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Isolation of a New Glycoprotein-a and a yG-Globulin from 
Tndividual Cow Milks” 

M. L. Groves and W. G. Gordon 

ABSTRACT: A new protein, tentatively named glyco- 
protein-a, has been isolated from bovine milk. It shows 
a single band by gel electrophoresis at pH 4.3; however, 
on electrophoresis at alkaline pH, several closely spaced 
bands, attributable perhaps to genetic polymorphs, are 
evident. Glycoprotein-a has a sedimentation coefficient 
of 4.0 S and a minimum molecular weight of the 
order of about 48,000 based on the presence of a single 
methionine residue per molecule. A milk yG-globulin 

I mmune proteins from cow’s milk and colostrum 
were isolated by classical methods of fractionation with 
ammonium sulfate by Smith (1946, 1948). Smith pre- 
pared and characterized euglobulin and pseudoglobulin 
from colostrum and milk and compared the properties 
of the purified proteins with those of immune globulins 
isolated from bovine blood. He found that all of these 

has also been isolated and characterized. Although it is 
closely related to milk pseudoglobulin in most of the 
chemical and serological properties investigated, dif- 
ferences in behavior in gel electrophoresis were observed. 
Comparisons of properties of yG-globulins prepared 
from bovine colostrum and blood indicate virtual 
identity of these proteins; minor chemical and immuno- 
logical differences between these and the milk yG- 
globulin and pseudoglobulin were found. 

globulins were closely related, immunologically, but 
that they were not identical in physical and chemical 
properties. 

We have applied the more refined methods now 
available for fractionating proteins to a reinvestigation 
of the proteins of the y-globulin’ fraction of cow’s 
milk. In so doing, a new glycoprotein was found in 

* From the Eastern Regional Research Laboratory, Eastern 
Utilization Research and Development Division, Agricultural 
Research Service, U. S.  Department of Agriculture, Philadelphia, 
Pennsylvania 19118. ReceivedSeptember 2, 1966. 2388 

We follow the nomenclature for human immunoglobulins 
proposed in Bull. World Health Organ. 30, 447 (1964). yG- 
Immunoglobulin (or yG-globulin) denotes that class of immuno- 
globulins often designated as 7s  yG-globulin. 
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FIGURE 1: Fractionation, disc electrophoresis, and vertical gel electrophoresis. (A) (left) Fractionation of milk yG- 
globulin and glycoprotein-a on Sephadex G-200 column. The dashed line shows yG-globulin (7 S )  after the third pass 
on the resin and the dot-dash line represents the glycoprotein-a. (B) (middle) Disc electrophoresis at pH 4.3, 1 hr at 
M) ma: milk fraction IF-2 (a), protein in first minor peak (b), yG-globulin (c), and glycoprotein-a (d); the direction of 
arrow is toward the cathode. (C) (right) Vertical gel electrophoresis at pH 9.1, 5% gel: milk fraction IF-2 (a), glyco- 
protein-a (b), and yG-globulin (c); the direction ofthe arrow is toward the anode. 

this fraction of milk, and purified yG-globulins were 
prepared from both milk and colostrum. For purposes 
of comparison, milk pseudoglobulin, as characterized 
by Smith, and bovine blood yG-globulin were also 
prepared. Although pseudoglobulin was obtained 
from mixed herd milk, the other milk proteins were 
isolated from milks of individual cows so that possible 
genetic polymorphisms might be detected. This report 
describes the methods used for the isolation of the new 
glycoprotein and of the yG-globulins, some of the 
physical and chemical characteristics of the proteins, 
and some comparisons of the y-globulins from milk, 
colostrum, and blood. 

Experimental Section 

Isolation of the Proteins. yG-GLOBULIN AND GLYCO- 
PROTEIN-a. Milk from individual cows was fractionated 
and chromatographed as previously described (Groves, 
1965). Whey-F protein, in 0.005 M phosphate (pH 8.21, 
was first chromatograpbed on DEAE-cellulose, and 
fraction lF, not retained on the column, was next 
chromatographed on phosphocellulose. The IF-2 
fraction, which was eluted from phosphocellulose with 
0.1 M sodium phosphate at pH 6.0, moved as a single 
peak in the Perkin-EhnerP electrophoresis apparatus; 
its mobility was -1.26 X cm2/v sec in 0.10 ionic 

2 It is not implied that the U. S. Department of Agriculture 
rewmmendr the above wmpany or its product to the exclusion 
of others in the same business. 

strength Verona1 buffer (pH 8.5). However, two com- 
ponents were demonstrable in the fraction by disc 
electrophoresis at acid pH and by ultracentrifugation 
at pH 7. The two components with sedimentation 
coefficients of 4 and 7 S were separated by gel filtra- 
tion as follows. A 2 X 70 cm column was prepared 
with Sephadex G-200 previously washed and equili- 
brated overnight at 3" with 0.1 ionic strength sodium 
phosphate (pH 7.0). The protein (1W300 mg), dis- 
solved in a minimum amount of buffer (1-2 ml), 
was carefully layered on the column and was eluted 
with the same buffer at a rate of about 8 ml/hr, as 
illustrated in Figure 1A. The fractions in the symmetri- 
cal part of the peaks were combined for refractionation. 
Usually three such gel filtrations were needed for ade- 
quate separation of the proteins. Yields of the two 
proteins prepared by this method were approximately 
50 mg of glycoprotein-a and 30 mg of yG-globulin/l. 
ofmilk. 

PSEUDOOLOBULW. Pseudoglobulin was prepared from 
mixed herd milk by the method of Smith (1946) and 
deionized by mixed-bed resin according to Dintzis 
(1952). 

COLIXTRUM ~GGLOBULIN. The yG-globulin was 
isolated from skim colostrum of an individual cow. 
The colostrum was first diluted with an equal volume 
of water to facilitate the precipitation of casein; other- 
wise, the fractionation procedure already described 
was followed. It is interesting to note that no glyco- 
protein-a was found in the IF-2 fraction of colostrum. 

BLOOD yG-GLOBULIN. yG-Globulin (bovine, Cohn's 
fraction 11) was purchased from Nutritional Biochemi- 2389 
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FIGURE 2: Disc gel electrophoresis at pH 4.3 for 1.5 hr 
at 60 ma. Pseudoglobulin (a), blood yG-globulin + 
pseudoglobulin (h), blood yG-globulin (c), blood yG- 
globulin + colostrum yG-globulin (d), milk yG- 
globulin (e), blood yG-globulin + milk yG-globulin 
(0, and milk yG-globulin (g). 

cals Corp.2 and fractionated like the milk protein on 
DEAE-cellulose, phosphocellulose, and Sephadex. 

Reduction and Alkylation .f Pseudoglobulin. Pseudo- 
globulin (58 mg) was reduced and alkylated following 
the method of Fleischman et al. (1962) for human 
and horse yG-globulin. After reduction and alkylation 
the pH was adjusted to 8 by the addition of solid Tris. 
The solution was dialyzed against 1 I. of 0.1 M sodium 
chloride to which 25 ml of Tris-HCI buffer was added, 
and then against 1 M acetic acid at 3” before lyophiliza- 
tion. 

In another experiment 6.0 M urea was included in 
the reduction and alkylation. On dialysis of this 
product against acetic acid, the solution became very 
turbidat first but thencleared. 

Gel filtration of the reduced and alkylated protein 
on a 2 x 70 cm column ofSephadex G-100equilibrated 
with 1 M acetic acid gave an elution pattern like that 
shown by Fleischman et a!. (1962) with a major A 
fraction (heavy chain) and a minor B fraction (light 
chain), the latter amounting to about 2 0 Z  of the 
total. Pseudoglobulin reduced and alkylated in urea 
showed, on gel filtration, only a broad, single peak 
with much trailing, indicating strong interaction be- 
tween the fully reduced chains. 

Gel Electrophoresis. Disc electrophoresis was carried 
out at pH 4.3 by the method of Reisfeld et ul. (1962) 
in the Canalco’ apparatus with 12 tubeslrun. Some 
runs were also made using 8 M urea solutions. For 
vertical acrylamide gel electrophoresis at pH 9.1, 
the Raymond system (Raymond and Nakamichi, 
1962) was used, with a gel concentration of 5 %. 

Ultracenrrifugafion. Sedimentation experiments were 
made in the Spincoz Model E ultracentrifuge at 59,780 
rpm in 0.1 ionic strength phosphate (pH 7.0) at 1 Z 
protein concentration, unless otherwise noted. 

Carbohydrafe Deferminations. Hexose was deter- 
mined by the reaction with orcinol (Winzler, 1955), 
with a 1 : I  mixture of lactose and mannose as a standard. 2390 

Weighed samples of the dialyzed and lyophilized pro- 
teins, corrected for moisture content, were used for 
these analyses. 

Amino Acid Analysis. Proteins were hydrolyzed 
and analyzed automatically for amino acids by tech- 
niques described by Moore and Stein (1963). Duplicate 
determinations were made on samples hydrolyzed 24, 
12, and 96 hr. Significant changes in the amounts of 
valine and isoleucine released with increasing times 
of hydrolysis were not observed. Glycoprotein-a was 
also oxidized by performic acid, hydrolyzed, and 
analyzed according to Moore (1963). 

Results 

Gel EIectrophoresis of the Proleins. Figure 1B shows 
patterns from disc electrophoresis at pH 4.3 of milk 
yG-globulin (c) and glycoprotein-a (d) following frac- 
tionation on Sephadex, and of the original crude frac- 
tion 1F-2 (a). The pattern for purified yG-globulin 
demonstrates it to be free of glycoprotein-a; it contains, 
however, a small amount of a “slower moving protein” 
which is also evident in a and b. Pattern b represents 
the protein which emerges in the first small peak seen 
in Figure 1A; this fraction consists of yG-globulin 
as the main component, the slower moving protein, 
and small amounts of other proteins. Only traces of 
yG-globulin are detectable in the purified glycoprotein-a 
(Figure lB, patternd). 

There is reason to believe from the ultracentrifuga- 
tion experiments that the slower moving protein evident 
in Figure lB, patterns a-c, represents higher molecular 
weight y-globulin. A faint band with similar mobility 
is also present in the electrophoretic pattern of our 
preparation of pseudoglobulin (Figure 2a). 

Rather different patterns are obtained when frac- 
tion IF-2, yG-globulin, and glycoprotein-a are sub- 
jected to vertical gel electrophoresis at pH 9.1 (Figure 
1C). Under these conditions, yG-globulin appears 
as a broad, diffuse area without well-defined bands 
(Figure lC, pattern c). Glycoprotein-a gives four to 
five equally spaced bands of which the three most 
prominent may be distinguished in Figure lC, pattern 
b. On examination of glycoprotein-a samples prepared 
from milks of individual cows, differences in mobilities 
of these three bands were observed. Some preparations 
showed a stepwise displacement of the entire series of 
hands to the extent of one or two bands. Whether these 
observations might be attributable to genetically con- 
trolled polymorphism is presently under investigation. 
It will be recalled that only a single, major band is 
visible in these preparations when they are run in 
acid gels by disc electrophoresis (Figure 1B-d). 

Results of comparisons of the behavior of different 
yG-globulin samples in disc electrophoresis at pH 4.3 
are shown in Figure 2. The relative position of the 
main bands may be seen more easily in the schematic 
representation. Pseudoglobulin (a) is slower in mobility 
than blood yG-globulin (c), as illustrated by (h) repre- 
senting a mixture of the two. However, a mixture of 
the yG-globulins from blood and colostrum gave a 

G R O V E S  A N D  G O R D O N  
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FIGURE 3: Disc electrophoresis at pH 4.3, 8 M urea, for 
1 hr  at M) ma of pseudoglobulin reduced, alkylated, 
and fractionated on Sephadex. Unreduced pseudo- 
globulin (a), A fraction (b), B fraction (c), and psuedo- 
globulin reduced and alkylated in the presence of urea 
( 4 .  

single hand (d). The yG-globulins isolated from milks 
of individual cows show at least three types: a slow 
band (9) that moves slightly faster than pseudoglobulin 
(a); a fast hand (not illustrated) with mobility similar 
to that of blood yG-globulin; and two bands (e) cor- 
responding in mobility to the slow and fast bands. 
Pattern f, which resembles e, represents a mixture of 
blood yG-globulin and a slow milk yG-globulin. 
With yG-globulins that give two hands the ratio of 
slow to fast varies somewhat, depending on the cow. 

Reduction and A/ky/ufion Experiments. In Figure 3 
are shown disc electrophoretic patterns in 8 M urea 
of the A and B fractions obtained from gel filtration 
of reduced and alkylated pseudoglobulin. Pattern a 
is that of the original, unreduced pseudoglobulin. 
Fraction A (pattern b) consists of the heavy chain 
(the principal middle band), some light chain (the fastest 
hand), and an unidentified component (the slowest 
band). Fraction B (pattern c) is almost pure light- 
chain material. When the same procedure of reduction 
and alkylation was applied to pseudoglobulin in the 
presence of urea, gel filtration did not result in any 
separation of components, as already mentioned. 
Pattern d is representative of all the product in the 
single, broad peak. Evidently, no new chains resulted 
from reduction in the presence of urea, the number of 
hands being the same in d as in b and c together. 
However, the mobilities of the hands in d are somewhat 
slower. These results are in accord with the findings of 
Cohen (1963) on humanyG-globulin. 

Preliminary experiments on the reduction and alkyla- 
tion in urea of small protein samples (0.5 mg) followed 
by disc electrophoresis without prior fractionation on 
Sephadex indicate a close similarity between pseudoglob- 
ulin and slow yG-globulin in that the light chain is 
well separated from the heavy chain. However, the 
yG-globulins from colostrum and blood behave 
somewhat differently from the others; they give rise to 

I 

FIGURE 4: IJltracentrifugation pattern after 64 min Of 

milk fraction IF-2 containing milk yG-globulin and 
glycoprotein-a before resolution on Sephadex: direction 
of sedimentation, left to right. 

a difuse, faster moving area for the light chain, not 
clearly separated from the heavy-chain hand. The rela- 
tive mobility of the heavy chain appears to he similar 
for all the globulins eramined in this investigation. 
I n  the case of human serum and colostrum y-globulins, 
recent comparisons of the electrophoretic behavior of 
the isolated heavy and light chains have shown striking 
differences in the relative mobility of the heavy chain 
(Rejnekefal., 1966). 

Glycoprotein-a was also run through the foregoing 
procedures with the thought that cleavage of the mole- 
cule at interchain disulfide bonds might result in the 
formation of new bands in disc electrophoresis. None 
were found so that it may be inferred that interchain 
disulfide linkages are not present in this protein. It 
was observed, furthermore, in these experiments that 
the mobility of reduced and alkylated glycoprotein-a 
was similar to, hut not identical with, that of the heavy 
chain of the yG-globulins. 

Ultracentrifugarion. Figure 4 shows the sedimentation 
pattern at 24' of fraction 1F-2, prepared from the 
milk of one cow, before filtration on Sephadex: sedi- 
mentation coefficients, s9a.w, of 4.36 and 7.28 S were 
determined for the lighter component, glycoprotein-a, 
and the heavier yG-globulin, respectively. At 1 ', the 
corresponding coefficients are 3.97 and 6.12, about 1% 
lower for both proteins. Fraction 1F-2 from another 
cow gave similar values of 4.06 and 6.80 S a t  1 '. 

Purified glycoprotein-a, when centrifuged in 1 
concentration at 2", sediments with a coefficient of 
4.02. Identical values were obtained from 0.5, 1.5, 
and 2% solutions, indicating that the coefficient for 
this protein is not dependent onconcentration. 

The sedimentation coefficient for purified yG-globulin 
was found to he 6.81 at 1 '. Our preparation of pesudo- 
globulin gave a value of 6.54 S at 23" for the major 
component, and for a minor, heavier component 
(estimated as about 5 %  of the total protein), a value 2391 
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of 9.81 S; the latter is presumed to be the slower 
moving protein mentioned in the preceding section. 
These values are in approximate agreement with those 
obtained by Smith and Brown (1950) for milk pseudo- 
globulin and euglobulin centrifuged in 0.15 M NaCl 
at pH 6.2 at about 25" ;  they, too, found a minor com- 
ponent with a sedimentation coefficient of about 10 S 
to be present in their preparations. 

Carbohydrate and Amino Acid Analysis. Application 
of the orcinol reaction to glycoprotein-a and to milk 
yG-globulin gave values of 3.12 and 1.14x hexose, 
respectively. The latter figure is comparable to 0.93 
found by Nolan and Smith (1962) in a preparation 
of yG-globulin isolated from the colostrum of a 
hyperimmunized cow. In addition to hexose, it is 
likely that hexosamines are present in glycoprotein-a, 
for amino acid chromatograms of 24-hr hydrolysates 
of this protein show two peaks following phenylalanine 
in positions corresponding to the effluent volumes of 
glucosamine and galactosamine (Walborg et al., 1963); 
with longer times of hydrolysis, these peaks disappeared. 

The amino acid composition of the yG-globulins 
and of glycoprotein-a, calculated as micromoles of 
amino acid and normalized to glycine, are shown in 
Table I. The comparisons which follow are equally 
valid if molar ratios are calculated with phenylalanine 
assigned the value of one. The relatively high content 
of hydroxyamino acids is typical of yG-globulins. 
Like human and rabbit yG-globulins (Crumpton 
and WiIkinson, 1963), the bovine y-globulins also 
contain proportionately large amounts of valine, 
proline, leucine, glutamic acid, aspartic acid, and 
lysine, while methionine, histidine, isoleucine, and 
phenylalanine are present in relatively small amounts. 

The content of basic amino acids in the blood and 
colostrum yG-globulins is significantly higher than 
that in pseudoglobulin and slow milk yG-globulin, 
but otherwise no great differences are apparent. Fast 
milk yG-globulin was not available for analysis. 

Glycoprotein-a contains much less serine and threo- 
nine than yG-globulin. However, it is also relatively rich 
in valine and lysine and poor in methionine, histidine, 
isoleucine, and phenylalanine. Because the methionine 
content was so low, special hydrolysates, described in 
the table, were analyzed for this amino acid and the 
value shown is of the same order as a determination 
as methionine sulfone, following performic acid oxida- 
tion of the protein. On the assumption that the glycine 
to methionine ratio listed in the table is approximately 
correct, a minimum molecular weight for glycoprotein- 
a was calculated. This is based on a single methionine 
residue and the summation of the appropriate numbers 
of other amino acid residues derived from the molar 
ratios. The numbers of amino acid residues rounded 
to the nearest integer are shown in the table. The calcu- 
lated molecular weight of 48,000 is admittedly an 
approximation but it is in the range that might be 
expected from the sedimentation coefficient of 4.0 S. 
Neither tryptophan, which was not determined, nor 
carbohydrate was considered in the calculation; their 
inclusion would increase the minimal molecular weight. 

Unfortunately, data necessary for calculation of molec- 
ular weight from the sedimentation experiments are 
not available. 

Discussion 

The isolation from the immune globulin fraction of 
whey of glycoprotein-a, a protein differing in composi- 
tion and properties from yG-globulin and other, previ- 
ously characterized y-globulins, was unexpected, 
though perhaps not too surprising in view of the 
extreme complexity of this fluid. Despite the observed 
differences in carbohydrate content, amino acid com- 
position, sedimentation coefficient, and electrophoretic 
behavior before and after reduction and alkylation, it 
is conceivable that glycoprotein-a constitutes a frag- 
ment of yG-globulin. The most convincing evidence 
that this is not the case is provided by the results of 
immunochemical studies, to be published elsewhere by 
E. J. Coulson. Dr. Coulson compared milk yG- 
globulin and glycoprotein-a by double diffusion in a 
four-well Ouchterlony plate in which the antigens and 
respective antisera occupied opposite wells. The 
major precipitin lines of the two systems crossed each 
other without interference. Thus, there was no antigenic 
relationship between the two preparations. The question 
regarding the occurrence of genetically controlled 
polymorphism of glycoprotein-a has been raised in this 
investigation but cannot yet be fully answered without 
considerably more experimental data. 

The milk yG-globulin isolated in this work is closely 
related to milk pseudoglobulin as prepared by Smith's 
method. Amino acid compositions and sedimentation 
coefficients are very similar. The proteins appear to be 
serologically identical when they are diffused together 
against either of their respective antisera (E. J. Coulson, 
to be published). However, as the disc electrophoretic 
experiments have indicated, slow and fast forms of yG- 
globulin may be distinguished, suggesting the possibility 
of genetic polymorphism. It  may also be noted that 
there is a small difference in mobility between the slow 
form and the even slower pseudoglobulin; this might 
be owing to the fact that the latter was not rigorously 
purified by column chromatography. 

Our results also support the generally accepted, close 
relationship between, or identity of, the yG-globulins 
from bovine colostrum and blood. No significant dif- 
ferences in amino acid composition, in electrophoretic 
behavior, before or after reduction and alkylation, or 
in serological behavior were demonstrable. 

When milk yG-globulin and pseudoglobulin as one 
pair of related proteins are compared with colostrum 
and blood yG-globulins as another, some minor dif- 
ferences are apparent. The difference in appearance 
of the disc electrophoretic patterns following reduction 
and alkylation, notably the relatively poor separation 
of the light chain in the case of the latter pair, has 
already been mentioned. Furthermore, the slow milk 
yG-globulin and pseudoglobulin migrate more slowly 
in disc electrophoresis at pH 4.3, and this difference in 
mobility may be a consequence of the lower content 
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of basic amino acids characteristic of this pair; 
finally, subtle immunochemical differences between the 
two pairs have been observed by Coulson and will be 
described in detail in a separation publication. 

In connection with these comparisons of the yG- 
globulins, and also in considering the possibility of the 
occurrence of polymorphs, genetically controlled, of 
the milk yG-globulins, the investigation of Murphy 
et ul. (1964) is of particular interest. Murphy et al. 
prepared bovine yG-globulins from blood serum and 
from colostrum and separated them into so-called slow 
and fast globulins by means of column chromatography 
with DEAE-Sephadex. The globulins eluted at the 
front, at pH 8.0, were designated slow because of their 
relatively slow migration in electrophoresis at alkaline 
pH ; the globulins eluted at higher salt concentration 
and at lower pH values were called fast because of 
higher mobility under the same conditions. Although 
the immune globulins from bovine serum and dry 
secretion whey (obtained during the nonlactation 
period) showed both the slow and fast components 
in similar amounts, colostrum contained very little 
slow material relative to the fast. Pierce and Feinstein 
(1965) also reported this unique selectivity of the 
mammary gland for the secretion of certain immune 
globulins. 

In the present work, only that fraction of the immune 
proteins of milk not retained by DEAE-cellulose 
(0.005 M phosphate buffer, pH 8.2) was investigated. 
This fraction provided the starting material for subse- 
quent purification on phosphocellulose and Sephadex, 
and, presumably, would correspond to the slow yG- 
globulin of Murphy which is present in relatively 
small amounts in colostrum and in larger amounts in 
blood serum. Similarly, in our preliminary fractiona- 
tions of the colostrum whey proteins and of bovine 
blood y-globulin on DEAE-cellulose, about 6 and SO%,  
respectively, of the total protein chromatographed were 
not retained by the absorbent. It should be emphasized 
that the milk yG-globulins designated slow and fast 
in the present report (for example, in Figure 2) both 
occur in this fraction. But it is clear from Smith’s 
earlier investigations, from Murphy’s work, and 
from our own experiments that the yG-globulin 
described here is only one of a number of the so-called 
immune proteins of milk and colostrum. Other y- 
globulins, bound by DEAE-cellulose under the above 
conditions, can be eluted at higher ionic strengths and 
may be found, for example, in the 4F fraction of Groves 
(1 965). 

In summary, we conclude that glycoprotein-a is 
chemically and serologically distinct from the y- 
globulin proteins with which it is associated in cow’s 
milk. Because samples of glycoprotein-a of different 
electrophoretic mobilities have been isolated from 

individual milks, it is possible that the observed poly- 
morphism of the protein is genetically controlled. 

yG-Globulins from bovine colostrum and blood 
are very similar in their electrophoretic behavior before 
and after reduction and alkylation, amino acid com- 
position, and serological properties. Milk pseudoglobu- 
lin and slow yG-globulin are also very similar in these 
respects. However, small differences between the two 
pairs are evident. Detection of slow and fast forms of 
milk yG-globulins indicates the likelihood of genetic 
control either of selectivity of transfer in the mammary 
gland or of synthesis of this protein. 

Acknowledgments 

We are grateful to Dr. C. A. Kiddy for supplying 
individual milks from the U. S. Department of Agricul- 
ture herd at  Beltsville, Md. We are also indebted to 
Dr. M. P. Thompson and M. N. Liebman for the ultra- 
centrifuge determinations and to N. J. Hipp and D. J. 
Verona for the amino acid analyses. 

References 

Cohen, S. (1963), Biochem J .  89, 334. 
Crumpton, M. J., and Wilkinson, J. M. (1963), Biochem. 

J.  88,228. 
Dintzis, H. M. (1952), Ph.D. Thesis, Harvard Univer- 

sity, Boston, Mass. 
Fleischman, J. B., Pain, R. H., and Porter, R. R. (1962), 

Arch. Biochem. Biophys., Suppl. I ,  174. 
Groves, M. L. (1 963, Biochim. Biophys. Acta 100,154. 
Moore, S .  (1963), J.  Biol. Chem. 238,235. 
Moore, S., and Stein, W. H. (1963), Methods Enzymol. 

Murphy, F. A., Aalund, O., Osebold, J. W., and Carroll, 

Nolan, C., and Smith, E. L. (1962), J .  Biol. Chem. 237, 

Pierce, A. E., and Feinstein, A. (1965), Immunology 8, 

Raymond, S., and Nakamichi, M. (1962), Anal. Bio- 

Reisfeld, R. A., Lewis, U. J., and Williams, D. E. (1962), 

Rejnek, J., Kostka, J., and Kotynek, 0. (1966), Nuture 

Smith, E. L. (1946), J.  Biol. Chem. 165,665. 
Smith, E. L. (1948), J.  Dairy Sci. 31,127. 
Smith, E. L., and Brown, D. M. (1950), J .  Biol. Chem. 

183,241. 
Walborg, E. F., Jr., Cobb, B. F., 111, Adams-Mayne, 

M., and Ward, D. N. (1963), Anal. Biochem. 6,367. 
Winzler, R. J. (1955), Methods Biochem. Anal. 2,290. 

6, 819. 

E. J. (1964), Arch. Biochem. Biophys. 108,230. 

453. 

106. 

chem. 3,23. 

Nature 195,281. 

209,926. 

2394 

G R O V L S  A N D  C ; U H L ) O N  


