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sidney Halle

: Eugene Zebovitz ;

| Virus and Rickeitsia pivision
" BIOLOGICAL SCIENCES LABOEATCRY

1C014501B71A

o

% sﬁ;’ e




e o A O T R,

e T Y e B S S T

S

Er-s

SRR

ep

Ees e e

A
ke
b/
px

e

L YA e A5 UL S a0 AL LA N e i ) RN i A RIS S I, 41 AR W ol L PN AN s

STUDIES ON THE LIMITED GROWTH OF TEMPERATURE-SENSITIVE
VEE VIRUS AT 44 C

. ‘ ABSTRACT
. By using a special sampling method, a significant, but

limited, increase in Venezuelan equine encephalitis (VEE)
virus titer can be detected during early 44 € incubation

" of VEE-infected chick embryo (CE) cells. The maximum
titer is 0.1 to 17 that of cultures incubated ar 37 C.
This magnitude of the increase in titer 18 not a function
of size of virus fnoculum, The limitation of the irncrease
wag not due to lack of adsorption or to medium alteration
at 44 C, The best conditions for demonstrating the
phenomenon were determined. Effective removal of excess
inoculum and medium replacement at 2-hour iIntervals were
optimal for demonstrating early 44 C growth of VEE in CE
monolayers. Experiments with metabolic inhibitors and
other selective conditions suggest that the {increase ig
due to true de novo viral aynthesis and mot to elution or
recoating of the input viral genome. The. limited virus
growth at 44 C 18 especially semsitive to low levels of
purcmycin compared with growth at 37 €, Poasible mechanisms
involved are discussed.

Recent reports by Zebovitz* and Zebovitz and Brown** have gshown that
Venezuelan equine encephalitis (VEE) virus, unlik: eastern equine encepha-~
1itis (EEE) virus, was an apparent doubly blocked conditional lethal virus
that failed to multiply at 44 C on primary chick ewbryo (CE) cell cultures.
The first block occurred early, i.e., after virus uncoating but before
viral RNA synthesis; the seccad block occurred late, {.e.,, after synthesis
of viral RNA end apparently before viral protein was made. The present
work describes in detail a limited but distinct early growth of VEE virus
at 44 C that i3 revealed under certain conditions.

* Zebovitz, E. 1966. Venezuelan equine encephalitis virus: A doubly
blocked conditional lethel virus., Racteriol, Proc. 110,

*% Zebovitz, E.; Brown, A. November 1966, Venezuelan equlne encephalitis
virus: An appareat doubly blocked conditional lethal virus, (Technical
Manuscript 321). VYirus and Rickettsia Division, Fort Detrick, Frederizk,
Maryland.




e T2

e e R T SR

A R B 1, P TR R T e L T e b Ll S

i
e i it < < e

The stendard sampling mﬁ;hod for assay of viral grouth in CE monolayer
culture wes followed with the peoled supermatants of duplicate plates
recoved at each sawpling time from a large identical group of plates
established at the start of ;he experiment. The posaibility that this
sanpling method might be masking some viral growth was explored by a
change in proczdure. The modification consisted of assaying the virus,
which accumulated in the culhure supernatanc during the interval between

gamplings, by removing the eupernatanf fluld for assay and replacing it
with fresh culture medium at each sampling time frem z zingle set of
i cultures. By this method, a limited but diacinct early increase in titer
~oi VEE at & "restriitive" temperature (44 L) wul iaveslex, ror. slapliciiy
I Vand brevity this method of gampling will be called, henceforth, the super-
" natant replacement method.

\

With this method, during the initial and early intervals (0 to 2 hours,

2 to 3 hours) at 44 C a decrease in titer of the residual incculum virus
was observed (Fig. 1). A base level waa subsequently reached from which

the first increase in titer was usually observed during the 3-to 5-hour inter-
val. This titer increased further during the 5-to 7-hour interval (often
1,000~ to 10,000-fold above base level) ard then declined during overnight
incubation until 24 hours. Control cultu:res at 37 C showed similar growth
kinevics, but the ylelds were more than 1,000-fold higher and no signiffcant
declines were noted at 24 hours. KNote also that the rate of virus sultipli-
cation at 44 C was approximately equal to that at 37 C; only the peak yleld
' ,was lover at 44 C.

Table 1 shows that the absolute value of the peak titer was approxi-
mately proportional to the inoculum size; however, the magnitude of the
increase in titer was relatively comstant and independent of inoculum

; eize. A 100-fold difference in multiplicity of infection resulted in

| less than a threefold difference in the "index of increase,” i.e., the
- 'difference between the maximum titer and the minimum titer., Appropriate
temperature controls made it improbable that the increase in titer
resulted from inadvertent lowering of the tumperature to conditions
permissive for growth. Media and wash fluids were kept at temperatures
corresponding to the incubation temperature, mcnipulations were minimized,
and control cultures for the standard samplirg methods were handled in

an {donticdl manner with respect to temperature conditicms.

Under "restrictive" temperacure conditions the increase {n titer
uvaually reached a plateau at about 7 to 9 hours after infecting the
cultures., The maximum titers in the supernatant of CE cultures seem to
be 1imited to about 10° to 10? pfu per ml. These Jimitations were not
due to lack of normal adsorption at 44°C. Asa shoum in Figure 2, growth
kinetics at 37 C or at 44 C of cultures initiated by viral adsorption at
44 C were similar to those of control cultures in which adsorption took
place at 37 C. :

%
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Figure 1. Limited Virus Crowth at 44 © Revealed by Supermatant
Replacement Sampling Method. .
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TABLE 1, INFLUENCE OF INOCULUM SIZE ON INCREASE
IN VEE VIRUS TITER AT RESTRICTIVE TEMPERATURE

(44 C)
Sampling pfu per ml
Interval Low Inoculum High Inoculum
Inoculum titer O hr 2.1x 16° 2.2 » 10°
Base titer . 2-3 hr <1 x 10 8.0x1
Peak titer 5-7 hr 4.2 x 10° 1.0 x 10°
Index of increased/ . 4,2 x 10° 1.3 x 168

&, The wiidrrenge batworn the meximum {peak) titer and the - .
minigum titer, a measurement for comparing increments.

Toxicity of culture media or nutrient depletion that may have bsen
caused by the higher temperatures werz not fnvolved as limiting factors.
The medium used was lactalbumin hydrolyzate containing 10% calf serum,
Media conditioned by 24 hours' preincubation over CE monolayers at 44 C
or 37 C could be used to demcnstrate typical virus growth at 37 ¢ oz the
increase in titer at 44 C as effectively as fresh, unconditioned media.
Furthermore, the atility of virus-infected cultures held at 44 C to
reinitiate normal growth when placed at 37 C, as described by Zzbovitz,
and Zebovitz and Brown makes the interpretation of the limitation based

on some nonayeclfic effect of medium rather unlikely. P

|

In the course of these studies we found thatvif.excess inoculum were

- not remcved the titer increase at 44 C would not be noticed. For example,

the wash immediately after adsorption of inoculum did not remove ficient
residual vizus to show new viral growth., The removal of residual virus

to a satisfactory base level was best achieved by an additionzal two or
three washes with phosphate-buffered saline at 2 hours postinfection.

The maximum yield of virus was also affected by the frequency of sampling;
a sampling interval of 1% to 2% hours was optimal. Long assay {ntervale
{e.g., overnight) for 44 C cultures showed titer losses that eould not be
explained by the inactlivation crdinarily observed for the virus at this
temperature i{n the arizence of cells.
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When conditions were fiaaslly stondardized, a8 concerted effort was mads
to arrive 8t a reasonable explanation for the limited virus growth at 44 €,
An obviocus explanation would be elution of adsorbed virus. The similarity
in kinetics of the 1limnited growth at 64 C to that observed at 37 C made
this explanation e=likely. Bowever, to check this possibility, cultures
were set at 6 C, which presumably should not affect the demonstration of
sivple nonenzymatic sglution but «wight supnress a dynamic metabolic process.
These cultures were analy:ed by the aupernatant replacement wethod, which
might increage the probability of nomenzymatis elution. These experiments
showed, howvever, that simple ponenzymatic elution could not account for
the increase it titer seen at 44 C because virus titer did not increase
at 6 C. '
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Evidence thuz accumulated to strengthen the view that the titzr increase
at 44 C might be true de novo viral synthesis. Frzymatic or temperature-
dependent elutions, however, were not yet excluded 28 explanarions for the
{uverease iu titexr. when 60 to 100 pug of fluorophenylalanine (FPA) were
incorporated per ml cf minimal medium described by Zehovitz¥ growth of
VEE in CE monolsyer culture at 37 C was significantly inhilited znd the
limited growth at 44 © was completely abolished. Fossible in vitro
inactivation by FPA (i.e., in the absence of ceils) was not found te be
responsible., To theck the possibility of a specific effect of FPA on
release, rather than growth, experiments were merformed that shaved the
effect of the drug on both the supernatant and the cell-associated virus
produced at 44 C. As seen in Table 2, the presence of 60 pg of FPA per
ml in minimal medium culture completely inhibited the normal yield observed
at 6 hours postinfaction of supernatant and cell-associated viral components.

TABLE 2. INHIBITION OF VEE VIRUS GROWTH BY FPA AT 44 C

Cell-Asscclated Vizus,

Superpatant Virus, pfu/ml pfu per monoiavar
Time, FPA Concentration FPA Conczntration
nours 0 60 ug/ml 0 60 ug/ml
1 4.0 x 10 Coet 1,7 x 1P -
1 9.0 x 10° 6.0 x 1C° 2.8x 10° 3.2x 107
§ 2.2x 1 2.5x 16 1.2x 16 1.2x 10°

B st L T BT GR  e AR mn ESE e he HRI R

o

1%%@@%@%&&

* Zebovitz, Eugene. June 1964. Defined medium for maintaining chick fibro-
biast menolayers, (Technical Manuscript 142), Virus and Rickettsia Divi-
zion, U.5. Army Biological Laboratories, Fort Detrick, Frederick, Maryland.
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As shown Iin Figtre 3, 1, 5 ur 25 ug of purccy~ir ,.er ml, when present

[ 4

in CE sultures ouly during the ist hour after infection with VEE virus
(f.e., cultures were washed chree times after the 1lst hour to romove
puromycin), inhibited only slightly the rate of virus growth at 37 C,

Morecver, these inhibitinng were uot detectzble by 24 hours. At 44 C,

however, these drug councentraticos completely inhibited growth at 6
hours. At 24 hour: this izhibition was completely reversed ouly in that
culture treated with 1 ug of puromycin per ml. Growth at 44 € of the
culture treated with 5 uz of puromycia per nl was only partially reversed:
growth of Lue culture treated with 25 pz per 1l remained completely
irhibited 23 hours after the drug had bezn removed. Note that this level
of puromycin had, at best, only a temporary effect c¢n virus growth at

37 C and sghowed no direct viruvcldal effect. Thus, It can be sesn that
there is an early step (0 to 1 hour) in growth of VEE virus at 44 C

during which it is unuenally sensitive to puromycin.

The effect of puromycin 15 further demonstrated by *he data shown in
Table 3. 1In this experiment, purcmycin at 5 ug per ml was present during
the first 2 houre In the culture incubated at 44 C. The cells from 10 CE
twnolayer cultures at esch cawpling time were nssayed for relli-asgsociated
virug and for infesctlious RMA (IRNA) extracted with hot phenol, ¥Note again

that there was inhibition of the synthesis of virus at 44 C and alsc wf

the assoclated IRNY in the presence of puromycin. Also note tha

in both virus and IRNA At 44 C irn the comntyol cultures. The incyease in
IRNA suggests true virus replication. Experiments to compare extractiom

irzreoase

of IKNA with hot or cnld phenol have nov demonstrated the preseacs of any
vnusual population of incomplete infectious viral forms that were incapeple
of natural reinfection. The possibility was ronsidered thet recoating of
viral nucteic acid from the inoculum with new viral protein could lead to
2n "apperent" increase in titer, as useccriped in the czse of vaccinila virus
by Easterbrook.* Yhis seoms improbable because IRNL was shown “o replicate,
More conclusive evidence is expected when results are available from further

expeviments with specific RNA Inhibitors.

Some of the probatle mechanisms involved to explain limited gruwth of
VEE virus at 44 C are: (i) Vival growth at restrictive iemperatures may
reflect 3 single cycle of viral nroduct that fortuitously is demonstrable
under these special conditions of assay: In additicn, the progeny may be
incapable of natural reinfectior 2t 44 €. (1i) The limited virus growth
may be the normel yield from a mimute .rastion (epproximateiy 1/1000) of
CE cells that possess 2 suppressor gene that reversei the conditional
lethal property of VLE virus and thus permitted normal growth In such cells
at 44 C. (It 1is important to remember that most of the CE cells permit
normal growth of EEE virus at 44 C.) (11i) The special conditlons of the

* Easterbrook, K.B. 1953. Conservation of vaccinial DNA during an

abortive cycl~ of multiplication., Virology 21:508~510.
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Figure 3. Puromycin Inhibition of VEE Virus Growth at 37 and 44 C.
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supernatant replacement method of sampling may cause a metabolic imbalance

or a shi”t of equilibrium that may stimulate a low level of virus growth,

The extent of this growth may be controlled by the level of a limiting

enzyme (thus phenotypically leaky). The limitad growth may siso be

faciiftated by removal (via medium replacement) of a possible inhibitor
produced during 44 C incubation of VEE-infected cultures. For example, the

(incomplete) removal of a physical entity, i.e., auto-interfering live '

virus (thus the necessity for washing) or virus-specific preduct would

also account for the limited virus growth observed.

i
i
!

TABLF 3. EFFECT OF PUROHYCIN ON THE TITERS OF JINTACT VIRUS
E AND INFECTIOUS RNA FROM VEE VIRUS—/

Cell-Associated Virus, IRNA2/
pfu/mi _pfu/10 wonolayers
Time, Puromvein ConceutraticnS/ Puromycin Concentrationg/
hours 0 5 ug/ml 0 5 ug/ml
0 3.2 x 10° - 4.6 x 10° -
2 6.3 x 100 3.4 x 16° 6.3x 10° 1.2 x 10°
7 1.4 x 10° 7.5x 10° 3.7x 10" 1.8 x 10°

a. Propagated in chick embryo monolayer cultures at 44 C.

b, Extracted with hot phenol.

¢, Puromycin present only during period O to 2 hours
postinfection.

To summarize, by using a special sampling method a significant but
limited increase in VEE virus titer could be detected early (5 to 7 hours)
during 44 C incubation of chick embryo cells infected with VEE virus. The
maximum titer waa 0.1 to 17 that of cultures incubated at 37 C. The
magnitude of the increase in titer was not a function of size of virus
inoculun. The limitation of the increase was not due to lack of adsorption
or to thanged in medium that might have resulted from incubation at 44 C.
Effective removal cf excess inoculum and medium replacement at 2-hour
intervals were optimal for demomstrating the limited growth. Experiments
with metabolic inhibitors and cther selective conditions suggest that the
increase 18 due to true de novo viral synthesis and not to elution or
recoating of the input viral genome. The limited virus growth at 44 C is
especlally senaitive to low concentrations of puromycin; growth at 37 C,
by comparison, is relatively inzensitive to the low concentrations of
puromyein.




e

SR AT

[

BT T Y e T TR ST T s ST Ty

RegEoER T - e

e sans

It is hoped that experimente in progress will provide

maticn to define completely the nature of the limited VER virus growth

observed at 44 C under certain experimertal conditione,
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