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intratypic variant of echovirus type 29 rather
than a distinct echovirus serotype.

Summary. An antigenic relationship has
been demonstrated between the newly classi-
fied echovirus types 29 and 32. The amount
of crossing seen in conventional tube neu-
tralization tests was relatively minor, but
fairly high reciprocal titers were observed in
plaque reduction neutralization tests. In cross
hemagglutination-inhibition and complement
fixation tests these two viral types were virtu-
ally indistinguishable. The question arises as
to whether these two new echovirus types
should be classified as distinct immunotypes
or whether they represent antigenic variants
of a single viral type.
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Comparison of Bactericidal and Hemolytic Serum Systems.

I. Inhibitory Effects of Normal Human Serum Fractions.*
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Factors responsible for the bactericidal
activity of sera in wvitro have been investi-
gated extensively(1-5) and it has been shown
that they involve specific antibody and the
known components of the hemolytic comple-
ment system. In addition, lysozyme has been
implicated as a potentiating factor of the
reaction(6). Earlier studies(7) in this labora-
tory have shown that the bactericidal serum
reaction can be enhanced by certain amino
acids and carbohydrates and can be inhibited
by factors interfering with the normal meta-
bolic activities of the cell. It became of in-
terest, therefore, to determine to what extent
possibly unrecognized factors in serum, when
present in excess, might modify the bacteri-
cidal activity of serum. To this end, each
of 32 fractions of a pool of human serum
was tested for its ability to modify a basic
bactericidal serum reaction. In these tests
no enhancing effects but inhibitory effects
were detected in the presence of an excess of

* This work was supported in part by grant from
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certain serum fractions. Since the serum frac-
tions responsible for such inhibitions differed
from fractions previously shown to in-
hibit the hemolytic activity of complement
(8), the analysis with the 32 serum fractions
was extended to include a study of inhibitory
effects on immune hemolysis, so that a com-
parison between effects on bactericidal and
hemolytic systems could be made. The re-
sults are presented here.

Materials and methods. The bactericidal
reactions were carried out by previously de-
tailed methods(7), using pools of so-called
“normal” human serum (obtained from Mid-
dlesex Hospital, New Brunswick, N. J. or
Interstate Blood Bank, Inc., Memphis,
Tenn.) as a source of specific antibody, com-
plement and other accessory factors. To the
reaction mixture (0.5 ml) containing 0.1 ml
of “normal” serum diluted with saline (1/10,
1/20, or 1/40) and 0.2 ml of the fraction to
be tested (diluted 1/4, 1/8, or 1/16), was
added 0.2 ml of a suspension of Escherichia
coli 8 in ABA buffer(9) containing 10® cells.
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The reaction mixtures were incubated in a
shaking water bath at 37°C for 60 minutes
and then placed in an ice-water bath, after
which 0.5 ml aliquots were diluted with 4.5
ml of cold saline. Either 0.5 ml or 0.16 ml
of the diluted reaction mixtures was pipetted
into individual cups of Disposo trays and 1.8
ml of warm tryptose agar containing tetra-
zolium was added. Survivors that developed
into colonies were counted 24 and 48 hours
later. All tests were run in duplicate and
plated in quadruplicate. The immune hemo-
lytic reactions were run at 37°C for 45
minutes using 0.1 ml of a sensitized sheep
erythrocyte suspension (1 X 10%/ml), 0.1 ml
of diluted serum fraction, and 0.1 ml of a
suitably diluted hemolytic human serum. The
extent of hemolysis was measured specto-
photometrically at 541 mg in terms of the
hemoglobin liberated into the supernatant.

The 32 fractions used were obtained from
a pool of sera from 26 normal, healthy blood
donors. This serum pool was fractionated by
continuous curtain paper electrophoresis at a
current of 35 ma. The sample flow was 1.55
ml/hour, and the material collected was per-
mitted to drip into containers submerged in
a cold bath at —12°C. Without thawing,
each frozen fraction was then lyophilized.
All reconstituted materials were kept at
—45°C when not used. A UV extinction
curve at 280 mp for the 32 fractions is shown
in Fig. 1.

Results. In the basic bactericidal test sys-
tem, to which the serum fractions were added,
all test organisms were killed when the un-
supplemented serum was used at a dilution
of 1/10 or 1/20, whereas an average of only
50% or less of the organisms were killed at
a serum dilution of 1/40. The serum pool
from which the 32 fractions were obtained
killed 90% of the E. coli 8 at a 1/80 dilu-
tion, 20% at 1/160 and none at 1/320. None
of the 32 serum fractions was bactericidal
by itself. When these fractions were added
in final concentrations of 1/2, 1/4, 1/8, or
1/16, inhibitions were observed (Fig. 2)
in the presence of fractions 5-10 (roughly
v-globulin) at all concentrations, while frac-
tions 12-27 showed pronounced inhibitory
effects only at relatively high concentrations,

with a particularly high inhibition caused by
fraction 23 (albumin). These - inhibitions
were similar in different experiments even:
though the absolute -survival in unsupple-
mented controls vatried somewhat.
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FIG. 1. Upper part: Inhibition of bactericidal
and hemolytic reactions by individual serum frae-
tions obtained by ecurtain electrophoresis from a
normal human serum pool. Lower part: Relative
content of protein of 32 serum fractions used in
the tests shown above. (Points on the curve for
bactericidal -activity represent the most significant
of 2 sets of data obtained at serum dilutions of
1/20 and 1/40. Thus, if survival was 100% at
1/20 and 409, at 1/40, the latter figure was used;
if survival was 659 at 1/40 and 0%, or near it,
at 1/20, the first figure was used.)

FIG. 2. Inhibition of baectericidal reactions by
different comcentrations of 32 serum fractions.
(Sce legend to Fig. 1 for explanation of these
curves.)
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None of the 32 serum fractions was hemo-
lytic by itself in the lysis of sensitized sheep
erythrocytes, but the unfractionated human
serum pool from which these 32 fractions
had been produced was hemolytic at a dilu-
tion of 1/20 and not at 1/40. When added
to a basic hemolytic serum system, in which
50% of the red cells were lysed (1/100 dilu-
tion of a normal human serum pool), several
of the fractions caused an inhibition of hemo-
lysis at a final concentration of 1/50 (Fig. 1).
The most pronounced inhibitions were ob-
tained with fractions 16-19 (B-globulin), 21
(a-globulin), and 23-25 (albumin).

Discussion. Contrary to initial expecta-
tions, none of the 32 different serum fractions
caused an enhancement of immune lysis of
either bacteria or red cells. Rather, several
of the fractions caused an inhibition and it
is interesting to note that the relative activi-
ties of the responsible fractions were not iden-
tical for the hemolytic and bactericidal sys-
tems. Thus, at the concentrations employed,
which corresponded to their relative concen-
tration in serum, fractions 5-10 which include
materials with the electrophoretic mobility of
v-globulins and also highly fluorescent sub-
stances,* produced a more pronounced in-
hibition of the bactericidal reaction than the
B-globulin fractions. Conversely, in the hemo-
lytic system the B-globulin fractions were
more inhibitory than the y-globulins. The
relative magnitude of these inhibitory effects
remained unaltered even when the fractions
were added in concentrations calibrated to
contain equal amounts of protein.

If the inhibitions produced by an excess of
certain serum fractions were directed against
serum components required by the two sys-
tems, the data would suggest that the relative
requirements of the hemolytic and bacteri-
cidal systems for the inhibited serum com-
ponents may differ quantitatively if not quali-
tatively. Alternately, it was possible that
the target of the inhibitory effects was not

* Fluorescent light of a wave length of 365 mu
when activated with light of 285 mgpu.

the serum but rather the cell. As will be
reported later, it has become possible to
demonstrate that the inhibitory serum frac-
tions acted on serum components rather than
on the bacterial cell or the red cell, and it
was also determined that the action was
selective for the hemolytic components of
the complement system. It still remains to
be resolved whether the observed differences
in requirements for serum components active
on bacterial cell and red cells are merely
quantitative or are, in fact, qualitative.

Summary. When each of 32 different frac-
tions, obtained from a human serum pool by
electrophoresis, was added either to a bac-
tericidal or a hemolytic serum reaction, in-
hibitory effects were found to be produced
by some of the fractions. The bactericidal
reaction, employing components present in
“normal” human serum, was significantly in-
hibited by an excess of y-globulins, and the
hemolytic reaction by an excess of B-globu-
lins. Inhibition of both reactions was also
produced by an excess of serum fractions hav-
ing the electrophoretic mobility of albumins.
These findings are discussed in relation to
quantitative and possibly qualitative differ-
ences in the serum components required for
the bactericidal and hemolytic activities of
serum.
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