
specific gravity and skinfolds was 0.871, fo r  older men 
0.743, using skinfolds measured a t  3 and 4 points of 
the body surface, respectively. The standard errors of 
&mate of the specific gravity are 0.0072 and 0.0086. 
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Specific Volumes of Proteins and the 
Relationship to their Amino 
Acid Contents 

T. L. McMeekin and Kathleen Marshall 
Eastern Regional Research L a b ~ r a t o r y , ~  
Philadelphia, Pennsylvania 

The specific volulne of a protein is essential fo r  
calculating its inolecular weight in  solution and for  
relating the composition of a protein crystal to its 
density. Values fo r  s~ecif ic  volumes are obtained ex- 
perimentally from density measurements. Cohn and 
Edsall (1) have, however, described a method for  
calculating the specific volume of a protein from its 
amino acid composition, the volulne of the protein 
inolecule being considered to be the sum of the vol- 
umes of its component groups or atorns. At  the time 
of publication of this method for  calculating specific 
volumes of proteins from their amino acid compo-
sitions, the data on the aniino acid composition of 
proteins were incomplete and unreliable. During the 
past ten years, new methods, such as the use of iso- 
topes, bacteria, and chromatography, in the determi- 
nation of amino acids have led to reliable and fairly 
complete amino acid analysis on a large numhcr of 
proteins. I t  becarne of importance and interest, there- 
fore, to test the method for  calculating specific vol- 
umes of proteins using recent quailtitatin antino acid 
composition data. Values obtained for  the specifis 
volunle of a number of proteins calculated from their 
amino acid composition are conlpared in Table 1with 
the observed values obtained by density measurements. 
I t  rnay be noted that in most cases the values cal- 
culated from the anlino acid conlpositioll are in excel- 
lent agreement with the observed values. The differ- 
ences between the observed and calculated values fo r  
the last three proteins in the table are greater tliau 
might be expected in view of the other results and 
suggest that the amino acid composition and specific 
volurne for  these three proteins be redetermined. 

The method for  calculating a specific volullle from 
1One of laboratories of the  Etlreau of Anricultnrwl and 

Industr ia l  Chemistry, i tgricultural Research Administration, 
U. S. Department of Agriculture. 

Protein 
Sp vol 

observed* 
calid from 
amino acid 

com-
("'g) nositiont 

(cc/g) 
-- 

Silk f ib~oin  
(suspended in H20)  0.701 ($1 0.689 (3)  

Ribonuclease .709 (4) .703 (3) 
Wool (suspended in H,O) .716 (5) .712 (3) 
Lysozynle .722 (6) .717 (7)  
Fibrinogen (human) .725 (8) .723 (3') 
a-Casein .728 (9) , .725 (9) 
Chyn~otrypsinogeil, .73 (10) .734 ( 3 )  
Casein (unfractio~iated) .731 (9) .731 (9) 
Scrum albumill (bovine) .734 (11) .734 (12) 
Insulin (Zn) .735 (13) .T21 (3)I 
D-glyceraldehyde phosphate 

dehydrogenase .73T (11) .743 (11) 
Aldolase .740 (11) .743 (11) 
0-Casein 
Ovalbunlin 
Hemoglobin (horse) 

.i41 (9) 

.745 (14) 

.749 (15) 

.743 (9) 

.738 (3)  

.741 (3) 1 
f$-Lactoglobulin .751 (16) .74G (17) 
Botuliuus toxin .T5 ( I S )  .736 (18) 
Gelatin 
Edestin 

.682 (19)
0.744 (20) 

.707 (3)  
0.719 (3) 

-- 
* T11r.se 1;11ues v e r e  determined a t  20' C, or  close thereto. 
f K i t h  the exception of references (9), ( I f ) ,  and ( 1 8 ) .  

the specific volurne values have heen -calculated from the 
amino acid compositions given in the cited reference. A value 
of 0.63 cc was used for  the  volunle of the  cystille residue ill- 
stead of 0.61 cc, us  given in Cohn and. Edsall (1 ) .  

8 Tlre speciflc volume of zinc is nut included. 
8 The  specific volume of henlin is not included. 

the amino acid composition neglects electrostriction 
that is due to charged groups in the protein ~nolecule; 
consequently, i t  might be expected that the calculated 
value for  the specific volume would be higher tha11 
that observed. Cohn and Edsall (1)  calculated that 
the value of the specific volume of egg albumin in 
solution would be reduced by 2.4% because of electro- 
striction. The value for  electrostriction in other pro- 
teins would vary slightly owing to the number of 
charged groups in the molecule. Linderstrgm-Lang 
(21) observed that the initial enzymic hydrolysis of a 
protein involves a large change in volunle per mole 
of peptide bond split (-50 cc). The preponderance 
of the peptide bonds in the protein, however, was 
found to give the normal contraction in volume when 
split (-20 cc) ; accordingly, the total effect of this 
volurne factor on the specific volurne of the protein 
would not be expected to be large. The excellent agree- 
ment between the calculated and observed values f o r  
the specific volumes of proteins may be due in part,  
therefore, to a compensation of variables. 

The fact that the values for  the volurnes of proteins 
obtained by these two methods agree fo r  such a wide 
variety of proteins is considered to be good evidence 
that the volume of a protein molecule in solution is 
essentially equal to the sum of the volumes of its com- 
ponent groups and that the method of Cohn and 
Edsall fo r  calculating specific volurnes is reliable. 
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A Note on the Phosphorescence 
of Proteins 

P. Debye and John 0.Edwards1! 
Baker Chemical Laboratory, 
Cortzell University, Ithaca, N e w  Y o r k  

As the literature on the fluorescence and phosphor- 
escence of proteins is scanty, and since it  is of inter- 
est to know more about this subiect and its relation 
to protein denaturation, an investigation of the visi- 
ble light emitted by proteins under ultraviolet excita- 
tion has been carried out. 

Wels ( 2 )  and Vlks ( 2 ) reported that a blue fluores- 
cence was observed when proteins were irradiated 
with ultraviolet light a t  room temperature. The in- 
tensitf of the fluorescence (which is not strong) de-
pends on the p H  and the oxygen content of the solu- 
tion and on the irradiation time. I t  can be escited by 
many different wavelengths of the ultraviolet region. 

With compact animal materials such as nails, ten- 
dons, and cartilage, a distinct blue phosphorescence 
which lasts about 0.2 sec a t  room tentperature has 
been reported (3, if). The globular proteins and non- 
compact body materials such as muscle did not exhibit 
this phosphorescence. 

1 Present  address : Technical Ilivision, Electrochemicals 
Depar tment ,  E. I. du  P a n t  de  Nelnours and  Compnny, S i -
a g a r a  Fal l s ,  N. T .  

2 7Irc gra tefu l ly  acknowledge t h e  donation of t h e  humiln 
y,-glohulin by 3. W. Williams, of t h e  University of Wisconsin, 
and  also the  fibrinoqen and  t h e  bacter ia  c~ l l t l i r e  by H. 8. 
Seheraga  a n d  J. C. Whi te ,  respectively, of Cornell University.  
Guy  C. Bell, Jr., aided in  some of t he  experimental work. 
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W e  have found that many proteins emit a brilliant 
blue phosphorescence a t  low temperatures. However, 
no fluorescence in the visible range has been observed 
in any of our experiinents. 

The proteins used in this study were bovine serum 
albumin, egg albumin, gelatin, human Y,-globulin, 
zein, human fibrinogen, silk fibroin, and keratin 
(human nail). Material containing protein such a s  
bacteria (Escherichia coli) , coinmcrcial yeast, "Witte" 
peptone, agar, and dehydrated beef muscle show the 
same phosphorescent properties as the individual pro- 
teins. The emission was observed with solid protein, 
with suspensions, and with solutions. 

I n  order to find out which groups in the proteins 
are active, 18  amino acids were investigated. Of these, 
only the 3 common aroinatic amino acids (tyrosine, 
tryptophane, and phenylalanine) gave indications of 
characteristic emissions. However, the remaining 15, 
including histidine, showed weak blue emissions which 
had the characteristics of those from tyrosine and 
tryptophane. Since it  was found that as little as g 
of tyrosine gives a discernible blue phosphorescence, 
it  is our opinion that the blue emissions of these 15 
are caused by trace ainounts of the aromatic amino 
acids. Indeed, it seems that phosphorescence is a sen- 
sitive detector of certain impurities. 

These experiments, unless stated otherwise, were 
carried out a t  the temperature of liquid nitrogen 
(77" K) .  A General Electric AH-6 mercury-vapor a rc  
was used as the source of ultraviolet light. F o r  the 
kinetic studies, an RCA 5819 multiplier phototube 
and either a n  oscillograph or a galvanometer have 
been employed, depending on the rate of decay. The 
spectra were determined with a Hilger constant de- 
viation spectrograph and Eastman ICodak spectro-
graphic plates. 

At  any particular pH,  there are  a t  least two ex-
ponential decay emissions from the majority of the 
proteins. Results with the oscillograph, although com- 
plicated, indicate that the lifetimes3 are about 3 sec. 
Some experiinents a t  the temperature of d ry  ice 
(193' K) were less complicated, and it  was found pos- 
sible to prove the monomolecular nature of the decay, 
the semilog plots being consistent and the decay con- 
stants being reproducible a t  that temperature. 

The amino acid trypto$hane' has a bluish-white 
phosphorescence with a lifetime of about 3 sec a t  all 
p H  values. The phosphorescence of tyrosine is bril- 
liant and deep blue; i t  has a lifetime of about 3 see 
in  neutral and acid solutions, whereas the lifetime i n  
alkaline media is 0.9 sec. The emission of phenyl-
alanine also seeins to  be bluish-white, but its life- 
time is much shorter, probably being less than 0.1 see. 

The visible spectruin of the protein phosphores- 
cence is dependent on the p H ,  which fact inay be at- 
tributed to  the association of protons to the aromatic 
amino acids ( 5 ) . I n  Table 1,  soine of the features of 
protein phosphorescence in  alkaline rnedia are  pre-

STlle mean li tetinle of a n  exponential  decay i s  t h a t  amoun t  
of t ime necessary fo r  t he  phosphovesc~nce  t o  f a l l  t o  l / e  of 
i t s  in i t ia l  in tens i ty .  


