
mation of the essentials of Hill's (7) con- 
ception of active muscle as a two-com- 
ponent system made up of contractile 
and series elastic components; (ii) der- 
ivation of equations that quite accu- 
rately predict the mechanics of the con- 
traction period of an isometric tetanus; 
(iii) a simple method for determining 
the stress-strain curve of the series elastic 
component (though this needs confirma- 
tion by direct methods); (iv) a determi- 
nation of the theoretical and experimen- 
tal means for studying a newly observed 
feature of early contraction related to 
the abruptly rising phase of the active 
state; and (v) the general mathematical 
basis for study of active state mechanisms 
in tetanus relaxation and for the entire 
course of the twitch. In future research 
it is planned to complete the analyses 
regarding systems including active state 
relaxation, extend the theory to other 
types of contractions, and apply it, in 
general, to investigations of muscular re- 
sponses under a variety of experimental 
conditions. 

ALEXANDER SANDOW 

Department .of .Biology, Washington 
Square College of Arts and 
Science, New York University, 
New York 

References and Notes 

1. This work was aided by grants from the Mus- 
cular Dystrophy Associations of America and 
by an Equipment Loan Contract No. Nonr- 
1559 (00) with the Office of Naval Research. 

2. A. V. Hill, Proc. Roy. Soc. (London) B126, 
136 (1938). 

3. J. L. Petit, Arch. intern. physiol. 34, 113 

(1931). 
4. A. V. Hill, Proc. Roy. Soc. (London) B141, 

104 (1953). 
5. L. Macpherson, J. Physiol. (London) 122, 172 

(1953). 
6. D. R. Wilkie, ibid. 134, 527 (1956). 
7. A. V. Hill, Proc. Roy. Soc. (London) B137, 

40 (1950). 
8. I am thankful to Dr. Manfred Brust for per- 

forming the experimental part of this investi- 
gation. 

25 November 1957 

The Two Hemoglobin 

Components of the Chicken 

Recently Saha et al. (1) reported the 

presence of two electrophoretically dis- 
tinct hemoglobin components in the 
chicken, one of which showed the same 
mobility as the abnormal human hemo- 
globin E. In the course of our investiga- 
tions of animal hemoglobins, we also 
studied the hemoglobin of the adult 
chicken, using different techniques. The 
results of this study will be reported here, 
for they offer some additional informa- 
tion. 
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Fig. 1. Separation of two hemoglobin frac- 
tions of the chicken on Amberlite IRC-50. 
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ionic strength 0.06. These analyses 
showed the presence of one main com- 
ponent (component I) with a low rela- 
tive mobility and a second one (com- 
ponent II) with a much higher mobility. 
Component II, present for about 15 per- 
cent of the total amount of hemoglobin, 
was found in all examined animals. Its 
relative mobility is about the same as 
that of the abnormal human hemoglobin 
E. Our paper electrophoretic investiga- 
tions confirmed therefore the results re- 
ported by Saha et al. (1). 

The two hemoglobin components can 
be separated completely by chromatogra- 
phy on Amberlite IRC-50 with a citrate 
buffer solution of pH 6.0 and a sodium 
ion concentration of 0.15 (2). Figure 1 
represents the relative positions of the 
two fractions. This technique offers 
therefore a possibility to obtain both 
components separately and to compare 
the amino acid compositions of the two 
hemoglobins. For this purpose about 50 
mg of each protein was hydrolyzed with 
500 ml of 6N hydrochloric acid by boil- 
ing under reflux for 48 hours. The 
amino acid analyses of these hydrolyzates 
were achieved by the column chromato- 
graphic method of Spackman, Moore, 
and Stein (3) with the Amberlite IR 
120. The results of duplicate experi- 
ments are given in Table 1. Component 
II contains much more of the acid amino 
acids (aspartic acid and glutamic acid) 
and much less of the basic amino acids 
(lysine, histidine, and arginine). The 
large difference in the amounts of acid 
and basic amino acids may explain the 
great difference in the electrophoretic 
and chromatographic behavior of the 
two hemoglobin fractions. Moreover, 
other marked differences were found. 
The amounts of serine, valine, and leu- 
cine are higher in component II than in 
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the other fraction, and the amounts of 
alanine, isoleucine, and tyrosine are 
lower. The results of these amino acid 
analyses are therefore strongly indicative 
of the existence of two widely different 
hemoglobin types in the chicken. 

It is remarkable that these two dif- 
ferent hemoglobin types were present in 
all the chickens studied. This situation is 
different from that found in some other 
animals-for instance, sheep (4) and 
cattle (5), in which the occurrence of 
two different hemoglobin types seems to 
be controlled by a pair of allelomorphic 
genes, both being readily recognizable 
in heterozygosity. It is obvious from the 
amino acid analyses that both compo- 
nents are completely different from any 
human hemoglobin (6). Any speculation 
based on the occurrence of human hemo- 
globin E (1) in birds is therefore with- 
out foundation (7). 
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