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in the tissues can be less than ambient.
Summary. The effect of the composition
of the fluid in the manometer system on
tissue pressure was examined. Needles were
introduced into the ventricular wall of iso-
lated, non-beating hearts. The pressure regis-
tered by manometers attached to the needles
varied with the composition of the fluid in
the manometer system. When distilled water
was in the manometer, the pressure fell slowly
to values less than atmospheric pressures;
when the manometer fluid was normal saline,
a positive pressure usually developed. The
results are interpreted by considering that the
liquid in the manometer is separated from the
tissue fluids by membranes such as the walls
of cells, capillaries, and connective tissue
sheaths. The diffusion of water from regions
of higher to lower concentrations becomes
manifest in the slow development of a pres-
sure gradient. This virtual diffusion or os-
motic pressure must be differentiated from
the hydrodynamic pressure which becomes
manifest immediately as a pressure wave is
transmitted from one compartment to an-
other. Because the concentration of water
in the tissue differs from that in the manome-
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ter, pressure recordings will represent the
sum of the actual hydrodynamic pressure
and the virtual osmotic pressure. Such sums
may be negative with respect to the atmos-
phere. The manometer system thus becomes
a part of the experimental design for
measurement of tissue pressure.
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Electrical Conductance Changes Associated with Interaction of Viral
Antigen and Its Specific Antiserum.* (31130)

IrwiN OreskEs AND W. DorseY Stuart (Introduced by S. Stanley Schneierson)
Departments of Medicine and Microbiology, Mount Sinai Hospital, New York City

Evidence exists to suggest that electrostatic
interactions play an important role in antigen
antibody reactions(1). It has been shown
that reactivity of antihaptenic antibodies is
inhibited by ions of the same charge as the
hapten(2,3). Electrical mobility value of an
antigen antibody complex has also been shown
to be intermediate between the values of its
component proteins(4). Of additional interest
is the report that maximum binding of congo
red to human serum albumin is associated
with a minimum in electrical conductance(5).

* Supported in part by Grant AM 06380 from the
USPHS and by a grant from New York State
Chapter, Arthritis Foundation,

The above suggest that reaction between anti-
gen and antibody might also be detectable
by electrical conductance measurements.
Materials and methods. FEcho virus, sero-
type 19 and its corresponding rabbit anti-
serum were employed. Viral antigen was
grown in monkey kidney culture tubes with
Melnick monkey kidney B medium as nutri-
ent at 37°C for 72 hours and then stored
at —20°C(6). Aliquots were thawed as
needed and centrifuged before use. Preim-
mune serum was obtained from a rabbit,
after which 2 ml of antigen supernatant were
injected i.v., weekly for 6 weeks. Immune
serum was obtained after 8 weeks, and as-
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TABLE I. Neutralization of Echo 19 Virus* by
Rabbit Echo 19 Antiserum.

Antiserum Volume ratio

dilution Viral growth antiserum/virus
1: 20 — 50.0

1: 40 — 25.0

1: 80 — 12,5
1:160 + 6.25
1:320 -+ 3.12
1:640 + 1.56

* Viral preparation diluted 1:1000.

sayed for neutralizing antibodies (Table I).

For conductivity measurements, Echo 19
antigen preparation was diluted 1:1000. Its
specific resistance was 23,960 ohms. Anti-
serum and preimmune serum were diluted
1:30. Specific resistance of these dilutions
was 1,314 and 1,312 ohms, respectively. Three
ml aliquots of diluted antigen were added to
2.0 ml of a mixture in varying proportions
of diluted preimmune and immune rabbit
sera. Ratio of antiserum/virus (AS/V) was
varied from 0.0 to 22.2. This technique was
adopted so that the protein environment in
all tubes would be as similar as possible with
only the antibody content varied. All dilu-
tions were made just prior to use with freshly
prepared deionized water (R>1 X 10° ohms)
and placed in a thermostat (37.5°C =+
0.05°C).

Conductivity measurements were made with
a General Radio Co. Impedance Bridge, Type
1608A (accuracy = 0.1%) and a pipette type
conductivity cell (cell constant — 1.18) at
a frequency of 1 KC. Values are given in
ohms as specific resistance (R).

Results. The initial mixture of antigen and
preimmune serum (AS/V = 0) yielded R =
3,006. With addition of increasing proportion
of antiserum, R dropped to 2,948 ohms at
AS/V = 4.44. Thereafter, R rose to a maxi-
mum value of 3,198 chms at AS/V — 8.89.
With addition of more antiserum to a ratio
of AS/V = 22.22, R decreased somewhat
and tended to fluctuate between 3,184 and
3,144 ohms. These data are depicted in Fig. 1.
Measurements were made 60 minutes after
preparation of dilutions, but in order to de-
termine the time dependence of the resistance
measurements, one mixture (AS/V — 8.89)
was measured at hourly intervals for 5 hours.
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The resistance showed a regular decrease of
4 ohms/hour from the initial value of 3,198
ohms.

Results of the viral neutralization test cor-
related with resistance data are shown in
Fig. 1. The sharp resistance increase (con-
ductance decrease) occurred within the range
of AS/V ratio where the viral preparation was
neutralized by antiserum.

Some of the antigen preparation was in-
activated by ultraviolet irradiationt for 48
hours. The irradiated inactive antigen was
then added to the preimmune and immune
serum as previously described and resistance
measurements were made. In the range of
AS/V, 0 to 22.2, resistance readings remained
constant at 3,000 ohms, and no rise in the
vicinity of the neutralization point was
detected (Fig. 1).
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FIG. 1. Specific resistance of Echo 19 viral antigen
and antiserum mixtures O — O, antigen untreated,
[0 —[] antigen irradiated with ultraviolet light.
Viral growth not inhibited (+4); viral growth in-
hibited (—).

To test the possibility that interactions
between preimmune and immune serum added
to antigen might be responsible for the ob-
served resistance changes, varying proportions
of these were mixed without antigen and resis-
tances measured (Table II). Resistance of
the mixtures decreased approximately 1.5%
of the resistances of either serum alone. With
absence of antigen, no increase in resistance
was observed.

Discussion. In these experiments, increase
in electrical resistance was observed as in-

t Hanovia germicidal mercury vapor lamp, type
94A1; principal emission at 266 Mgu; distance to
sample, 15 cm.
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TABLE II. Specific Resistance of Mixtures of
Rabbit Echo 19 Antiserum and Pre-Immune Serum
Without Viral Antigen.

ml serum (diluted 1:30) Specific resistance

Pre-immune Immune (ohms)
5.0 0.0 1314
4.0 1.0 1294
2.5 2.5 1300
1.0 4.0 1293
0.0 5.0 1312

creasing amounts of rabbit anti-Echo 19 anti-
serum were added to tissue culture prepara-
tions of Echo 19 virus. The maximum in-
crease amounted to 192 ohms or 6.4% of the
original value of 3,006 ohms in the absence
of antiserum. It is noteworthy that the resis-
tance increase was observed at antiserum con-
centrations capable of inhibiting growth. It
appears, therefore, that the resistance increase
is due to neutralization of the viral antigen
by its specific antiserum. This view is sup-
ported by the fact that alterations and inacti-
vation of the antigen by ultraviolet irradiation
lead to a subsequent disappearance of the
resistance changes. The reduction and altera-
tion of antigenic specificity of protein anti-
gens upon denaturation has been demonstrated
in several systems(8).

The maximum error of conductance meas-
urements due to instrumental and tempera-
ture effects is about = 0.4%, or + 12 ohms
at a reading of 3,006 ohms. Thus, the maxi-
mum resistance increase of 192 ohms is some
8 times greater than possible measurement
errors.

If electrostatic interactions are important
in the formation of antigen antibody bonds,
then interaction of unlike charges would lead
to charge neutralization. Since conductance
is a summation of all individual ionic con-

CONDUCTANCE OF VIRAL ANTIGEN ANTISERUM MIXTURES

ductances(9), then such a process should re-
sult in some reduction of specific conductance
(resistance increase). Since antibody is pro-
tein, and since proteins can carry both posi-
tive and negative charges, this process could
presumably occur even if both reactants were
of the same charge type.

Summary. Measurements of electrical con-
ductance have been performed on varied mix-
tures of Echo 19 virus and its specific rabbit
antiserum. A 6.9% decrease in conductance
(increase in resistance) was observed in the
vicinity of the antibody neutralization point
as measured by viral growth inhibition. No
such decrease in conductance was observed
with mixtures of antiserum and ultraviolet
irradiated inactive antigen.

The authors gratefully acknowledge the aid and
advice of Mrs. Bella Shore, Chief, Virology Labora-
tory, Microbiology Dept., Mount Sinai Hospital, New
York City.

1. Talmage, D. W., Cann, J. R, The Chemistry
of Immunity in Health and Disease, Charles C
Thomas, Publ., Springfield, Ill., 1961, p122.

2. Pressman, D., Nissonoff, A., Radzimski, G., J.
Immunol., 1961, v86, 35.

3. Grossberg, A. L., Chen, C. C, Rendina, L.,
Pressman, D., ibid.,, 1962, v88, 600.

4. Singer, S. J., Campbell, D. H., J. Am. Chem.
Soc., 1952, v74, 1794,

5. Larsen, B., Sixth Internat. Congress of Biochem.,
New York, 1964, Abst., v11-104, 162.

6. Melnick, J. L., in Diagnostic Procedures for
Viral and Rickettsial Diseases, Am. Public Health
Assn., 2nd ed., 1956, p1il.

7. Paul, J. R., Melnick, J. L., ibid., p80.

8. Boyd, W. C., Fundamentals of Immunology,
Interscience, New York, N. Y., 1956, p117.

9. Maclnnes, D. A, The Principles of Electro-
chemistry, Dover Publ. Co., New York, 1961, p52.

Received October 5, 1965. P.S.E.B.M. 1966, v122.



