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Primary Structure of the C H ~  Homology Region from 
Guinea Pig IgG2 Antibodies' 

Daniel E. TraceyJ and John J. Cebra* 

ABSTRACT: The amino acid sequence of a 93-residue cy- 
anogen bromide fragment, C-3, from the Fc region of the 
heavy chain of strain 13 guinea pig IgG2 has been deter- 
mined. This fragment spans the region -N-249 to "-341 
of the yz chain. It contains one disulfide bond which spans a 
61-residue section from "-257 to -N-317 and includes 
the only known attachment point for oligosaccharides in the 
7 2  chain. The fragment appears to have a single sequence 

A major aim of our determining the primary structure of 
the heavy chain from normal strain 13 guinea pig IgG2 has 
been to establish the positions of single residues or groups of 
residues which had alternative amino acids or amino acid 

' From the Department of Biology. The Johns Hopkins University. 
Baltimore. Maryland. Received June 14, 1974. Supported by Uational 
Science Foundation Grants GB-25471 and GB-38798. 

:Supported bq L .  S. Public Health Service Training Grant HD- 
001 39. Present address: Department of Tumor Biology, Karolinska In- 
utitute. S-104 01 Stockholm 60. Sweden. 

which is about 69% homologous with corresponding regions 
of either rabbit IgG or human IgG1. As this fragment C-3 
of the heavy chain corresponds to a large portion of the C H ~  
homology region, i t  may be possible to dimerize it to form a 
c ~ 2 / C ~ 2  domain. This domain may be useful in attempts 
to relate to antibody structure various biologic functions of 
guinea pig IgG2, notably the initiation of complement acti- 
vation by the conventional pathway. 

sequences. At this point, all our analyses are consistent with 
there being a single sequence for the -327 residues com- 
prising the carboxyl-terminal three-quarters of the y l  
chain, and we have demonstrated variability a t  certain resi- 
due positions within the amino-terminal quarter, or VH re- 
gion, of the chain. 

To accomplish a primary structural analysis of the entire 
y2 chain we have isolated eight cyanogen bromide frag- 
ments from normal heavy y2 chain (Birshtein et al., 1971a) 
which have been formally aligned (Benjamin et a/ . ,  1972) 
and which account for the entire y2 chain. The three amino- 
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terminal fragments, C-1-n, C-1-al, and C-I-a2, have been 
found to contain markedly variable segments (Cebra et a[., 
1971; Birshtein and Cebra, 1971; Koo and Cebra, 1974; P. 
Koo, A. Ray, T. Trischmann and J. Cebra, unpublished 
data). In addition, their importance in determining the anti- 
gen-binding site has been implied by the specific localiza- 
tion of affinity label exclusively to these fragments (Ray 
and Cebra, 1972; Koo and Cebra, 1974). 

The complementary part of our findings has led to the 
demonstration that fragments derived from the carboxyl- 
terminal three-quarters of the 7 2  chain appear to have a 
single sequence. In addition to the elucidation of the pri- 
mary structures of fragments C-1-b (Birshtein et al., 
1971b) and C-1-c (Turner and Cebra, 1971), a single se- 
quence was established for a tryptic peptide spanning -N- 
120 to -N-147 (Birshtein et ul., 1971b), which extended 
the established constant region sequence from -N- 120 to 
"-248. The amino acid sequence of C-3, reported in this 
paper, extends the established sequence from "-249 to 
"-341. The primary structure of the region from -N-342 
to "-426 (fragment C-4) has just been determined 
(Trischmann and Cebra, 1974). Finally, t he  amino acid se- 
quence of the carboxyl-terminal octadecapeptide, C-5, 
which extends from -N-427 to "-444, has already been 
reported (Turner and Cebra, 1971). 

The availability of amino acid sequence data from the 
constant homology regions of 72 chain will enable compari- 
sons to be made with the primary structure of y1 chain from 
guinea pig IgGl . Such comparisons may lead to the correla- 
tion of structure with those distinct secondary biological ac- 
tivities to be first associated with different immunoglobulin 
isotypes, the guinea pig IgGl and IgG2 molecules. These 
activities, normally expressed after antibody-antigen inter- 
action, include the initiation of complement activation by 
the conventional pathway by IgG2 (Bloch et al., 1963) and 
the participation of IgGl in anaphylactic reactions (Ovary 
et al., 1963). We have isolated and tentatively aligned all of 
the component fragments of the IgGl heavy chain (D. Tra- 
cey, S .  Liu, and J. Cebra, unpublished data) and are pres- 
ently engaged in the primary structural analysis of the cy- 
anogen bromide fragments from its constant region. 

Materials and Methods 
Preparation of C-3. IgG2 was isolated by passage of 

serum through a column of DEAE-cellulose equilibrated in 
urea-phosphate buffer. Heavy and light chains, after mild 
reduction and alkylation, were separated on a column of Se- 
phadex G-75 equilibrated in 1 M propionic acid. A cyano- 
gen bromide digest of heavy chains was fractionated on a 
column of Sephadex G-100 equilibrated in 8 M urea-0.1 M 
formic acid. Components of a pool from the G-100 column 
containing C-3 were passed through a column of Sephadex 
G-75 equilibrated in 0.05 M NH4HC03. C-3 was isolated 
cleanly in a pool of effluent from the G-75 column. The 
complete details of these procedures have been previously 
published (Birshtein et al., 1971a). The fragment retains an 
intact disulfide bond when isolated as described. 

Enzymic Digestion of C-3. Fragment C-3 (8 pmol) was 
first reduced with 0.05 M dithiothreitol and the half-cys- 
tines which participated in the cleaved disulfide bond were 
marked by carboxymethylation with 0.1 1 M [3H]iodoacetic 
acid (100 pCi, New England Nuclear Corp.). Both steps of 
this reaction were carried out in 7 M guanidine.HC1 0.1 M 
in Tris-acetate (pH 8.0). Salts were removed by gel filtra- 
tion through a column of Sephadex G-25 coarse equilibrat- 

ed in 0.05 M NH4HC03. Radioactivity was measured in a 
liquid scintillation counter using Kinard's ( 1  957) fluid. The 
solution containing C-3 was lyophilized and redissolved in a 
small volume of 0.005 M NH4HCO3 (pH 8.0). 

Reduced and radioalkylated C-3 (3.4 pmol) was digested 
with trypsin (Worthington Biochemical Corp.) which had 
been treated with L-1-tosylamido-2-phenylethyl chloro- 
methyl ketone (TPCK)' (Cyclo Chemical Corp.) before use 
(Kostka and Carpenter, 1964). The digestion was carried 
out at 37' for 6 hr by the addition at 0 and 3 hr of 50 pg of 
TPCK-trypsin, and the pH of the solution was adjusted to 
8.0 15 min after each addition. 

Reduced and radiocarboxymethylated C-3 (3.2 pmol) 
was digested with a-chymotrypsin (Worthington Biochemi- 
cal Corp.) a t  pH 8.0 using conditions and procedures identi- 
cal with those for trypsin digestion. 

Reduced and radioalkylated C-3 (0.65 pmol) was digest- 
ed at pH 8.0 with thermolysin (Calbiochem) by the addi- 
tion of 50 pg of enzyme followed by a 2-hr incubation at 
37'. The solution was readjusted to pH 8.0 and another 
50-pg aliquot of enzyme was added, followed by a 2-hr in- 
cubation at 52'. 

Chymotryptic and thermolytic digests of tryptic peptide 
T25 were prepared in the same manner as described above 
for digests of C-3. 

Peptide PuriJi:cations. Enzymatically derived peptides 
were often purified by preparative high-voltage paper elec- 
trophoresis using Whatman No. 3MM paper and pH 3.6 
and pH 6.5 pyridyl-acetate buffers under Isopar (Esso) in a 
Savant apparatus as described (Crumpton and Wilkinson, 
1965). 

A chymotryptic digest of C-3 was first partially resolved 
by fractionation on a column of Dowex 50-X8  (AA-15 
resin, Beckman Instruments) using pyridyl-acetate buffers. 
Peptides bound to the column equilibrated in 0.05 M pyri- 
dyl-acetate (pH 2.4) (0.05 M in pyridine) were eluted with 
a linear gradient (750 ml/chamber) of pyridyl-acetate 
buffers (0.05 M in pyridine (pH 2.4) to 1.0 M in pyridine 
(pH 4.0)). A portion (13%) of the column effluent was con- 
tinuously monitored in a Technicon Auto Analyzer after 
reaction with ninhydrin following alkaline hydrolysis. 

Sequencing Techniques. Many peptides were subjected 
to automated Edman degradations using a Beckman Model 
890 sequencer. The peptide program (032671, Beckman In- 
struments) was primarily used to sequence peptides of 6-34 
residues. This system employs dimethylallylamine as a sol- 
vent buffer. Occasionally, the protein program (Quadrol 
double cleavage, Beckman Instruments) was used. The 
thiazolinone derivatives were converted to the phenylthi- 
ohydantoin (PTH) derivatives by treatment at 80' for 10 
min with 0.2 ml of 1 N HCI, followed by extraction of the 
derivatives into ethyl acetate. The PTH derivatives were ei- 
ther analyzed directly by gas chromatography on a Beck- 
man GC-45 instrument (Pisano and Bronzert, 1969), or by 
regeneration of the amino acid by HCI hydrolysis at 140' 
for 24 hr (Van Orden and Carpenter, 1964). Occasionally, 
the lysyl residues of small peptides were converted to nega- 
tively charged derivatives by the use of 4-sulfophenyl iso- 
thiocyanate (Braunitzer et al., 1971). 

Manual Edman degradations of peptides were performed 
according to Gray (1 967). The residues removed were iden- 

1 Abbreviations used are TPCK, 1 - 1  -tosylamido-2-phenylethyl chlo- 
romethyl ketone; PTH, phenylthiohydantoin. 
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FIGLRE 1. Elution profile of a tryptic digest of 7 2  C-3 (3 .4  pmol) 
from a column of Sephadex G-50F in 0.05 M NH4HCO3. Column size 
was 3.0 X 182 cm. Fraction size was 9.7 ml. Radioactivity derives from 
total reduction and I4C carboxymethylation of C-3. 

tified either by gas chromatography as above or by inspec- 
tion of the amino acid composition of the shortened peptide. 

Identification of the amino- or carboxyl-terminal resi- 
dues of many peptides was achieved by the use of exopep- 
tidases. Carboxypeptidase A (Worthington Biochemical 
Corp.) digestion was performed a t  room temperature by the 
addition of 50 pg of enzyme (1 mg/ml in 1 M NH4HC03) 
to -0.02 pmol of peptide. Portions of the digestion mixture 
were removed a t  various times, diluted with p H  2.2 citrate 
buffer to stop the reaction, and analyzed directly on an 
amino acid analyzer. Carboxypeptidase C (Zuber, 1968) 
(Rohm and Haas) was dissolved in 0.05 M sodium citrate 
buffer (pH 5.3) to a concentration of 1000 U/ml and used 
( 5  p1/0.02 pmol of peptide) to digest peptides a t  p H  5.3 in 
0.1 M sodium citrate buffer a t  30'. Aliquots were removed 
and analyzed as described above. Aminopeptidase M 
(Rohm and Haas) was used in similar fashion in 0.1 M sodi- 
um phosphate buffer (pH 7.0) a t  37' using 50 pg of en- 
zyme/0.02  mol of peptide. 

Detection of Amino Acids. Amino acid analyses were 
performed on Beckman Models 120-B and -C amino acid 
analyzers. Hydrolysis of peptides was carried out in 6 N 

HCI for 18 hr a t  110' in vacuo as described previously 
(Birshtein et a/., 1971a). Certain amino acid side chains 
were detected on electrophoretograms according to Easley 
( I  965). Whether Asx or Glx in peptides was present as the 
free acid or amide was deduced from the mobility of the 
peptide at pH 6.5. 

Succinylation of Lysine Residues. Reduced and carboxy- 
methylated C-3 (3.0 pmol) was dissolved in 5 ml of 0.01 M 
phosphate buffer (pH 8); 0.5 mCi of [3H]succinic anhy- 
dride (1 Ci/g) in 0.2 ml of dioxane was added to the solu- 
tion, followed by the slow addition of 50 mg of solid succin- 
ic anhydride. The pH was kept a t  8 by addition of 1 M 
NaOH. 

Nomenclature. The numbering of tryptic peptides conse- 
cutively from the carboxyl terminus of the yl chain is con- 
tinued in this paper as outlined previously (Turner and 
Cebra, 1971). In addition, each chymotryptic peptide from 
the y2 chain bears a different designation. Peptides derived 
by use of an enzyme on a tryptic peptide bear the designa- 
tion of the tryptic peptide followed by the new peptide des- 
ignation. 

Results 

Tryptic Peptides. Partial resolution of the peptides in a 
tryptic digest of reduced and carboxymethylated C-3 was 
achieved by gel filtration on a column of Sephadex G-50 
fine in 0.05 M NHdHCO3 (Figure 1). Pool A contained 
only T25, which bears one of the two half-cystine residues 
in C-3. The other peptides were purified from pools B-H by 
preparative high-voltage paper electrophoresis a t  either pH 
3.6 or 6.5. Most of these peptides were also isolated in more 
purified form by gradient elution from a Dowex 1-X2 col- 
umn (Birshtein et al., 197 1 b). The amino acid compositions 
of the tryptic peptides are given in Table I and their amino 
acid sequences are shown in Figure 2. 

TI 3 was found to be free homoserine by amino acid anal- 
ysis without acid hydrolysis. The sequences of peptides 
TI 4-22 and T26 were determined by sequential manual 
Edman degradations. 

Sequences of peptides T23 and T24 were determined 
with the use of an automated sequencer using the peptide 
program for Edman degradation. All of the carbohydrate in 
the y2 chain appears to be contained in the glycopeptide, 
T24, as this is the only peptide whose amino acid analysis 
shows the presence of hexosamines. A blank sequencer step 
in the middle of this 9-residue peptide indicates that hydro- 
philic carbohydrate moieties are attached to the released 
amino acid thiazolinone, thus prevepting its removal from 
the reaction cup by chlorobutane. The amino acid in glyco- 
sidic linkage must be Asp, as this is the only amino acid not 
positioned in T24. 

The sequence of T25, a 34-residue peptide, was deter- 
mined by integration of data obtained by a variety of meth- 
ods as shown by Figure 2 .  The first 15 residues were deter- 
mined by automated sequencer analysis of 0.64 pmol of T25 
treated with the Braunitzer reagent, 4-sulfophenyl isothio- 
cyanate, and using the peptide program. A chymotryptic di- 
gest of 1.07 pmol of T25 was resolved into component pep- 
tides by pH 6.5 paper elec~rophoresis. The compositions of 
two of these peptides, Ch-T25-1 and Ch-T25-2, are given in 
Table 11. The sequence of Ch-T25-1 was determined with a 
single Edman degradation and a 1 0-min carboxypeptidase 
A digestion. Automated sequencer analysis with the peptide 
program provided a partial sequence of Ch-T25-2 (0.05 
@mol). 

The remaining positions in T25 were determined with 
peptides derived from a thermolytic digest of 1.07 pmol of 
T25, and resolved by pH 3.6 paper electrophoresis. Their 
compositions are given in Table 111, and their placement 
within T25 is shown in Figure 2. Partial sequence of Th- 
T25-3 was established by amino acid analysis of aliquots of 
a digestion mixture containing aminopeptidase M taken a t  
10 min and 2 hr. Peptide Th-T25-6 was completely se- 
quenced (0.32 pmol) by automated sequencer analysis 
using the peptide program. 

The alignment of the 14 tryptic peptides of C-3 was ac- 
complished by isolation and analysis of peptides from chy- 
motryptic and thermolytic digests of whole C-3, as well as 
from a tryptic digest of succinylated C-3. 

Chymotryptic Peptides. Reduced and carboxymethylat- 
ed 7 2  C-3 (3.2 pmol) was digested with chymotrypsin and 
initial separation of peptides was achieved on a column of 
Dowex 50-X8 eluted with a gradient of pyridine-acetate 
buffers (Figure 3). Peptides were further purified from 
pools 1-15 by pH 3.6 or 6.5 paper electrophoresis. The 
compositions of peptides overlapping some of the tryptic 
peptides are given in Table 11, and their placement within 
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FIGURE 3: Elution profile of a chymotryptic digest of y~ C-3 (3.2 
pmol) from a column of Dowex 50-X8 eluted with a pyridine-acetate 
gradient. The column was equilibrated in 0.05 M pyridine-acetate (pH 
2.4). After the initial peak emerged, a linear gradient of 0.05 M, pH 
2.4 to 1.0 M, pH 4.0 pyridine-acetate (750 ml/chamber) was applied. 
Finally, elution was carried out with 50 ml of 2 M pyridine-acetate 
(pH 5.0). The column effluent was divided such that 13% was reacted 
with ninhydrin after alkaline hydrolysis and absorbance read at  570 
mp. Column size was 0.9 X 57 cm. Fraction size was 9.8 ml. 

C-3 is shown in Figure 2. Peptide Ch34 derives from T25 
and was sequenced by a single Edman degradation and use 
of carboxypeptidase A. 

The low content of phenylalanine in Ch35, as well as in 
Ch-T25-2 from T25, was reflected in a double amino-termi- 
nal residue. Automated sequencer analysis of Ch35 (and 
Ch-T25-2) shows two residues at each position, in approxi- 
mately equimolar amounts. Thus step 1 was found to be 
Phe, Val; step 2 was Val, Asp, etc., such that the assump- 
tion that chymotrypsin splits some molecules between Phe 
and Val allows a partial sequence of Ch35 to be deter- 
mined. This peptide contains carbohydrate and exhibits the 
expected electrophoretic heterogeneity as it was isolated 
from five distinct positions on paper, each yielding a peptide 
having an amino acid composition identical with the others. 
The carboxyl terminus was found to be phenylalanine by 
carboxypeptidase A digestion indicating that a cleavage a t  
the tyrosyl residue in T24 was probably prevented by the 
adjacent carbohydrate on the aspartyl residue. 

Peptides Ch36, Ch37, and Ch38 were partially sequenced 
by Edman degradation and digestion with aminopeptidase 
M or carboxypeptidase A or C. The carboxyl-terminal pep- 
tide, Ch39, was isolated in very low yield as it is very basic 
and is held tightly by Dowex 50. However, its composition, 
including homoserine, indicates that its placement is cor- 
rect. 

Cleavage at Arginine Residues. As it was suspected that 
many of the small, lysine-containing tryptic peptides in y2 
C-3 were derived from the carboxyl-terminal third of the 
fragment, a single overlap peptide was sought. Reduced and 
carboxymethylated C-3 (3.0 pmol) was succinylated with 
[3H]succinic anhydride in order to block and mark lysine 
residues. Trypsin, which does not cleave adjacent to succin- 
yllysyl residues, was used to cleave a t  arginyl residues only. 
Large peptides were isolated on Sephadex G-50 fine in 0.05 
M NH4HCO3 as shown in Figure 4a. Pool B was found to 
correspond in composition to T25. Pool A was applied to a 
column of DEAE-Sephadex A-25 in 0.2 M NH4HC03, de- 
veloped with a linear gradient 0.2-1.0 M NHdHC03 as 
shown in Figure 4b. Pool C from this column was rich in 
lysine and is designated peptide A 1. Its composition is given 
in Table 111. Pools A and B were identical with each other 
and appeared to be comprised mainly of A 1. The contami- 
nant in these pools was suspected to be T25, by its high va- 
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TABLE 11: Chymotryptic Peptides from yz C-3 and T25. 

T25 c -3  

Ch-T25-1 Ch-T25-2 Ch34 Ch35 Ch36 Ch37 Ch38 Ch39 

LYS 
His 
Arg 
C M - Q S  
ASP 
Thr 
Ser 
Glu 
Pro 
GlY 
Ala 
Val 
Ile 
Leu 
TYr 
Phe 
Hsr 
TrP 
CHO 
Mobility 

pH 3 .6  
pH 6 .5  

Pool (Figure 3) 

2 . 2  

1 . 1  

1 .8  0.11 
1 .0  
1 . 1  

2 .1  

0.71 

3 . 1  0.93 

1 . 1  1 .2  

3 . 1  
0.81 1 . 3  

3 . 9  
0.86 2 . 6  

1 . o  1 . 1  
1 . 6  
0.81 
1 . 2  
2 . 7  

0.97 
3 . 0  
1 . o  

1 . 4  
3 . 0  
2 . 1  
1 .1  
1 . 1  
2 . 9  

1 .o  
2.2 
0.98 
0.96 
2.1 

0.64 
1 . 8  
1 .o  

0.29 
0.39 
1 .o  

2 . 3  
2.0 
0 .96  
1 . o  

1 . 9  
1 . 3  

0.90 
1 .o  1 . 5  

0 .77 
1 .o  0.46 

1 

+ + + 
+ 

+0.11 $0.49 
-0.02 +O . 03 

+O.  23 + O .  16 
0 -0.02 

10 132 

+0.40 
0 
9 

+0.63 
+0.34 
15 

+ O .  68 

8 

$0.95 

15 

TABLE 111: Thermolytic Peptides from YZ C-3 and T25 and a Tryptic Peptide from Succinylated y2 C-3. 

T25 c-3  

Th-T25-1 Th-T25-2 Th-T25-3 Th-T25-4 Th-T25-5 Th-T25-6 Th24 Th25 Th26 A1 

LYS 

CM-Cys 
ASP 
Thr 
Ser 
Glu 
Pro 
GlY 
Ala 
Val 
Ile 
Leu 
TYr 
Phe 
Hsr 
TrP 
Mobility 

pH 3 . 6  
pH 6 . 5  

1 .o  1 .o  
1 .2  

1 . o  
1 . o  

1 . o  
(1) 0.97 

2 .0  
1 .o  

7 . 8  + + 
1 . 7  
1 . 9  
1 . 5  
2 . 5  
2 . 6  
1 . 8  
1 . 5  
1 . 2  
1 . 6  
1 . o  
0.92 
1 . 1  

1 . 1  

1 . 5  
3 . 9  
0.99 

0.92 
2.0 0.63 

0.92 
1 . 1  
0.95 0.76 

0.76 
1 . 1  

1 . o  (1) 
1 .o  

0.88 1 . 2  
0.81 

1 . 1  
0.97 
1 .1  
1 .o  
0.93 

+ 
1 . 1  
1 . 1  

1 . 1  

1 . 9  
0.71 

0 .85  

0.28 0.66 0.66 + + 
-0.17 +0.11 

0 
4-0.42 +0.29 +0.77 +O.  66 +0.46 $0.82 

+0.49 0 
+ O .  82 
+O .82 

line and aspartic acid content. A single Edman degradation done manually and the next six were done by automated 
of A1 (pool C,  Figure 4b) showed that Gly is the amino ter- degradation using the peptide program. The apparent 
minus. A single Edman degradation of the peptide(s) in charge heterogeneity in AI, leading to its isolation in differ- 
pools A and B (Figure 4b) showed Gly and some Val, as ent pools from an ion exchange column, might be due to in- 
would be expected from contaminating T25. As the se- complete succinylation of some of its seven lysyl residues. 
quence of T25 was known, pools A, B, and C were com- Thermolytic Peptides. In order to rigorously align the 7 2  

bined for further Edman degradations, three of which were C-3 tryptic peptides T24-T23, T23-T22, and T16-Tl5- 
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Ef f luent  Volume ( m l s )  

F I G U R E  4: (a) Elution profile of a tryptic digest of 3H-succinylated y2 
C-3 (3.0 $mol) from a column of Sephadex G-50F in 0.05 M 
NH4HC03. Column size was 3.2 X 182 cm. Fraction size was 7.7 ml. 
(b) Elution profile of the components in pool A,  Figure 4a, from a col- 
u m n  of DEAE-Sephadex A-25 eluted with an NH4HC03 gradient. 
The column was equilibrated in 0.2 M NH4HC03 and was eluted with 
a linear gradient of 0.2-1.0 M NH4HC03 (250 ml/chamber). Column 
size was I .0 X 13 cm. Fraction size was 4.5 ml. 

T 14-T13, three arginine-containing thermolytic peptides 
were sought. A thermolytic digest of 0.65 pmol of reduced 
and carboxymethylated C-3 was partially resolved by p H  
3.6 paper electrophoresis. Arginine peptides, identified by 
the Sakaguchi stain, were eluted and each peptide mixture 
was subsequently purified by pH 6.5 paper electrophoresis. 

Guinea Pig IgGZ 

Rabbit IgG I l e  Ser  Arg Thr Pro Glu Val Thr 

Human IgGl I le  Ser  Arg Thr Pro Glu Val Thr 

Leu Pro I l e  Gln His Gln Asp Trp Leu Arg Gly Lys Glu Phe Lys Cys Lys Val 

Leu Pro Ile ~1~ His Glu Asp Trp Leu Arg Gly Lys Glu Phe Lys Cys Lys Val 

Lys A l a  Leu Pro Ala Pro I l e  Glu Lys Thr 

Lys A l a  Leu Pro A l a  Pro I le  Glu Lys Thr 

Lys Ala Leu Pro A l a  Pro I l e  Glu Lys Leu a5 Thr V a l  Leu H i s  Gln Asn Trp Leu Asp Gly Lys Glu Thr 

F I G U R E  5: A comparison of the amino acid sequence of y~ C-3 with the sequences in analogous regions of rabbit IgG (Hill et al., 1967) and human 
IgG 1 (Edelman et ai., 1969). A closed rectangle is placed around each residue at  a given position which is present in only one species. For purposes 
of comparison, Asx and Glx are considered nonidentical with the corresponding acid or amide. 

T R A C E Y  A N D  C E B R A  

Peptides Th24, Th25, and Th26, whose compositions are 
given in Table 111, were among the arginine-positive pep- 
tides in the second purification step. Peptide Th24 appeared 
to be contaminated by the peptide Val-Asp-Asn-Lys-Pro, 
which is derived from T25 and is a shorter analog of Th- 
T25-3 from the T25 thermolytic digest. The fact that both 
Th24 and its contaminant were electrophoretically neutral 
a t  p H  6.5 is additional indication that the contaminating 
peptide is the Th-T25-3 analog. A single Edman degrada- 
tion of this mixture yielded equimolar amounts of Phe and 
Val. Thus, Th24 has an amino-terminal Phe. The suggested 
composition of Th24 given in Table 111 was gotten by sub- 
tracting from the composition of the mixture, the known 
composition of peptide Th25. Edman degradations of pep- 
tides Th25 and Th26 confirmed their placement by compo- 
sition alone, as shown in Figure 2. 

Automatic Sequencer Analysis of C-3. Alignment and 
sequence confirmation of peptides T26 and T25 a t  the 
amino-terminus of 7 2  C-3 were accomplished by automated 
sequencer analysis of 2.0  mol of reduced'and carboxy- 
methylated C-3 using the protein program. As seen in Fig- 
ure 2, only one step remained unidentified in the 25 steps 
analyzed, and this corresponded to a serine from T25 which 
is difficult to determine by this procedure. An attempt to 
purify the residual C-3 after 25 degradative steps by filtra- 
tion through Sephadex G-50 fine in 0.05 M NH4HC03 re- 
sulted in apparent blockage of the new amino terminus as 
no further information was obtained by automated sequen- 
cer analysis of the shortened C-3. 

Discussion 
The primary structure of a 93-residue cyanogen bromide 

fragment, C-3, from the Fc region of guinea pig 7 2  chain 
has been determined and the many complementary data for 
the peptides obtained from various digests were consistent 
with C-3 having a single amino acid sequence. The se- 

Cys Val V a l  Val Asp Val Ser 

Cys Val Val Val Asp Val 

Cys Val Val Val Asp Val 

Ser  

Ser  
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quence determined for guinea pig y2 chain between residues 
-N-249 and -N-341 can be compared with corresponding 
sections from rabbit IgG (Hill et al., 1967; Appella et al., 
1971) and a human IgGl myeloma protein, Eu (Edelman et 
al., 1969), as shown in Figure 5. A great deal of strict 
homology of sequence (-69%) between species is observed 
in this region (65 residues identical a t  93 residue positions 
compared between guinea pig y2 and human 71, 63/93 be- 
tween guinea pig 7 2  and rabbit y ~ ,  and 64/93 between rab- 
bit y and human TI). It is striking that the region spanned 
by residues -N-322 and “-334 is completely conserved 
among these species. 

It may eventually be possible to correlate the amino acid 
sequences corresponding to guinea pig y2 C-3 with some bi- 
ologic functions of the parent molecules, notably the initia- 
tion of the activation of complement via the conventional 
pathway. All three IgGs whose partial sequences are shown 
in Figure 5 are capable of participating in complement fixa- 
tion. However, it would be naive to speculate about particu- 
lar amino acids which may be involved in the initiation of 
this process because nothing of the tertiary structure in this 
region of IgG is known. 

The suggestion has been made that regions in immuno- 
globulin molecules are folded into compact globular struc- 
tures called domains, each of which may be responsible for 
particular biologic activities of the molecule (Edelman et 
al., 1969). The Fc fragment of IgG molecules is comprised 
of two homology regions, CH2 and CH3, symmetric dimers 
of which may form functional domains (Poljak et al., 
1972). 

There is good evidence that the amino-terminal section of 
the CH2/cH2 domain is the area within Fc to which the 
first component of complement, C’lq, binds. Selective re- 
moval of the cH3/CH3 domain of rabbit IgG by cleavage 
with plasmin does not affect the ability of IgG to initiate 
complement fixation (Connell and Porter, 1971). In addi- 
tion, direct initiation of complement fixation by an intact 
c H 2  product derived from human IgGl has been demon- 
strated (Ellerson et al., 1972). A 62-residue CNBr frag- 
ment from mouse IgG2a has some complement fixing activ- 
ity (-6% of whole molecule) and it derives from the CH2 
homology region (Kehoe and Fougereau, 1969). In a care- 
ful study, Utsumi (1969) degraded rabbit Fc with papain 
under varied conditions which removed, in  a stepwise fash- 
ion, the C H ~  region. Complement fixing activity was re- 
tained by a fragment (-46,000 daltons) which lacked the 
“hinge region,” but activity was lost upon degradation to 
-40,000 daltons with apparent cleavage of the intrachain 
disulfide bond within CH2. Both active and inactive frag- 
ments retained the carbohydrate moiety which is attached 
near the middle of the C”2 region. 

As the cyanogen bromide fragment guinea pig 7 2  C-3 
contains an intact disulfide bond spanning the region con- 
taining the oligosaccharide, it may retain much of the con- 
formation of the entire CH2 region of guinea pig IgGs and 
be susceptible to renaturation to a CH2/cH2 dimer. Thus, 
it may be possible to directly employ fragment y2 C-3 for 
the characterization of the binding sites on IgG for specific 
interaction with complement component C’lq. 
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