
the serum enzymes (6), its effect on 
the tissue enzymes was examined in 
parallel experiments in which L-meth- 
ionine was added to the substrate so- 
lution to yield a final concentration of 
0.01 mole per liter. 

The electrophoretic mobilities of the 
tissue enzymes were compared with 
the mobility of the normal serum en- 
zyme (Fig. 1). An enzyme identical in 
electrophoretic behavior to the serum 
enzyme was present in almost all tissues. 
The ubiquitous presence of this band 
may have resulted from contamination 
by blood since the tissues were not per- 
fused prior to extraction. This may not 
be the case with liver, however, since a 
particle-bound enzyme similar to that 
in serum has been isolated from this 
organ (2). 

In addition to the serum-like en- 
zyme, the electrophoregrams of several 
tissues showed other distinct compo- 
nents of enzymatic activity with mo- 
bilities greater or less than that of 
the serum enzyme. 

Extracts of normal and cancer tis- 
sue specimens of the same organ 
(liver, breast, lymph node) exhibited 
similar electrophoretic patterns. How- 
ever, the enzymatic activity in the 
bands of cancer tissue extracts were 
generally higher than those of the nor- 
mal tissue. 

The electrophoretic patterns of tis- 
sue enzymes incubated with substrate 
in the presence of L-methionine indi- 
cated definite inhibition in all cases of 
the enzyme band corresponding to 
serum naphthylamidase. However, the 
tissue components which differed from 
the serum enzyme were either inhib- 
ited, unaffected, or activated by this 
amino acid. These differences in re- 
sponse to L-methionine were also dem- 
onstrated when 1-ml portions of tissue 
extracts were assayed for their total 
naphthylamidase activity in the pres- 
ence and absence of this amino acid. 
L-Methionine (0.01 mole/liter) yielded 
60 percent inhibition of the normal 
serum enzyme. The effect on tissue 
enzymes expressed as percentage of 
inhibition varied as follows: pancreas, 
62; kidney, 58; jejunum, 53; colon, 
52; liver, 47; breast, 32; urinary blad- 
der, 29; placenta, 24; lymph node, 19; 
and spleen, 15. In addition, the total 
naphthylamidase activity of skeletal 
(diaphragmatic and rectus) and cardiac 
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naphthylamidase activity of skeletal 
(diaphragmatic and rectus) and cardiac 
muscle was increased rather than de- 
creased by L-methionine. The elec- 
trophoregram of the muscle extracts 
showed that it was the fast band of 
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naphthylamidase activity which was ac- 
tivated (Fig. 2). 

These results indicate the heteroge- 
neity of tissue enzymes which catalyze 
the hydrolysis of L-leucyl-,-naphthyla- 
mide. These data do not permit the ab- 
solute classification of these enzymes 
either as isoenzymes or totally differ- 
ent molecular species, since their asso- 
ciation with other proteins in differ- 
ent tissues may contribute significantly 
to observed dissimilarities in electro- 
phoretic mobility. In any event, the 
varied response of the tissue amino 
acid naphthylamidases to L-methionine 
serves to establish the existence of bio- 
chemical differences among these en- 
zymes. 

Chromatographically distinct forms 
of amino acid naphthylamidase have 
been demonstrated recently in human 
liver, small intestine, and pancreas (7). 
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In this report we present evidence 
that natural human antibodies reactive 
with Gram-negative bacteria are not 
limited to the IgM class, but are pres- 
ent in all three major classes of im- 
munoglobulins: IgG, IgA, and IgM. In 
general, we used fluorescein-conjugated 
antiserums specific for IgG, IgA, and 
IgM in an indirect type of fluorescent 
antibody procedure. 

Natural antibodies may be defined as 
those not related to obvious immuniza- 
tion or specific infection (1). Natural 
antibodies to Gram-negative bacteria 
are widespread among mammalian spe- 
cies and have long been the subject 
of investigation and controversy regard- 
ing their relation to antibodies associat- 
ed with immunization or infection 
(2). Studies (2) based on a sensitive 
bactericidal test have suggested that 
natural and immune antibodies differ 
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in physicochemical properties. Other 
studies (3-5) have resulted in the con- 
clusion that natural human antibodies 
to Gram-negative bacteria are principal- 
ly of the y-macroglobulin (IgM) class 
(19S), and it has been suggested (3) 
that differences between natural and 
immune antibody result from the prop- 
erties of two different classes of im- 
munoglobulin (IgG and IgM). How- 
ever, we have demonstrated in human 
serums significant natural IgG as well 
as IgM (and some IgA) antibodies that 
react with Gram-negative bacteria 
(Neisseria gonorrhoeae and Escherichia 
coli). 

We used the following fluorescent- 
antibody method: A uniform concen- 
tration of bacteria (6), treated with 
Formalin (3 percent) or heat (100? or 
121?C), was fixed to a circumscribed 
area of a glass slide. One drop of the 
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Natural Human Antibodies to Gram-Negative Bacteria: 

Immunoglobulins G, A, and M 

Abstract. Significant amounts of immunoglobulins G and M, and a small amount 
of natural antibodies reactive with Neisseria gonorrhoeae and Escherichia coli, 
have been detected in human adult serums by inmmunofluorescent techniques. Um- 
bilical cord serums also contained substantial immunoglobulin-G antibody but 
little or no M or A. These findings challenge the concept that natural antibodies 
reactive with Gram-negative bacteria are primarily of the immunoglobulin-M class. 
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Fig. 1. (A) Gel filtration on 
G-200 of the serum of a norm 
Typical separation into 19S, 7S, 
peaks (11). (B) The 19S peak fr( 

fraction III-1. Within the poolec 
volumes comprising this peak th 
cein-conjugated antiserum to IgM 
IgM antibody activity to a titei 
proximately 1: 400 to Escherichia 
1 : 200 to Neisseria gonorrhoeae. 
7S peak from Cohn fraction II. T 
cein-conjugated antiserum to IgG 
IgG antibody activity to a titer of 
mately 1: 600 to E. coli and 1: 3 
gonorrhoeae. IgM activity was no 
strable within this peak. 
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ed over before. The slides were examined with 
M0 min- a fluorescence, darkfield microscope 
washed (8). Fluorescence scored as 2+ or great- 
buffered er was considered a positive indication 
ne drop of antibodies of the specific immuno- 
ntibody globulin class. Appropriate controls 
ed over were included in each test. 
(es, and The specificity of the antiserums for 
shed as IgG, IgA, and IgM in our test system 

was confirmed (9) both by fluorescent- 
antibody reactivity and gel precipitation 
with chromatographically and electro- 

ISerum phoretically purified serum immuno- 

globulin fractions, by cross absorption 
with these fractions, and by gel-diffu- 
sion comparison with reference anti- 
serums (10). 

The natural antibodies from the fol- 
lowing human sources were char- 
acterized: (i) serums from 20 normal 
adults, (ii) Cohn fractions II and III-1 
of pooled normal serums (7), and (iii) 
pooled umbilical cord serums (7). 

In each of the 20 adult serums tested 
:tion 111-1 we found that the titer of IgG anti- 

bodies reactive with heat- or Formalin- 
treated E. coli and N. gonorrhoeae was 
equal to or greater than the titer of 
IgM antibodies to these antigens; IgA 
was detectable in lower titers (Table 1). 

In order to confirm the class identity 
of the antibodies demonstrable in whole 
serums, five individual serums and 
Cohn fractions II and III-1 were frac- 
tionated into 19S and 7S components 

tion -1 (11) by gel-filtration on Sephadex G-200 

(12) (Fig. 1). This physical separation 
of IgG and IgM also minimized any 
influence on test results of possible 
(though undetected) anomalies in the 
specificities of the fluorescent antibody 
reagents for detecting immunoglobulin. 
The 7S protein peak of Cohn fraction 
II and of each of the five serums con- 
tained the bulk of the IgG molecules 
as measured by' radial diffusion tech- 
niques (13) as well as most of the IgG 

300 active in the fluorescent-antibody tests. 
Neither IgM antibody activity nor lgM 
immunoglobulin could be detected in 

Sephadex the material from these 7S peaks. The 
al ad3.S immunoglobulin and the antibody ac- 
om Cohn tivities in the case of IgM were con- 
J elution fined to the 19S peak of Cohn frac- 
le flores- tion III-I and of each individual serum. 
detected It has been concluded that the hu- 

r of ap- 
coli and man placenta prevents the passive trans- 

(C) The fer of maternal IgM and IgA to the 
he flores- fetus without hindering the passage of 
detected IgG antibodies (4, 5). We therefore 
approxi- 
00 ptoxN studied pooled cord serum and found in 00 to N. 
t demon- it IgG reactive with both E. coli and 

N. gonorrhoeae at titers equal to that 

Table 1. Antibodies (IgG, IgM, and IgA) in 
whole serums of 20 adults and in pooled 
umbilical cord serum. Parentheses indicate 
range. 

Bacte- Reciprocal of serum titer 
ria* IgG IgM IgA 

Adult serum 
GC 64t 16 2 

(16-256) (8-32) (2-4) 
EC 32 16 2 

(16- 64) (8-32) (N-4) 

Cord serum 
GC 40 N? N 
EC 40 N N 

Cultured for 15 hours on agar, heated (121?C 
for 2 hours) and fixed on, glass slide (see text). 
GC: N. gonorrhoeae F62-T1, EC: E. coli 086: 
B7:NM. t Mean value of reciprocal of highest 
reactive dilutions. : Range of reactive titers. 
? N: Undiluted serum was not reactive or failed 
to achieve a fluorescence of 2+. 

of most adult serums. Little or no 
IgM or IgA fluorescent-antibody ac- 
tivity was demonstrable (Table 1). 
These results were confirmed by exam- 

ining 20 matched pairs of maternal and 
cord serums. We found that IgG titers 
were approximately equal in each 
serum pair, whereas only the mater- 
nal serums contained significant titers 
of IgA and IgM (9). 

We have also used immunofluores- 
cent techniques to demonstrate that hu- 
man complement (14) could be fixed 
by the IgG-bacterium complex as well 
as by the IgM-bacterium complex (9). 

Our findings, which suggest that a 

major portion of natural human anti- 

body to Gram-negative bacteria is of 
the IgG class, challenge the concept 
(1, 3, 4) that natural human antibodies 
are principally of the IgM class. It 
appears that the substantial contribu- 
tion of the IgG natural antibodies has 
previously evaded detection. This may 
be due to the relative inefficiency of 
IgG in certain tests. For example, rab- 
bit IgM antibody was 22 to 1000 times 
more efficient than IgG antibody in 
agglutination, bacteriolytic, and opso- 
nization tests (15). Also, the hemolytic 
and hemagglutinating activities of rab- 
bit IgM have been shown to be 60 
to 160 times higher on a molar basis 
than those of IgG measured in a specific 
hapten-erythrocyte system (16). It seems 
that human antibody classes may react 
in a similar manner. We have found 
that natural human IgG antibody to N. 
gonorrhoeae is relatively inefficient in 
bactericidal and agglutination reactions 
(9). 

In addition the demonstration that 
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IgM antibody to Salmonella typhosa 
"O" antigen fixes complement so ef- 

ficiently that "whole antiserum will 
behave like the 19S fraction" (17) 
suggests that generalizations concern- 

ing immunoglobulin classes based on 
the results of complement-dependent 
bactericidal tests should be made with 
caution. 

The demonstration of natural anti- 
bodies to E. coli and N. gonorrhoeae 
in cord serums has bearing on the 
study of resistance to infection in new- 
borns. The relative susceptibility of new- 
borns to infection with Gram-negative 
bacteria might be explained by their 
deficiency of natural IgM bactericidal 
antibody (4). However, several obser- 
vations suggest that IgM bactericidal ac- 
tivity is not the principal means of de- 
fense. Although virtually all newborn 
infants lack IgM bactericidins to an 
equal degree and all are exposed to a 
potentially pathogenic flora at birth, 
only a very small number succumb to 
infection with Gram-negative bacteria 
(1, 5). The finding that the cord 
serums examined contained natural an- 
tibodies of the IgG class suggests that 
such IgG antibodies may contribute to 
the resistance demonstrated by most 
newborns to Gram-negative bacterial in- 
fections. Although IgG antibody may 
appear to be less reactive in bactericidal 
tests, it may perform a critical func- 
tion within the host's antibacterial rec- 
ognition system. 

The current concept (18) that a se- 
quential appearance of IgM and IgG 
antibodies occurs after immunization 
should be reexamined in the light of 
our finding that natural IgG antibody 
in humans may be present prior to im- 
munization or symptomatic infection. 
The concept of a sequential immuno- 
globulin response has also been ques- 
tioned in a study of antibodies produced 
by immunized rabbits (19). 

In summary, immunofluorescence 
techniques can reveal important anti- 
body activity which may elude detec- 
tion by other methods. It appears that 
the natural humoral recognition systems 
for the heat-stable somatic antigens of 
Gram-negative bacteria are not limited 
to IgM antibodies alone and that a 
major portion of this natural antibody 
activity resides in the IgG class. 

IRUN R. COHEN 

LESLIE C. NORINS 
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available. Pulvertaft and Epstein and 
his associates first described propagation 
in vitro of lymphoid cells in suspension 
culture from malignant lymphomas of 
African children (1) and, subsequently, 
similar cell lines have been isolated in 
several other laboratories (2, 3). The 

patients from whom these cells were 
derived had maglignant lymphomas 
with clinical and pathological features 
which Burkitt and O'Conor described 
in most cases of childhood lymphoma 
in Africa (4). These neoplasms are now 
referred to as "Burkitt's tumors." Dorf- 
man and O'Conor et al. (5) have de- 
scribed similar tumors in American 

patients and from one of these, a 
young American woman, a cell line 
similar to the lines obtained from the 
African children has been isolated (6). 
The present studies were carried out 
with the cell line derived from this 
American patient, designated AL-2, and 
with three cell lines from African pa- 
tients designated AL-1, EB-2, and Ogun 
(7). These lines were maintained in 
culture in a medium composed of 80 
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percent mixture No. 199 and 20 per- 
cent fetal bovine serum. After 48 hours 
of cell growth, the culture fluid freed 
from cells was concentrated 20-fold and 
examined by immunoelectrophoresis for 
the purpose of detecting any human im- 

munoglobulins that might be present. 
Human immunoglobulins were identi- 

fied with antiserums specific for IgG, 
IgA, IgM, or IgD [that is, for polypep- 
tide y-, c-, tu-, and 8-chains (heavy) of 
human immunoglobulins] and for mole- 
cules with K and X light polypeptide 
chains (8). Antiserums were absorbed 
with fetal bovine serum and with bovine 

y-globulin to remove cross-reacting 
antibodies that might impair detection 
of human immunoglobulin in the pres- 
ence of the fetal bovine serum of the 
culture medium. 

Immunoelectrophoresis of the con- 
centrated incubation medium from line 
AL-2 indicates a relatively homogene- 
ous immunoglobulin in the cathodal 
(slow gamma) region (Fig. 1). No im- 

munoglobulin was detected in the 
medium from AL-1 cells. Biosynthetic 
techniques confirmed the synthesis of 
immunoglobulin by AL-2 cells and the 
absence of immunoglobulin formation 
in the AL-1 line. 

The method for detection of im- 
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Immunoglobulin Synthesis in vitro 

by Established Human Cell Lines 

Abstract. Several lines of humzan lyimphoid cells derived from malignant lym- 
phoma produce immnunoglobulins in vitro. Immnunoglobulins G(IgG, yG) are syn- 
thesized in two cell lines and immunoglobulin M (IgM, yM) in one. 
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