.4 9 . 2 13.7 14.5 500 280.3 
19.7.-67 17.7 23.1 11. o 16.8 17.8 545 347.6 

1 The d ata h ave been collect ed from the monthly reports of Finland's C.Ieteorological 
Institute, which h as an observation point in the Botanical Garden of the Cni\·ersity of 
Helsinki. 
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