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ethanol, or roughly half his daily caloric re- 
quirement. Rats may not be satisfactory ani- 
mals for sltudmies of ethanol tolerance because 
of the extreme difficulty in achieving domges 
similar to those of which man is capable. In 
onder to give la dose equivalent to one half of 
a rat's requirement of 84 calories( lo), it 
would be necessary to force it to metdmlize 
60 ml of 10% ethanol daily. 

Such a consideration of dosage gives us 
little reason to expect a striking change in our 
rats, although they did receive a considerable 
amount of ethanol for an extended period of 
time. They did show an increase in rarte ap- 
proximately as large as their day to day 
variation, but we cannot conclude kha i  this is 
evidence for an increased rate of elimi~mt!im 
as the cause of the behavioral tolerance in 
humans. Species differences, differences in rats 
of adminlistrativn and the nutritional effects 
of the various psisible treatments are all 
variables which must be studied further. 

Summary. Rates of C1W2 formahion from 
ethn01-1-C~~ were measured in rats that had 
been allowed only water, 2076, lo%, or 5% 
solutions of ethanol to drink. Rats which had 
drunk 10% ethanol for 6 to 11 months 
metabolized it 18% faster than controls or 

animals drinking 5 % ethanol. Rats drinking 
20% ethanol1 were not different from cmtrols. 
None of the groups forced to drink &h!and 
differed signtifimntly .from controls in rate of 
C1402 formation from acehte- 1 -C14 and 
g1~cose-U-C~~. 
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In  recenft years i t  has been (possible to 
classify human immunoglolbuli~ns into classes 
and subclues  according to theis antigenic 
specificities( 1 ) . The subclasses are orften 
related to genetically cmtra1:led s f  actors 
present on the mulecules(2). Although K 
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and A types4 of light chains were early 
recognized as distinct in that they did not 
share antigenic specificity or  fingerprint spds 
(4),  examination of their amino acid se- 
quences has slhiown sim,ilarities( 5 ,6 ) .  

It has been believed for some time that 
the immunological cross-reactions b e t w m  the 
humktn immunoglobulins IgG, IgM and IgA 
were dependent on common light chains only 
and that the heavy chains of these molecules 

$ The immunoglobulin molecules and fragments 
are named following the system recommended by a 
committee of Ithe World Health Organization (3). 
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were completely distinct. The finding of the 
H chain allotypic markers on the IgG( 7 )  IgM 
(8,9) and IgA(10,ll) of rabbit iemmuno- 
globulins demonstrated common antigenic 
groupings on the heavy chains of the rabbit 
and suggested that a similar situation would 
be foulnd in other animal species. The research 
reported here provides evidence for such 
common antigenic specificities on the heavy 
chains of human immunoglobulins IgG, IgM, 
and IgA. 

Methods and materials. IgG, Ighl, and IRA 
paraproteins were purified using starch block 
electrophoresis, DEAE chromatography, and 
Sephadex filtration following initial precipi- 
tation with ammonium sulfate. These para- 
proteins were typed for their L chain sub- 
groups using rabbit anltisera specific for the 
K and the A types. Antisera were prepared in 
rabbits against the isolated paraproteins of 
both the K and A classes and against the 
isolated chairs and papain subunits prepared 
from them. Repeated monthly injections of 
antigen in Freund’s complete adjuvant were 
used to insure hyperimmunization. Purity of 
the injected antigens was assessed by im- 
munoelectrophoresis, cellulose acetate and 
starch gel eleotrophoresis, and ultracentri- 
fugaticm. The interactions of the anitisera 
thus produced with appropriate paraproteins 
were examined by immunodiff usion tech- 
niques. 

Results. Table I summarizes the reactions 
by gel diffusion against isolated Ben- Jones 
proteins of 3 of the anltisera used in further 
studies. The antiserum against Fab from and 
IgG ( K )  paraprotein reacted with the rj but 
not with the A Bence Jones proteins. The reac- 
tion with K Bence Jones protein of the anti- 

TART,E I. Rrwtion of Antiscr:i with Rciicc Jones 
Proteins. 

Biiliks ( K )  

Hcin. ( K )  

IVilt. (A) 
Moiit. ( A )  
Will. (A) 

+ + + + 
0 0 
0 0 
0 0 

* Serum raised against Fnb obtaiilcd froin a 

t Serum raised against p chain obtained from a 
K IgG paraprotein, Ketch. 

K IPM Daranrotein. Bart. 

TAB1,E 11. Re;iction of Aiitiscbr;i with Parapro- 
teiiis and Subunits. 

Anti- IgG t Anti- F a  b t 
absorbed with absorbed with 

Antigen* No. 131 No. 363 No. 359 
1, chain normal Fc Anti-pchainQ 

* All csctq)t tliih l’c ( K ,  A )  iiiitigcli WC’W p:ir:i- 
])roteills or prq)arcvl froni paraproteiiis. The l, 
chain type of the p;improteiii used i s  ii~tlic:ite(l 
i l l  p:trciitliesm 

t Antiserum prep;irtd :igainst norin:il I i i i n i ; r ~ i  
IgG and absorbed with I, chaiils prepared froni 
normal IgG. 

t Serum raised :&gainst Fnb obtained froin a 
K IgG paraprot.c*in, Ketch. 

$ Serum raised against p chain obtained from a 
K IgM paraprotein, Bart. 

serum raised against p chain from Ithe T,I IgM 
paraprotein is attributed to the presence of 
residual K chain in the p chain provoking 
antigen. I t  is known that approximately 10% 
of the L chain is very difficult to remove from 
rabbit IgG y chain (12). 

Table I1 summarizes the reactions by gel 
diffusion of these antisera and an antiserum 
against normal IgG with various paraproteins 
and subunits. The antiserum against normal 
IgG absorbed with normal L chain reacted 
with neither K nor A L chain, but did 
react with IgA and IgM paraprotein as well 
as with the p chain prepared from the IgM 
paraprotein. Our thesis is that these reac- 
tions are due to an antigenic specificity com- 
mon to the 3 different H chains characterizing 
the IgG, IgA, and IgM classes. 

Antiserum to Fab from a K IgG para- 
protein and absorbed with normal Fc reacted 
with an IgA A paraprotein, but contrary 
to expectations did not react with an IgM K 

paraprotein or its p chain. 
Similarly antiserum prepared against p 

chain from a K IgM paraprotein reacted with 
a X IgG paraprotein but not with Fc frag- 
ment prepared from either a normal IgG or a 
K IgG paraprotein. Further evidence that 
this antiserum contained antibodies directed 
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against an H chain determinant common to 
the three classes of immunoglobulin was pro- 
vided by the finding that this serum reacted 
with IgA paraprotein. 

An antiserum prepared against intact Bart. 
IgM (not tabu~l~ated) failed to show cross- 
reaction, while that against the Blart. IgM p 
chains did ghow (the cross-reaction. For this 
reason, attempts were madie to show some 
antigenic sites on the p chain not accessible 
in the inltact IgM molecule by abwrption 
with pure IgM. It was found that such treat- 
ment removed 211 antibody activity from the 
anti-p chain serum. Furthermore i t  was never 
possible to demonstrate formation of a spur of 
precipitation of the p chain reaction over 
the whole IgM reaction. 

Fig. 1 slhours some doulble diffusion m c -  

FIG. 1. Reaction of anti-p chain with parapro- 
t&ns. Concentration of IgG and IgA, 2 mg/ml; 
Bence Jones protein, 0.5 mg/ml; and y-chain, 1 
mg/ml. 

tions employing antiserum to p chain from 
IgM ( K )  Bart. This slide shows that the line 
of precipitation f m e d  with IgG (A) Will. 
and the IgA ( A )  Mont. was not r e m o d  by 
absorption of (this antiserum with K or A type 
Bence Jones protein. However, absorption 
with Ketch. y chain removed the reactivity 
completely. The slight line seen in the third 
pattern of Fig. 1 was visible omly on the 
stained slide and subsequent addition of 
more heavy ch!ain removed the reactivity com- 
pletely. 

Discussion. The double diffusion experi- 
ments indicate a wmmon antigenic por,tion 
on the heavy chains of human IgG, IgA, and 
IgM. The major difficulty in interpretation 
of the reactions lies in the degree of cer- 
tainty that no contamination is present in 
either the antigen or antiserum being studied. 
We believe that the evidence presented pre- 
cludes such a simple explanation for the 
cross-reactivi ty observed. 

The anti-p ohain serum No. 359 was 
prepared using as a provoking antigen p chain 

prepared from a K IgM paraprotein. In 
double diffusion experiments this protein at  
a concentration of 2 mg/ml showed no reac- 
tivity against A antiserum. Since this tech- 
nique can readily detect protein at 0.05 mg/ 
ml, a contamination of less than 2% is in- 
dicated at  this point. The antiserum pmwked 
by immunization using p chain prepared from 
this materid did not react with A chain 
(Table 11). This most rigorous test of purity, 
use of the protein as an immunogen, failed 
to give evidence of contamination. The anti-p 
chain serum No. 3519 did not reaot with Fc 
fragment prepred from either the IgG para- 
protein Ketch. or normal IgG. The recognized 
high antigenicity of the Fc fragment renders 
this absence of reaction particularly strong 
evidence against IgG contamination in the 
provoking antigen. Since serum No. 359 re- 
acted with a X IgG and a A IgA paraprotein 
despite its inability to react with either A 
chain or Fc from IgG (Fig. 1) i t  is l o g i d  
to ascribe this cross-reactivity to a shared 
antigenic determinant on the Fd region of the 
7 ,  u and p chains. The fact that the anti- 
bodies responsible for this reactivity are 
removed by absorption with A chain s u p  
ports this conclusion and excludes the poi+ 
sibility that the observed cross-reactivity 
could be attributed to contamhation of the 
IgG and IgA paraproteins with IgM. 

When purified human paraproteins are 
used to immunize rabbits the resulting anti- 
serum may comprise a large number of 
specificities. Among these can 'be mentioned 
heavy and light chain subgroup activity( 1), 
anti-Gm and anti-Inv factor activity( 13), 
and some activity against an individual anti- 
genic specificity of the molecules ( 14). To 
this list may be added reactivity related to 
a common antigenic specificity shared by the 
H chains of IgG, IgM, and IgA. 

This common specificity appears to be 
relatively inaccessible in the whole molecule, 
and for this reason is not revealed by all 
antisera which might otherwise be expeoted to 
react with it. Particularly ncvtable was one 
case in which the antiserum to the heavy 
chain showed the cross-reactivity while that to 
the intact molmlde did not. Presumably 
removal of the L chains made the antigenic 
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site on the H chains more potent as B pro- 
voking antigen. 

Studies with allotypic specificities have 
already provided evidence of a common an- 
tigenic grouping on rabbit immunoglabulins. 
The allotypic specificities of locus a, which 
had previously been shown to be presenk on 
the heavy chains of rabbit IgG were demon- 
strated to be presenlt also on IgM(8,9) and 
IgA ( 10, l l )  . Nussenzweig and Benacerraf 
( 15) have shown that common antigenic speci- 
ficities are present on the Fd fragments d 
guinea pig yl and yz immunoglobulins. Selig- 
mann et aZ( 16) have recently demonstrated 
similar crm-reactivity between human IgG 
and IgM. However, this antigenic deter- 
minant would appear to be unlike that )being 
reported here in that it was dependenlt on the 
presence of intact and combined heavy and 
light chains. Similar relationship between 
protein conformation and antigenic specificity 
in human gamma globulins has been demon- 
strated for the Gm 3 factor( 17). 

Two other reports have m e  to our st-  
tention which indicate similar findings. 
Harboe and Devcrill( 18) have demonstrated 
similar cross-reactivity between IgG and IgM 
molecules and Kunkel et  aZ( 19) have *found 
this cross+mAivity to encmpass the IgA 
class. These authors also point to differences 
in behavior shown by various anatisera and 
preparations of paraproteins, just as was en- 
countered in the present experiments. 

I t  would appear therefore Ithat the im- 
munologlobulins share, in addition to light 
chains, some antigenically similar, if nd 
identical, portions on their respective heavy 
chains. The Fd portion of the y chains is 
known to contain a variable portion (20), cm- 
sidered to be responsible for the antibody 
combining specificity, and presumably some 
constant pr t ion(21) .  I t  is not possible to 
state the precise location of the antigenic 
determinants common to the heavy cha.ins, 
although it  would seem more likely to be the 
constant area for the specificities studied 
here, whereas the results of Sel igmm et aZ 
(16) are suggestive that the variable sequence 
is involved. 

The presence of a common antigenic s m -  
ficilty could be the reflection of a residuum in 
the evolution of the genes for the y and a 

uhains from the p chain precursor(22). Such 
a view would be compatible with the dab 
provided here. The finfdings in the rabbit with 
allelic specificities (allotypes) suggest that 
this simple explanation may not suffice( 23). 

Summary. Evidence is presented for a 
common antigenic specificity on the Fd region 
of human IgG, IgA, and IgM. The relation- 
ship of this finding to the evolution of im- 
munoglobulin classes is briefly discussed. 

It is a pleasure (to acknowledge the competent 
technical assistance of Miss Nadine Ferdman in 
this research. 
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Extraction of tissue with a mixture of 
phenol, deoxycholate anld NaCl yields nucleic 
acids (DNA anld RNA) which differ in bio- 
logic activity and physical pperrties from 
other preparations ( 1). The nueleic acid ob- 
tained by this method from viral infected 
tissue is infectious and unlike other prepa- 
rations( 2 )  the RNA is less soluble than DNA. 
The RNA is precipitated from aqueous salt 
solutions by 20% ethanol while 50% is 
required for DNA(3). The RNA so obtained 
by alcohol precipiltation of the aqueous phase 
of the extration contains much plyglucose 
(CHO) of 2-4 X loG molecular weight(4). 
In view of reports elsewhere that the in- 
fectivity of nucleic acid isolated from pulio- 
virus( 5 ) ,  gastroenteritis virus( 6 ) ,  or simian 
virus 4Q(7) is markedly enlhnced by the 
presence of plysaccharide, it FV&S considered 
pwible h t  bath the biologic activity and 
unusual solubility of RlNA might nolt result 
entirely from its intrinsic prqwrties but as a 
consequence of its interaction in solution with 
the CHO which accompanies it upon isolation. 
In the present study, experiments were de- 
signed to determine whether such interaction 
does occur with a resulting alteration in the 
physical properties of the CHO and RNA. 

illlethods. HeLa cells were grown in mono- 
layers in Roux bottles with Eagle’s medium 
(8).  After removal of the growth medium and 
rinsing of the culltures with phosphate buff- 
ered saline (pH 7.2) 10 ml of 1 M NaCl con- 
taining 10% dmxycholate were added to 
remove the cells from the glass. The bottles 

~~ 
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were next rinsed with 10 ml of water-saturatd 
phenol which was then combined With the 
1 M NaCl. The mixture was shaken. mech- 
anically at room temperature. After separation 
of the aqueous phase, a second extraation with 
phenol was performed. The disdved phaol  
was removed from the aqueous phase by ether 
extraction and the remaining ether removed 
by 0, stream of nitrogen gas. The procedure is 
essentially as described by Colter et aZ(1) for 
extraation of nucleic acids. The m d t i n g  
aqueous phase contained DNA, RNA and 
CHO (polyglumse). The RNA and: CHO 
were precipitated <together free of DNA f r m  
the molar salt solution with 20% ethanol a t  
4OC by standing overnight, and then dis- 
solved in 1 M NaCl(3). 

The RNA content was determined by the 
orcinol method(9) and the CHO with a 
diphenylamine seagent ( 10,ll) . 

Experimental and results. The RNA and 
CHO in a 1 PCI NaCl solution (prepred as 
described under Methods were separated 
by careful acid precipitation of the RNA. 
The two components were separately redis- 
solved. A reconstituted mixture of the tm 
was also prepared and the 3 samples, after 
being adjusted to equivalent concentrations 
in 1 M NaCl, were compared with a re- 
precipitated aliquot of the original mixture 
in regard (to the solubility in 20% ethanol of 
the RNA and CHO consltituents. Details of 
the procedure are as folllm: 

Sufficient 4070 trichloroacetic acid (TCA) 
was added to 2 ml of a 1 M NaCl solution 
containing RNA and CHO (described under 
Methods) to give a final concentration Olf 
5%. The resullting precipihte was washed 


