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Abstract-Free amino acids in the seeds of 80 species of Acacia have been determined. In addition to confirming 
the known difference in seed amino acid ‘patterns’ shown by species of the series Gummifeae on the one hand and 
species of the series Phyllodineae and Botryocephalae on the other, we have found that species of the series Vulgares 
Benth. show two additional ‘patterns’s One of these is common to some of the Afro-Asian species of the series which 
have been analysed and the other is common to species from America and Africa. One of the ‘marker’ amino acids 
of the Afro-Asian group is the neurotoxic lathyrogen a-amino-~-oxalylaminopropionic acid. The possible taxonomic 
and phylogenetic significance of these results is discussed, with special reference to five species A. a~~~du, A. confuse 
A. heterophy~la, A. coulteri and A. kauaiensis. 

INTRODUCIXON 

Thegenus A~uc~a(Legu~no~e,subfa~yM~osoideae) 
is a large genus containing 850-900 species, approxi- 
mately 700 of which are native to Australia ; the remainder 
occur mainly in tropical and subtropical regions of 
Africa, Asia and America. 

Seneviratne and Fowden [I] investigated the free 
amino acids in the seeds of 34 species of the genus. Most 
of these were Australian species in the series Phy~lodi~ae 
and Botryocep~a~ae Benth, the rest were members of 
the series Gummifeae Benth. They found that seeds of 
species of the Gummij-erae characteristically contain 
N-acetyldjenkolic acid and its sulphoxide, while those 
of the series Pkyllodineae and Botryocephalae accumulate 
large amounts of albizziine, S-carboxyethyl cysteine and 
its sulphoxide. Many species ofthese last two groups also 
contain S~arboxy~opropyl cysteine, and a-amino+ 
acetylaminopropionic acid. Seneviratne and Fowden 
concluded that “these characteristics are so clearly 
defined and constant . . . that one would feel justified in 
assigning a species to the subgenus Gumml~erae if it 
possessed N-acetyldjenkolic acid”. 

We have now analysed seeds of another 80 species of 
Acacia, these have been taken mainly from the series 
E&ares Benth. but include a few additional representa- 
tives of the series Phyllodineae, Botryocephalae, Pul- 
chellae and Gummzj&ae. We report that two further 
groups of Acacia species are characterized by the associa- 
tions of free amino acids which they accumulate in their 
seeds. We have attempted to correlate the four bio- 
chemically defined sub-genera with the mo~hologi~al 
classifications of Bentham f2] and Vassal [3]. 

RFSULTS AND DfSCUSSION 

Table 1 shows the distribution of free amino acids in 
the seeds of 106 species of Acacia inciud~g 34 previously 
anaiysed by Seneviratne and Fowden (marked with an 

asterisk). Species of Group 1 contain the amino acid 
N-acetyldjenkolic acid as the ‘marker’ amino acid. All 
of these species were classified by Bentham in the series 
Gummiferae, and are included by Vassal in the subgenus 
Acacia. Species of Group 2 contain the combination of 
‘marker’ amino acids S-carboxyethylcysteine, S-car- 
boxyisopropylcysteine, albizziine and a-amino-&acetyl- 
aminopropionic acid. All species within this group are 
Australian, except for A. ~eterophy~la, and occur in 
Bentham’s series P~yll~ine~, Botryocep~alae, and 
Pu~c~el~ae, and in Vassal’s subgenus ~eterop~yllum, 
sections Heterophyllum, Uninervea, and Pulchelloidae. 
A. heterophylla is found in the Mascarene Islands and 
is the only non-Australian phyllodinous species studied 
in this project, The amino acids pattern of the seeds is 
identical with those of the Australian species, and this 
evidence of chemical as well as morpholo~cal similarity 
raises the question of a possible AustraIian origin for 
A. heberophylla. 

Species of Group 3 are mainly of African and Asian 
origin, they were classified by Bentham as series Mtlgares, 
and are placed by Vassal in the subgenus Aculeiferum 
section Aculeiferum. A. ataxac~tha is classified in 
section ~on~ant~aea by Vassal. Geographical excep 
tions in this group are A. coulteri from Mexico and A. 
con&a from the Pacific Islands and Taiwan. Bentham 
classified A. coulteri as Wgares but Vassal places it in 
the subgenus Acacia. Acacia conjiisa was placed in the 
series Phyllodineae by Bentham while Vassal regards it 
as a member of the subgenus Heteraphyllum sect. 
Het~op~yl~~~ subsect. Glo~~rue. Species of Group 3 
contain the same ‘marker’ amino acids as those of 
Group 2 together with ec-amino-fl-oxalylaminopro- 
pionic acid (the neurolathyrogen previously identified 
in 24 species of Lathyrus [4] and 13 species of Crotalaria 
[S]) and free aa-diaminopropionic acid. The seeds of 
some of these species also contain 4-N-a-amino-y- 
oxaIyla~nobutyric acid which also occurs in Lath~us 
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Table 1. Subdivisions of the genus Acacti based on seed amino 
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Table I.- 

Vassal’s classlficstron Bentham’s classificatton 

SubgenusHETEROPHYLLUM 
-cont,nued 
Sectnn PULCHELLOIDEA 
-conhaued 

Subgenus ACL’LEIFERUM 
Section Monncanahea 

Section Acufeiferwn 

i 

Subgenus AC4CfA 
Subgenus HETEROPHYLLUM 

Genus FAIDHERBIA 

BIPfNNATAE -eonnnurd 
Sews x PULCHELLAE 
~conrmued 

A meguephab B. R Mashn 
A morrrii E. Pritzel ssp. main< 
A. pentadewa Lindl 

Series VULGARES 
A ataxacantka DC. 
A. carechu (L ) Willd. 
A mellrfira (VaM Bcnth ssp d&new ~Buch) Brettan 
A erubesfens [W&v. ex) Oliv 
A. f@rrqnea DC. 
A. g&pilrir Burtt-Davy 
A. gwteez Hilrms ssp Soetzer 
A hannukw~ Ben&. 
A mod&a Wall 
A nrgrexans O!.w 
A pofyncantha Wtlld ssp. campylacantha ([Hochst 

exl A Rxb 1 Brenan 

Senes Phyllodinsae 
vii. Plurinerw 

Scnes GUMMIPERAE 

Series VULGARES 

A coulreri Gray ex Bath. 
A cqfwa Men 

A olbrdrr Delile 

A. brevispica Harms 
A. w&a W & A. 
A. krausslana M&a. ex Bath 
A schmtnfurbit Brenan & WI 

.A penfugonn (Schumach. & Thmm3 Hook. 1. 

A B’PB@~ GUY 
A pfwnoso Lowe 
A potyphyffo DC!. 
A. np7nO Kunth 
A. i-oemermna Scbeele 

* Species analysed by Seneviratne and Fowdeu [l] and Fowden (private communication) 

species [4]. AH the species in this group contained an 
unid~nt~~ed derivative of a~~a~nopropionic acid in 
their seeds. Many of the species also contained smal1 
amounts of 2,4-eis-4,5-trans-dihydroxypipecolic acid, an 
imino acid recently isolated from Den-is elliptica by 
Marlier et al. [6]. 

The seeds of A. coulteri contain all the amino acid 
markers characteristic of Group 3 and this species 
appears closely allied chemically to those species in 
Africa and Asia which were classified as Vufqares by 
Bentham, even though it is a Mexican species. The 
absence of N-acetyldjenkolic acid from A. coulteri 
suggests that it is less closely related to the species in the 
subgenus Acacia (sensu Vassal), than to the species in the 
subgenus Aculei ferum. 

Tlxe seeds of A. ~anf~s~ a species which is found in the 

Pacific Islands and Taiwan, contain ah the ‘marker’ 
amino acids of Group 3. The identity of its seed amino 
acid pattern with the patterns found in the seeds of 
African and Asian species suggests that the island species 
originated in Asia rather than Australia. 

The seeds of A. albida contain the ‘marker’ amino 
acids of Group 3 with the exception of S-carboxyethyi- 
cysteine, though this is present in small amounts in the 
leaves ~~pub~shed observation). The seeds do not 
contain N-acetyldjenkolic acid, the ‘marker’ amino 
acid of Group 1 which characterizes species in Bentham’s 
series Gummiferae. Bentham included A. albida in the 
Gummiferae, while Vassal has placed it in a separate 
genus Faidherbia. We consider that the amino acid 
pattern in the seeds of A. albida is not suIIicientIy different 
from other species of Group 3 to warrant its exclusion 
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from this group (which contains species classified by 
Bentham as Vtdgares, and by Vassal as subgenus 
Acule(ferum, section Acuieijkrum). 

The species listed in Group 4 occur in Africa and in 
south and central America, they are classified by Ben- 
tham as Vulgares and by Vassal as subgenus Aculeiferum, 
sect. ~on~unthaea. Free amino acids do not accumulate 
in high concentrations in the seeds of Group 4 species 
but two unidentified amino acids occur in several species 
of the Group. One of these (unknown 1, Table 1) is 
common to Acacia species of the ‘pennata’ group. The 
seeds of A. velutina are exceptional in containing signifi- 
cant concentrations of cc-amino-fl-acetylaminopropionic 
acid, while those of A. ripuria Kunth. contain y-gluta- 
myldj~nkolic acid and both the ‘unknowns’. Trace 
amounts of djenkohc acid were present in a few species 
in the group. 

To summarize, the data presented in Table 1 show 
that the species placed by Bentham in the G~~~~ue 
and by Vassal in hissubgenus Acacia are biochemically as 
well as morphologically distinct from all other species 
of the genus. The data also indicate that the morphologi- 
cally distinct groups from Australia (treated by Bentham 
as Phyl~~i~~, ~otryo~epha~ae and Pufchellae, and by 
Vassal as sections Heterophyllum, Uninervea and Pulchel- 
bidea of the subgenus ~eterophy~~um) are nevertheless 
related to each other and distinguish~ from non- 
Australian species by their common amino acid bio- 
chemistry. The species A. heteropkylla from the Masca- 
rene Islands has an identical amino acid pattern to the 
Australian species. The distinctive ‘patterns’ given by 
species of Groups 3 and 4 support the view that those 
species which were placed together by Bentham in his 
series Wgares should more properly be separated into 
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two groups of the type which Vassal has proposed (sub- 
genus Acule$erum, section Aculeiferum and subgenus 
Aculeijkwm, sect. Monacanthea). 

The presence of oxalylamino acids in and the absence 
of acetyldjenkolic acid from the seeds of A. coulteri 
supports Bentham’s opinion that this species is related 
to other species in his series Vulgares. The ‘pattern’ is in 
fact identical with the pattern given by species which 
Vassal has placed in section Aculeiferum, sub genus 
Aculeijerum (which Bentham included in his series 
Vulgares). In respect of the ammo acids in Its seeds it 
does not resemble species of Vassal’s subgenus Acacia 
[Gummiferae (Benth.)]. The same oxalylamino acid 
pattern in the seeds of A. conjiisa suggests that this 
Pacific Island species originated from Asia rather than 
from Australia. no Australian species containing oxalyl- 
amino acids having been found. 

EXPERIMENTAL 

Paper ionophoresis. 200mg finely ground seed was shaken 
with 70 ‘A EtOH (1 ml) for 24 hr. After standing for a further 
17 hr the suspension wascentrifugedandsubjected to ionophore- 
sis on Whatman 3MM paper (70V/cm for 30min) in buffer 
solns of pH 1.9 and 3.6 [7]. 

ID-Paper chromatography. Supernatant 8oh1 (0.5 ml) pre- 
pared as above was passed through a column (5 x 1 cm) of 
cation exchange resin (Dowex 5OW x 8) in the Hf form. After 
washing with H,O ammo acid8 were displaced from the column 
with 2N NH,OH (20 ml) The ammoruacal som was evaporated 
to dryness and residue redissolved in 70 p/o EtOH (0.5 ml). The 
soln of mixed amino acid8 (0.01 ml) was chromatographed on 
Whatman No. 1 paper using the ascending method. Solvent8 
used were n-BuOH-HOAc-H,O (12 : 3 : 5) followed by PhOH- 
H,O (4: 1. w/v) in the presence of NH, [S]. 

Deoelopment of papers. All papers were developed with 
ninhydrin (0.2 ‘?‘, w/v in 95 “4 aq. Me&O). Ehrlich’s reagent [8] 
was used as a second reagent to confirm the presence of u,P- 
diaminopropionic acid and a,y-diaminobutyric acid. 

Identification of amino acids. Amino acid8 were identified 
from their R, values and ionic mobitities and by co-chromato- 
graphy with authentic compounds. Oxalylamino acid8 were 
isolated by elution from ionophorcsis papers, hydrolysed and 

products identified as prevrously described [9]. $?-Dlamino- 
propionic acid and a,y-diaminobutryic acid gave characteristic 
colour changes (purple to green and brown-purple to blue- 
green) when papers were developed successively with ninhydrin 
and Ehrlich’s reagent. 
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Note added in proof‘ Recently analysed seeds of the followmg 
Australian species 
A. alata, R. Br.. A. drewiana W. V. Fttzg. ssp drewlana.. A. 
empeliocladu B. R. Maslin.. A. insolrta E. Pritzel.. A. luteriticola 
B. R. Maslin., A. biodermu B. R. Maslin and A. myrtrfoliu Wild, 
gave the charactertstlc Austrahan pattern of Group 2. 

The seeds of the Hawaiian specres A. kauuiensis Hbd. contained 
a-amino-P-oxalylaminopropionic acid characteristic of Group 
3 suggesting that thus species like the other Pacific Island spectes 
A confusu is of Astatic rather than Australian origin. 

We thank Dr. B. R. Maslin.. Dr. S. Perlman and Mr. J. P M. 
Brenan for help in obtaining these seeds. 
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