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Abstract-Australian gum specimens from Acacia salrcijbrmis, A. xanthma, A. rostellijkra, A. murrayana (two 
specimens differing in the mode of initiation of gum exudation), A. georginae, A. cyclops, A. implexa, and an un-named 
species (Maslin ‘P31’) have been analysed. The first four of these are placed within Bentham’s Series 1, subseries 6F, 
A. georginae within subseries 7E, and the remainder within subseries 7F. These data extend considerably the ranges of 
the analytical parameters reported previously for phyllodine species. The molecular weights of the gums from A. cyclops 
and A. implexa are much higher than those reported earher for South African specimens; this may affect some 
taxonomic deductions based on their examination. The gum composition of A. saligna can no longer be regarded as 
atypical of a phyllodinous species; a suggestion that A. saligna should be transferred to the section Jullflorae may require 
reconsideration. The major difference between the specimens of gum from A. murruyana lies in their nitrogenous 
content. Data are reported for the amino acid compositions of the gums from A. sahciformis and A. xanthina. 

INTRODUCTION 

Since the suggestloN[2] that analytical differences in the 
composition and/or structure of the gum exudates from 
different Acacia species might be useful taxonomically, 
the number of species studied has increased steadily, 
including recent contributions for species In Bentham’s 
[3] sections Gummiferae [4, 51, Vulgares [4], Juliporae 
[6,7] and Botryocephalae [8]. Following the publication 
of analytical [9] and structural [lo] data for species 
within the section Phyllodineae, studies begun in 1976 
[ll] were suspended within the period 1977-1983 so that 
priority could be given urgently to essential toxicological 
studies [e.g. 12, 131 of gum arabic (Acacia Senegal (L.) 
Willd.) and gum karaya (Sterculra). Progress was, how- 
ever, maintained for South African specimens of the gums 
from A. saligna [14, 151, A. cyclops and A. implexa [15, 
161; data for Australian gum specimens from A. cyclops 
and A. implexa are now reported. 

Studies of exudates arising from unusual forms of 
stimuli may yield useful information concerning the 
mechanism of gum formation and biochemical gum 
precursors [17, 181. Gum specimens from A. murrayana 
arising from (a) natural exudation and (b) chemical 
defoliation have therefore been studied. 

At present, insufficient is known of the nitrogenous 
components of gum exudates in view of the correlation 
[19] between nitrogen content, intrinsic viscosity, and 
molecular weight; the unpredictable behaviour of the 
nitrogenous component [ 173; polysaccharide/protem 
interactions [20, 211; and the possibil&y [22] that the 
proteinaceous components may involve relict& frag- 
ments from enzymatic systems concerned in the process of 
gum biosynthesis. The amino acid [23] compositions of 

*Part 68 in the series “Studies of Uromc Acid Materials”” For 
part 67, see ref [l]. 

the gums from A. saliciformis and A. xanthina are 
therefore reported. 

RESULTS AND DISCUSSION 

The analytical data obtained are shown in Table 1. Data 
for about 20 phyllodine species, mostly belonging to 
Bentham’s [3] subseries 6F (Uninerues racemosae) and 7F 
(Plurinerves nervosae*) are now available. The section 
Juliporae is complex and has been treated separately 
[6,7]. From the data In Table 1 it is apparent that the 
gums of subseries 6F and 7F are even more variable in 
composition than was apparent previously, e.g. mtrogen 
(0.08-4.10/0); methoxyl (0.42.9 %); specific rotation 
( - 54” to + 90”); intrinsic viscosity (4-39 ml/g); rhamnose 
(trace-23 %); and ratio of galactose/arabinose (from 2/l 
for A. saliclformis and A. xanthina to 25/l for A. implexa 
gum). 

Following the suggestion that differences in the com- 
position and structure of Acacia exudates might be useful 
taxonomically [2], the most frequently quoted differences 
have involved A. saligna and A. pycnantha gums [ 11,143. 
Perhaps fortuitously, it appeared from the data for the 
first few phyllodine species that happened to be studied 
[9] that the Phyllodineue were characterized by a low 
rhamnose content, low acidity, low intrinsic viscosity, and 
a high galactose/arabinose ratio. On this basis A. rubida 
gum [9] appeared to be slightly divergent and A. saligna 
gum [24] appeared [ 1 l] to be highly anomalous. In view 
of their accepted morphological resemblance, the un- 
doubted chemical differences [9, 241 between the gums 
from A. pycnantha and A. saligna led to studies [14-161 in 
which a similarity between the gums from A. saligna, 
A. implexa, A. cyclops (all section Phyllodineae) and that 
from A. longi$olia [25] (section Jult$orue) was observed. 
Recently, the gum from A. maidenii has been shown [7] to 
be closely similar to that from A. longifolta [25], perhaps 
not surprisingly as both these species are tetramerous 
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Table 1. Analytical data for gum polysaccharides from Acacta species of the sectton Phyllodtneae 

Loss on drying, 105°C % 104 
Total ash, 55O”C, %* 3.1 
Nttrogen, %* 1.2 
Hence protein (N x 6.25), %* 1.5 
Methoxyl, %i 1.1 
Sp. rotation, [aID, degrees? -54 
Intnnstc viscosity, ml/g? 39 
Molecular weight, a,,,, x 105t 20 
Neut equiv. (electrochalysis)~ 1400 
Hence uroruc anhydride, %t$ 13 

Sugar compositton after hydrolysts, % 

4-O-Methylglucuronic acidg 6.5 
Glucuronic actd 6.5 
Galactose 55 
Arabinose 26 
Rhamnose 6 

4.0 10.2 15.0 (10 0) 8.1 9.1 6.1 9.2 
4.0 3.0 5.2 n.d. 3.3 3.6 5.8 57 
0.67 0.18 2.1 4.1 0.44 0.88 0.23 0.09 
4.2 1.1 16.9 25 5 2.8 0.55 1.47 0.6 
1.1 0.75 2.2 2.9 2.4 0.55 0.38 04 

+20 +90 -9 -24 -8 -21 -32 -31 
11 10 17 14 4 I 6 11 
14 9.5 7.4 51 0.95 3.0 51 12 

910 690 540 520 610 890 560 680 
19 26 33 34 29 20 33 26 

6.5 5 13 17 14 5 3.5 2.5 25 
12.5 21 20 17 14.5 16.5 30.5 23.5 
52 58 59 58 61 68 46 51 
29 12 6 8 6 5 5 2 

tr 4 2 tr 4 I 16 23 

*Corrected for moisture content. 
tCorrected for moisture and proteincontent. 
*If all actdtty artses from uranic acids. 
§If all methoxyl groups located m this actd. 

members of the sectton Juliforae. The new Acacia ‘P31’ 
(section Phyllodineae) also gives (Table 1) a gum having 
the particular combination of analytical parameters (sig- 
nificantly negative rotation, high uranic acid and rham- 
nose contents, low arabinose content) first recognised in 
A. saligna gum [24], which is, therefore, no longer seen as 
an anomalous [ 1 l] member of the Phyllodineae. 

The chemical composition and structures of A. saligna 
and A. longijolia gums appear to be closely similar [14] 
and it was therefore suggested [14] that A. saligna should 
be regarded as being close to A. longijolia. The work of 
Pettigrew and Watson [26] was cited [14] in support of 
this suggestion, but it is only within their Fig. 2 that 
A. saligna and A. longi$olia occur in the same group---they 
are clearly separated in Pettigrew and Watson’s Figs 1.1 
and 1.2 [26]. Correspondence with several leading inter- 
national authorities on the taxonomy of Acacia species 
has indicated [cf. 9,271 that A. saligna and A. pycnantha 
are clearly referable to the section Phyllodineae, but may 
not be quite so closely related as was originally held. The 
inclusion of A. saligna within section JuliJIorae appears to 
be difficult to envisage taxonomically. 

Nevertheless there exists the intriguing chemotaxo- 
nomic situation that Acacia species of close affinity (e.g. 
A. dtfcilts, A. maidenit) have closely similar gum com- 
positions which are, however, also similar to those for 
species (A saligna; ‘P31’) that are not closely related. Vice 
versa, there have long been clear indications that species 
with close affimties (e.g. A. saligna, A. pycnantha) have 
widely differing gum compositions, and further examples 
of this can now be added; A. xanthina is close to 

A. rostellifera [B. R. Maslin, personal communication] 
and A. salic$ormis is close to A. mabellae [M. D. Tindale, 
personal communication] yet the data available (Table 1 
and ref. [9]) reveal considerable differences in several of 
their analytical parameters. Although the structure of 
gum polysaccharides must be regarded as a highly import- 
ant factor in the taxonomy of the genus Acacia [ 141, the 
non-correspondence between gum composition and mor- 
phological affinity, already established for several species, 
suggests that gum chemistry may not be as useful 
taxonomically as was previously hoped [ll, 141. Sugges- 
tions that A. cyclops gum is similar to A. podalyriifolia 
gum [16], and that the gums from A. implexa [16] and A. 
mabellae [9] are similar, appear to be difficult to sustain in 
terms of their widely differing specific rotations, acidities, 
and proportions of neutral sugars. 

Comparisons of the partial analytical data for South 
African [16] gum specimens from A. cyclops and 
A. implexa with the full data for Australian specimens 
(Table 1) reveals that there is excellent agreement for most 
parameters, but that the Australian specrmens have much 
higher MWs than the South African specimens. There are 
chemical similarities between the gums from A. saligna, 
A. implexa, A. cyclops and A. longrfolta [16] but it was 
suggested that A. implexa gum is sampler than A. saligna 
and A. longtjolia gums and that A. cyclops gum is even 
more simple than implexa gum on the basis of their low 
MWs [15]. It may be possible that the South African gum 
samples available were not completely typical; the data 
reported for A. cyclops were obtained [16] for only 
232 mg of gum. Previous comparisons between 
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Australian and South African gum specimens, e.g. from 
A. pycnantha, A. saligna and A. dealbata, have shown 
good agreements [cf. 9, 281. 

When it proved difficult to obtain reasonable amounts 
of gum from A. murrayana and other Acacia in Northern 
Territory, attempts to stimulate gum exudation through 
chemical defoliation with 2,4dichlorophenoxyacetic acid 
were made. In general these were not successful, but one 
A. murrayana tree did exude a small amount of gum from 
a stem crack after defoliatton [J. R. Maconochie, personal 
communication, 19741. The data for the natural exudate 
(NE) and defoliated (D) specimens of gum from 
A. murrayana are shown in Table 1. The differences in the 
specific rotations and in the nitrogen contents, which are 
in any event high compared with the values for other 
phyllodme species, are the most salient differences be- 
tween these two gum specimens. Two further, very small, 
specimens of gum from A. murrayana, obtained sub- 
sequently by Mr. Maconochie m September 1974 and 
May 1975 from trees attacked by wood-boring insects 
were found to have nitrogen contents of 3.61% and 3.10 % 
respectively. The gum from A. murrayana is therefore 
undoubtedly quite highly but variably nitrogenous. 
Nitrogen values ranging from 0.04% [24] to 68% [7] 
and even 9.4 “L have been renorted for Acacia gums. It is 
feasible that ‘ihe proportions of the nitrogenous com- 
ponents of a gum exudate may be more sensitive to change 
than the composition of the polysaccharide components 
when different stimuli to gum exudation are involved. 
Differences in nitrogen content were observed in earlier 
studies [29, 301 of different forms of the exudate from 
A. Senegal. 

Of the species studied here, only the samples from 
A. sahciformrs and A. xanthrna were large enough, and 
their nitrogen contents sufficiently favourable, to permit 
ammo acid analyses to be undertaken. The data obtained 

(Table 2) are compared with the data reported [23] for 
A. polyacnntha gum. There are indications that the pro- 
teinaceous components of Acacia gums contain large 
proportions of hydroxyproline, serine and aspartic acid, 
and that very small proportions of the sulphurcontaining 
amino acids are present. It is hoped to obtain the data for 
the gums from a much wider range of Acacia species in 
due course. The importance of the proteinaceous com- 
ponent remains central to a more complete understanding 
of the properties, tertiary structure, and mechanism of 
biosynthesis of gum exudates [ 17,19-221. The additional 
analytical parameters derived from amino acid analyses 
may also assist chemotaxonomic considerations in cases 
where the analytical parameters for the polysaccharide 
components of a gum exudate do not act as useful 
indicators of botanical affinities. 

EXPERIMENTAL 

Ongrn ofgum specvnens. Gum from A. sahciformzs Tmdale was 
collected 19.7 km NNW of Co10 Heights, New South Wales, by 
Messrs. R. Coveny and P. Hmd on 14th December 1976 (NSW 
108003). Gum from A. zmpkxa Benth. was collected at Black 
Mountam, Canberra, by Mr. R. D. Croll on 8th April 1980. Gum 
from A georgmae F. M. Bad. was collected 32 miles ESE of Alice 
Sprmgs m 1974 (Nelson 2245; NT 37065). Gum from 
A. murrayana F Muell ex Benth. was collected 5 miles south of 
Alice Sprmgs m 1974 (Nelson 2242; NT 37062); thts sample (NE, 
Table 1) was the result of natural exudation. The sample D 
(Table 1) was obtamed as a result of defoliation with 2,4- 
dichlorophenoxyacetic actd; the tree (Atrport Road, 9 km south 
of Arid Zone Research Institute gate) was sprayed on 1 l/12/1973, 
gum collected 8/l/1974. Two other very small samples of gum 
from A murrayano were secured by Mr J. R. Maconochie from 
trees suffermg from Insect borer damage (a) at Arid Zone R I, 
16/9/1974, (b) 5 km west of Ahce Sprmgs, l/5/1975. 

Table 2. The amino acid composition (residues per 1000 resrdues) of the 
proteinaceous components of the gums from Acacza salrclformis and 

A. xanthina 

A. sahcformrs A. xanthma A. polyacantha’ 

%N 
Alamne 
Argmme 
Aspartic acid 
Cystme 
Glutamtc acid 
Glycme 
Histidme 
Hydroxyprohne 
Isoleucme 
Leucme 
Lysme 
Methionine 
Phenylalanine 
Proline 
Serme 
Threonine 
Tyrosme 
Vahne 

1.2 0.67 
38 66 

3 0 
83 96 

1 0 
17 45 
19 50 
42 51 

287 174 
14 24 
41 58 

9 32 

11 26 
72 79 

171 142 
85 61 
30 28 
78 70 

0.31 
42 
12 

111 
0 

64 
59 
42 
n.d. 
31 
76 
47 

4 
46 

102 
169 
88 
31 
67 

*Data from ref. [23]. 
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All other gum specimens studied were collected in Western 
Austraha in September 1975 by Mr. B. R. Maslin. Voucher 
specimens are lodged at Perth as follows:- A. xanthina Benth , 
BRM 4291; A. rostelltjkra Benth., BRM 3817; A. cyclops A. Cunn. 
ex G. Don, BRM 3893; and a new Acacia species ‘P31’, 
BRM4013, described as “an undescribed species which 1s doubt- 
fully allied to A. dentifera; it has racemes consisting of two flower 
heads and phyllodes predominantly uninerved but with minor 
secondary parallel nerves-these two characters tend to be 
reminiscent of A. cyclops but the legumes of this taxon are not like 
those of A. cyclops” [B. R Maslin, personal communication]. 

Preparation of samples for analysis. The amounts of gum 
avadable for analysis were very small (l-3 g) except from 
A. saliciformis and A. xanthrna The gums were dissolved in 
distdled water (100 ml) with occasional stirring for 48 hr. The 
solutions were filtered (muslin, then Whatman No. 1 and No. 42 
papers), dialysed (2 days us tap water; 1 day us distdled water) 
then recovered by freeze-drying. The gum from A. sahclfornas 
required rmld treatment with alkaline borohydride [31] to 
facilitate dissolution. The gums from A. salici/orrnls, A. cyclops, 
A. murrayana, A. georginae and A. tmplexa gave pale yellow 
solutions; the gums from A. xanthina, A. rostellifera, and new 
species ‘P31’ gave brown solutions. 

Analytical methods. The standard analytIca methods used for 
the polysaccharide components have been described [9]. Amino 
acid analyses were carried out on an automated analyser 
(Rank-Hilger Chromaspek) after hydrolysis of the samples in 
bmhng 6 M HCl for 20 hr m an atmosphere of nitrogen. 
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