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The reproduction of Venezuelan equine encephalitis £g
virus in cultures of chicl: and human embryo fibroblasts £
i8 accompanied by changes in the activity of some enzymeﬁ o8
of earbohydrate metabolism (glucosophosphatisomerase, aldo- :
lase, and lactatedehydrogenase). f:}i; S $§)

The enzymatic changes in the cells were determined by ,75_._\”
the changes in enzymatic activity in the tissue culture ST
fluids. The experiments performed demomstrated that the
activity of glucocsophosphatisomerase increases so early as
4 hours after infection of fibroblasts, before eytopathic
changes develop in the cells. It should be ncted that the
intengity of the enzymatic changes reflects the extent of
virus reproduction. Lactatedehydrogenase activity also
exhibited a statistizally significart inerease before the
appearance of cytopathie changes. (24 hours after infection),
and was twice as high as the control levels by the time of
cell sheet degeneration. Unlike the activity of these
two enzymes, the aldolase activity of the mediwm did not
change in advance of cell sheet degeneration and did not
inerease until after the death of the cells.

References are made in the literature to change in the activity of
enzymes in the culture filuid of cells infected with adenoviruses, mixo-
viruses, and sarcoratoid viruses, .as well as viruses of the smallpox group
[1,4], but there a'c no data on the influence of arboviruses. We have
studied the activity of three enzymes -- glucosophosphatisomerase, aldo-
lase, and lactatedehydrogenase -- which limit the decomposition of carbo-
hydrates in the initiai, intermediate, and final stages of the glycolytic
phosphorylation cycle in the dynamics of reproduction of the Venezuelan
equine encephalomyeiitis (VEE) virus in a cell culture. Previously tryp-
sinized tissues of chick embryo fibroblasts (CEF) and human embryo fibro-
blasts (HEF) were employed as the cellular model.

Material and Methods. The embryo fibroblast cells were prepared in
the conventional manner and inoculated in test tubes with 1 min/ml. The
cuiture medium employed was 0.5% lactalbumin hydrolyzate in Hanks' solut-
ion with 10% bovine serum. After formation of the monolayer (after 24
hours in the case of the CEF cells and after 2 to 3 days in the case of the
HEF cells), the medium was poured out and thr cells washed off with Hanks'
solution and infected with the VEE virus. The virus was in contact with
the cells for 30 to 40 minutes at 37°. The infecting dose for the cells
of the strains studied ranged from 0.06 to 0.006 CPbso/cell.' The substrate
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was represented by 0.5% lactalbumin hydrolyzate in Hanks' solution with
2% bovine serum. The control (non-infected tissue) was cultivated in the
same medium, The monocellular fluid was collected 4, 8, 24, 48, 72, and
96 hours after infection of the cells. The glucosophosphatisomerase con-
tent was determined by the Bodanskiy method as modified by Korovkin [3]
and expressed in micromoles of fructoso-6-rhosphate fructose formed by
the action of 1 ml of culture fluid in 1 hour at 37°. Free D-fructose
was used in order to plot the standard calibration curve. The intensity
n»f coloration was measured with an SF-4a spectrophotometer at a wave-
length of 490 nm. The amount of aldolase was determined by the Brums
method as modified by Tovarnitskiy and Voluyskaya [3]. The enzyme acti-
vity was expressed in micrograms of crystalline enzyme in 1 ml of culture
fluid. The calibration curve was plotted on the basis of crystalline
aldolase deriving from rabbit muscle.

The lactatedehydrogenase activity was measured with a colorimeter by
the method of Chevel and Tovarek [3], use being made of a color filter with
3 maximum transmission of 563, and was expressed in micrograms of pyruvic
acid formed on incubation of 1 ml of culture fluid for 1 hour at 37°. The
calibration curve was plott.ed cn the basis of pyruvic acid.

The morphological state of the cell sheet was observed under the
optical microscope at the times the samples were taken for analysis. In
addition, permanent preparations were produced on cover slips.

The titer of the virus was determined on the basis of its cytopathic
effect in test tube CEF cultures, and the results were calculated by the
method of Reed a:«d Mentsch.

Results. Irnfection of the CEF cells with the VEE virus causes sta-
tistically reliable increase in glucosophosphatisomerase activity in the
culture fluid so early as 4 hours after the infection (Table 1). After
24 hours, observation under the optical microscope and inspection of the
stained preparations show the signs of specific degeneration of the fibro-
blasts to be manifested merely in intensified vacuolization of the cyto-
plasm and wore clearcut limitation of the nucleus in comparison with the
control; the enzyme activity continues to increase. The maximum glucoso-
phosphatisomerase activity is observed 48 hours after infection, when the
basic mass of the cells degenerates. On the following days (72 and 96
aours) the enzyme activity decreases sharply in the culture fluid. Com-
parison of the glucosophosphatisomerase uctivity with the titer of the VEE
virus in the pericellular fluid revealed that the maximum erzyme concen-

tration (1.39 micromole) corresponds to the highest activity of the virus
(5.0 1g TDCso/ml).

The aldolase activity of the medium, as determined in the nutrient
medium washing the cells, is shown by our observations to undergo irregular
change. Some authors [2] note that the configuration of the aldolase mole-
cule is such that it with difficulty penetrates the membrane of fibro-
blastoid cells and not until after destruction of the cell by the action
of the virus does it appear in suffic®ent quantity in the pericelluiar
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fluid. It was found on infection of the cells with the VEE virus that
the aldolase activity in the mediim remains within the range of the con-
trol during the first 24 hours; decreases and increases in the activity of
the enzyme do not depend on the dose of virus administered and on the
time elapsing since infection. After 48 hours, when the completeness of
the membrane of the majority of cells has been destroyed, there is a sta-
tistically certain increase in the aldolase activity in the culture fluid
(Table 2). This is in all probability due to degeneration of the cells
along with emergence of the cellular cortents into the medium. The aldo-
lase activity in the medium then declines, since the cells cease to form
the enzyme, and the enzyme present in the cells is iractivated.

Table 1. Glucosophosphatisomerase activity (mk/mol) in CEF culture fluid
infected with VEE virus (M + m).
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Table 2. Aldciase activity (mkg/ml) in culture fluid of CEF and HEF cells
infected with VEE virus (M + m).
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Key: 1. Time after infection with virus (hrs). 2. CEF. 3. HEF.
4. Infected cells. 5. Control cells. 6. Virus titer (1g TCDsolml).
7. Degree CPE*.
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Our observations indicate that the last enzyme of the glycolytic phos-
phorylation cycle, lactatedehydrogenase, undergoes extensive change under
the influence of the virus. During the first 8 hours after infection a
statistically cer:ain cecreace in the activity of this enzyme is noted in
the culture fluid of the CEF and HEF cells; its activity in the medium then
begins to increase, so that 24 hours later it considerably exceeds the
control level (see drawing). At this time the cells when observed under
the optical microscope exhibit no signs of specific degeneration, although
the protoplasm is vacuolated and its grenularity has increased. The lac-
tate dehydrogenase activity increases by the time of degeneration of the
cell sheet, reaching a level twice as high as the ccntrol after 48 hours.
Data characterizing the activity of lactatedehydrogenase in the culture
fluid of infected HEF cells are presented in Table 3.
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Lactatedehydrogenase activity on infection of HEF culture wich VEE.

1. Control. 2. Experiment. Vertical axis: ferment activity (mkg/m?
pyruvic acid); horizontal axis: time after infection (hoursj.

Table 3. Activity of lactatedehydrogenase (mkg/ml pyruvic acid) in cul-
ture fluid of HEF cells infected with VEE virus (M + m).
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Discussion. The experime..ls conducted demonstrate that infection of
CEF and HEF cells with the VEE virus modifies the activity of the enzymes
of certain links in the chain of glycolytac phosphorylation -- a process
that plays a prominent part in provision o energy for resynthesized virus
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particles. Two of the enzymes investigated -- glucosophosphatisomerase
an? lactatedchydrogenase -- freely penetrate the cell wall, and their
activity in the culture fluid undergoes statistically certain change even
during the first hours after infection.

The activity of these enzymes assumes considerable values {25% higher
than the control for glucosophosphatisomerase and 75-100% for lactatedehv-
drogenase) 24 hours 2 ter infection. This increase is accompanied by a
high virus titer (5.5-~6.0 TCD../ml) in the medium, but no specific dege-
neration of the cell sheet is revealed over this period by observation
under the optical microscope. The enzyme activity reaches its maximum

value during the subsequent hours, when complete degeneration of the cells
takes place.

The aldolase activity of the medium remains at the level of the con-

trol values as regards ceil sheet degencration, increasing only after the
death of the cells.

The data obtained permit assessment of certain aspects of carbohydrate
metabolism on interaction between cell and virus on th2 basis of the embryo
fibroblast and VEE virus model.
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ACTIVITY OF SOME GLYCOLYSIS ENZYMES IN THE LIQUID PHASE OF TISSUE
CULTURES INFECTED WITH VENEZUELAN EQUINE ENL.PHALOMYELITIS
VIRUS

T. L. Miryutova, E. A. Peshkova '

Reproduclion of Vencsuelan cquine encephalomyelitis virus in o-¥uils of chick and
human embryo fibroblasts is accompanied tv ~hanges in the activily of some cnzymes of
ca-bohivdrate metabolism (glucosopho: phatis~s. crase, aldolase and factatedehsdrogenase).

The cnzymatic changes in the cells were determined by the changes in the enzyvmatic
activity in the tissue culture fluids. The experiments which vere carried out denionstrated
the activity of glucosophosphatisomerase to increase as carly as 4 hours aiter infection
of fibroblasts. before deveiopment of cytopathic changes in the ceils. It should be noted
that the intensity of enzymatic chances retlect:. the extent of virus reproduction. The acti-
vity of lacatedchydropenase also showed a statistically significant iacrease before appea-
rance of cyvtopathic changes (24 hours afler infcction), "and by the time of the ¢l sheet
degrencration (48 hours) doubly exceeded control levels. In contrast to e astiviiy of the
above-mentioned enzvmics, aldelase activity of the mediuimn did not cheng beiore degene-
ration of the celi sheet and increased extly aiter the leath of the cells.
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