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

It ABSTRACT

By using a special sampling method, a significant, but
11 limited, increase in Venezuelan equine encephalitis (VEE)

virus titer can be detected during early 44 C incubation
of VEE-infected chick embryo (CE) cells. The maximum

titer is 0.1 to 1% that of cultures incubated 37 C.-
This magnitude of the increase in titer is not a function
of size of virus inoculum. The limitation of the increase
was 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 e-edium replacement at 2-hour intervals were
optimal for deronstrating early 44 C growth of VEE in CE
nonolayers. Experiments with metabolic inhibitors and
other selective conditions suggest that the increase is
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 especially sensitive to low levels of
puromycin compared with growth at 37 C. Possible mechanisms
involved are discussed.

Recent reports by Zebovitz* and Zebovitz and Browtn** have shown that
Venezuelan equine encephalitis (VEE) virus, unlik- eastern equine encepha-
litis (EEE) virus, was an apparent doubly blocked conditional lethal virus
that failed to multiply at 44 C on primary chick embryo (CE) cell cultures.
The first block occurred early, i.e., after virus uncoating but before
viral RNA synthesis; the seroad block occurred late, i.e., after synthesis
of viral RiNA end apparently before viral protein was made. The present
work describes in'detal a limited but distinct early growth of VEE virus
at 44 C that is revealed under certain conditions.

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

** Zebovitz, E.; Brown, A. November 1966. Venezuelan equine encephalitis
virus: An apparent doubly blocked conditional lethal virus, (Technical
Manuscript 321). Virus and Rickettsia Division, Fort Detrick, Frederick,
Maryland.
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'the standard sampling xue~hod for assay of viral growth in CE monolayer
culture was followed with tn ie pooled supernatants of duplicate plates
removed at each sampling tine from a large identical group of plates,

iv established at the start of the experiment. The possibility that this
K sampling method might be masking some viral growth was explored by a

change in procedure. The modification consisted of assaying the virus,
4which accumulated in the culture supernatan'-6 during the interval between

samnplings. by removing the supernatant flaid fr~r assay and replacing it
with fresh culture medium at ~each sampling time frc- zingle set ofj
cultures. By this method, a limited but distinct early increase in titer -
oA' WE at a "r~ztzL1zt1;Pa" temper-atuze. (44 ;.zveL-le=.- i*ftr L" 11.
and brevity this method of sampling will be called, henceforth, the super-
nI atant 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 inoc-ilum virus
waa observed (Fig. 1). A base level was 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
1,00)0- to 10,000-fold above base level) ard then declined during overnight
incubation until 24 hours. Control cultu-rs at 37 C showed similar growth
kinetica, but the yields were more than 1,000-fold higher and no signifcant
declines were noted at 24 hours. Note 'io that the rate of virus multipli-
catiou at 44 C was approximately equal to that at 37 C; only the peak yield

*was laver at 44 C.

Tabl~e 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 constant and Independent of inoculum
size. 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 maxim=m titer and the minimm titer. Appropriate
ttmperature controls made it improbable that the increase in titer
resulted from inadvertent lowering of the ttcmperature to conditionsA
permissive for growth. Media and wash fluices were kept at temperatures
corresponding to the incubation temperature, menipulations were minimized,
and control cultures for the standard samp lir; methods were handled in
an tdaut#Icv. anner with respect to temperature conditions.

Under "restrictive." temperature conditions the increase in titer
usually 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 imied o aoutl(Pto ~spfu per ml. These limitations were not
7, due to lack of normal adsorption at 44 C. As sh-wrn in Figure 2, growth

kinetics at 37 C or at 44 C of cultures initiated by viral adsorption atI
44 C were similar to those of control cultures in which adsorption took

plac atV 37 C.
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Figure 1. Limited Virus Growth at 44 C Revealed by Superntant
Replacement S "l pling Method.



TABLE. I 117LUENCE OF , ......... SZ ON . .. : , ,IN VZZ VIRUS TITER AT RESTRICTIVE MM.. , .. . ,

.,: TABLE 1. TNFLUENCE OF INOCULUM SIZE G1N INCRE ASE
V IN VEE VIRUS TITER AT RESTRICTIVE TEH'ERATURE

(44 C)

Sampling pfu per ml
Interval Low Inoculum High Inoculum

Inoculum titer 0 hr 2.1 x 10 2.2 r 10'
Base titer 2-3 hr <I x 101 8.0 x 101
Peak titer 5-7 hr 4.2 x lOP 1.0 x Ip

Index of incresse-2/ 4.2 1 i2 1.3 x 10P

.. . -I: h o- he maaximum IneAk) t~tar and thp
minimum titer, a measurement for'comparing increments.

Toxicity of culture media or nutrient depletion that may have been
caused by the higher temperatures were not involved as limiting factors

The medium used was lactalbumin hydrolyzate containing 10% calf serum.
Media conditioned by 24 hours' preincubation over CE monolayera at 44 C
or 37 C could be used to demonstrate typical virus growth at 37 u oL the
increase in titer at 44 C as effectively as fresh, uconditioned media.
Furthermore, the ability of virus-infected cultures held at 44 C to
reinitiate normal growth when placed at 37 C, as described by Z-bvvitz,
and Zebovitz an, Browr. makes the interpretatiou of the limitation based
on some nonspecific effect of medium rather unlikely.

In the course of these studies we found that if. excess inocul were
not remrved the titer increase at 44 C would not be noticed. For fample,
the wash immediately after adsorption of inoculum did not remove siificient
residual virus to show new viral growth. The removal of residual rus
to a satisfactory base level was best achieved by an additional twoior
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 l to 21 hours was optimal. Long assay intervalo
(e.g., overnight) for 44 C cultures showed titer losses that could not be
explained by the inactivation ordinarily observed for the virus at this
temperature in the a0ence of cells.

F 9L



10 7.6 x10 at 24 hrs-O /1.1 x 109 at 24 hrs

i of

io6 / / . =adsorption art 371C

adsorption at 44*C
I I - ~inlcub;ation at 37*C

I -- ncubation at 44 0C

1/ -

101

0 $1111
24-

Time, hours

figure 2. Efftct of AdsorpticL Temp~erature uu. VE.E Cultures
at 37 and 44 C.
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When conditions were fially standardized, a concerted effort vas made
to arriv'e at a reasonable explanation for the limited virus growth at 44 C.
An obviouc explanation would be elution of adsorbed virus. The similarity "
in kinetics of the limited growth at 44 C to that observed at 37 C made
this explanation tn1.ikely. Eowever, to cheek tLzis possibility, culture's
were Bet at 6 C, which presumably shoiuld not affect the demonstration of
simple norenzymatic alution but-ighdt sup-?ress a dynamic metabolic process.
These culturea were analy-zed by the aupei.ratant replacement method, whiich
might increase the probability of nonenzyrmtic elution. These experiments t
vhowed, hc'wever, that simple nonenzymatic elution could not account for
the increase iz titer seen at 44 C because virus titer'did not increase
at 6 C.

Evidence thua accumulated to strengthen the view that the titar increase
at 44 C might be true de novo viral synthesis. Enzymatic or temperature-
dependent elutions, however, were not yet excluded as explanations for the

__intrease iL ttir. when 60 to 100 g.g of fluorophenyla.arine (FPA) were
incorporated per ml cf minimal medium described by Zehovitr,* growth of

VEE in CE monolayer culture at 37 C was significantly inhibiited and the
limited growth at 44 C was completely abolishedz. Possilve in vitro
inactivation by EPA (i.e., in the absence of cells) was not found to be
responsible. To ilec the possibility of a specific effect of FA on
release, rather than grmithi, experiments werp performad that shoWed theA
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 F?A per

ml in minimal medium culture completely inhibited the normal yield observed

at 6 hours postinfection of super-natant and cell-associated viral components.2

TABLE 2. MllIBITION OF VEE VIRUS GR94TH BY MP AT 44 C

Cc!3 -Associated Virzus,
Supernatant Virus, p~fu/ml pfu per monolayer

Time, FPA Concentration FPA Conctntrat ion
hours 0 60 pg/ml 0 60 4±g/ml

0 4.0 xl -O 1.7 xl 1-
1 9.Ox 119L 6.0x X1id 2. 8x 10P 3.2.Z loll
6 2.2x 11F 2.5 x l9 1. 2 x 1 1.2 x1(e

*Zebovitz, Eugene. June 1964. Defined medium for maintaining chick fibro-
blsat monolayers, (Technical Manuscript 142). Virus and Rickettsia Divi-
rion, 1.5. Army Biological Laboratories, Fort Detrick, Frederick, Maryland.



-. . .... !ii i i I

9I
~ 1

As shown in Figure 3, 1, 5 or 25 pg of p _zn- .r ml, when present
in CE cultures only during the ist hour after infection with VEE virus
(i.e., cultures were wdshed chree times after thR 1st hour to r:mov _
puromycin), inhibited only slightly the rate of virus grawth at 37 C.
Morecver, these inhibitions were not detectable by 24 hours. At 44 C)
however, these drug concentrr.ticas cumpletsly inhibited growth at 6
hours. At 24 hourz this inhibition was completely reversed only in that L]
culture treated with 1 p. of puromycin per ml. Growth at 44 C of the
culture treated with 5 4- of puromycin per ml was only partially reversed*
growth of "S.e vulture treated with 25 gt; per n.l remained completely
irhibited 23 hour after the drug had been remo-ved. Note that this level
of puromycin had, at best, only a temporary effect cn virus growth at
37 C and showed no direct vir-cldal effect. Thus, .t can be seen that
there is an early step (0 to 1 hour) in growth of VEE virus at 44 C
duriny which it is unucually sensitive to puromycin.

The eff-ct of puromycin iA further demostrated by the data shmin in
Table 3. In this experiment, puroycin at 5 4g per ml was 'present during
the first 2 hours in the culture incubated at 44 C. The cells frcm 10 CE
itonolayer cultures at each savpling time were .-ssayed for nell-associated
virus and for infectious RNA (IRNA) extracted with hot phenol. Note agaiu
that there was inhibition of the synthesis of virus at 44 C and also of
the associated IRML in the presence of puromycin. Also note the ir-reaae
in both virus and IMU At 44 C in the control cultures. The increase in .

IRN! suggests true virus rep1fcation. Experiments to compare extraction
of iKNqA with hot or cold phenol have noL demonst-ated the presence of any
unusual population of incomplete infect~oua viral forms "'a_ were incapalc d
of natural reinfection. The possibility was considered that recoati-ns of
viral nucleic acid from the inoculum with new viral protein could 1en to
an "apparent" increase in titer, as uercibed in the case of vaccinia virus :
by Easterbrook.* "his seems improbable because L!SV. was shcwn '.o replicate.
More conclusive evidence is expected when results are available from further
experiments with specific RNA inhibitors.

Some of the probable iechanisms involv ?d to explain limited growth of
VEE virus at 44 C are: (i) Viral growth at restrictive 4emperatures may
ref lect a single cycleof viral product that fortuitously is demonstrable
under these special conditions of assay: Ln additicn, the progeny may be
incapable of natural reinfectior at 44 C. (ii) The li-dted virus growth K
may be the normal yield from a :inu.te .raction (approximately 1/1000) of

CE cells that possess A suppressor gene that reversei the conditional ,
lethal property of VLE virus and thus permitted normal groth in such cells
at 44 C. (It is important to remember that most of the CE cells permit
normal growth of EEr virus at 44 C.) (iii) The special conditions of the

*Eastcrbrook, K.B. 1953. Cnmervatio-n of vaaczinial DNA -luring an
abortive cycli of multiplication. Virology 21:508-510.
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Figure 3. Puro~ycin Inhibition of VEE Virus Crowth At 37 and 44 C.
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supernatant replacement method of sampling may cause a metabolic imbalance
or a shift 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 limited growth may &iso be

*facilitated 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 product would
also account for the limited virus growth observed.

TABLF 3. EFFECT OF PUROMCIN ON THE TITERS OF INTACT VIRUS
AND INFECTIOUS RNA FROM VEE VIRUS!

Cell-Associated Virus, IRHA-
. fuml, pfu/10 monolayersTime, Puromvcin Concetitration /  Puromycin Concentration./

hours 0 5 Pg/l 0 5 pg/ml

0 3.2 x1 - 4.6 x W
2 6.3 x l0 3.4 % 103 6.3 x 10P 1.2 x 1U
7 1.4 x 10 7.5 x 10 3  3.7 x 10 1.3 x id

a. Propagated in chick embryo monolayer cultures at 44 C.
b. Extracted with hot phenol.
c. Purcmycin present only during peziod 0 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 was 0.1 to 1% that of cultures incubated at 37 C. The
magnitude of the increase in titer was not a function of size of virus
inoculum. The limitaLion of the increase was not due to lack of adsorption
or to thanges in medium that might have resulted from in,-ubation at 44 C.
Effective removal of excess inoculum and medium replacement at 2-hour
intervals were optimal for demonstrating the limited growth. Experiments
with metabolic inhibitors and cther selective conditions suggest that the
increase is 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
especially sensitive to low concentrations of purcmycin; growth at 37 C,
by comparison, is relatively insensitive to the low concentrations of
puromycin.

g4

; ., . , I : I: I I I I 1 2



It is hoped that experieronts in progress will provide sufficient Lntormmation to define completely the nature of the limited VZE virus growithobserved at 44 C under certain experixne~tal conditions.
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