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1. Introduction

There is little agreement regarding the phylogenetic
status of the siamang. Traditionally, its anatomical
affinities to the anthropoid apes have been recognized
by including it in the hominoid family Hylobatidae,
together with the gibbon [1]. Simpson went further
and concluded that siamang and gibbon were more
similar to the greater anthropoid apes and deserved
subfamilial status in the family Pongidae [2].

The siamang has a diploid number of 50 chromo-
somes, whereas gibbons have 44 (except Hylobates
concolor, which has 52) and other pongids have 48
[3]. From his studies on chromosome numbers and
morphology, Chiarelli has suggested that siamang
and gibbon are on the colobine branch of a major
cercopithecoid dichotomy and thus should not be
included in the Hominoidea, but with the Old World
monkeys in the Cercopithecoidea [4,5].

Immunological studies demonstrate some affinities
of siamang and gibbon to other anthropoid apes.
However, the combined results depict orangutan,
gorilla, chimpanzee and man as having a common
ancestor after the divergence of the hylobatids, and
gorilla, chimpanzee and man as sharing more recent
common ancestry than any of these with orangutan
[6—8]. This finding is reinforced by protein sequence
data. For all the apes and man they are available only
for fibrinopeptides: chimpanzee, gorilla and man are
identical; whereas the percentages difference from
man are for the orangutan 7, for siamang 10, the
gibbon 17 and macaque 30 [9].

The results of an electrophoretic study of at least
20 loci, using genetic distances for comparison, have
shown that orangutan is much more similar to the
great apes and man than to gibbon or siamang, and
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that gibbon and siamang have many more alleles in
common with the great apes than with the Old World
monkeys. Also, siamang is much more similar to
gibbon than to any other primate and apparently
closer to Hylobates concolor than to Hylobates lar
[10].

From previous work in our laboratory, the primary
structure of the myoglobin of 15 primates is known,
including 5 hominoids, 2 cercopithecoids, 3 ceboids
and 5 prosimians (see references [11—15]). With the
exception of the orangutan, the hominoids can be
distinguished from all other primates by the presence
of 110 Cys, 140 Lys, 144 Ser and 145 Asn. Also,
position 23, Ser in gibbon and monkeys, is Gly in
man and the great apes, with the exception of
orangutan. The myoglobin of orangutan has Ser at
position 110 (as do the cercopithecoids) and Ser at
position 23. Thus the cladogram representing the
most parsimonious, although not necessarily the most
acceptable, arrangement (fig.1) which takes into
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Fig.1. A cladogram representing one of the possible phylo-
genetic trees for the siamang. For discussion, see the text.
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account some thirty other myoglobins known,
shows Pongo diverging earliest from the hominoid
line [14]. Some morphological evidence has been
presented that siamang resembles the greater apes,
particularly orangutan, more than the gibbon [16].
The present study was undertaken in order to
determine whether or not the myoglobin sequence
of siamang would resolve its phylogenetic relation-
ships. Specifically, does the myoglobin have the
distinctive hominoid residues and, if so, does this
give us any evidence regarding siamang’s most recent
relatives within the Hominoidea? We have found
that the siamang myoglobin sequence is identical

to that of the gibbon (Hylobates agilis [17]). This
gives further weight to the close similarity of gibbon
and siamang, and the most convincing explanation
for this similarity is a recent common ancestry of the
two species. Furthermore, the body of sequence
data presented here supports the close relationship
of gibbon and siamang with the other hominoids
and not the suggestion that the hylobatids diverged
from within the cercopithecoid radiation. The
enigma of the evolutionary position of the orangutan
has been discussed elsewhere [14].

2. Materials and methods

Muscle, 107 g, from one siamang (Symphalangus
syndactylus) was obtained, frozen in solid CO, for
transportation. The preparation and purification of
the myoglobin have been described in detail in
previous papers [18]. Purified myoglobin, 160 mg,
was separated into 55 mg and 105 mg fractions.
The 55 mg fraction was aminoethylated prior to
tryptic digestion. The insoluble peptides left after
tryptic digestion of the nonaminoethylated globin
were treated with performic acid [19] and were
subsequently digested with pepsin.

The tryptic peptides of aminoethylated and the
non-aminoethylated globins and the peptic peptides
were separated by two-dimensional high-voltage
paper electrophoresis and chromatography on What-
man 3MM [20]. The fingerprints were then developed
with ninhydrin and stained for specific amino acids
as described elsewhere [21]. All enzymic peptides
were eluted from paper using 6 M HCI hydrolysed
at 108°C for 24 h, and their composition estimated
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in an automatic amino acid analyser. The tryptic
peptides, containing residues 103—110 and 1731
were eluted with 0.5 M NH,OH for sequential
dansyl-Edman degradation. Acid hydrolysis of the
whole globin was performed in sealed evacuated
tubes at 108°C for 24 h, 48 h and 72 h [21]. The
evaluation of tryptophan was achieved by using
mercaptoethane—sulphonic acid [22].

3. Results

From our interpretation of amino acid analysis of
the whole globin, we have concluded that there are
153 residues (table 1). The fingerprint pattern of the
soluble tryptic peptides of the aminoethylated
myoglobin is shown in fig.2. The shaded peptides
are the outcome of the modification of 110 cysteine
to aminoethyl-cysteine. This introduces an additional

Table 1
Amino acid composition of siamang myoglobin

Amino acid Average values from

hydrolysates at

24h,48hand 72 h
Cysteic acid 1.00 (13
Aspartic acid 11.29 (11)
Threonine 4.22 “)
Serine 7.66 8)
Glutamic acid 20.62 1)
Proline 5.19 5)
Glycine 14.18 (14)
Alanine 11.62 12)
Valine 7.22 )
Methionine 3.14 3)
Isoleucine 7.69 8)
Leucine 16.88 an
Tyrosine 1.94 2)
Phenylalanine 6.61 N
Histidine 8.85 )
Lysine 19.88 20)
Tryptophan 1.92 @b
Arginine 2.42 (¥))
Yield in umol/one residue 3.73

20xidation of the insoluble tryptic peptides left after tryptic
digestion in performic acid

bThe value for tryptophan was obtained by amino acid
analysis after hydrolysis with mercaptoethane sulfonic acid
for24 h
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Fig.2. Siamang myoglobin. Fingerprint of the soluble tryptic peptides from aminoethylated globin showing the two new peptides
(shaded area) which appear after aminoethylation. The specific staining reactions are indicated. (®) is the point of application.
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Fig.3. Siamang myoglobin. Fingerprint of the pepsin digest of the insoluble tryptic peptides showing the two new peptides

(shaded area) which appear after performic acid oxidation. () is the point of application,
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Sexy. No. : 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 2.3 24 25 26 27 28 29 30 31
MAN GlyxeuSerAspGlyGlu'l‘rpGlnLeuValIeukanalTxpGlyLysEE]ixil:A_?EEP_r‘o(il‘yH.isGlyGlnGluValIeuIleAzg
SIAMANG (Gly Leu Ser Asp Gly Glu Trp)Gln{leu Val LeuYAsn Val Trp Gly)Lys Val Glu Ala Asp Ile Pro Ser (His Gly Gln Glu Val Leu Ile)Arg
TP 1 1
Pe 2 2 2 2

Pe 2

Pe 2 2

Seq. No. : 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 SO0 51 52 53 54 55 56 57 58 59 60

MAN Leu Phe Lys Gly His Pro Glu Thr Leu Glu Lys Fhe Asp Lys Phe Lys His Leu Lys Ser Glu Asp Glu Met Lys Ala Ser Glu Asp
SIAMANG Leu Phe Lys (Gly His Pro Glu Thr Leu Glu)Lys (Phe Asp)lys Phe Lys(His Leu)Lys(Ser Glu Asp Glu Met)Lys(Ala Ser Glu Asp

Tp 1 1 1 1 1 1

bo) Lo} 1. 1 1

Pe 2 e 2

Seq. No. : 61 62 63 64 65 66 67 68 69 0 7L 72 73 74 75 76 77 78 79 80 BL 82 83 84 85 86 87 88 89 9%
MAN Leu Lys Lys His Gly Ala Thr Val Leu Thr Ala Leu Gly Gly Ile Leu Lys Lys Lys Gly His His Glu Ala Glu Ile Lys Pro Leu Ala
SIAMANG Leu)Lys Lys(His Gly Ala Thr Val Leu Thr Ala Leu Gly Gly Ile Leu)Lys Lys Lys(Gly His His Glu Ala Glu Ile Lys Pro Leu Ala

Tp 1 le—1

Tp e 3 ) 1

Pe 2 2

Seq. No. 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120
N Gln Ser His Ala Thr Lys His Lys Ile Pro Val Lys Tyr Leu Glu Phe Ile Ser Glu Cys Ile Ile Gln Val Leu Gln Ser Lys His Pro
SIAMANG Gln Ser His Ala Thr)Lys(iiis Lys Ile Pro Val)lys Tyr(Leu Glu Phe)lle Ser Glu Cys(Ile Ile Gln Val Leu Gln Ser)Lys(His Pro
™ .
T
Pe
pe

1 1 1 1

Seq. No. : 121 122 123 123 125 126 127 126 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153
MAN GlyAspPheGlyAlaAq:AlaGlnGlyAla.MAmLysAhImGluteuPhequLysAanAlaSerAmWrLysGluIeuGlyPheGlnmy

SIMANG  Gly Asp Phe Gly Ala Asp Ala Cln Gly Ala Met Asn)Lys(Ala Leu Glu Leu Phe)Arg Lys (Asp Met Ala Ser Asn Tyr)Lys (Glu Leu Gly Phe Gln Gly)
TP 1 1 1
T 1 1
Pe 2 2

Fig.4. Myoglobin of siamang compared with that of man. (1—1) tryptic peptides; (2—2) peptic peptides; { — ) dansyl-Edman
degradation. Peptides which are aligned by homology are in brackets.

point of tryptic hydrolysis and permits formation The amino acid sequence of siamang myoglobin
of the two new soluble tryptic peptides (103—110 was derived from aligning the amino acids of over-
and 111—118). Figure 3 shows the fingerprint pattern lapping tryptic and peptic peptides by homology
of the insoluble tryptic peptides digested with pepsin with the known sequence of human myoglobin and
after performic acid oxidation. The two new extra by establishing the nature of certain residues by
peptides (108—115 and 107-113) shown are shaded dansyl-Edman degradation (fig.4).

and both were found to contain cysteic acid. Thus,
two approaches have shown position 110 to be
occupied by a residue of cysteine.

The amide and acidic groups were determined by It will be seen (fig.4) that the siamang myoglobin
electrophoretic mobility of the relevant peptides. sequence is identical to that of the gibbon. Thus, the

4. Discussion
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Table 2
5 ¢ 3

] z 3 - 0 § =

2 « S o z 5 g ; ) g g &

8323233388855 8
2225382983833 55 4
s53838nocazx233adn

1(1]2[1]1]5]7 1617 |14 [23(19 |17 |22]13 |MAN
oes 2(312{2|7(8[17]18(15]24]20|17 |21 |14 | CHIMPANZEE
065 131 312|2}7(8(17(18[15]|23|19]16|22{13 |GORILLA
131 | 196 196 11114 ]5(15[16(13]24]20]17 23|14 | ORANGUTAN
oes | 131 f131 | 065 0516 |15[16(13]24]|20] 17|23]14 | SIAMANG
065|131 | 13 { 065 000 516 |15[16|13{24(2017{23]14 | GIBBON
a0 | w58 [ese| 26 [ 327]a22 [N\ ] 1 {13 ]12] 11 [22[18 |15 |21 |12 | BABOON
4585230523327} 392 | 392} 065 12112110121 |17 {14121 |17 |MACAQUE
046|111 | 9.80 .80 980 | 850] 7.84 414 12111920119 {17 fWOOLLY MONKEY
nn | 176 | 176 1046]10.46| 1046 784 | 7.84 | 261 23121122117 | 17 |SQUIRREL MONKEY
915 |90 |9.60 | 8.50 | 850 | 850 | 719 | 6.53 | 261 | 261 23|291181{17 | 17 IMARMOSET
15.03{ 1669 |15.03 | mes] 1569|569 138 1373 | 1273 | 15.03| 15.03 11§12 21} 16 |GALAGO
12421307 |1242| 07} 1307 3o jn77 |0 J1242|1373 [1e95| 718 3 {17112SLOW LORIS
nn {1 [104] 1 {un [ nn [oso| o5 | norfuse | nze | 7e4 [r06 18|131POTTO
%38 [ 1373 114.38{15.03| 1508}15.03| 1373 [1373 | 42| 11 | 1 [ 1373) | n1e 14 |SPORTIVE LEMUR
850|815 | 8.50] 915 | 915 |945 | 784 | N1t |1uar |1t | 1046} 784 |50 [ 915 TREESHREW

Matrix showing the number of amino acid differences among the myoglobins of the sixteen
primates, for which the myoglobin sequences are known. The lower matrix provides the
same information in terms of percentage.

4 residues common to all hominoids (except orangutan,
as previously mentioned) were found in the siamang

sequence. A matrix of the myoglobin amino acid
differences, for all the primates for which the
myoglobin sequence is known, clearly shows that
the siamang and the gibbon myoglobin is very similar

to that of the other hominoids (upper matrix, table 2).

This result is consistent with the hypothesis that
gibbon and siamang have shared a common ancestor
more recently than either has with any other primate
and that both are closely related to the other homi-

noids. The myoglobin sequence for a colobine is as

yet unknown, therefore the hypothesis that siamang
and gibbon may be part of this evolutionary group

cannot be refuted. However, since the difference
between myoglobins of the gibbon and siamang and
that of man is only 1 amino acid it is doubtful that
they could be more similar (i.e. identical) to a colobine.
The myoglobin sequence of a colobine would either
provide evidence against this hypothesis or would

shed little light on the question.
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