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ABSTRACT: The tryptic peptides from S-carboxymethyl 
or S-carboxamidomethyl chains and fragments of 
rabbit y-globulin have been compared by two different 
peptide-mapping techniques. The nature of the peptide 
maps offers additional support for the four-chained 
structure of y-globulin and specific antibodies, and for 
the heterogeneity of the lighter B chains from ?-globulin. 
Peptide maps of homologous chains or fragments from 
nonspecific y-globulin and from two specific antibodies 
are remarkably similar, and no direct evidence for 

I n  order to understand antibody specificity it is es- 
sential to obtain a detailed knowledge of the structure of 
y-globulin. An examination of the tryptic peptides of 
this protein represents a step toward that goal. In par- 
ticular it can provide evidence concerning the following 
aspects of the structure. 

The Four-Chain Model. Recent work indicates that 
y-globulin consists of four polypeptide chains linked 
by disulfide bonds: two identical A chains with molecu- 
lar weight near 50,000, and two identical B chains with 
molecular weight near 25,000 (Fleischman et af., 
1963; Edelman and Gally, 1964; Marler et al., 1964). 
The molecule can be separated into these chains by 
reduction and chromatography. Subdivision of the 
protein can be achieved also by the action of papain 
(Porter, 1959), which yields two identical fragments 
which carry the antibody-combining sites and a third 
fragment which has no antibody activity. Each fragment 
has a molecular weight near 50,000. The active frag- 
ments derived from rabbit y-globulin are called frag- 
ment I or 11, depending on the electrophoretic mobility 
of the y-globulin from which they are derived (Palmer 
et al., 1962). The inactive fragment is called fragment 
111. The papain split is believed to occur near the center 
of the A chain, so that fragment I or I1 should consist of 
a B chain plus about half an A chain. Fragment I11 
should consist of two identical chains, each of which is 
that portion of the A chain which does not appear in 
fragment I or 11. It is evident that this model can be 
tested by examining separately the tryptic peptides of 
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significant differences in amino acid sequence among 
them could be detected. Sufficient peptides were not 
recovered from that portion of the A chain, which 
forms a part of fragment I, to account for the entire 
structure of that part of the molecule. Sequence differ- 
ences associated with antibody specificity could there- 
fore reside in that part of the molecule, but such an 
interpretation is at present entirely speculative since the 
tryptic digest of A chains and fragment I contained 
insoluble material which could not be analyzed. 

the A and B chains and of the fragments derived from 
papain cleavage, since most peptides should be observed 
to occur twice: once in the hydrolysate of a polypeptide 
chain and once in the hydrolysate of one of the frag- 
ments. 

Chemical Basis for Antibody Specificity. The problem 
of the chemical basis of antibody specificity can be 
approached by comparing tryptic peptides from dif- 
ferent specific antibodies with each other and with 
peptides derived from nonspecific y-globulin. It was 
believed at one time that noncovalent interactions were 
primarily responsible for conferring specifically re- 
active sites upon an antibody molecule (Pauling, 1940). 
If that were so, then no appreciable differences be- 
tween the peptides of different antibodies and non- 
specific y-globulin would be expected. Persuasive evi- 
dence now exists, however, which indicates that anti- 
body specificity results from specificity in amino acid 
sequence (Buckley et al., 1963; Haber, 1964; Whitney 
and Tanford, 1965). This should be reflected in dif- 
ferences in tryptic peptides. However, the differences 
need occur only in fragment I or I1 of the protein, since 
fragment I11 does not carry or apparently influence the 
active site. Moreover, the striking similarities in the 
chemical properties and the amino acid composition 
(Koshland and Englberger, 1963) of different antibodies 
suggest that differences between them may be confined 
to only a small portion of fragment I or 11. If this is so, 
substantial portions can still have a unique amino acid 
sequence common to all antibodies. 

Microheterogeneity of y-Globulin. A major aspect of 
the chemistry of y-globulin, which has hampered 
progress in the elucidation of its structure, is the fact 
that physically and chemically homogeneous prepara- 
tions cannot be obtained. Two sources of microhetero- 
geneity are present: genetic variations which are un- 
related to antibody specificity (Feinstein et a[., 1963), 
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and variations associated with antibody specificity. The 
latter kind of heterogeneity apparently cannot be 
avoided even if a highly purified antibody is used. Eisen 
and Siskind (1964) and Day et at. (1963) have shown 
that purified antibodies consist of mixtures of molecules 
differing in their affinity for antigen. Both kinds of 
microheterogeneity are likely to be reflected by the 
appearance in the tryptic hydrolysate of a large number 
of different peptides (in excess of the number predicted 
on the basis of the number of trypsin-susceptible 
peptide bonds), each in low yield. If the number of 
different microheterogeneous species is sufficiently 
large, the yield of some individual peptides with unique 
sequence may be so small as to make them unde- 
tectable. 

The work described in this paper was undertaken 
with these problems in mind. The results are of a 
preliminary and qualitative nature in that individual 
peptides have been identified so far only in terms of 
their location on a two-dimensional paper chromato- 
gram, or in terms of their position in the eluate from a 
chromatographic column. The results are nevertheless of 
considerable significance, and provide new information 
concerning the problems cited here. In particular, they 
suggest that sources of heterogeneity may be confined 
to relatively small portions of the molecule, and that 
much of the structure of y-globulin may have a unique 
amino acid sequence. 

Experimental 

Preparation of y-Globulin. Three different prepara- 
tions of nonspecific rabbit y-globulin were used in these 
studies. One was prepared from pooled rabbit serum 
(Pel-Freez Biologicals, Rogers, Ark.) by fractionation 
with sodium sulfate according to the method of Kek- 
wick (1940). The yield of y-globulin was about 3 g/liter 
of serum, representing only one-third of the total y- 
globulin content of serum. The y-globulin obtained in 
this manner was not grossly heterogeneous on ultra- 
centrifugal or electrophoretic analysis. Ninety % of the 
preparation had an sz0,= of 6.7 S, whereas the remainder 
of the protein had an sgo,to of 10 S. Electrophoresis on 
starch gels at pH 8.6 (Smithies, 1959) revealed only 
traces of @-globulins and no detectable amounts of other 
serum proteins. Immunoelectrophoresis revealed several 
CY- or @-globulin components, as contaminants, but in 
amounts which were insignificant. This preparation was 
the only source of A and B chains used in this study. It is 
noteworthy that this preparation gave about ten times 
as much fragment I as fragment 11. A second prepara- 
tion of nonspecific y-globulin was obtained from 
Pentex Biochemicals, Kankakee, Ill. When this ma- 
terial, prepared by  fractionation with ethanol, was 
examined by electrophoresis and ultracentrifugation, it 
was not as pure as y-globulin obtained by salt fractiona- 
tion. However, since this preparation was used only for 
the preparation of fragments I and 111, and the frag- 
ments from this material were indistinguishable from 
fragments prepared from less heterogeneous y-globulin, 
the impurity of this preparation did not alter sig- 

nificantly the results obtained in this study. A third 
preparation, which was used to prepare fragments I and 
11, was obtained from pooled rabbit serum by am- 
monium sulfate fractionation (Kendall, 1937) followed 
by chromatographic purification on DEAE-cellulose 
(Sober and Peterson, 1958). This material was of a 
comparable homogeneity to that prepared by sodium 
sulfate fractionation, but contained 2-3 of other 
protein species as judged by ultracentrifugal analysis. 

Specific Antibodies. Rabbit antibovine serum albumin 
was prepared by the method of Singer et al. (1960). 
Seventy of the antibody was precipitable with bovine 
serum albumin. Rabbit antipneumococcus polysaccha- 
ride S-111 antibody was prepared from hyperimmune rab- 
bit serum kindly supplied by Miss Jessie Hendry, New 
York State Department of Health, Division of Labora- 
tories and Research. I t  was isolated by precipitation 
with purified polysaccharide and dissociated from the 
specific precipitate with salt (Heidelberger and Kabat, 
1938). Seventy-five % was precipitable with the poly- 
saccharide. Fragment 111 was prepared from this 
antibody by hydrolysis of the antigen-antibody precipi- 
tate with papain (Gitlin and Merler, 1961). 

Preparation of Fragments and Chains from y-Globulin. 
Papain fragments I and 111 were prepared by a slight 
modification of the method of Porter (1959). Mercapto- 
ethanol was employed instead of cysteineand the reaction 
was terminated by the addition of a >-fold molar excess 
of iodoacetamide. In 20-30 minutes after termination of 
the reaction, the preparation was dialyzed against a 
large volume of cold water. Fragment I11 precipitated 
as crystals during dialysis. These crystals were recrystal- 
lized twice by dissolving at  pH 4.5 with acetic acid and 
adjusting the pH to 7 with 0.01 M NaOH. Recrystalliza- 
tion did not adequately remove undigested or partially 
digested y-globulin when these were present, so that 
fragment I11 had to be further purified by gel filtration. 
For this purpose, 6.5- X 130-cm columns of Sephadex 
G-200 (Pharmacia, Inc., Uppsala, Sweden) equilibrated 
with 0.1 M Tris-chloride buffer, pH 8.0, were employed. 
Impure fragment 111 (0.4-0.6 g in 25-50 ml buffer) was 
applied to the column and 30-ml fractions were col- 
lected at a flow rate of 30-50 ml/hr. A typical elution 
pattern is shown in Figure 1. Fragment I and additional 
amounts of fragment 111 were isolated from the ex- 
haustively dialyzed mixture by chromatography on 
CM-cellulose according to the methods of Porter 
(1959). Fragment I, obtained in this manner, was not 
purified further. The fragments I and I11 prepared by 
these methods sedimented as homogeneous peaks on 
analytical ultracentrifugation and were judged to con- 
tain less than 5 % impurities when electrophoresed on 
starch gel at pH 4.5 and on tryptic peptide analysis as 
described in the following paragraphs. 

The A and B chains were prepared by the method of 
Fleischman et al. (1962) under conditions which em- 
ployed the highest mercaptoethanol concentrations 
(0.75 M) recommended by these workers. Analysis of the 
purified chains on Sephadex G-200 by the method of 
Small er al. (1963) revealed between 5 and 10% con- 
tamination of A chain with the B chain. 1419 
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FIGURE 1 : Purification of fragment 111 from nonspecific 
y-globulin on Sephadex G-200. The fragment 111 
present in the fraction from 2.8 to 3.3 liters was col- 
lected by lyophilization after exhaustive dialysis against 
water. Those peaks emerging between 1.5 and 2.5 liters 
represent y-globulin and an intermediate fragment 
produced during digestion with papain (Nelson, 1964). 

Prepuration of S- Curboxymethyl und Carboxumido- 
methyl Fragments and Chuins. Prior to digestion with 
trypsin and analysis of tryptic peptides, the fragments 
and chains were reduced and treated with iodoacetic 
acid or iodoacetamide. The chains or fragments were 
dissolved in a solution which was 6.7 M in guanidine 
hydrochloride, 0.1 M in mercaptoethanol, and 0.2 M 
in Tris-chloride buffer, pH 8.0, to give a protein con- 
centration of 20 mg/ml. The mixture was allowed to 
stand 12 hours at room temperature. Although it was 
unnecessary to perform the reduction anaerobically, 
the mixture was not vigorously stirred or treated in a 
manner which would introduce oxygen. The reduction 
was terminated by addition of a 2.5-fold molar' excess of 
iodoacetamide or iodoacetic acid in 6.1 M guanidine at  
pH 8. After 2C-30 minutes the mixture was diluted 
3-fold with water and dialyzed exhaustively against 
cold distilled water. Loss of protein during dialysis was 
minimal if acetylated dialysis tubing (Meyer and 
Schellman, 1962) was employed. The yields of deriva- 
tive were 85-95 %. Quantitative chromatographic 
analysis (Spackman et ul., 1958) of acid hydrolysates of 
these derivati\,es showed only the S-carboxymethyl- 
cysteine with no detectable quantities of the carboxy- 
methyl derivatives of methionine, lysine, or histidine 
(Gundlach e tu f . ,  1959). 

Tryptic Hydrolysis. Solutions (1 or 2%) or suspen- 
sions of the alkylated chain or fragment preparations 
were digested with trypsin at 40" at pH 8-9. Trypsin 
(three times crystallized, trichloroacetic acid precipi- 
tated, Worthington Biochemical Corp. lot 591) in an 
amount equal to 1 %  of the weight of the protein 
substrate was employed in each case. The pH dropped 
rapidly during the initial stages of the digestion and was 

1 Two and one-half times the thiol content of y-globulin plus 
1420 mercaptoethanol. 
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FIGURE 2: Tracings of the tryptic peptide maps of S- 
carboxymethylated chains and fragments of y-globulin 
by the two-dimensional electrophoretic-chromato- 
graphic technique on paper. Those peptides which were 
present in all patterns are traced with a smooth line. 
Peptides which were observed only occasionally are 
indicated by the dashed line. Those peptides in the maps 
of fragment I11 which contained specific amino acids 
are indicated by capital letters: A = arginine, H = 
histidine, T = tyrosine and Tp = tryptophan. The 
peptides in the maps of A chain which appear to be 
present also in maps of fragment 111 are shaded. The 
peptides in fragment I which are derived from B chains 
are indicated by the letter B, and those from the A 
chain, by A. Other, even fainter areas were observed 
with greater sample loads in fragment I, B-chain, and 
A-chain maps. 

maintained between pH 8 and 9 by intermittent addi- 
tion of 0.1 N NaOH. Although the substrates were only 
partially soluble at the outset of hydrolysis, all in- 
soluble material dissolved within the first 30 minutes of 
hydrolysis. When the pH remained constant for 1 
hour, hydrolysis was judged to be complete. For 
fragment 111, hydrolysis was complete in 2-3 hours, 
whereas complete digestion of fragment I or the A and 
B chains required 8 hours. After digestion was com- 
plete, the pH of the mixture was adjusted to pH 4 
with acetic acid, and the insoluble peptides which 
formed were removed by centrifugation. Alternatively, 
the digest was made 5 in dichloroacetic acid and the 
insoluble material was removed. The excess dichloro- 
acetic acid was extracted from the soluble portion of the 
digest by extraction with ether. The soluble tryptic 
peptides obtained after precipitation at pH 4 or with 
dichloroacetic acid were indistinguishable from one 
another. If the insoluble peptides were not removed 

C. N E L S O N ,  M. N O E L K E N .  C.. B U C K L E Y ,  I l l ,  C. T A N F O R D ,  A N D  R. H I L L  



V O L .  4, NO. 7, J U L Y  1 9 6 5  

SUBUNITS OF RABBIT y-GLOBULIN 
SOLUBLE TRYPTIC PEPTIDES 

ml Eluent 

FIGURE 3: The column-chromatographic patterns of the tryptic peptides derived from S-carboxymethylated chains or 
fragments of nonspecific y-globulin and antipneumococcus polysaccharide fragment 111. Details of the gradient are 
described in the text. 

from the tryptic hydrolysates, analysis of the tryptic 
peptides as described here was often of poor quality. 

Analysis of Tryptic Peptides. Tryptic peptide patterns 
were obtained by two different methods. The two- 
dimensional paper electrophoretic-chromatographic 
method of Ingram (1958) as modified by Kimmel et al. 
(1962) was employed. Tryptic peptides corresponding 
to 0250.35 pmole of intact chain or fragment, in a 
volume of 50 pl,  were spotted on Whatman 3MM paper 
and resolved electrophoretically for 3 hours at a po- 
tential gradient of 10 v/cm in 0.2 M pyridine acetate, 
pH 6.5.  The papers were dried and developed by 
descending chromatography for 14 hours in pyridine-l- 
butanol-acetic acid-water solvent (50 :75 :15 :60). The 
peptides were detected with a ninhydrin spray reagent. 
Peptides which contained tyrosine, arginine, tryptophan, 
or histidine were detected with specific spray reagents 
described earlier (Perkoff et al., 1962). 

Tryptic peptides were also analyzed by the column- 
chromatographic method of Jones (1964). The soluble 
tryptic peptides were resolved at 50" on 0.9- X 15-cm 
columns of Dowex 50x8 ion-exchange resin a t  a flow 
rate of 30 ml/hr with a linear gradient formed with 0.2 M 
pyridine acetate, pH 3.1, as starting buffer, and 2 M 
pyridine acetate, pH 5.0, as limit buffer. The column 
eluates were monitored with ninhydrin in the auto- 
matic amino acid analyzer system (Spinco Model 120) 
of Spackman et a[. (1958). Atiquots (1 ml) of hydroly- 
sates containing 0.3-0.4 pmole of substrate were 
routinely analyzed. 

Results 

Analysis of Tryptic Peptides from Nonspecijc y- 
Globulin. Typical peptide maps of the chains and frag- 
ments of nonspecific y-globulin are shown in Figure 2. 
Examination of similar tryptic digests by the column 
chromatographic technique of Jones (1964) is shown in 
Figure 3. Each result shown is only one of several in- 
dependent analyses of similar material. 

In the analysis of these data, an attempt has been 
made to distinguish between peptides obtained re- 
producibly in good yield and those which occur only in 
poor yield, or which are observed in some but not all 
patterns obtained with similar material. Such minor 
peptides are likely to arise from incomplete tryptic 
hydrolysis, from occasional splits at peptide bonds 
other than those adjacent to arginine or lysine, or from 
incomplete purification of the materials subjected to 
hydrolysis (e& contamination of A chain with a small 
amount of B chain). This distinction between important 
and unimportant peptides involves some subjective 
judgments as well as uncertainty as to the amount of 
variation of color yields from different peptides. The 
numbers given are therefore to be regarded as some- 
what uncertain. This is true even for the analysis by 
column chromatography, where a quantitative estimate 
of the yield of each peptide can be made. We have 
counted as "major" peptides those which represent at 
least 1 Z of the total area under each trace shown in the 
figure. There are however always a few borderline 1421 
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peaks, which may represent more than 1 %  in one ex- 
periment and less than 1 z in another. 

Since no tests for homogeneity of the individual spots 
of the paper chromatograms or the individual peaks of 
the column eluates were carried out, some of them may 
represent mixtures of two or more unresolved peptides. 
In the column method, individual peaks were some- 
times counted as two peaks on the basis of marked 
asymmetry. 

The observed number of Deddes was comoared for 

TABLE I :  Summary of the Nature of Tryptic Peptides in 
S-Carboxymethyl Fragment 111. 

Content 
of Specific 

Amino 
Spray Reagent Number of Acids in 

for Peptides Peptides Fragment 
Containing: Observedcc IIIh _ _ _ _  - .  

a-Amino group 28-34 50 
Arginine 10-12 20 
Histidine 3- 5 9 
Tyrosine 7-9 17 
Tryptophan 3-5 8 

The first figure represents “major” spots in the 

each sample with the number expected on the basis of 
the number of trypsin-susceptible peptide bonds, as 
given by the number of lysine and arginine residues in 
any portion of the molecule in the amino acid analyses 
of Crumpton and Wilkinson (1963), as tabulated by 
Fleischman et al. (1963). They have been corrected to 
reflect what we believe to be better values for the 
molecular weights: A chain, 50,000; B chain, 22,000; 
A piece, 24,000; B piece, 22,000. These molecular 
weight values are based on the work of Marler et al. 
(1964) and more recent unpublished studies by the 
same authors. 

The best results were obtained with fragment 111, all 
tryptic peptides of which were completely soluble at 
pH 6.5. Column chromatography of the digest showed 
about thirty to thirty-two peaks, twenty-four of which 
represented more than 1 z of the integrated area under 
all the peaks. The paper peptide maps showed twenty- 
eight well-resolved spots which were present in all 
fragment 111 digests (indicated by smooth lines in the 
figure), and six additional spots (indicated by dashed 
lines), which were observed only in some patterns. 

Since fragment 111 contains approximately fifty 
residues of lysine and arginine per mole, it is evident 
that only about half the expected number of peptides 
was observed. This is the expected result if fragment 111 
consists of two polypeptide chains with identical or 
nearly identical sequence, and the data thus confirm the 
prediction of the four-chain model. Further supporting 
evidence was obtained by spraying the tryptic peptides 
on the paper patterns with reagents which specifically 
detect peptides containing arginine, histidine, tyrosine, 
and tryptophan. A summary of the number of peptides 
which contain these specific amino acids is given in 
Table I. Again, the number of unique tryptic peptides 
containing each of these amino acids is about half the 
expected number. 

Analysis of the tryptic peptides of fragment I and A 
andBchainswascomplicated bythe fact that a significant 
fraction of the tryptic digests of these materials was 
not soluble at pH 6.5. The insoluble material was re- 
moved from the digest by precipitation with dichloro- 
acetic acid prior to separation. It will be assumed, for 
the purpose of discussing the results obtained with the 
soluble peptides, that this insoluble material does not 
contribute an appreciable number of distinct peptides to 
the total number of such peptides, Le., it will be as- 
sumed that the number of highly insoluble peptides is 
very small (partly because such peptides are likely to be 
high in molecular weight), and that some of the pre- 
cipitated material consists of peptides of moderate 

paper peptide patterns, the second one includes weakly 
staining peptides or peptides not observed repro- 
ducibly. * From amino acid analyses. See text for 
source of data. 

solubility, partial yields of which will appear in the 
soluble portion of the hydrolysate. 

The total number of distinct peptides obtained from A 
chain is close to the number expected on the basis of its 
content of thirty-nine lysine-plus-arginine residues, but 
only if minor as well as major peptides are counted. The 
actual count by column chromatography yielded forty 
distinct peaks, of which thirty were m3jor peaks. The 
paper peptide maps showed thirty-four spots which ap- 
peared reproducibly. In addition, the paper patterns 
always contained faintly colored areas, the intensity of 
which increased when increasing amounts of sample 
were applied. It is possible that these areas represent 
poorly resolved mixtures of peptides in low yield, i.e., 
they are a possible indication of microheterogeneity. 
Faintly colored areas of this kind were never observed 
with fragment 111. Because not all of the tryptic digest 
was sufficiently soluble to appear in the final solution 
subjected to analysis, minor peptides cannot in this 
instance necessarily be dismissed as unimportant. They 
could represent important peptides of low solubility, 
However, at least some of these peptides should corre- 
spond to minor peptides observed for fragment 111, 
so that probably not all of A chain is accounted for by 
the peptides actually observed. 

Twenty-three of the thirty major peaks observed for A 
chain by the column method occur at positions at 
which major peaks are also observed for piece 111. 
All but one of the major peaks found for piece 111 are in 
fact accounted for in this way. Examination of the 
peptide maps of Figure 2 leads to a similar conclusion. 
Twenty-five of the thirty-four A-chain spots have 
corresponding spots in the fragment 111 pattern. About 
six of the twenty-eight consistent spots observed in 
fragment I11 are not found in the A-chain hydrolysate, 
but four of these occur in the region of the pattern which 
is furthest removed from the point of application of the 
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tryptic digest. We were not able to obtain good resolu- 
tion of this region of the map in the experiments with 
A chain. (Note that only thirty-four spots are shown in 
Figure 2 in the A-chain pattern, although forty peaks 
are obtained by the column technique.) Both results 
suggest the correctness of the four-chain model, ac- 
cording to which fragment I11 is derived entirely from 
the A chains of y-globulin. One or a small number of 
peptides unique to fragment 111 is expected from the 
region of the A chain in which the papain split occurs. 

Column chromatography of the B-chain digest 
yielded twenty-six peaks, of which seventeen correspond 
to more than 1 Z of the total area under all peaks. The 
paper method yielded thirteen spots which give a good 
color with ninhydrin, seven weaker spots, and, in addi- 

1 
I 

tion, faintly colored areas similar to those observed with 
A chain. Since B chains contain only eleven or twelve 
lysine and arginine residues, this result clearly indicates 
that the B chains of y-globulin are heterogeneous, 
supporting the finding of Cohen and Porter (1964) that 
B chains from y-globulins of several species are mix- 
tures of several distinct chains, separable by electro- 
phoresis. 

Fragment I yielded nineteen major peaks by the 
columnmethodand, like B chain,showeda largenumber 
(thirteen) of minor peaks. On paper there were twenty 
good spots, seven weaker ones, and again some faintly 
colored areas. Of the nineteen major peaks shown in 
Figure 3, six occurred at positions corresponding to six 
of the seven major A-chain peaks which could not be 
assigned to equivalent peaks from fragment 111. All 
major A-chain peaks except one (the marked shoulder 
emerging a t  143 ml in Figure 3) thus correspond to 
peaks also observed for either fragment 111 or fragment 
I, in agreement with the prediction of the four-chain 
model. A similar correspondence is observed in the 
paper peptide maps, as shown in Figure 2. Five major 
spots in the fragment I pattern correspond to A-chain 
spots. All but two of the unshaded major spots in the 
A-chain pattern have corresponding spots in the frag- 
ment I pattern. The two spots unique to A chain, and 
the single peak unique to A chain which is observed by 
the column method, presumably arise from that region 
of the A chain which is split by papain in the formation 
of fragments I and 111. 

Most of the major peaks obtained from fragment I by 
the column method, which do not correspond to A- 
chain peaks, do occur at positions close to those at 
which B-chain peaks occur, although there are excep- 
tions (at 11 8 and 304 mi). A similar conclusion is reached 
from the paper maps. As Figure 2 shows, fifteen spots 
obtained from fragment I appear to coincide with 
spots observed for B chain. 

Analysis of Tryptic Peptides from Two Specific 
Antibodies. The paper and column methods have also 
been employed to examine the tryptic digests from the 
A and B chains and fragment 111 from rabbit antibovine 
serum albumin and rabbit antipneumococcus type 111 
polysaccharide. They are compared with corresponding 
patterns from nonspecific y-globulin in Figures S 6 .  

Figure 4 shows a photograph of the tryptic peptide 

FIGURE 4: Peptide maps of tryptic digests of S-carboxy- 
methylated fragment 111 (left) from rabbit antibovine 
serum albumin and rabbit antipneumococcus type I11 
polysaccharide (right). 

patterns on paper of fragment I11 from the two specific 
antibodies. Clearly all but one of the peptides are 
indistinguishable in the two patterns. One peptide, 
indicated with an arrow, having an Ra of about 0.5, 
migrates slightly away from the midline toward the 
anode in the polysaccharide antibody digests. An 
identical peptide is not observed for fragment 111 from 
the antibody to serum albumin, nor is it seen in the 
digest from nonspecific y-globulin in Figure 2, although 
a corresponding peptide which is in the midline with an 
R, of about 0.6 is observed. I t  is possible that this 
difference reflects genetic differences in the rabbits used 
in these studies. (The antibody to the polysaccharide was 
prepared more than 25 years ago a t  the New York 
Department of Health.) A similar conclusion is reached 
from the column chromatograms shown in Figure 3. 
There is only one significant difference between the 
patterns for fragment 111 from the antibody and that 
from nonspecific y-globulin, and this lies in the part of 
the mixture which emerges between 190 and 220 ml. A 
peptide emerging just above 190 ml in the antibody 
digest is absent in the pattern for nonspecific fragment 
111. 

The column-chromatographic patterns of tryptic 
digests of the A chains and B chains from the two 
antibodies and nonspecific y-globulin are shown in 
Figures 5 and 6. The A-chain patterns from the specific 
antibodies differ slightly from one another and from the 
pattern given by the tryptic digest of A chains of non- 
specific y-globulin. This is most apparent for peaks at 
94, 123,206, and 261 ml of gradient. Because the height 
and shape of these peaks varied from one run to an- 
other, it is not certain that major structural differences 
are reflected by these differences. Some acidic peptides, 
such as those a t  3%41 ml and in the 50- to 60-ml frac- 
tion, differ somewhat and were quite reproducible. 
Most of these differences presumably arise from that 
portion of the A chain which is not a part of fragment 
111. However, a direct comparison with the peptides 1423 
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FIGURE 5:  Column chromatographic patterns of the S-carboxamidomethylated A chains from nonspecific y-globulin, 
antibovine serum albumin, and antipneumococcus type 111 polysaccharide. Details of the analyses are described in the 
text. 
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FIGURE 6: Column chromatographic patterns of the S-carboxamidomethylated B chains from nonspecific y-globulin, 
antibovine serum albumin, and antipneumococcus type 111 polysaccharide. Details of the analyses are described in 
the text. 

from fragment 111 is not possible, since the data given in 
Figures 5 and 6 were obtained with a carboxamido- 
methylated rather than a carboxymethylated sample. 

The patterns shown in Figure 6 for B-chain digests are 
remarkable in that they show such striking similarities 
in the major peaks. Clearly the microheterogeneity of 
B chains, discussed earlier, is not primarily a result of 
major extensive differences in the structure of B chains 
from different antibodies. Because so many of the 
peptides obtained from B chains lie near the borderline 
(1 % of total yield) which we have used as a criterion for 
real structural significance, a discussion of the differ- 1424 

ences which Figure 6 does show does not seem ap- 
propriate at this time. 

Discussion 

The results obtained in this study with chains and 
fragments of nonspecific y-globulin support the four- 
chain structure (Porter, 1962) now generally accepted 
for this protein (Edelman and Gally, 1964). We have 
found that most peptides from fragment 111 correspond 
to similar peptides obtained from A chain. Further- 
more, the number of peptides obtained from fragment 
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111 indicates that it consists of two polypeptide chains 
which are identical, or nearly so, in their amino acid 
sequence. Similarly, most peptides from fragment I 
correspond either to B-chain peptides or to those A- 
chain peptides which do not have corresponding frag- 
ment 111 peptides. Peptides which occur in significant 
yield uniquely in the digest of fragments and do not 
correspond to peptides from any chain (and vice versa) 
are small in number and can generally be assumed to 
arise from that portion of the A chain which is split by 
papain in the preparation of the fragments. All of these 
results are in good agreement with published data ob- 
tained by similar methods in other laboratories (Seijen 
and Gruber, 1963; Givol and Sela, 1964; Haurowitz and 
Gross, 1964). 

When the peptide maps of the chains and fragment 111 
from two specific antibodies are compared to maps of 
similar materials from nonspecific y-globulin, it is 
striking that only small differences are observed. As far 
as fragment 111 is concerned, this result is not surprising 
since this part of the antibody molecule does not con- 
tain the biologically active site. Lack of specificity in the 
peptide patterns derived from fragment 111 has been 
reported previously (Givol and Sela, 1964; Haurowitz 
and Gross, 1964). 

On the other hand, some differences might have been 
expected in the patterns of A and B chains, since they 
contain the antibody-binding site, which implies that 
they contain regions specific in amino acid sequence 
(Haber, 1964; Whitney and Tanford, 1965). No direct 
evidence for such antibody-specific sequences was 
found, but there is possible indirect evidence in the fact 
that, of the thirty major peaks found by column chroma- 
tography of A-chain peptides from nonspecific y- 
globulin, twenty-three correspond to fragment 111 
peptides and only six to major fragment I peptides, and 
the similar numbers derived from the paper patterns: 
thirty-four spots in all, twenty-six corresponding to 
fragment 111 spots and five to fragment I spots. By 
amino acid analysis there are thirty-nine lysine-plus- 
arginine residues in A chain, of which about twenty-five 
are in that part of the A chain which is part of fragment 
111, and fourteen in that portion which is part of frag- 
ment I. Evidently sufficient peptides were not recovered 
from A chain to account for the whole structure, and 
the missing peptides all come from the fragment I part of 
the molecule, which contains the active site. This could 
mean that there are many different sequences in this 
part of the molecule, none of which is present in ap- 
preciable amount. Differences between antibodies of 
different specificity could lie in these intrinsically hard- 
to-detect peptides. However, such an interpretation of 
the A chain pattern is purely speculative. The missing 
peptides of the A chain of nonspecific y-globulin could 
equally well be in the insoluble part of the tryptic digest, 
which was removed before analysis. This digest could 
contain enough peptides to account for the entire 
structure of nonspecific A chain in terms of unique 
peptides. 

It should be noted in this connection that Givol and 
Sela (1964) found peptide maps of pepsin- and Nagarse- 

hydrolyzed fragments I and I1 from nonspecific y- 
globulin and from two antibodies to be very similar, 
though some differences were observed. The peptide 
mixtures studied by them were entirely soluble, but, 
because of the lack of specificity of the proteolytic 
enzymes which they used, their data cannot indicate 
whether the patterns obtained can account for all or 
only a part of the structure of the fragments. 

Possible support for the speculation that some portion 
of the A chain in fact does not yield peptides in de- 
tectable amounts is afforded by a marked contrast 
between our results for A chain and B chain. For both 
chains, part of the tryptic hydrolysate is insoluble. In 
the case of B chain, however, the total number of 
peptides is in excess of the number expected on the basis 
of the number of trypsin-susceptible bonds. Even the 
number of “major” peaks is on the high side of the 
expected number. In the case of A chains, the number of 
“major” peptides alone is well below the expected 
number, and even the total number of all peptides ob- 
served is on the low side. 

Whether or not a portion of the A chain in fact 
possesses an enormous number of possible amino acid 
sequences, such as expected on the basis of some of the 
theories for the generation of antibody specificity 
(Burnet, 1957; Lederberg, 1959), cannot be decided 
without much further study. On the other hand, one 
fact which emerges unquestionably is that much of the 
A chain does appear to have a unique structure com- 
mon to antibodies and nonspecific y-globulin alike. 
This section of the A chain comprises all or most of the 
portion of the A chain which forms part of fragment 
111, but some peptides from fragment I must also be 
included in this category. The differences in sequence 
which may exist to confer specificity upon the A chain 
thus appear to arise from a relatively small portion of 
that chain. 

Regarding the B chain, our results offer support for 
microheterogeneity of the type suggested by the gel- 
electrophoresis studies of Edelman et al. (1963) and 
Cohen and Porter (1964). These studies indicate that 
there is a small number of distinct B chains (about ten), 
at least some of which are present in roughly equal 
quantities in both nonspecific y-globulin and in specific 
antibodies. No information can be obtained from our 
data on the question of whether a portion of the B 
chain might in addition have a widely varying se- 
quence, associated with antibody specificity, and thus 
lead to no detectable peptides at all. This and other 
questions raised in this paper are the subject of con- 
tinuing investigation. 
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