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tests. Positive reactions were obtained in all
patients with mycetoma due to N. brasiliensis
but not in patients with other diseases or in
healthy individuals. It is concluded that
these tests may be of value in diagnosis of
mycetoma due to N. brasiliensis.

1. Neison, E., Henrici, A. T., Proc. Soc. Exr.
Bror. ANp MEp., 1922, v19, 351.

2. Gonzilez Ochoa, A., Vazquez Hoyos, A., Rev.
Inst. Saiub. Enf. Trop., 1953, v13, 177.

3. Schneidau, J. D., Jr., Shaffer, M. F., Am. Rev.
Resp. Dis., 1960, v82, 64.

4. Benbow, E. P, Jr, Smith, D. T., Grimson,
K. S., Am. Rev. Tuberc., 1944, v49, 395.

5. Aréa Ledo, A. E., Compt. rend. Soc. Biol., 1928,
v98, 1575.

Quality and Yield of Vaccinia Virus from L Cell Cultures.*

6. Glover, R. P., Herrell, W. E., Heilman, F. R,
Piuetze, K. H., J.A.M.A., 1948, v136, 172.

7. Gonzales Ochoa, A., Baranda, F., Rev. Inst.
Salub. Enf. Trop., 1953, v13, 189.

8. Freund, J., Lipton, M. M., Proc. Soc. Exp.
Bior. AND MED., 1948, v68, 373.

9. Magnusson, M., Am. Rev. Resp. Dis., 1962, v86,
395.

10. Ouchterlony, O., Acta Path. Microbiol. Scand.,
1949, v26, 507.

11. Zamora, A. Bojalil, L. F., Bastarrachea, F.,
J. Bact., 1963, v85, in press.

12. Magnusson, M., Am. Rev. Resp. Dis., 1961,
v83, 57.

13.

, ibid., 1961, v83, 69.

Received January 8, 1963. PSEBM.,, 1963, v113.

(28271)

G. J. Garasso anND D. G. SHARP
Dept. of Bacteriology and Immunology, University of N. Carolina School of Medicine, Chapel Hill

Technical difficulties have delayed progress
in the measurement of the quality of viruses
other than those of the influenza group for
which the I/HA ratio has been so successfully
applied, but direct particle counting has now
advanced to fill this need. The quality of the
vaccinia virus reported here will be expressed
as the ratio of plaque forming units (pfu) to
the number of particles as seen and counted
in the electron microscope. Certain changes
in virus quality have been observed, particu-
larly in the early hours of rapid new virus
production in infected L cells. These may be
related to the von Magnus effect(1) with in-
fluenza viruses but there are essential differ-
ences.

Materials and methods. The WR (mouse
neurotropic) strain of vaccinia virus, used in
this work, has been kept in continuous pas-
sage in screw-capped bottle cultures of L cells.
The last 280 passages have been made with
48- to 72-hour virus at multiplicity M = 20.
Earle’s L cells, in screw-capped tube cultures,
were used for experiments on virus growth.
These were incubated slantwise at 37°C until

* This work supported by grant from Division of
Research Grants, US.P.H.S.

time for titration and virus particle count.
Monolayers of L cells were used for plaque
titration. Growth medium and complete de-
tails of the growth experiment have been pub-
lished (2).

We wanted the increase in virus to be an
index of particle production in all cells rather
than of the fraction of cells producing. One
requirement for this is synchrony in inocula-
tion. This was provided by the sedimentation
inoculation procedure(3) which accomplishes
this purpose in less than 7 minutes. This
short time has been shown to be adequate(4).
The multiplicity of inoculation was 10 in all
growth experiments. This number seems to
have been adequate to infect all the cells.

Plaque titrations were made at the times
when the samples were ready. None were
frozen or otherwise stored to await titration.
Samples were thoroughly dispersed with 9
kc sonic waves just prior to titration. Ag-
gregation analyses, made on the electron mi-
crographs used for particle counting, have
shown the suspensions to contain over 80%
active units(5).

Counting of virus particles was done by the
agar sedimentation method of Sharp(6). Re-
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FIG. 1. Quality and growth curves for vaccinia
virus produced in closed tube cultures of L ecells.
Heavy solid line shows virus particles per pfu,
light solid line shows number of virus particles
produced, and dotted line shows ecorresponding
curve for pfu adjusted, for comparison, to match
the partiele curve at 90 hr.

FIG. 2. Growth curve of vaccinia virus particles
in L cells. Composite of 16 experiments. Maxi-
mum limits plotted are the observed standard
deviations. Calculated standard errors of particle
counting lie within, as shown.

duction of debris in electron micrographs of
some infected cell lysates was accomplished
through the use of enzymes. Trypsin and
chymotrypsin were employed for this purpose
as previously described(7). Pronase (Calbio-
chem) was tried and found useful as well but
all data in the following presentation were
obtained with the trypsin-chymotrypsin treat-
ment. All lysates of cells containing an av-
erage of less than 1000 virus particles each
required enzyme treatment in the counting
process. None of the cell cultures or ma-
terials for titration were enzyme treated.

Experiments and results. Several million
L cells from 3-day-old cultures were scraped
from the glass bottles and suspended in fresh
growth medium. They were inoculated, by
sedimentation, with fresh virus at M = 10,
then they were divided into several screw-
capped test tubes and incubated at 37°C. At
appropriate times the cells from one tube were
removed, lysed by sonic waves and the virus
counted and titrated. Four such experiments
were performed and the results are presented
in Fig. 1. In all 4 cases the quality of the
early virus was 3 to 5 times poorer than that
found after further incubation. The improve-
ment was very rapid at first, continuing more
slowly through 90 hours to reach a value of
about 100 pfu per 1000 particles or 10 par-
ticles per plaque.

The corresponding growth data are shown
also in Fig. 1. The points show average virus
particle yields from all experiments. The solid
line is of the type N = Ny [1—ek(t-to)]
where Np.x and N are numbers of virus par-
ticles at maximum and at time t respectively
and t, is the time when new virus first ap-
pears. The values of the constants k, Nyax
and t, used in the construction of this curve
were .0330, 6200 and 7.5 respectively. The
fit is quite good. A more complete particle
growth curve was calculated from a series of
experiments performed for other purposes.
From these, a set of 16 were chosen in which
the input particle multiplicity was 10 for all
and incubation times were about the same as
those of the quality experiments. Virus of
passage 150 to 285 was used. The average
number of particles produced and counted
was calculated for each incubation time and
these were plotted (Fig. 2) along with the
standard errors for each series and the esti-
mated particle counting error(8). The curve
is again of the type found in Fig. 1. It was
drawn with constants k = .0391, Ny, =
7100 and t, = 9 hours. The virus particle
growth curve may thus be closely approxi-
mated by the formula which predicts maxi-
mum slope or rate of particle production at
the beginning of growth. This provides evi-
dence that all the cells began producing par-
ticles at essentially the same time. Some evi-
dence of a short lag may be seen in particle
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growth curves of earlier passage virus(7). In
that case it is possible that the input multi-
plicity of infectious particles was too low.

Growth experiments with M, — 10 inocu-
lum and frequent particle counts during the
early period of incubation have shown a vari-
ability between 8 and 12 hours before the ap-
pearance of new virus but once growth was
detected the increase was rapid.

The dotted curve drawn on Fig. 1 indicates
virus growth in terms of pfu. The ordinate
of this curve has been adjusted to match the
particle curve at maximum incubation time in
order that the curve skapes can be better com-
pared. They are quite similar except for the
short transient period at the beginning of
growth when the pfu curve rises very slowly
because of poor virus quality but swings
steeply upward with the rapid increase in par-
ticle number and simultaneous improvement
in quality. While little can yet be said of
the shape of the curve in the interval of 1 to
100 particles per cell because of particle
counting difficulties which reduce the preci-
sion, the observed lag in the pfu curve extends
well into the countable range.

Sonic lysates of all cells containing less
than 1000 virus particles each require treat-
ment with enzyme prior to counting in the
electron microscope. Pronase was found use-
ful for this purpose in preliminary tests. In
the growth experiments, however, we have
used the same mixture of trypsin and chymo-
trypsin that we have used in past work(7).
This has no effect on the appearance or num-
ber of mature virus particles as seen in the
electron microscope. In Fig. 3 are samples
of virus taken at 12-hour and at 60-hour
incubation from the same growth experiment.
Both were enzyme treated. These are fair
samples of the degree of the heterogeneity
generally seen and it is quite difficult to say
with any assurance that early virus looks dif-
ferent from mature virus although the former
usually appears slightly more flattened in this
type of preparation.

Discussion. Quality measurements on vac-
cinia virus have been made by pock titration,
on the CAM, of virus grown in L cell cultures
(9). The ratio of pocks to particles was
minimum 6 to 8 hours after inoculation and it

increased quite smoothly and steadily during
40 hours of further incubation. While the
present findings with plaque titration are es-
sentially similar they show the quality im-
provement as very rapid at the start of par-
ticle production with continued improvement
at a much reduced rate after about 20 hours
of incubation. Although prominent in both, it
is particularly noteworthy in the present work
that virus particle quality ‘continues to im-
prove through 90 hours of incubation at 37°C.
Hahon and Kozikowski(10) have shown the
rate of degradation in infectivity for vaccinia
virus in cell-free media at 37°C to be 100- to
300-fold in 10 days. Under ordinary circum-
stances, one could account for a continuously
rising titer in terms of particle production
more rapid than decay but this route is not
available here. The rate of accumulation of
particles is known and it is not great enough
to maintain a constantly rising titer for 90
hours in the presence of degradation at the
rate reported for cell-free media. It seems
necessary, therefore, to assume that the par-
ticles, most of which remain within the cell,
are not exposed to the full rigors of destruc-
tion which they encounter when separated
from it.

It is not possible to decide, at this point,
whether early virus is incomplete according
to the concepts of von Magnus, Henle and
others for influenza virus or whether it is un-
finished and needs only further incubation
and maturation. There may be immature
forms among the particles shaken, by sonic
waves, from cells which have not yet normally
released their progeny. Our electron micro-
graphs do not produce an unequivocal solu-
tion to this problem (Fig. 3). They do not
show the clear morphological difference be-
tween low and high quality vaccinia virus
that has been seen with incomplete and fully
active influenza virus. In order to see and
count the vaccinia virus from cells lysed dur-
ing the early hours of incubation it is neces-
sary to treat the lysate with enzymes. It is
quite difficult to show that these have no ef-
fect upon the new virus; it cannot be counted
by other methods. However, if the enzymes
do destroy substantial numbers of the early
virus particles befare count, the true quality
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FIG. 3. Enzyme treated sonic lysates of L cells infected with vaceinia virus, (a) from a 12-hr
culture and (b) from a 60-hr culture. Both were lightly shadowcast with chromium. Magnifi-
cation 16,000.

must be even poorer than our data indicate.

All virus particle growth data reported here
are from cells inoculated within a time span
of 7 minutes. Whatever asynchrony they dis-
play in beginning production of new virus is
not due to uncertainty regarding time of ini-
tial contact with infecting virus. The multi-
plicity of particles capable of infecting cells
was probably high enough to infect all the
cells initially. Evidence for this is seen in the
shape of the particle growth curve, Fig. 1,
and in the composite curve, Fig. 2. These
curves rise rapidly, beginning at maximum
slope. Experiments involving frequent counts
during the early rise period have shown only
the briefest upswing before maximum slope is
attained and this may be due to asynchrony
in phase of growth of the cells. The general
shape of the pfu curve, Fig. 1, is the same
except for the short lag imposed by the poor
quality of the early virus.

Extended periods of “exponential” growth
of infectious virus have been reported even
for cultures carefully prepared for one-step
growth studies (Review by Isaacs, 11). As
we have seen, such a transient upswinging
curve may be pseudo-exponential because of
changes in virus particle quality. The par-
ticle growth curve seen here is similar to that

of a chemical reaction that proceeds at ever
decreasing speed as one of the reactants be-
comes depleted. The proposed empirical
curve, which fits the data well, is of this type.

Summary. The first vaccinia virus par-
ticles produced in cultures of L cells are low
in quality; poor in plaque forming ability.
The quality of the total virus product of these
cultures improves rapidly at first, then more
slowly throughout the 90-hour incubation pe-
riod. Electron micrographs have not shown
clear distinguishing morphological features of
the early virus such as those of incomplete in-
fluenza virus. Growth curves of vaccinia vi-
rus particles in our cultures are single phase.
They rise abruptly and approach a maximum
in the manner of a chemical reaction which is
limited by shortage of one reactant.

The authors express appreciation of the excellent
technica! work of S. W. Wilburn, electron microscop-
ist.
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Little is known of the metabolism of Trick-
omonas foetus, especially in the lipid field(1).
The present paper investigates its lipid com-
position and metabolism.

Material and methods. Trichomonas foe-
tus (TF) strains BR and 3P were used in
this study. They were grown in modified
Diamond’s medium(2) containing proteose
peptone, yeast extract (Difco) and 10% in-
active horse serum. Agar was omitted. The
parasites were propagated in 4 oz screw cap
bottles containing 40 ml of medium. Incuba-
tion proceeded at 37°C for about 40 hours.
At the end of the experiment, cells were har-
vested by centrifugation, and washed several
times,

Extraction of the samples, column chroma-
tography and radioactivity determination
have been described(3). Lipid components of
the various chromatographic fractions were
detected by the Liberman-Burchard method
(LB) (4) for sterols, and by methods used
by Carlson et al.(5) for glycerol and by
Knight et al.(6) for phosphorus. Phospho-
lipids were calculated by multiplying the
amount of phosphorus by 25.

Sterols were identified by co-chromatog-
raphy using thin layer chromatographic
method (TLC)(7). Chromatograms were
developed with hexane - ethyl ether - acetic
acid (50:50:2). Color was detected by
spraying with SbCl in ethanol. In some ex-
periments sodium acetate-1-C'* specific ac-
tivity 1 millicurie 12.6 mg (Volk Radiochemi-

TABLE I. Lipid Composition of T. foetus.

Sterol Phospho-
Strains  esters  Sterols  Glycerol lipids
(ug per mg protein)
BR 2.8 38.6 37 77.5
3P 2.4 37.5 .36 77.5

cal Co.) was added to furnish 0.1 mc/100 ml
medium. Experiments were repeated at least
3 times. The average results are presented.

Results and discussion. As seen from Table
1, there was no appreciable difference in lipid
composition between the 2 strains examined.
Most of the sterols present were in a free
form. The LB method distinguishes sterols
on the rate of color development. The rate
of color produced was that of a “slow acting”
sterol, and was calculated as cholesterol. The
amount of sterol present was about one hun-
dred-fold more than glycerol, and about half
the amount of phospholipids.

To elucidate further the nature of the pres-
ent sterol, eluate from silicic acid column con-
taining the free sterol was rechromatographed
using the TLC method. After spraying with
SbCls, a spot appeared on the chromatoplate.
The color of the spot, its relative R, value,
and the rate of color developed with LB re-
agent, were similar to, or identical with, cho-
lesterol. Lipid composition of the medium
was also examined. The findings, mg per 100
ml medium, were: cholesterol esters 11.00,
cholesterol 5.38, ergosterol 0.06, glycerol 0.37,
phospholipids 11.00.





