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The amino acid sequences of the myoglobins of two rodents, the casiragua and the house mouse, have been 
determined. The myoglobin of casiragua differs from that of viscacha (another hystricomorph) at 6 posi- 
tions. Mouse myoglobin differs from that of mole-rat (another myomorph) at 17 positions, whereas casira- 
gua and mouse differ at 22 positions. Mouse myoglobin possesses several features unique among all known 
myoglobins (Gly 31, Cys 66, Thr 74 and Glu 113) and one substitution unique among known mammalian 

myoglobins (Glu 53). 

Amino acid sequence Myoglobin Rodent Casiragua Mouse Phylogeny 

1. INTRODUCTION 

Out of about 1600 species of rodents only two 
rodent myoglobin sequences have been published, 
those of viscacha (a hystricomorph) and mole-rat 
(a myomorph) [l]. The amino acid sequences of 
the myoglobins of casiragua (Proechimys guairue) 
and of house mouse (Mus muscufus) are presented 
here. Casiragua is a member of the Echimyidae 
(spiny rats), a family among the hystricomorph 
rodents. Mouse is a member of the Muridae, a 
family among the myomorph rodents. Mouse 
myoglobin is of particular interest owing to its, use 
in studies on the antigenic determinants of the 
myoglobin molecule [2,3]. 

2. MATERIALS AND METHODS 

The casiragua was provided in 1976 by Drs I.W. 
Rowlands and Barbara J. Weir from their breeding 

+ Present address: MRC Biochemical Parasitology Unit, 
Molten0 Institute, Downing Street, Cambridge 
CB2 3EE, England 

’ Died 13 July 1985 
* To whom correspondence should be addressed 

colony in Cambridge. The mouse myoglobin was 
prepared from a mixed sample derived from about 
65 laboratory animals of various strains, including 
some which had been bred by Dr M. Wallace from 
wild-caught South American stock. 

The suppliers of enzymes, reagents and 
chromatography media were the same as those 
given in Gurnett et al. [l]. 

The rodent myoglobins were each prepared by 
ammonium sulphate precipitation of muscle ex- 
tracts, gel filtration through a column of Sephadex 
G-100 and then ion exchange chromatography on 
a column of DEAE-cellulose (Whatman DE52) 
equilibrated with 10 mM Tris-HCl/Z mM KCN 
(pH 8.6). The proteins were eluted with a linear 
gradient to 40 mM NaCl in the starting buffer. 
After this step the haem was removed from the 
casiragua myoglobin by acid/acetone precipita- 
tion. Before the removal of the haem group from 
mouse myoglobin it was further purified by ion ex- 
change chromatography on DEAE-cellulose in 
10 mM imidazole-HC1/2 mM KCN (pH 6.9). 

The enzymatic digestion of the myoglobins and 
their fragments, the separation of the resulting 
peptides by HPLC and the determination of their 
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sequences were performed as reported previously 
11941. 

3. RESULTS AND DISCUSSION 

The complete sequences were established by The myoglobin content of casiragua muscle was 
alignment of overlapping peptides and homology determined to be 0.03% wet wt. A total of 16 mg 
with other myoglobin sequences. apomyoglobin were prepared from 78 g muscle. 

Tl? 
TP 
SP 
PC? 

Tp 
TP 
SP 
Pe 

TP 
Tp 
SP 
Pe 

TP 
TP 
SP 
Pf? 

TP 
TP 
SP 
Pe 

TP 
TP 
SP 
Pe 

TP 
TP 
SF 
Pe 

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Gly Leu Scr Asp Gly G1u Trp Gln Leu Val Leu Asn Val Trp Cly Lys Val Glu Gly Asp Leu Set Gly His Gly 

]==53=================~============ 

I=======-===========__] I=============fl============___=Elr=--__________ ] [Z==-=====n=I=;F=====___==== 

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 
Gln Glu Vnl Leu Ile Arg Leu Phe Lys Gly His Pro Glu Thr Leu Glu Lys Phe Asp Lys Phe Lys ilis Leu Lys 

==;;=================__] (==ft====E======I=i===-=-_____) [=======__---_____] [______-__] 
[=======___ 

------I ~==S========L=nC=*==X==---==---=~=====--] (==pLi====I] ]====~-i~==============~;===--_------ 

51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 
Ala Glu Asp Glu Met Arg Ala Ser Glu Glu Leu Lys Lys tlis Gly Thr Thr Val Leu Thr Ala Leu Gly Gly 11e 

[===================__~ [=====~========~====-______-] [=sIEc=s===========i_=========i=====ii==~=====~=========~=~ 
______________________ 
=========== [=========5===e=====__] [====l========rE~i.~===============l [====z-r 

76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 
Leu Lys Lys Lys Gly Gln His Ala Ala Glu Leu Ala Pro Leu Ala Gln Ser His Ala Thr Lys His Lys Tie Pro 

-_____ 1 [====~=z#~========~~ I .._--.--__-_____ 
[_____________--_____________________ _____ ____I _______ __- ___________ __) 

__-_- ====---==,=,==========,=,=====___--------J [===,,,,,======,~====____---__--_ --__--- _____=_ _ ==== 

101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 316 117 118 119 120 121 122 123 124 125 
Val Lys Tyr Leu Glu Phe Ile Ser Glu Ala Ile Ile Gln Val Leu Gln Ser Lys His Pro Gly Asp Phe Gly Ala 

---___ 1 f===================__--___ 

(x=m==========] I=3ii===L===i==-=======I===============~===========~=~ [== 
[============w] [==-_======= 

126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 
Asp Ala Gln Gly Ala Met Ser Lys Ala Leu Glu Leu Phe Arg Asn Asp Tie Ala Ala Lys Tyr Lys Glu Leu Gly 

--_______.________-_---______-_] I=====_5EE==========__ f f=======-==~====___-__] f===__] [========== 
J==S==mEEx======== 

======I=======-=====~~===== j====r==3==P======f (===,,l=============______] f====== 

151 152 153 
Phe Gln Gly 

Fig. 1. Amino acid sequence of casiragua myoglobin. The peptides isolated from a tryptic digest (Tp), an S. aureus V8 
protease (SP) digest and from a peptic digest of the tryptic core (Pe) are shown. (= ==) Amino acid sequences 
determined by the DABITCYPITC double coupling method of Chang et al. [S] . (- - -) Amino acid sequences identified 
by amino acid analysis. The amino terminal sequences of two peptides obtained in the S. aureus V8 digest indicated 
that in addition to cleavage at Giy 73 and Gly 124, cleavage had also occurred to some extent at the carboxyl terminal 

sides of Gly 65 and Gly 80. 
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The ion exchange chromatography of mouse 
myoglobin on DEAE-cellulose at pH 6.9 removed 
a contaminating protein which co-eluted with 
myoglobin in the gel filtration step and also during 
ion exchange at pH 8.6. The myoglobin content of 
mouse muscle was 0.037% wet wt. 7 mg 
apomyoglobin were obtained from 70 g tissue. 

The amino acid sequence of casiragua 
myoglobin is shown in fig. 1, and that of mouse 
myoglobin in fig.2. The residues that differ in the 

known rodent myoglobins and the numbers of dif- 
ferences are shown in tables 1 and 2, respectively. 

Casiragua has no unique features in its 
myoglobin, but the unusual substitutions Ser 22 
and Glu 60 may prove useful in assessing its close 
relationships. It shares a number of residues with 
viscacha (another hystricomorph) which are not 
found in mole-rat or mouse and which may 
therefore prove useful in determining the relation- 
ships of hystricomorph rodents (Ala 51, Arg 56 

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Gly Lell Ser Asp Gly Glu l’rp Cln Leu Val Lcu Asn Val Trp Gly Ljjs ~a1 Glu Ala Rsp 1,~ ala Gly His Gly 

'FP i=========-==========_=================-~~== ==== [=_-==_----- _--___======================== 
Tp 
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26 27 28 29 30 31 32 33 34 35 36 37 3R 39 40 41 42 43 44 45 46 47 48 49 50 
Gin Glu Vnl Lcu Ile G1y Leu Phe Lys Thr liis Pro Glu Thr Leu nsp Lys Phe Asp LYO Phe Lys nsn Leu Lys 
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TS 

51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 
Ser Glu GlU Asp Met Lys Gly Ser Glu Asp Leu Lys Lys His Gly Cys Thr Val Leu Thr Ala Leu Gly Thr Ile 

Tp I======IFP==========_-] [=========r.r113=*===__] 
TP 
SP [=======___===========) l===-=-==================_=============~===========~==~=========~== 

TS 

76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 Yl 92 93 94 95 96 97 98 99 100 
Leu Lys Lys Lys Gly Gln fIls Ala Ala Glu fle Gin Pro Leu Ala Gln Ser His Ala Thr Lys His Lys Ile Pro 

TP 
,~~~~~~~~~~~~~~~-______~~~~~_-_~~~~~~~~~__---____--______--------_~ [=_======_===== 

TP 
[______--_.__--_ 1 

SP =======___-___________________------__, I====================_== ============= 5==== -------- 

TS 

101 LO2 103 104 105 106 107 108 109 110 111 112 113 114 ll5 116 llf 118 119 120 121 122 123 124 125 
Val Lys Tyr Leu GlU Phe Ile Ser Glu Ile Ile Tie Glu Val I.cu Lys Lys Arq His Ser Gly Asp Phe Gly Ala 

Tp --_z.--1 [========================== 

TP 
SP ,=============] [%==3=========] *=========-----------===========~~~============ 

TS [=========] ,==========_==J [=============] [====== 

126 127 128 129 130 131 132 133 134 135 136 I37 138 139 l40 141 142 143 144 145 146 147 148 149 150 
Asp Ala Gin Gly Ala Met St?r Lys Ala Leu Glu Leu Phe Rrq Asn Asp Ile Ala Ala Lys Tyr Lys Glu LeU Gly 

TP ========?===============------1 i=======r===========__, I=================:=__1 [===__1 [========== 

Tp [==E___============ 

SP __-----~~~~~~~~~~~~~~~~~______-----___~~~- ] [==========L======] I=========================] [=z==== 

TS [====== 

151 152 153 
Phe Gln Gly 

Tp ==========I 
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TS ======m 

Fig.2. Amino acid sequence of mouse myoglobin. The peptides isolated from a tryptic digest (Tp), an S. aure~.s V8 
protease digest (SP) and from a digest of the tryptic core with S. aureu.s V8 protease (TS) are shown. Other codes as 
in fig. 1. Cys at position 66 was identified on the basis of the staining properties of samples of the peptide 60 to 85. 
In addition to those indicated, a peptide resulting from cleavage at Leu 89 and corresponding to residues 90 to 96 was 
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Table 1 

Differences between the sequences of rodent myoglobins 

19 22 31 35 41 48 51 53 54 56 51 60 66 14 

Viscacha Ala Gly Arg Gly Glu His Ala Asp Glu Arg Ala Asp Thr Gly 
Casiragua Gly Ser Arg Gly Glu His Ala Asp Glu Arg Ala Glu Thr Gly 

Mole-rat Gly Ala Lys Asn Glu His Ser Asp Glu Lys Gly Asp Asn Gly 
Mouse Ala Ala Gly Thr Asp Asn Ser Glu Asp Lys Gly Asp Cys Thr 

77 19 86 87 101 110 113 116 117 118 120 127 129 

Arg 
Viscacha Lys Arg Leu Ala Val Ala Gln Gln Ser Lys Pro Ala Ala 
Casiragua Lys Lys Leu Ala Val Ala Gin Gln Ser Lys Pro Ala Gly 

Thr 
Mole-rat Lys Lys Ile Gln Ile Ala Gln Gln Ser Lys Pro Ala Gly 
Mouse Lys Lys Ile Gin Val Ile Glu Lys Lys Arg Ser Ala Gly 

Two residues were found at position 77 in viscacha and at position 127 in mole-rat [l] 

and Ala 87). We have previously drawn attention 
to the larger number of arginine residues in the 
myoglobins of diving mammals [6] and in the same 
context noted Arg 56 as a parallel change in har- 
bour seal and penguin [7]. Following from this, we 
suggested that the high number of arginine 
residues found in viscacha may represent an adap- 
tation to living underground [l]. Although 
casiragua is listed as a solitary, nocturnal, ter- 
restrial animal [8], which does not dig its own bur- 
row, it is known to take refuge by day under logs 
and the roots of trees, in rocky crevices and in 
holes dug by armadillo [9]. 

Gly 19 in casiragua is shared with mole-rat, but 
not with viscacha and mouse, both of which have 

Table 2 

The numbers of amino acid differences between rodent 
myoglobins 

Mole-rat Casiragua Viscacha 

17 22 23 Mouse 
12 15 Mole-rat 

6 Casiragua 

The values for the mole-rat myoglobin having Thr at 
position 127 and for the viscacha myoglobin having Arg 

at position 77 are shown (see table 1) 

Ala 19. Elsewhere among mammals Gly 19 is 
known only in platypus. 

Gly 3 1, Cys 66, Thr 74 and Glu 113 are unique 
to mouse among all known myoglobins and Glu 53 
is unique to mouse among all known mammalian 
myoglobins (it is also present in penguin). Com- 
parison of the mouse and mole-rat myoglobin se- 
quences with a putative ancestral sequence in- 
dicates that, since their evolutionary divergence, 
the mouse has incorporated 14 substitutions (5 of 
which are unique among mammals) and the mole- 
rat has incorporated 5 substitutions (only 1 of 
which is unique). 

Three substitutions, Gly 57, Be 86 and Gin 87, 
are shared by mouse and mole-rat (and not present 
in casiragua and viscacha). 

Mouse myoglobin contains a number of unusual 
features in the carboxyl terminal half of the G- 
helix and in the GH region (Ile 110, Glu 113, the 
Lys-Lys-Arg sequence at 116-l 18 and Ser 120), 
none of which is present in other known rodent 
myoglobins. The structure of sperm whale 
myoglobin [lo] indicates that residue 110 is close to 
a part of the B-helix where mouse myoglobin con- 
tains other uncommon residues (Gly 31 and Thr 
35). Some substitutions in mouse myoglobin are of 
residues involved in side-chain interactions in the 
sperm whale structure; all of these changes are 
conservative and none is unique to the mouse pro- 
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tein, but the combination of Glu 27 and Arg 118 
(Asp 27 and Arg 118 form a salt bridge in sperm 
whale myoglobin) has been found in only one 
other species, goose-beaked whale [ 1 I]. 
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