
Carboxy-Terminal Amino Acids of rA and -M Heavy Chains 

Abstract. The carboxy-terminal amino acids of a- and /j-chains from hulman 
immunoglobulins and a-chains from mouse immunoglobulins have been deter- 
mined by carboxypeptidase digestion and hydrazinolysis. The data suggest the 
following carboxy-terminal sequences: human pi: Ala-Gly-Thr-Cys-TyrCOOH; 
human a: Thr-Cys-TyrCOOH; nmurine a: (lieu, Cys)-TyrCOOH. 

The presence of both yA and yM 
(immunoglobulins A and M) as poly- 
meric proteins and their susceptibility 
to reductive cleavage to monomeric 
units indicates that, in both immuno- 
globulins, polymerization occurs through 
disulfide bond formation. Because of 
similarities observed in amino acid se- 
quences of the Fc fragment portion of 
the heavy chain (1) and light chains, a 
common ancestry for both chains has 

recently been postulated (2). Since in 
the light chains both kappa and lambda 
have a cysteine residue at or penulti- 
mate to the carboxy-terminus which is 
involved in their disulfide linkage to 

heavy chains, the presence of such a 
residue at the carboxy-terminal end of 
a- and /-chains was suspected, and 
experiments with carboxypeptidase di- 

gestion of a pathologic p/-chain indi- 
cated a sequence for the COOH-ter- 
minal dipeptide of Tyr-Cys or Cys-Tyr 
(3). We report experiments relating to 
the amino acid sequence in the COOH- 
terminal region of mouse and human 
a-chain and, for comparative purposes, 
experiments relating to human /-chains. 

Human yA and yM proteins were 
obtained from serums of patients with 

multiple myeloma and Waldenstrom's 
macroglobulinemia, respectively. Mouse 

Table 1. Carboxypeptidase digestion of hu- 
man A-chains. Figures in parentheses repre- 
sent data obtained from a different ,/-chain. 

Di- Products [mole amino acid/ 
ges- mole heavy chain (8)] 
tion -- 

(min) Tyr CAMC Thr Gly Ala 

10 0.44 0.16 0.04 0 0 
20 .42 .25 .12 Trace 0 

(0.80) (0.04) (0.04) 
60 .42 .45 .37 0.12 0.05 

120 .52 .77 .91 .51 .49 

Table 2. Carboxypeptidase digestion of a- 
chains from human immunoglobulins. 

Diges- Amino acid residue 
tion (mole per mole of heavy chain) 
time 

(min) Tyr CAMC Thr 

15 0.58 Trace 0 
60 .58 Trace 0 

120 .62 0.11 0 
480 .58 .11 Trace 

1260 .63 .16 0.16 
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yA was obtained from Balb/c mice 
with plasma cell tumors (4). Proteins 
were isolated by starch-block electro- 
phoresis at pH 8.6 and purified by gel 
filtration through Sephadex G-200 in 
phosphate-buffered saline, pH 7.2. 
Mouse serums with high concentra- 
tions of both polymer and monomer, 
as judged by starch-gel electrophoresis, 
were selected. The isolated proteins 
were reduced with 0.2M 2-mercapto- 
ethanol in 0.5M tris, pH 8.2, for 1 
hour at room temperature and alkylated 
with a 10 percent excess of iodoacet- 
amide in 0.55M tris for 1 hour at 4?C. 
Heavy and light chains of human yA 
and yM were separated by gel filtra- 
tion on a G-100 Sephadex column 
equilibrated with M propionic acid 
(5). Attempts to separate heavy and 
light chains from reduced and alkyl- 
ated mouse myeloma proteins by the 
same procedure were unsuccessful. 
However, this was accomplished by 
gel filtration through Sephadex G-200 
equilibrated in 8M urea, IM acetic 
acid, pH 3.6. The separated heavy 
chains were dialyzed against distilled 
water and, finally, against 0.1M am- 
monium bicarbonate. Carboxy-terminal 
amino acids of the isolated heavy 
chains were determined by digestion 
with carboxypeptidase A (diisopropyl 
fluorophosphate-treated from Worthing- 
ton Biochemicals) and hydrazinolysis. 
The enzyme was diluted to a concen- 
tration of 2 mg/ml with 1.OM am- 
monium bicarbonate buffer, pH 8.2, 
added to 0.25 ml of a 1 percent solu- 
tion of heavy chains, to make a molar 
ratio of enzyme to substrate of 1: 50, 
and incubated at 25?C for different 
periods of time. Hydrazinolysis was 
done by adding 0.5 ml of anhydrous 
hydrazine to the previously dried pro- 
teins and incubating the samples at 
100?C for 8 hours (6). Amino acids 
released were quantitatively determined 
with a Beckman model 120-C amino 
acid analyzer. Corrections for destruc- 
tion of amino acids during hydrazinoly- 
sis were made from recovery of a 
mixture of amino acids after treatment 
with hydrazine. 

Results of carboxypeptidase digests 
of a human ,-chain are shown in Table 
1. Tyrosine and carboxyamidomethyl 

cysteine (CAMC) appeared in appre- 
ciable quantities after 10 minutes. In 
some other experiments at early time 
intervals with other /-chains, tyrosine 
definitely appeared before significant 
amounts of other amino acids (Table 
1, data in parentheses). The appearance 
of amino acids released ,after car- 
boxypeptidase treatment suggests the 
sequence Ala-Gly-Thr-Cys-Tyr. The oc- 
currence of tyrosine as the COOH- 
terminal residue was confirmed by 
hydrazinolysis. However, the relatively 
low final yield of tyrosine, compared 
to CAMC and threonine after 120 min- 
utes of digestion, was disturbing. This 
was noticed in one of ten preparations 
of a-chains, as well, where there was 
no release of COOH-terminal tyrosine, 
even after prolonged periods of diges- 
tion. The explanation for this result is 
unknown; however, the finding of a 
low yield of tyrosine in some prepara- 
tions may help to explain the discrep- 
ancy between the present results and 
those of Doolittle et al. (3), whose 
data suggested the sequence of Tyr-Cys, 
rather than Cys-Tyr. 

Data on the results of carboxypepti- 
dase digestion of the heavy chains of 
human and mouse yA proteins is shown 
in Tables 2 and 3. Tyrosine appeared 
first in both proteins, followed by 
CAMC and threonine in relatively low 
yields in the human, and by CAMC 
and isoleucine in the mouse chains. The 
data obtained with the mouse chains 
does not allow a clear positioning of 
the second and third residues from the 
end, but in the case of the human the 
data suggest the sequence of Thr-Cys- 
Tyr. The occurrence of COOH-ter- 
minal tyrosine in the mouse a-chain 
was confirmed by hydrazinolysis. A 

Table 3. Carboxypeptidase digestion of a- 
chains from mouse immunoglobulins. 

Diges- Amino acid residue 
tion (mole per mole of heavy chain) 
time 
(min) Tyr CAMC Ileu 

20 0.75 0 0 
60 .81 0 0 

120 .89 0.28 0.20 

Table 4. Carboxy-terminal sequence homol- 
ogies among human immunoglobulin poly- 
peptide chains. 

Chain Sequence 

c Asn-Arg-Gly-Glu-CysCOOH 
X Ala-Pro-Thr-Glu-Cys-SerCOOH 
, Ala-Gly-Thr- -Cys-TyrCOOH 
a Thr- -Cys-TyrCOOH 
y Leu-Ser-Leu-Ser-Pro-GlyCOOH 
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COOH-terminal tyrosine was observed 
in all three murine yA proteins studied, 
including one in which monomer and 
polymer forms were isolated and ana- 
lyzed separately where both had a 
COOH-terminal tyrosine. Six of seven 
human a-chains had a COOH-terminal 
tyrosine. As mentioned above, one 
preparation completely lacked tyrosine, 
for unknown reasons, although it is 
possible that this represents a real 
heterogeneity within the yA class and is 
a manifestation of an a-chain subclass 
(7). 

Table 4 summarizes the data and 
shows, for comparative purposes, the 
COOH-terminal sequence of yG heavy 
chains and K- and A-chains. The two 
most striking findings are (i) the very 
close relationship between the a- and 

/A-chains, compared with that of the 

y-chain and (ii) when the COOH-ter- 
minal pentapeptide of the A-chain is 

compared to K- and A-chains and a de- 
letion is inserted for the sake of show- 
ing maximum homology, it is seen that 
the ,-chain pentapeptide more closely 
resembles that of the A-chain than that 
of the K-chain. These homologies are 
consistent with the hypothesis previ- 
ously mentioned, that both heavy and 
light chains evolved from a common 
ancestral gene. 

CARLOS A. ABEL 
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Division of Experimental Pathology, 
Scripps Clinic and Research 
Foundation, La Jolla, California 
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Leukemogenic Activity of Ether-Extracted 

Rauscher Leukemia Virus 

Abstract. After rapid multiple extractions of mouse plasma virus with ether, 
the aqueous solution contained viral nucleoids that were infectious when inocu- 
lated intracranially into newborn BALB/c mice. The infectivity associated with 
the ether extract was not neuttralized by the specific antibody prepared against 
the whole virus. No intact virus has been seen in these preparations. Treatment 
with ether completely removed the virus envelope from the particle and pro- 
duced an apparently homogeneous preparation of viral nucleoids. After the ex- 
tractions with ether, leukemogenic activity was inactivated by exposure to 
ribonuclease. The leukemogenic activity of the many-passaged Rauscher virus 
that has been propagated in tissue culture and that has low infectivity was also 
retained, and, in two experiments in which material was inoculated intracranially 
into mice, this activity appeared to have been enhanced by multiple extractions 
with ether. 
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This study was undertaken as an at- 

tempt to extract biologically active ribo- 
nucleic acid (RNA) from Rauscher 
leukemia virus. RNA was extracted by 
various modifications of the phenol 
procedure of Gierer and Schramm (1), 
as well as by the ether-treatment tech- 

nique of Notkins (2). The RNA pre- 
pared by either hot or cold phenol tech- 

niques was noninfectious, since all new- 
born and weanling BALB/c mice inoc- 
ulated (subcutaneously, intramuscularly, 
intravenously, intraperitoneally, and 

intracranially) with each such prepara- 
tion failed to develop the Rauscher 
leukemia syndrome during observation 

periods ranging from 9 to 14 months. 
However, newborn BALB/c mice de- 

veloped the typical disease after intra- 
cranial inoculation with the aqueous 
phase of ether-treated Rauscher virus 
(3). This report presents some of the 
biological properties, after treatment 
of intact virus with ether, of the "in- 
fectious nucleoids" of mouse plasma 
virus and of virus cultivated and ap- 
parently attenuated in vitro (4). Mor- 

phological features of the preparations 
are also discussed. 

Plasma was collected from viremic 
BALB/c mice, and the virus was con- 
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centrated tenfold by differential cen- 
trifugation similar to the method de- 
scribed by Moloney (5). The virus pel- 
let was resuspended in 0.01M phos- 
phate-buffered saline (PBS) containing 
10-4M ethylenediaminetetraacetic acid 
(EDTA), at pH 7.2, and 2 percent fetal 
calf serum, and was stored at 
-120?F (-84?C). 

The procedure for ether extraction, 
similar to that described by Notkins 
(2), was as follows. Equal amounts of 
concentrated plasma virus and freshly 
chilled ethyl ether were mixed for 2 
minutes in a Vortex mixer. The phases 
were separated by centrifugation at 
2000 rev/min for 5 minutes in a re- 

frigerated centrifuge. The interphase 
layer, probably containing insoluble 

lipoproteins, was then removed and dis- 
carded. This procedure was repeated, 
usually five or six times, until the in- 

terphase between the aqueous and 
ether layers cleared. Fresh ether was 
added after each extraction. Residual 
ether was removed by bubbling nitrogen 
slowly through the chilled aqueous lay- 
er. 

Approximately 80 percent of the 

original volume was recovered after 

multiple extractions with ether and ex- 
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Table 1. Bioassay of nontreated and ether-extracted Rauscher plasma virus after intracranial 
inoculation into newborn BALB/c mice, each mouse receiving 0.02 ml of inoculum. PBS, 
phosphate-buffered saline. 
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Inoculum 
(mouse plasma virus) 

Inoculum 
(mouse plasma virus) 

Palpation Death 

/T Mean time D/T* Mean time 
(days) (days) 

Palpation Death 

/T Mean time D/T* Mean time 
(days) (days) 

Average 
wt. of 
spleen 
(mg) 

Average 
wt. of 
spleen 
(mg) 

Intact virus + PBS (1:1) 10/10 28 3/10 34 1170 
Intact virus + ribonuclease (1:1)t 10/10 28 2/10 37 965 
Ether-extracted virus (undiluted) 15/18 33 4/18 29 1281 
Ether-extracted virus + PBS (1:1) 8/14 43 4/14 42 530 
Ether-extracted virus + ribonuclease 

(1:1)t 0/10 0/10 96 

* Number with palpable spleens or number dead over total number inoculated. t Final concentra- 
tion of ribonuclease was 100 /ig/ml. 
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