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cirrhotic as compared with the normal iso-
lated perfused liver (Fig. 1).

Discussion. Previous studies using the iso-
lated perfused rat liver and zone electrophore-
sis indicate that this organ is the exclusive
site of albumin synthesis and the major site
of alpha and beta globulin production(5,6).
Protein separation by immunologic techniques
in the present study shows that gamma glo-
bulin is also synthesized by the isolated per-
fused normal rat liver. Kinetic studies sug-
gest hypergammaglobulinemia in human liver
disease results from increased production of
gamma globulin; there is no evidence that
decreased catabolism is contributory. Ap-
proximately 3% of IgG(7) is catabolized each
day, 10 to 15% of IgM(8) and IgA(9) are
catabolized daily.

Active cirrhosis induced by CCl, is charac-
terized by hyperplasia and increased function
of both hepatic and extrahepatic mesenchymal
cells(10). The increased population of mesen-
chymal cells include gamma globulin pro-
ducing, phagocytic, hemopoietic and fiber-
forming cells(11). A cause and effect relation-
ship between gamma globulin production and
hepatic mesenchymal cell replication is sug-
gested by (a) the concomitant increase in
serum gamma globulin and mesenchymal-
plasmacytoid cells in chronic active cirrhosis
and (b) increased incorporation of C'* lysine
into serum gamma globulin by the isolated
perfused cirrhotic liver. Further studies are
desirable to determine the exact contribution
of hepatic and extrahepatic reticuloendothelial
cells to individual components of the elevated
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serum gamma globulin encountered in various
pathologic states.

Summary and conclusions. The isolated per-
fused cirrhotic rat liver which is the site of
mesenchymal cell proliferation incorporates 3
times as much C!* lysine into serum gamma
globulin as the normal liver from litter mate
controls. This data is interpreted as further
evidence that hypergammaglobulinemia in ac-
tive cirrhosis results partly from persistent
increase of gamma globulin producing mesen-
chymal cells in the liver.
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Separation of Anticomplementary Material and Plasminogen from a
Cytotoxic Factor Active Against Ehrlich Ascites Cells in Cohn Fractions

I-II1 by Fluorocarbon and n-Butanol.*

(32507)

Isaac GINSBERG aND T. DisHoN (Introduced by T. N. Harris)
Laboratory for Microbiology and Immunology, Faculty of Dental Medicine, Hebrew
University (Alpha Omega Research and Postgraduate Center), and Department of Virology,
Hebrew University Hadassah Medical School, Jerusalem, Israel

It has been previously shown that normal
human serum possesses a complement-depend-
ent cytotoxic factor (CyF) active against
Ehrlich ascites tumor cells(1-7). The CyF,

* Part of this work was done in the Dept. of
Exp. Med. and Cancer Research, Hebrew University—
Hadassah Medical School, Jerusalem,
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probably a “natural antibody”(5) is found in
the B-globulin fraction of the serum (Cohn’s
Fraction IIT) and is absorbed by human tu-
mor cells but not by normal cells(4,6). Al-
though HeLa cells absorb CyF, they do not
subsequently undergo cytolysis on addition of
complement. However, such cells are pro-
tected against the cytolytic effect of rabbit
anti-HeLa antibodies(4).

Cohn’s Fraction III, containing CyF, is
also known to contain plasminogen and iso-
hemagglutinins; it is strongly anticomple-
mentary because of its high content of phos-
pholipids and g-lipoproteins. In order to
show CyF activity, it is therefore necessary to
incubate the tumor cells with Fraction IIT,
wash repeatedly to remove anticomplementary
factors and finally to add complement to
demonstrate cytotoxicity.

The present report describes a simple
method for isolation of CyF with high recovery
from human Cohn Fraction I-III, free of the
accompanying anticomplementary material.
This method involves extraction with fluoro-
carbon or n-butanol followed by gel-filtration
through Sephadex G-25 and ion-exchange
chromatography on DEAE-Sephadex. Also,
by this method plasminogen present in Cohn’s
Fraction IIT is obtained in good yield.

Materials and methods. Isolation of CyF.
Cohn’s Fraction I-I1I was kindly supplied by
the Marcus Memorial Blood Fractionation In-
stitute of Tel-Aviv-Jaffa. One gram of Frac-
tion I-IIT was dissolved in 10 ml of isotonic
complement diluent (barbital-saline buffer
containing Cat+ and Mg++, pH 7.4(8)) by
grinding in a mortar at 1°C. The highly
opalescent solution was then extracted at 1°C
with n-butanol 20% V/V or with fluoro-
carbon 1:1 V/V  (Arcton-113, Imperial
Chemical Industries) by stirring on a mag-
netic mixer in the cold for 30 minutes. Fol-
lowing extraction, the mixtures were cen-
trifuged at 10,000 X g for 10 minutes in a re-
frigerated centrifuge.

In the butanol extraction 3 layers ap-
peared in the tubes. An upper layer con-
taining excess butanol and a middle layer con-
taining a yellow insoluble “cake” were dis-
carded, and a lower opalescent aqueous solu-
tion was aspirated and kept in the cold for
further treatment.
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In the fluorocarbon extraction the upper
opalescent layer containing protein was re-
moved and kept in the cold. The middle
“cake” and a lower layer of excess fluoro-
carbon were discarded.

Both the butanol and fluorocarbon extracts
were filtered through Whatman 41 filter
paper. After 30 minutes at 1°C, a heavy
precipitate appeared in both extracts. This
was removed by centrifugation. The butanol
and fluorocarbon extracts were passed through
Sephadex G-25 column 15 X 2.5 cm (Phar-
macia, Uppsala, Sweden) ands then were
chromatographed on DEAE-Sephadex (see
below).

Determination of CyF activity. Various
fractions were incubated with Ehrlich ascites
cells (5 X 10%/ml) suspended in barbital
buffer in the presence of 5 CHjo units of com-
plement(8), the 1 ml of reaction mixture
containing cells at a final concentration of
5 X 10%/ml and protein at 5-150 ug/ml. Rab-
bit serum was used as a complement source
since it has been shown that the CyF did not
utilize guinea-pig complement effectively(4).
After 30 minutes at 37°C the percentage of
cells stained with trypan blue (non-viable
cells) was determined and the results were
expressed as LDj, per mg protein(4). Protein
was determined according to Lowry et al(9).
To determine the CyF activity of the original
Fraction I-III, the tumor cells were first in-
cubated with this material for 30 minutes at
37°C, washed a few times with buffer, and
resuspended in buffer containing complement.
The tubes were further incubated for 30 min-
utes at 37°C and the LDj, was determined
as above.

Determination of plasminogen. One mg/ml
of the fraction to be tested was incubated for
10 minutes at 37°C with 100 units/ml of
Streptokinase (Varidase, Lederle Lab.) to
activate plasminogen. Bovine fibrin (prepared
from 10 mg/ml of fibrinogen clotted with 5
units of thrombin) was added, and after 30
minutes at 37°C, the extent of lysis was
determined. One unit of plasmin was taken as
the highest dilution which caused lysis.

Results. Table I summarizes the results
of the recovery of CyF activity from Frac-
tions I and III following extraction with fluo-
rocarbon. As can be seen, 75% of the protein
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TABLE I. Extraction of CyF from Fraction I-IIT by Fluorocarbon.

Gel-filtration on
Sephadex G-25

Chromatography on
DEAE-Sephadex*

Original Fluorocar-  Applied Applied Fractions
Fraction [-TIT bon extract to Recovered to A B C
(mg) (mg) column (mg) column (mg)
Protein in fraction 200 160 80 24 3.5 1.3 1.2 2.0
C'vtotoxie activity, 16 —+4 —t 50 50 0 0 40

LD.o/mg

* Clonditions given in Fig. 1.
t Not done sinee fluorocarbon was present.

was recovered following the extraction but
only 35% was recovered from the gel-filtra-
tion. CyF activity was found in the fluoro-
carbon extract, with considerable loss but with
a 3-fold increase in specific activity on gel-
filtration (Sephadex G-25 in 0.02 M barbital
buffer, pH 7.4). Similar results were obtained
by extraction with n-butanol.

Further purification of CyF was achieved
by ion-exchange chromatography on DEAE-
Sephadex columns. In a typical experiment 1
ml of fluorocarbon extract containing 3.5 mg
protein and CyF activity of 50 LDj;¢ units/
mg protein were chromatographed on 10 X
1.2 cm columns by stepwise elution, with 0.02

00
200mp
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I QUFFER g T4 Inlmnﬂ-

A

o1

T
123485 67 8 801 @ I3MB 1678 19202 22232425 2

FRACTION NUMBER
FIG. 1. Stepwise elution chromatography
Fraction I-III extracted with fluorocarbon on DEAE-
Sephadex A-50.

of

M barbital buffer, pH 7.4, and 0.1 M NaCl
and 0.25 M Na(l in this buffer (Fig. 1). CyF
activity was found in the fraction eluted at
0.25 M NaCl, with a specific activity of 40
LD;o units/mg protein (Table I). Immuno-
electrophoretic analysis of this fraction
showed two precipitin lines vs rabbit anti-
serum to total human serum protein, in com-
parison with five such lines in the fluorocarbon
extract.

It was also found that the 0.25 M NaCl
eluate contained considerable amounts of
plasminogen. Since plasminogen may be con-
verted autocatalytically to plasmin, and the
latter is known to inactivate complement(10),
it was desirable to eliminate plasminogen from
CyF preparations, It was found that heating
of CyF-containing material to 58°C for one
hour resulted in the inactivation of plasmino-
gen, leaving CyF activity unaltered.

In another series of experiments it was
found that plasminogen with high specific ac-
tivity and free of CyF was obtained by gel-
filtration of the fluorocarbon extract on a
column of Sephadex G-25 (15 X 1.5 cm)
equilibrated with 0.01 M acetate buffer, pH

TABLE TI. Tsolation of Plasminogen from Fluorocarbon Extract of Fraction I-III* by Gel-
Filtration on Sephadex G-235.

Specific
Protein  aetivity of  Total activity
Protein recovery Pplasminogen recovered
Fraction (mg) (%) (units/mg) (units)
Fluorocarbon extract of Fraction I-111 ap- 25 — 200 5000
plied to Sephadex G-25 in .01 M acetate,
pH 5.5
Fraction emerging from column in this buffer 8.5 33 16 136
Fraction emerging from this column in.2M 3.0 12 4000 12,000

Tris, pH 7.5

* The original Fraction I-ITI had a specifie activity of plasminogen of 330 units/mg.
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Fraction I-111:
Dissolve In 0.15 ¥ darbital buffer pit 7.h.

Zxtract 30 minutes at 1°C with 1:1
VA fluorocarbon.

_~ Centrifuge at 10,000 ¢ for 1€ minutes.

N

Mledie phase
[

Lover phaze
oluble Mcake® flmrocarton

Discard

FIG. 2.

5.7. Under such conditions most of the protein,
including plasminogen, was precipitated on
the column, allowing CyF to pass through un-
altered. Plasminogen was then eluted from
the same column by washing with 0.2 M Tris
NaCl buffer, pH 7.4. In a typical experiment
(Table II) the specific activity of plasminogen
was increased more than 10-fold compared
with the original Fraction I-III. Fig. 2 gives
the flow-chart for the isolation of CyF and
plasminogen.

Discussion. It was previously shown(4)
that normal human serum has a cytotoxic ac-
tivity (CyF) for Ehrlich ascites tumor cells,
with approximately 0.3 LDj, units/mg pro-
tein. Cohn Fraction I-IIT contains 16 LDj,
units/mg protein, but its use in this cytotoxic
reaction and its applications have been ham-
pered by the anticomplementary factors which
were also concentrated in this fraction.
Fluorocarbon, which has been successfully
used to extract antigens from tissues(11) and
to purify viruses(12), was effective in sepa-
rating the CyF from the anticomplementary
material. Further, the use of low ionic-
strength buffer in gel-filtration on Sephadex
G-25 allowed the separation of CyF from
other proteins insoluble under such conditions.
It appeared also that gel-filtration increased
the total plasminogen, probably by elimi-
nation of inhibitory materials present in the
fluorocarbon extracts.

The separation of CyF from lipoproteins in
the serum fractions suggests other possible
uses of fluorocarbon extraction. This method
might be useful in the treatment of hyper-
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lipemic sera, where complement fixation tests
are difficult or impossible to perform. It may
also be of use for the elimination of non-
specific antistreptolysin activity of sera rich
in B-lipoproteins. Preliminary work per-
formed in our laboratory has shown that
treatment of a variety of antisera (iso-hemag-
glutinins, rabbit anti-human red blood cells,
rabbit anti-Ehrlich ascites tumor cells) with
fluorocarbon does not result in loss of either
antibody, or of complement activity (to be
published). Finally, the 2-step elution method
of the fluorocarbon extract from Sephadex
G-25 may be usefully employed in the prepa-
ration of large amounts of plasminogen.
Summary. 1. A method for the separation
of a cytotoxic factor active against Ehrlich
ascites tumor cells and of plasminogen from
Cohn Fraction I-III is described. The method
involves extraction by fluorocarbon, gel-filtra-
tion on Sephadex G-25, and ion-exchange
chromatography on DEAE-Sephadex. 2. The
fluorocarbon extract contains both CyF and
plasminogen. Heating the extract to 58°C for
1 hour inactivates plasminogen but leaves the
CyF unaltered. 3. Separation of CyF from
plasminogen in the fluorocarbon extract could
be done on Sephadex G-25, using a column
equilibrated with a buffer of such low pH and
ionic strength as to precipitate the plasminogen
selectively, and then recovering this with an
eluting buffer in which plasminogen is soluble.

The authors thank Dr. T. N. Harris for review-
ing the manuscript.
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Plaque Assay for Herpes Simplex Virus in L-929 (Earle) Mouse
Fibroblasts.* (32508)

G. A. GaraBepiant anp L. V. Scorr (Introduced by A. K. Weiss)
Department of Microbiology, Universitv of Oklahoma Medical Center, Oklahoma City

Primary cell cultures of chick embryo and
rabbit kidney (RK) cells have been used
commonly for plaque assays of herpes
simplex virus(1-3). The preparation of pri-
mary cell cultures for assay purposes requires
sacrifice of animals and chick embryos and is
expensive, time consuming, and cumbersome.
Several continuous-passage cell lines have
been utilized for plaque assays of herpes sim-
plex virus with varying degrees of success
(4-8) and cytologic changes produced by the
virus in Earle’s mouse fibroblasts have been
described(9). Likewise, an agar suspension
method for plaquing the virus in the L-M
cell line has been outlined(10) which is em-
ployed successfully for plaque assays of small
viruses, but is not recommended for use with
medium and large-size viruses(11).

The present communication describes a
plaque assay method for herpes simplex virus,
(HF) strain, in 1L-929 (Earle) mouse fibro-
blasts (L-cells) under methyl cellulose (MC)
overlay, which is simple to perform, inex-
pensive, reproducible, and the results are ob-
tainable within 36-48 hours. The methods
described here can be utilized for classroom
experiments as well as for research purposes
which require exact biological assays of
herpes simplex virus.

Materials and methods. The HF strain of
herpes simplex virus, originally obtained from
the National Communicable Disease Center,
Atlanta, Ga., was used throughout these ex-

* Supported by grants 5S501-FR-5411-05 and 2
T1AI-162-06 from USPHS.

t Present address: Dept. of Bacteriology and
Virology, School of Med.,, American University of
Beirut, Beirut, Lebanon.

periments. Before starting the experiments,
the virus was passaged twice through HelLa
cells and seed from the second passage was
used for plaque assays. The L-cells were
obtained from the Microbiological Associates,
Bethesda, Md. and were grown in a growth
medium (GM) containing lactalbumin hy-
drolysate, 0.5%, yeast extract, 0.1%, glucose,
0.5%, newborn calf serum, 8%, and anti-
biotics (penicillin, 100 U/ml; streptomycin,
100 ug/ml) in Hanks’ balanced salt solution.
Monolayers were prepared in 30 ml plastic
flasks (Falcon Co., Los Angeles, Calif.) using
4 ml of a cell suspension in GM containing
600-700 thousand cells per ml. Cell mono-
layers were formed within 48-72 hours of in-
cubation at 36°C.

The MC overlay was prepared, with some
modification, according to a procedure
described elsewhere(12,13). MC, 4000 cen-
tipoises (Dow Chemical Co., Midland, Mich.),
was washed once with absolute ethyl alcohol
and air dried. One and one-half grams of the
material was then suspended in 50 ml of triple
distilled water and maintained in a water bath
at 60°C for 30 minutes with occasional vig-
orous shaking. The suspension was then auto-
claved at 121°C for 20 minutes and cooled to
45°C. An equal volume of double strength
GM, chilled to 4°C, was added to it and the
mixture was stored at 4°C, at which tem-
perature the MC was completely dissolved
within 24 hours. Thereafter, the overlay
was stored at either 4°C or —20°C
until used. For plaque assays, the GM
from cell monolayers was decanted and 0.3
ml of the appropriate dilution of virus was
added to each flask. Adsorption was carried



