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tional area being interspace, or to a large re-
sistance in current flow through the cells. If
the whole tissue were interspace, all the cur-
rent would of necessity pass through the in-
terspace and the expected specific resistance
would be that of Tyrode’s (44 ohm-cm(4)).
However, the reported values for the inter-
spaces of cardiac, skeletal, and smooth mus-
cles, although variable, are not sufficiently dif-
ferent to account for the differences in the
resistance changes (Table ). Therefore, the
current flow paths through the cells of cardiac
and smooth muscles appear to be of high re-
sistance. This high resistance is more likely
due to the high resistance of cell membranes
than to high myoplasmic resistance.

Other studies predict that the current flow
path through smooth muscle cells should in-
volve a succession of high resistance cellular
membranes(13). Our results lead to the con-
clusion that this may also be true of cardiac
muscle. This is consistent with the observa-
tion that ventricular muscle specific resistance
is larger than that of skeletal muscle. It would
appear that cardiac muscle cells are sepa-
rated from each other by high resistance cel-
lular membranes and do not form a low re-
sistance functional syncytium.

Summary. The D.C. specific resistances of
dog and beef ventricular muscle strips were
compared with those of cat intestine circular
smooth muscle, which is a non-syncytial tis-
sue, and of frog sartorius muscle where in-
dividual cells extend almost the full length of
muscle. Resistances were measured in the
direction of fiber orientation before and after
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the interspace ion concentration was reduced
by soaking in isotonic 10% Tyrode’s-sucrose
solution. Cardiac and smooth muscle resis-
tances were much more sensitive to interspace
ion depletion than was skeletal muscle resis-
tance. It is suggested that the current flow
path through the cells of cardiac muscle is of
high resistance due to large number of high re-
sistance cellular membranes involved, as in
smooth muscle. Tt was concluded that cardiac
muscle cells are separated from each other by
high resistance membranes and do not form
a functional syncytium.
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Infectious Ribonucleic Acid Derived from Enteroviruses.* (25033)
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In recent years the ribonucleic acid (RNA)-
containing fraction of a number of viruses has
been shown to be infectious. The evidence
supports the premise that the active ingredient

* Aided by grant from National Fn.

of this infectious portion is RNA; infectivity
is inactivated by crystalline ribonuclease
(RNAase) but not by gamma globulin pre-
pared from specific antiserum or by desoxy-
ribonuclease (DNAase)(1). In earlier ex-
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periments iz vivo technics in plants, animals
and chick embryos were used to demonstrate
infectivity of RNA preparations made from
tissues infected in wivo. Recently, Alexander
et al.(1), using the phenol extraction method
of Gierer and Schramm(2), demonstrated
that under certain conditions of molarity and
pH infectious RNA derived from polioviruses
regularly produced plaques in tissue culture,
and that the infectious capacity of the RNA
was, under these conditions, proportional to
dilution. A simple quantitative tool was then
available for the study of infectious RNA.
Most of their experiments were carried out
using highly purified or partially purified
poliovirus preparations. The work to be re-
ported here demonstrates that their methods
are equally applicable to crude tissue culture-
grown virus suspensions, and can be success-
fully used to prepare infectious RNA from
other members of the enterovirus group. RNA
derived from Coxsackie A7, B4 and BS5, and
Echo types 1 and 8 induced plaques in which
“the intact virus supplying the RNA could be
demonstrated. Previous exposure of the RNA-
containing fraction to crystalline RNAase
destroyed its infectivity, whereas DN Aase had
no significant effect.

Materials and methods. Virus strains used
were 1) a heat-resistant mutant picked from
a type 1 poliovirus population (Mahoney
strain); 2) Coxsackie B5 virus grown from
spinal fluid of a newborn infant with menin-

goencephalitis and probable myocarditis; 3)

Coxsackie B4 virus from stool of patient with
aseptic meningitis; 4) Echo 1 and Echo 8
strains obtained through courtesy of Dr.
Heinz Eichenwald, N. Y. Hospital; and 5)
Coxsackie A7 virus obtained from Dr. Karl
Habel, Nat. Inst. of Health. The polio and
Coxsackie B strains were grown in HeLa cells
and amnion cells in Scherer’s maintenance so-
lution with 10% horse serum (MS) and
were tested on amnion cells in monolayers in
60 mm Petri dishes. Echo viruses and Cox-
sackie A7 virus were grown in HeLa cells and
tested in HeLa cell monolayers in Petri
dishes. Cell lines. HeLa cells used were the
L5 line grown from a clone isolated by Leidy
et al. and picked for sensitivity to polioviruses.
Amnion cells were the Cold Spring Harbor

605

passage line of amnion cells (Fernandes(3)).
HeLa cells were grown in Puck’s modification
of a Weymouth solution(4) and amnion cells
in Eagle’s solution with double the usual con-
centrations of amino acids and vitamins.
Monolayers. Monolayers were prepared in
60 mm Petri dishes by adding approximately
one million cells/plate in 4 ml of Puck’s solu-
tion. Plates were incubated in an atmosphere
of 5% CO, for 3 days, washed 2 X with a
Tris-buffered nutritive solution to remove an-
tibody, and inoculated with 0.1 ml of virus.
After a 30-minute adsorption period a 1%
agar overlay was added and the plates incu-
bated in CO, for 4 days. At this time a neu-
tral red-containing agar overlay was added
and plaques were counted 3 to 4 hours later.
If the inoculum was whole virus both wash
solutions and virus diluent consisted of modi-
fied Earle’s solution with lactalbumin, yeast,
glucose, and Tris buffer added at pH of 7.2.
If the inoculum was RNA, the second wash
solution consisted of 0.65 M NaCl and 0.03 M
Tris solution buffered to pH 7.6, and RNA di-
lutions were made in 0.9 M KCl plus Tris
solution buffered to pH 8.0. Otherwise, RNA
and whole virus were similarly treated. RNA
preparation. The virus for RNA preparation
was grown in HeLa or amnion cells in MS and
harvested when 3* to 4* cytopathogenic ac-
tion became evident. Suspensions were rou-
tinely frozen before use. When thawed, they
were centrifuged at 1,500 rpm for 10 minutes
and the supernatant used as the whole virus
from which the RNA was derived. The phe-
nol extraction technic for removing protein
from RNA, noted briefly below, is described
in detail by Alexander ef al.(1). The pro-
cedure was carried out with chilled materials
and equipment through the ether washing
stage. In a centrifuge tube 2.5 ml of distilled
or washed Mallinckrodt reagent phenol in
water-saturated solution was mixed 1:1 with
virus preparation which consisted of 2 ml of
virus suspension, 0.3 ml of 5 M NaCl and 0.2
ml of phosphate buifer at pH 7.3. Virus and
phenol were shaken by hand 4 minutes and
separated by quick centrifugation at 12,000
rpm. The aqueous phase was removed, mixed
1:1 with saturated solution of phenol, shaken
for 2 minutes and centrifuged. The third ex-
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traction duplicated the second. This final
aqueous phase was washed by shaking § >
with more than equal quantities of cold ether
to remove residual phenol, the ether being de-
canted and discarded. Residual ether was
removed by bubbling nitrogen through final
solution for 5 minutes. This final solution
was diluted promptly 1:1 or 1:9 in 0.9 M
KClI plus Tris at pH 8.0, since infectious RNA
seems to be stable in such solutions(1). Nor-
mal serum was undiluted normal monkey se-
rum free of specific antibody to the virus be-
ing tested. Specific antisera were monkey
serum for poliovirus and rabbit serum ob-
tained from Microbiological Associates for
the Coxsackie B viruses and Echo viruses.
Coxsackie A7 antiserum was not available.
Enzymes. Crystallized ribonuclease of bo-
vine origin was obtained from Worthington
Biochemical Corp. and made to contain a
final test dilution of 2 pg/ml in 0.9 M KCl
Tris solution for RNA testing, and Tris-buf-
fered isotonic balanced salt solution for whole
virus. This variable was introduced because
RNA titers are greatly reduced in isotonic
solution and whole virus titers are somewhat
reduced in hypertonic solutions. Desoxyribo-
nuclease was obtained from Worthington Bio-
chemical Corp. and made to contain final test
solution of 5 ug/ml in 0.9 M KCI Tris solu-
tion with 0.003 M MgCl, added. Tests. In
each instance, original whole virus preparation
was titered on same day in same lot of plates
with the same serum and enzyme dilutions as
the RNA preparation. The single exception is
the variable in the RNAase dilutions which
were made in hypertonic solution for RNA
testing and in isotonic solutions for whole
virus testing.

" Results. RNA-containing fractions of 6
enteroviruses were prepared from crude tissue
culture virus suspensions by the phenol ex-
traction method of Gierer and Schramm. The
intact virus was compared simultaneously
with its free RNA for their respective titers of
plaque-forming agents in human cell mono-
layers. The intact virus titer was compared
after exposure to salt solution, RNAase, nor-
mal serum and type-specific antiserum before
seeding on monolayers, and in the same ex-
periment the plaque titer of its RNA prepara-
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tion was measured in the same lot of mono-
Jayers in the presence of hypertonic salt solu-
tion, RNAase, DNAase, and normal serum.

The Table is designed to point up the dif-
ferences between whole virus and its RNA,
and to show some of the reasons why the
plaque-forming agent in RNA preparations is
considered to be infectious ribonucleic acid
and not small quantities of residual whole
virus. Intact virus infectivity is not signifi-
cantly affected by RN Aase and normal serum,
but is totally inactivated at the dilutions used
by specific antiserum. RNA, on the other
hand, is totally inactivated by RNAase and
normal serum and not affected by DNAase.
The RNAase content of our specific antisera
made them unsatisfactory for testing their
neutralization of the plaque-forming agent in
the RNA preparation. All serum tested in
our laboratory contained at least some
RNAase, and RNA is routinely inactivated by
normal or immune serum. If gamma globu-
lin is prepared from immune serum this
RNAase-free antibody will inactivate whole
virus and not RNA(1). Gamma globulin
was not used here, however.

In every instance reported here, plaques
produced by RNA contained infectious par-
ticles which were unaffected by normal serum
but were neutralized by antiserum specific for
the intact virus from which the RNA was
prepared. No antiserum for Coxsackie A7
was available, but the virus grew in the pres-
ence of normal serum. In brief, the infectious
RNA entered host cells and directed the cells
to produce type-specific whole virus. This
provides additional evidence that the nucleic
acid fraction carries some, if not all, of the
genetic potentialities of the whole virus.

The data presented show further that the
plaque titer of RNA was usually between 3
and 4 logs lower than that of whole virus, a
differential which is not yet understood. It is
of interest, however, that the differential is
consistent throughout the series.

A simple, and probably generally applicable
tool is now available for studies of virus RNA.
Infectious RNA can be prepared with ordi-
nary laboratory equipment from small quanti-
ties of crude tissue culture virus in less than
one hour. The only requirements are that
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there be at least 10,000 infectious particles
present in the original virus suspension and
that the virus be an RN A-containing one.
Several attempts have been made to pro-
duce infectious nucleic acid by the same
method from vaccinia, a presumed DNA-con-
taining virus. So far all such attempts have
been unsuccessful despite the fact that some
were carried out in parallel with successful
enterovirus experiments, using similar quanti-
ties of virus and the same materials through-
out. .
Summary. 1) RNA-containing fractions
have been prepared from crude tissue culture
virus suspensions of 6 varieties of enterovirus
by the method of Gierer and Schramm. Each
RNA preparation has produced plaques on
human cell monolayers. The plaque-forming

Assay and Properties of Serum Inhibitor of C’'l1-Esterase*

SERUM INHIBITOR OF C’1-ESTERASE

agent is completely inactivated by RNAase
but not by DNAase. RNA is, therefore, an
essential component for the infectivity of the
preparation. 2) The plaques formed by
RNA fraction contain intact virus from which
RNA is prepared. The RNA directs the cell
to replicate not only the specific RNA, but
also a new highly specific protein needed for
synthesis of intact original virus.
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Evidence has been presented that the first
component of human and guinea pig comple-
ment (C'l) exists in serum as a proenzyme
which may be activated by antigen-antibody
complexes(1-5). Human C’'1 was also acti-
vated by plasmin(1,6) and, in a partially puri-
fied state, by autocatalysis(6,7). Two ac-
tivities were demonstrable for human “acti-
vated C'1” (C’l-esterase): hydrolysis of cer-
tain synthetic amino acid esters, of which N-
acetyl-L-tyrosine ethyl ester (ALTEe) was
most susceptible(6-8) ; and inactivation of the
second and fourth components (C'2 and C'4)
of human complement(3,7). Both activation
of C’'1 and enzymatic activity of C’1-esterase
were inhibited by a property of fresh human
serum which was non-dialyzable, heat-labile
(56°-30 min.), and unrelated to any of the 4

* Supported by research grant, National Inst. of
Allergy and Infect. Dis.,, USP.HS.

t Work carried out in partial fulfillment of re-
quirements for M.D. degree, and performed in part
during tenure of Lederle Medical Student Research

Fellowship.
1 Research Fellow, Cleveland Area Heart Soc.

recognized components of complement(6,8).
However, the precise relationship of the se-
rum inhibitor of activation and of esterolysis
could not be defined in the absence of puri-
fication studies. The present investigation
was undertaken to provide information for
subsequent purification of the serum inhibitor
of C’'1-esterase. The assay and properties of
this inhibitor in normal serum are described
and a comparison is given of levels of inhibitor
in various mammalian sera.

Materials and methods. C'1-esterase—
Partially purified human C’1 was prepared by
published procedures(7) and activated auto-
catalytically by adjustment of physico-chemi-
cal conditions (pH 7.4, ionic strength 0.15,
37°, 15 min)(6,7). Rabbit C'l and C'I-
esterase were prepared from normal rabbit
serum by identical procedures. ALTEe—N-
acetyl-L-tyrosine ethyl ester, synthesized in
the Dept. of Chemistry of Western Reserve
Univ., was used as a substrate for C’l-ester-
ase. The ester was dissolved in 2-methoxy-
ethanol (methyl cellosolve) to a stock concen-



