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INTRODUCTION 

~voNORx% abloik tmpenes and cyanogmtic compoundsperhaps have attmcted more 
attentianthanothertypesofsubstancesin~tslronomJcstadiea~~plants. Ineach 
case the compounds fall into th8 loosSly WInal category of %&mdary plant products”. 
It is only recently that interest has been fd upon amino acids as another us&l group 

of compounds iu this context a1 In addition to the basic twenty constituents that all plant 
species must synm at least another hundred amino acids are now recorded occur&q 
in plants.* These substances are certainly not universally distributed throughout the plant 
~~~o~afear~~~~acidand~~~~occarverywiddy. 
More usually, the compounds have a restricted distribution; some show an i&equen& 
haP_ oc+xrence in is&ted members of many families of plants, while others occur 
only~~~~~~~of~~y~~groupsofplants. lkcepcqaf~dubious 
claims for their prescmz in plant proteins, the compounds only occur fret! or as pglutamyl 
peptides and it is c4nwenient to refer to them as non-protein amino acids. 

A group of such non-protein amiuo acids forms ~~~ of plants of the gem& 
~~~,~and~3~shown~tabout~~conldbesu~~intofi.vemain 
groups on the basis of associations of these amino acids within the seeds. The resulting 
chemkal &ssikaticm differed only sligbtly in detail from an earlier one based on mor- 
phological and cytological information. 

Sveral of the non-protein amino acids were isolated fkst from members of the Cucur- 
biw* and the present survey was under&&en to gain information comxr&g the 
generalityofthcir occurmnm within members of the family. Norm&y, seeds have been 
exsminedin~~tovegetativeorgansfortheir~~ti~islegs~ytobeaffected 
by variation in nu~tio~ or en mtal factors during plant growth. The results 

lRA.~~~~,~~~ Biuckmbtry ad Semlogy (Edited by C. A. Lxo@, p. 203. 
Ronald Pms, NW York (196%). 

~L.FbwDRN,A?m.Ruv.liwbn.~173~1964). 
3 B. A. BELL, Bibchn. J. 83,225 (1962). 
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obtained am examined in relation to the classification of the family recently compiled by 
Jeffrey.‘* 5 

RESULTS 

Each se& species was ground and extracted with 75 % (v/v) ethanol and then the amino- 
acid fraction was separated from other aqueous-ethanol soluble constituents by absorption 
upon a cation-exchange resin. Individual amino acids were identified after separation on 

Fxo. 1. DUORAMMATIC REPRPBENTATION OF lxkmmNsoPNoN--AMtNoAcmsANDuNIo4owN 
NlNfimaLN-FosrnvE coMpovNwL (solid spots) IN REum To l-f-m CHRoMAm-c PATmRN OF 

THE PRUIZIN AMINO ACIDS (Open Spots). 

T@rown), U, and Y(brown). 

Zdimensional chromatograms prepared from each extract. Phenol-NH3 was used as the 
first developing solvent and a butan-1-al-acetic acid-water mixture as the second; the amino 
acids were located on the developed chromatograms using ninhydrin as the chromogenic 
reagent. Figure 1 is 8 diqramatic representation of the spots encountered in this survey and 
it~~~~t~y~ uncharacterized. However, as far as possible the structures 
of compounds upon which emphasis has been placed in the ~b~a~on of results are given 
below. 

4 C. Jmmuw, Kiw Bt&. 15,337 (l%l). 
5 c. JEFFREY, Kew J3ull. 17,473 (1964). 
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Citnrlline (I). An or-amino-S-ureido acid, it was ikst isolated hy Wada from watermelon 
(CirrsJhrs &&US). As an intermediate in the biosynthetic achy leading from glutamic 
acid to arginine, it is presumably present in all plant species, yet often it is not detected by the 
usual 2dimensional chromatographic procedures. In the cucurbitaceous seeds examined, 
very large differeuces in the concentration of citrulline existed between different species. 

~Hz.CH~~~2)~~2~ ~H2,CH(Co,H).NH.Co.Ctl,.CH2,CW(NH3.Co2H 

01) wu 

~-~~~o~-l-y~~~ (II) a4 ~g~g~yl-~pyrzol-I-ylalan;ine (IIT). The heterocyclic 
amino acid, first isolated from watermelon seed,’ is isomeric with hi&line, and is formed in 
cucumber seedlings by a condensation of pyraxole with serine,8 catalysed by a synthetic 
enzyme possessing features rem&cent of tryptophan syuthetase. The peptide always 
occurs together with ~p~i-l-y~~e, but invariably at a lower concentration. This 
co-existence pebbly is dependent upon the action of a ~~u~yl transfm, an enzyme 
previously observed in many plants and known to show only low speci&&y for the acceptor 
amino acid.‘O 

The peptide always gives a spot of unusual shape, streaked (elongated) in the direction of 
phenol flow, yet very narrow along the second direction; this characteristic feature is useful 
for its identification. 

CO2H 
m 

rn-C~~~y~y~~ (Iv). First isolated from Iris tingi&mu (iri&ceae)l* and 
su~uen~y from Red odoruta (ReseaaCeae ) and Lunaria mmtlll (Cruciferae),la rn- 
~~x~henyl~a~ne was detected in many of the cucurbit seeds examined. Its id~~~~o~ 
was established by isolation from seed of EcbaHirun elaterim and comparison with authentic 
material. 

Cwurbitin (3-am~pyrrolida%e-3-carbo@c acti, V). This compound was isolated from 
the drug plant, Cucwbita modata, by Chinese worl~ers,~~ who claim it possesses anthelminth 

6 M, WAIM, -. z.ti,4#) (1930). 
7F.F.NOB~L~,~.~T,,543(1960). 
8 P. M. DUNNIU aad I, -, J. Eq. Bdmty 14, 337 (196% 
9 P. M. DUNISU and L. POWDBN, BioEkcm J. 86,388 (1963). 

loJ.F.~~D.a~mdRK.~~~~3,33(1964). 
llJ,F.~,~J.M~S.~~~. Bmmt~~, f. Bbl. Chm. 236,1183 (I%& 
12 A. KJABR and P. 0. LARSEN, Acta C&m ..$b& 17,23!+3 (1963). 
33 S. FANG, I, LI, C. NIU and K. ‘Ruw, Sci. Sk&a (&ktb& 10,845 @%I). 



proptrtitS* it is both an cwuuino acid and a q&c @Gniao acid. Its ocmrrencm 
in other CwMza species was detcctad in the presmt survey. 

~~nE~~y~~~ (VI), ~~-~y~o~hyi~~~ (Vrr) aad ~~-~~~y~~~ 
(VIII). These substituted amino acids react with ninhydrin to give brown spots (the colour 

is abbe &am that given by ~~). N4- 
e~y~~~ were &at isolated fm vegetaGve parts 
e&zfer%# and bryony (Btyolli dWa)15 respectively. Radioisotopic studii with E&&m 
seedIings indicate that both #~~~~ are formed from as~m~ne,16 ~~umably by 
exchanging the amide-N atom for a residue of 
comparable to that pnxi~ W-substituted 

N4-~~y~~~ne has been newly iden~~. Xt was observed as a brown spot on a 
cantos pmpared from seed of C~r~f~o~r~ epiguem The spot was shown to bc 
inseparable from chemically syntl&zed N4-methylasparagine run on cbromatograms 
developed in four solvents (phenol, butanol-acetic acid-water, butanol-NHS, and ethyl 
a~~~py~~w~er). It yieIds aspartic acid and rn~y~~~ after hy~ly~s with 
2N-HQ for 16 hr at 100”. The hy~lysis products were identified by ~o~o~phy 
with authentic substmws using phenol and butanol~c acid-water as solve&s, while 
rn~y~ was also c~ as a volatile amine under alkaline lotion using the 
Conway ~~~~s~o~ techniques. 

The pattern of amino acid distribution throughout the family is shown in Table 1. The 
species are grouped follawing the classiikation of JeBrey4s 5 which splits the f&y into two 
mjor sub-families, the ~~bitoi~ akd Zanoni&deae, consi~ng of eight and one tribes 
respectively, which may be split fwther into sub-tribes. 
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TABXE l-umtimie~ 

Species 

Amino acid? 
UnirwWIlS 

*vn: 
II IIIandVIIII IV 

4. TribeCyclaxltbsreae 
Cyc&mthera &plo&ts 
C. pedua 
Ech?nocystis wrighrii 
Marah f&l&s 
M.mawoaarpils 
iu. onganm 

5. TribeSicyoiZae 
siqos angukatus 

6. TribcTrichosanthesa 
iii. Sub-tribe Trichosanthinac 

Peponium hirtellum 
P. mackenii 
l%hosanthes tricuspirlora 

7. Tribe Cucurbiteae 
i. Subtribe Cucurbitinae 

Cucurbita maxima 
Roseanthus cwunerinus 
Skxma o&rlfcra 

ii. Sub-tribe Abobrinac 
CaJwponia sp. 

II. Sub-family Zmmioideae 

1. TribeZano&ae 
i. Sub-tribe Fevikinae 

Fevilka peruviaua 
ii. Sub-tribe Zanoniinae 

Gerrardkthusg~~~@~r~ 
Alsomitra macromrpa 

iii. Sub-tribe Gomphogynbm 
Gynostemma peataphyllum 
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l Genera are grouped into sub-~ tribes and sub-tribes following Jciky.3 
tSymbolsdenottrelativestrtnSthsofchromatolpaphicspots:O,absant;T,trace;W,weok;M,medium; 

f&w 
$Demtesthatcompoundformstheprcd ominmtspotonthe-tognun. 
o+-pyrazol-l-ylala; (II&y+utamyl-/kpyraml-l-ylalanim; (VI’)-N’-&hylasparaeine; (VII)- 

N’-hy~thybma=&w (VIII)-N%ethylaspamgine; (Ijcitmlline; -wph@=Y- 

The genera forming sub-tribes generally possessed a comparable complement of non- 
protein amino acids present in similar relative concentrations. However some striking 
anomalies exist and are the subject of comment below. A distinct difference of composition 
between tribes or sub-tribes was frequently observed, but, in some instances, groups of 
genera clearly separated by morphological characters had very similar amino acid com- 
position. 

The largest single group of species examined were the genera forming the sub-tribe 
Benincasinae. This sub-tribe was recently redefined5 and now includes two genera, Acan- 
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thQsicyos and lklA%r, earlier separated as the subtribe Acanthosicyoinae. The members 
of the new sub-tribe are mainly of African ori& but Ek&alZium aud &y&i2 stand out as 
the only European species. With the exception of these two genera (and of Cognt2~~~~), the 
3enincasinae are characterized by a high content of ~~l-l-~~e (II), which 
fguently forms the mjor don’t of the free amino-acid pool, and lesser amounts of 
~~u~yl-~-p~ol-l-yl~~ (B& Citrulline (3) is also present, often in considerable 
quantity- In Ecbahtm and Bryonia, &pyraxol-l-ylalanine and its peptide are present but 
only as minor constituents. More distinctive is that these two genera, alone amongst all the 
species examined, contain the two substituted asparagines, N4etbyl- and N4-hydroxyethyl- 
asparagine (VI and VII); the presence of significant quantities of m-carboxyphenylalanine 
(Iv) also places them apart from the other genera forming the sub-tribe. The geographical 
isolation of &buZiium and Bryoniu, possibly since that Tertiary period, from the other genera 
is then manifssted in an altered biogenetic capacity as a consequence of evolutionary change. 

Zoo, a Madagascan genus described since J&my’s clas&ication was compiled, has 
a ~rn~~tio~ in agreement with its inclusion in the Benincasinae and Jet&y (Personal 
communication) has indicated that he would place it in this sub-tribe on morphological 
criteria. On chemical grounds, Cog&n&a remains an exceptional member of this sub-tribe. 
Tt more closely resembles k&k, split off as tbe only member of the related sub-tribe, LuSnae, 
which together with the Benincasmae forms the tribe Benincaseae. It is noteworthy that 
Cogniauxia in its tendril and androecial charackrs appears to be the least specialii member 
of the Benincasinae; these considerations may similarly indicate that Cognku.viu forms a link 
between the rest of the subtribe and the Lufhnae. Incidentally~ Wrightrg describing a species 
of Cog&z&a, referred it to Luft’a pending knowledge of its female flowers and fruits. 

Three species of La&r were examined (L. ~~~~, L. ogres and L. cy~~a): 
each had a similar composition ~~0~~ the former two species contained only minor 
amounts of ~~x~heny~e (IV), whereas this aromatic amino acid was a major 
component of L cyk&ca seed. Jeft?ey4 points out that the stru&ral features of the dry 
operculate fruits ofk@ species are approached elsewhere in the family only by members of 
the tribe Cyclanth~ and so the sub-family Luflinae might be regarded as a link between 
theBenincasinae and Cyclanthereae. Undoubtedly the three Lun species have amino acid 
compositions more closely allied to those of the genera, Cyc&zthera, &ticystis and Murah: 
none of these genera contain &yraxol-l-ylalanine (II) or its peptide @I) within their seeds, 
yet all synthesire ~~x~~y~~. Chromatograms prepared from extracts of 
C. @&cz, C. ~~p~~~ and E. ~r~~~i had 811 almost ~~ a- ~d~~~~ 
unusual green ~y~-~g spot, in the area occupied by basic amino acids, which was 
not encountered in any other species examin&. 

The two members examined from the sub-tribe Trochomeriinae, could not be distin- 
guished readily on the present chemical oriteria from the African genera constituting the 
Benincaslnae. This is also true of some genera of the Meloth&me, another sub-tribe of 
the Melothrke. For instance, ten species of Cucumis and Mukia w&kr~ana contained 
the /3-pyraxol-l-ylalanine (II), y-glatamyl-/3-pyraxol-l-ylalanine (III), s&d&ant amounts of 
&ulline (I) and a minor “unknown D’” complex asso&kd with these other sub-tribes. 
However, viewed as a whole the members of the Moods examined form one of the 
most diverse sub-tribes on chemical grounds. ApolIanrlileta FLU, in which mca&o~y- 
phenylaianine (IV) forms the major amiuo acid constituent, closely resembles the members 
of the Cychtntbereae, particularly 1wurizk wacrocurpur and AK ov, whilesubstanceslike 
19 C. H. WRIGHT, in Huoker’s km. Pf. 2s. plats 24!X) (1896). 



N’+methylaspara&~e (VIII) (brown), Y (possibly N’gropyl- or N’-isopropyl-aspara&ne, 
br0~11) d 7mkmwn r' (a lemon yellow-coloured spot), which have a very rcstriotcd 
distribution, stxikingly sqarate certain species of Corallocarpu and xedrostis and of 
Mdothrhz from other members of the sub-tribe. 

Morphologically, the Melothriinae are also imtiy studied and again they exhibit 
dive&y in a number of chamctem. For instance Marticor~na~~ divides the sub-tribe into 
two pollen-morphologicahy differentiated groups. Of the genera we have studied Cucumh 
and M&a fall into one group. The other group contains most of the species we have examined 
and it has been further divided into two, depending on the presence or absence of antherial 
hairs. 

Many observers have encountered difkulties in cimumscribing the closely-allied genera 
C’ar~rpus and Kedrostis. Unfortunately, our analyses which have included three species 
described as CoraUocarynu and three as Kedrostis, merely add to the uncertainty, for only 
two species (namely C. epigueus and K. elongate) synthcsixed N’-methylasparagine (VIII). 
The relationship between the two genera is stressed however by the fact the N4-substituted 
asparagines occur very rarely elsewhere in the family. Morphologically, Kedrostis is still a 
rather heterogeneous genus which consists of at least four parts, so many more species must 
be studied chemically before a useful evaluation of the data can be made. 

Peculiarities of amino acid composition were seen in all three species of Melothriu 
examined. A-l. penduha and M. scubra seed f2ach ccntained /3-pyrazol- 1 -ylalanine (II) and the 
related peptide (III) as the most predominant constituents but a more conspicuous com- 
ponent gave a bright yellow spot “unknown Y” after treating the chromatograms with 
ninhydrin. This substance was presumed not to be an imino acid (negative isatin reaction) 
and although it occupied a position typical of acidic amino acids, it was not retained by an 
anion exchange column (Dowcx-1). In contrast seed of M. ~22ponicu contained only minor 
amounts of B-pyrazol-l-ylalanine and peptide and no trace of “unknown Y” : a predominant 
constituent was “unknowu D” while a small amount of m-carboxyphenylalanine (IV) also 
was present. The entirely difkent appearance of chromatograms of the last species from 
those of M. pendida and M. scabra provides chemotaxonomic support for the view expressed 
by Jeffrey’ that the genus MeZothria be confined to New World species, and that certain 
species now defined as iWeZothriu, of which the Asiatic jU. japonicu would be an example, be 
m-established as Zehneria species. 

Two genera analysed from the sub-tribe Trichosanthinae, were Pqwnium and T&ho- 
smthes. P. hirteZhun and P. mtzckerdi (African species) had closely-allied composition to the 
main group of African genera forming the Benincasinae (i.e. strong /3-pyrazol-l-y~~e a& 
peptide, sign&ant citrulline and a small amount of “unknown 0”). Z%hos~thes is by 
contrast an Asiatic genus and difks considerably in composition; indeed, the absence of 
/3-pyrazol-l-ylalanine (II) and peptide (III) coupled with a high content of mcarbOxy- 
phenylalamne (IV) is more reminiscent of the genus, Lu&. Peporzium is distinct from the 
other Trichosanthinae in the sexine structure of the pollen grains.zO 

Species grouped in the tribe Cucurbiteae possess few &king f-lures of composition 
although w-carboxyphenylalanine is normally present. Analyses of seed of fourteen species 
of the genus &curb&a arc presented separately in Table 2 and are discussed in mo= ~1 
below. 

The sub-family Zanonioideae, as deSned is very much smaller: it contains only one ti& 

split into four sub-tribes. our Very hited anaiyses of species of this subfamily did not 
~C.MAR -A, Grmtcl P&vwL 4,78 (1963). 
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indica& any considerable differences of composition. In fact few of the compounds serving 
as useful &an&al cbaractum were present, and only Gynmtemma accumulated such a 
eonqmm~ (“unknown I)‘) in a marked boot. 

Table 2 gives details of the non-protein amino-acid contents.of the fourtetn (kcwbitu 
species examined. The seeds were kindly supplied by Dr. T. W. Whitaker (La Jolla, Cali- 
fornia) who also provided useful commeuts on their relationships. A common feature of all 
fourteen species not apparent from Table 2 was that ~~~1-lMy~n~ (II) and its pcptide 
(III) were entirely absent. Variability of composition was seen between species in regard to 
the constituents listed in Table 2 (m-carboxyphenylalan& cucurbitin (V) and unknowns B, 
I) and F), ahhough F was never present in more than minor quantities. 

izszia W S+ T W 
T S 0 T t 

--- 

+symbolsdenote~ve~of~spots: 
0, abiwmt; T, tract; W, weak; M, modium; S, strong. 

tlkmote3tlmt~formsthepredomiaentEpotanths 

The thme annual masophytic species (C. M&M, C. *&v&i, and C. okcechobeenis) 
~listsd~:msome~ttrtir~~Fe~o~pisnattaod~~tnone~ 
~~~~~~ (IV). C. 90)&a which has aflinities with this group also lacks 
~~-~~boxypbenylalanine. C. &&u#vzf~ perhaps also resembles these mesophytes more 
dosely biochemically that it does the xerophytes. This is also true for many morphological 
characa although gen&caUy it is most compatible with the xerophytic spe&~.~~ It is 
possible to cross pairs of specie54 within the group, C. cy~~atu, C. f~~~~ C. pahata 
andC.Wgftata,thelmrsttwo~~ysuocessfttlly; ~~~os~~~~~i~~ 
saad~~~innspectofnon-~~aminoar;idswhiltC.cy~~~andC.f~t~ 
exhibited obvious differences iu the abmm of B and F. The remain&spwicswusistufa 
group of four cultivated annuals (C. &tu, C. pepo, C. snmchatu and C. BU&HU) toge%hcr 
withC.~wbichisaf~(or~d)speciesofC,~~. ~c~~~of~~tion 
21 T. W. Wmwam, EvoMon 18,533 (1963). 
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within this group is distinctly seen; cucurbitin is either a marked or the most predominant 
constituent of each and definite di&rences of composition are observed only in relation to 
“unknown B”. Of the wild mesophytes, C. ZunuWr?u~~ is genetically most compatible with 
the cultivated species,21 and this species seems to show a closer chemical kinship to the latter 
group than do C. martinezii and C. okeechobeenis. 

DISCUSSION 

The over& picture emerging from the amino-acid analysis presented above is that useful 
support has been provided for many features of the current system, based on morphological 
characters, for classifying the genera forming the Cucurbitaceae. In most instances where an 
obvious discrepancy was shown to exist, some uncertainty remained concerning the mor- 
phological relationships between species or genera. Amino-acid data therefore provide an 
invaluable index whose use should be considered in any new attempt to redefine relation- 
ships, e.g. between species presently assigned to the genus Melothria, or perhaps within the 
confused group of CoraZZocarpus and Kedrostis species. 

The amino acids which have been proved to have the greatest taxonomic usefulness so 
far are p-pyrazol-1-ylalanine (II) and its y-glutamyl peptide (III), the various N4-substituted 
asparagines (VI, VII and VIII) and m-carboxyphenylalanine (IV), together with unknown 
substances D and Y. If larger quantities of plant material become available efforts will be 
ma& to identify these two unknowns. 

Species unable to synthesize fl-pyraxol-1-ylalanine presumably lack the synthetase 
enzyme, described in several cucurbit seedlings,8 which catalyse the condensation of pyrazole 
with serine. However, further differences may exist between the protein complex of /I- 
pyraxol- 1 -ylalanine-producing and /J-pyrazol- I-ylalanine-negative species because additional 
enzyme(s) are almost certainly required for the formation of pyraxole itself. The absence of 
jLpyrazol-l-ylalanine from a wide range of species then may have more than one cause, for 
the failure to synthesize any one of several required enzymes would manifest itself in the 
same way as far as the present analytical techniques are concerned. The synthesis of ‘y- 
glutgmyl-fl-pyraxol-I-ylalanine (III) has been observed to be invariably associated with ’ 
that of the parent amino acid and is probably attributable to the action of a y_glutamyl 
transferase which exhibits a relatively low specificity in regard to the acceptor amino acid. 

Several hypotheses may be advanced to explain the production of the N4-substituted 
asparagines by only a very few of the species studied. Unfortunately, the nature and proper- 
ties of the enzyme effecting the final step in their synthesis remain uncertain, although the 
weight of evidence gained from isotopic tracer experimentsi indicates that asparagine, and 
not aspartic acid, forms the immediate precursor. If one assumes that the substituted amides 
are formed by an exchange of the amido-NH2 group of asparagines for one of methylamine, 
ethylamine or ethanolamine, then the presence (or absence) of suitable concentrations of 
these amines within the members of the Cucurbitaceae at the time of seed maturation could 
be a crucial factor controlling the synthesis of the N4-substituted derivatives. It is unfortunate 
that the literature contains no detailed account of the distribution of simple amines within 
this family of plants. Alternatively, the absence of substituted asparagines from most members 
of the family may simply reflect the fact that the synthetic enzyme system has a very liited 
distribution. Even where the synthetic enzyme is present problems of specificity are again 
apparent for either N4-ethyl- and N4-hydroxyethyl-asparagines occur together or N4- 
methyl-asparagine is present alone: the co-existence of all three has not been observed. 
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Conceivably two separate enxymes are iuvokd and exhibit diffemut specifkities towards the 
amine substrate, but the fact that different mixtmes of simple amines may be available in 
different groups of plants could provide au efkctive control over the type of product obtained 
by the action of a single enzyme. The last concept will be tested by supplying different simple 
amines to seedI.@ of ~~~~ which produce additional quantities of N’-ethyl- and 
N’-hy~oxy~yl-bus during their early phases of growth. 

METHODS 

Preparation of Am& Acid Fractions 

Finely grouud seed (1 g) was shaken with 75% (v/v) ethanol (25 ml) for one day. The 
supematant extract obtained after centrifuging was applied to a small column (12 x 0.8 cm) 
of Zeokarb 225 (H+ form in 75% (v/v) ethanol) to retain the amino acids; after thorough 
washing the amino acids were eluted from the column with aqueous ethanolic 2N-NH3 

(25 ml). After ~~~~~0~ VOlUmeS eCpiV&lat to 025 g of the origiual seed were applied 
to sheets of Whatman 3 MM ~o~to~p~c grade f&r paper. 

Chromatography 

Two-dimensional chromatograms were developed with 75 % (w/w) phenol in the presence 
ofNH3 vapours, followed by a l-phase butan-1s1:aceticacid:water&ture(90:10:29, v/v). 
Spots were revealed using 0.1% ninhydrin in ethanol as the chromogenic reagent: unless 
otherwise stated on Fii. 1, the spots were blue-purple in colour. Two other solvents were used 
to con&m the identity of N’-rn~y~~m~nc and ~~~h~y~: they were the 
upper phase of an ethyl acetate : pyridine : water (2 : 1: 2, v/v) and butan- l-01 saturated with 
3N-NH3 solution. 

Menti@ation of Amino A&b 

Genedly, do acids were identilkd by the &arac&istic fatures shown by their spots 
on 2dimeusional chromatograms. Several substances, e.g. the substituted asparagines, 
cucurbitin, and unknown Y, gave spots of unusual colour after ninhydrin treatment, while 
others moved to positions remote from the remaining ammo acids. Since m-carboxyphenyl- 
alanine (IV) was previously not knowu to exist in any member of the Cucurbitaceae, an 
isolation from a typical species was undertaken to con&m its identity with an authentic 
sample. For similar reasons N4-~y~~~ (VII) was synthesixed chewy to 
provide material for comparative c~~~~p~c studies. 

(a) &ohztifon O~rn~o~~~y~aZ~ (Ivlfn;tnr E. elaterium. Seed (4 kg) was cxbactcd 
with 75 % (v/v) ethanol and the amino acid fraction separated as above using a squat column 
containing 10 lb Zeoharb 225 (mesh 60-100). Ammonia was removed from the eluate by 
evaporation to dryness in vacua below 50”. 

The residue was dissolved in 750 ml water, decolourixed with charcoal and adjusted to 
pH 6. The solution was applied at a rate of 180 ml/hr to a column of Dowex-1 x 10, acetate 
form (mesh 100-200, length 50 cm, diam. 2 cm); the column was washed thoroughly to 
remove neutral and basic amino acids and theu the retained acidic amino acids were eluted 
with O-25 N acetic acid (gow rate 60 ml/h& Fractions (12 ml) were cokted and analysis 
showed tube numbers 33-42 contained ghttamic acid, numbers 4%-69 aspartic acid and 
numbers 99-130 ~boxyphenylalanine. The latter group of fractions were combined and 
after concentration yielded 026 g crystals on keeping at 0”. After recrystallixation from 
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70% (v/v) &ham& the material was shown to be identical with fM+arboxyphenylalanine 
(provided by Dr. J. F. Thompson, Ithaca) by co-chromatography in the four solvent systems 
above and by paper electrophoresis at pH 1.9,3*45 and 7-O (buffers as Bel13). (Found C, 52.6; 
H, 5-8; N, 63. Calc. for CIsHIrNO,.HsO: C, 52.8; H, 5.7; N, 62x.) The isolate had 
M#j+33*5” (c 1 in H20); authentic material had [M]g+35*5’. Although Thompson 
et uZ.ll did not report a monohydrate form, our material when e from aqueous 
ethanol gave an i.r. spectrum identical in every respect with that of m-carboxyphenylalanine 
isolated from Iris. 

(b) Qvzthesis of N4-methyhzsparugine (VIII). CEthyl hydrogen ~aspartate @-ethyl 
aspartate) was prepared by the method of Curtis and Koch,= mod&d as Fowden.ls The 
product (4 g) was mixed with 33 % (w/w) methylamine in dry ethanol (20 ml) and heated at 
100“ for 8 hr in a thick-walled ampoule. Ethanol and residual methylamine were removed 
by evaporation and the residue dissolved in water (100 ml). This was fractionated on a 
Dowex-50 x 8 column (mesh lOO-200,20 x l-5 cm diam.) to remove traces of aspartic acid 
and unchanged p-ethyl aspartate. The fractions containing N4-methylasparagine were 
combined and evaporated and the residue recrystallized from 80% (v/v) el!hanol to give a 
pure product (2.6 g). (Found: C, 41.3; H, 6.8; N, 18.9. Calc. for CSHIONsOS: C, 41.1; 
H, 6.9; N, 19.2 %.) 

N4-propyl-, N4-isopropyl-, N4-isobutyl- and N4-isoamyl-asparagines were syn&esized 
by a similar technique but were not puri&d from the crude mixture of reaction products. 

Acme-~~ofof~fnml~sccdswasperformcdby 
Dr.TemaM.Poole. WewishtotbPnlc~.C.J~(Roy*1BotanicG~)forhirwhnblt~~ 
andguidamduringthepreparationofthismammipt. Hawasakohe@fulinsuggeshgmanyexpertswho 
su~tlysupplicduswithscedmatcrial. FhallyourthanksareduetoMrs.JamRctaEckfor- 
assistanse. 

*a T. CURTB and F. ICoax, L prakt. Ckm. 38,473 (1888). 


