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of Carnivore Hemoglobin Compositions 
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Summary. The amino acid differences among 12/~ chains and 10 a chains of car- 
nivore hemoglobins are given. These hemoglobins conform to the substitution rate 
found for hemoglobins in general. A table compares the differences among known 
a-chain sequences when deduced from tryptic peptide compositions and when 
taken from actual sequences. Among the carnivore hemoglobins studies, tryptic 
peptide compositions are about 14 % low in giving the number of sequence differ- 
ences. 
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A comparative study of carnivore hemoglobins was begun by Seal (1969), who examined 
them by gel electrophoresis. Since 6 families of the Canoidea all had a major hemoglobin 
component of identical mobility, he concluded that the hemoglobins had not diversified 
since the Eocene. The studies of tryptic peptide compositions reported in the preceding 
Rages show that such diversity does indeed exist and that hemoglobins of different car- 
nivore species contain many amino acid differences which do not involve changes in 
electrophoretic mobility. For example, in comparison to dog hemoglobin, the tryptic 
peptide composition of raccoon hemoglobin shows 26 amino acid substitutions and 
polar bear shows 20, yet no charge changes are involved. The carnivore hemoglobins 
have a much higher proportion of such substitutions than was originally estimated from 
electrophoretic studies of enzymes; first suggested was a ratio of three substitutions 
with no charge difference to every one with a charge difference (Smith, 1972). The 
high rate of occurrence of enzyme variants with no charge difference in natural popula- 
tions has been demonstrated by Bernstein et al. (1973) by heat stability studies. 

In Tables 1 and 2 are compared probable sequences for 12 carnivore/3-chains and 
10 a-chains deduced from their tryptic peptide compositions compared to dog hemo- 
globin I. Only the dog a- and/3-chains (Brimhall et al., preceding paper) and badger 
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/3-chain ( H o m b r a d o s  e t  al., 1976)  have been  comple t e ly  sequenced.  L imi ted  sequenc ing  

has been done  on some of  the  o thers  as de ta i led  in the  p reced ing  articles. I t  shou ld  be 

emphas ized  t h a t  a few changes in pos i t ions  o f  the  subs t i t uen t s  m a y  be required w h e n  

comple te  sequences  are k n o w n .  The  a -cha in  of  c o a t i m u n d i  and  2 a-chains  of  l ion are 

inc luded  in the  table  a l though  they  are n o t  comple ted .  The  one- le t t e r  symbols  for  

amino  acids are those  used by  D a y h o f f  (1972) .  

I t  has b e c o m e  increasingly ev iden t  t h a t  the  func t iona l  p ro te in  molecule  and  n o t  

the  individual  amino  acid residue is the  u n i t  on  which  evo lu t iona ry  processes act. Each  

amino  acid r e p l a c e m e n t  has  the  capabi l i ty  of  af fec t ing one or more  func t ions  of  the  

molecule  of  which  it  is a part .  Zucke rkand l  (1976)  has syn thes ized  an overall  p ic ture  

of  the  evolving molecule :  "On  accoun t  o f  a c o m p e t i t i t i o n  be tween  d i f f e ren t  c o m p o n e n t  

f unc t i ons  for  individual  sites in po lypep t ide  chains,  each p ro te in  molecule  represents  a 

func t iona l  compromise ,  wi th  some f u n c t i o n s  op t imized ,  b u t  the  overall  s ta te  of  the  

molecule  s u b o p t i m a l  . . . . .  Gene t i c  suf f icency  is cons idered  a n o t i o n  more  adequa te  

t han  genet ic  o p t i m a l i t y  for  descr ibing biological  f i tness ."  Accord ing  to  his model ,  m o s t  

amino  acid subs t i tu t ions  are cons idered  evo lu t iona ry  noise compa t ib l e  wi th  select ion.  

Romero -Her ra ra  and  L e h m a n n  (1973)  c o m p a r e d  18 m a m m a l i a n  m y o g l o b i n  se- 

quences  and f o u n d  an average f ixa t ion  rate of  one  per  4.2 mil l ion years.  The i r  work 

showed  tha t  " . . .  Per iods  o f  apparen t ly  low rates of  f ixed m u t a t i o n  are o f ten  fo l lowed 

Table 3. Actual amino acid sequence differences (lower rows of figures) and minimum differences 
determined by tryptic peptide compositions (upper rows of figures) among vertebrate hemoglobin 
alpha chains. Asterisks indicate one, two and three additional minimum differences when the 
number of Asn plus Gin are known for each tryptic peptide 
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H u m a n  

Cow 

Horse 

Canine 

Rabbit 

Kangaroo 

Opossum 

Echidna 

Chicken 

Viper 

Newt 

15 
17 

13 23 
18 23 
15 27 
18 28 

25 
27 

24 22 31 29 27 42* 51" 52 
25 27 40 37 35 50 65 68 
23 20* 33 36 31 44 53** 52 
25 26 43 43 38 52 67 65 
18 21" 34 34 32** 42* 55** 48 
25 29 42 42 40 52 69 67 
24 28 35* 35 36* 44* 57* 52 
27 33 46 42 44 54 68 67 

24* 35* 33 35* 44* 55* 54 
37 50 48 43 52 72 71 

32 37 29* 42 53* 51 
42 49 41 54 70 71 

43 44* 53** 56** 53 
60 60 70 72 77 

37 50 57* 57 
48 66 74 75 

43* 50* 51"* 
57 66 72 

50* 51"* 
74 72 

55*** 
74 
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by apparently high rate episodes and vice versa". They conclude that the term "average 

rate" is a more applicable term than "constant"  rate. 

It has been estimated from the available sequence data that hemoglobins incorpo- 

rate approximately one substitution per hemoglobin every 2.3 million years (Dayhoff, 

1972; p. 50); i.e., 15 amino acid differences per 100 residues per 100 million years. On 

this basis, since polar bear and raccoon families diverged approximately 25 million 

years ago, about 22 differences would be expected between their hemoglobins (25/2.3 = 

11 for each of  2 divergent lines). Actually a minimum of 24 differences was found. 

Again, comparing cat and dog which diverged 4 0 - 5 0  million years ago, 3 6 - 4 4  differ- 

ences would be expected; at least 39 were found. This would indicate that these carniv- 

ore hemoglobins conform to the substitution rate found for hemoglobins in general. 

Until such time as complete sequences are available, certain observations may be 

made on the basis of the exploratory data from tryptic peptide compositions. The 

rationale for such limited studies in structure comparisons has been discussed by Ambler 

(1974) for bacterial cytochromes. 

A lower limit for the number of amino acid sequence differences between a known 

sequence and one for which tryptic peptide compositions are known may be computed 

by alignment of homologous peptides. The minimum number of sequence differences 

so derived for 66 comparisons of vertebrate hemoglobin a-chains appears in Table 3. 

Table 4. Relation of differences found from tryptic peptide 
compositions to actual sequence differences between vertebrate 
a-chains. 

Number of actual Fraction detected from 
sequence differences tryptic peptide compositions 

17-27 .86 
28-42 .78 
42-49 .79 
50-65 .78 
65-70 .77 
71-77 .73 

Table 5. Minimum number of sequence differences among B-chain hemoglobins of certain 
carnivores as determined by tryptic peptide compositions. 

Dog-Coyote 2 6 8 16 14 15 14 20 18 19 
Fox 5 6 14 12 13 12 21 19 21 
Polar bear 9 13 9 10 9 19 16 19 
Badger 13 11 11 10 25 23 25 
Raccoon 7 8 8 22 20 21 
N. nasua 3 4 22 20 22 
N. narica (F) 2 23 21 23 
N. narica (S) 22 20 22 
Cat (F) 3 3 
Cat (S) 6 
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The accuracy of tryptic peptide composition-derived estimates of amino acid se- 
quence differences for 6 ranges of actual variability between ~ chains is shown in 
Table 4. Thus, for differences of  27 residues or less per chain, the number of residues 
found by tryptic peptide compositions is 14 % low. The carnivore chains in this study 
differ from one another by 25 or less residues, as shown in Table 5 which gives mini- 
mum/3 chain differences among 10 carnivores. 

Comparison of the probable sequences of the hemoglobins in Tables 1 and 2 with 
those of other animals (Dayhoff, 1972, Alignments 17 and 19) shows 3 residues which 
appear to be characteristic of the carnivores. One of these is Res. 32 of the ~ chain; 
other mammals have methionine, but the carnivore and 2 known marsupial sequences, 
kangaroo and opossum, have threonine. A second characteristic position, ~ 89, is occu- 
pied by histidine in other animals, but in all the carnivores studied except polar bear, 
it is occupied by tyrosine. At a third position, ~ 50, there is histidine for other animals 
and for cat and lion, but proline in the other carnivores listed. 

From Table 2 it can also be seen that most of the carnivores have glutamic acid at 
23 and ~ 30, as do most other animals, but the dog and its more recently diverged 

relatives, the coyote and fox, have aspartic acid in these 2 positions. 
Of interest are 4 carnivores, each of which has two major hemoglobins. In one of 

these, the coatimundi (Nasua narica), there are only two differences in tryptic peptide 
composition between its two hemoglobins; in the domestic cat (Fells catus) there are 
3 differences, in the lion (Pantbera leo) only one was found; in the dog there is one 
difference. In coatimundi and cat it is only the/3 chains which differ; in dog and lion 
it is only the ~ chains. The small number of differences suggests that the two hemoglobins 
in each case diverged in fairly recent times. 

The differences in tryptic peptide compositions found in this study are in approx- 
imate agreement with the evolutionary development of the carnivores derived from 
fossil records (Romer, 1966) although the construction of an evolutionary tree for 
these hemoglobins should properly await data from the complete sequences. 
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