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Latent Viral Infection of Cells in Tissue Culture. VIII. Morphological 
Observations of Psittacosis Virus in L Cells." (26245) 

RICHARD V. MCCLOSKEY AND HERBERT R. MORGAN 
Louis A .  Wehle Virus Research Lab., Dept. of Bacteriology, University of Rochester 

School of Medicine and Dentistry, Rochester, N .  Y .  

With psittacosis virus, a latent infection 
can be established in cultures of L cells by 
maintaining them in a balanced salt solution 
(1) or a synthetic medium deficient in an 
amino acid(2) for 2 days prior to infection. 
When the virus infects these cells, it enters 
a latent phase which will persist in the cells 
for several days, during which time the addi- 
tion of a medium consisting of water-soluble 
vitamins and amino acids will cause the virus 
to multiply. The objective of this study was 
to examine infected cells during this period 
of latency and early in the resumption of 
viral propagation in an attempt to determine 
whether any morphological structures occur 
which might be characteristic of this latent 
infection and how many cells are infected at  
various intervals of time after inoculation 
with virus. 

Materials and methods. 1. Media: A lact- 
albumin-horse serum-yeast extract (LHYE) 
medium ( 1 ) , Earle's balanced salt solution 
(BSS), and a synthetic medium (CM) con- 
sisting of salts, water-soluble vitamins and 
amino acids ( 2 )  , and this synthetic medium 
minus its content of phenylalanine (PDM) 
were employed. 2. Virus and viral titra- 

*Supported by research grants from Nat. Cancer 
Inst., U.S.P.H.S., and N. B. Delavan Fund for Virus 
Research. 

t i om:  The 6BC 3cl strain of psittacosis vi- 
rus, obtained from Dr. J. W. Moulder and 
maintained in the laboratory by allantoiic 
fluid passage, was diluted l / l O O O  in BSS or 
PDM and inoculated into monolayer cultures 
of L cells maintained in BSS or PDM. Fluids 
were changed daily and titrated by the sin- 
gle dilution method of Golub as modified by 
Dougherty et a L ( 3 ) .  On the appearance of a 
cytopathic effect, each cell layer was scraped 
off and the suspension was shaken with 0.5 g 
of 0.9 mm-diameter glass beads. Superna- 
tant fluids were removed from each suspen- 
sion and were dispensed in ampules and pre- 
served at  -701°C for inoculation of tissue cul- 
tures. All virus titrations were carried out 
by the modified titratisn method(3). 3. Ex- 
perimental protocol: Petri dishes containing 
cover slips were seeded with L cells in LHYE 
medium and placed in a C02 incubator a t  
37°C. When a monolayer of cells had been 
established on the cover slips, the cell sheet 
was rinsed 3 times with warm BSS. L cells 
were maintained for 48 hours in BSS or FDM 
with daily fluid changes, the cultures were in- 
oculated with a 1/1000 dilution of stock vi- 
rus containing LDaa for infection, and 
culture fluids and lysed cells were tested for 
virus content as indicated. 4. Light mi- 
croscopy technics : a )  Methyl alcohol-fixed 
cells on cover slips were stained with May- 
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Grunwald-(;ienisa (AIM; ) stain as tlexrit)e(l 
by Jacobsen(4) : b )  Feulgen staining, as cle- 
scribed by Chargaff and Davidson ( 5 ) ,  was 
performed on methyl alcohol-fixed cells. 
Slides were counterstained with 0.1 ‘z light 
green to increase the contrast between Feul- 
pen-negative and Feulgen-positive structures : 
c )  Acridine orange staining, as described by 
Armstrong and S v e n ,  was employed ( (I ) . -4 
standard Zeiss microscope with a mercurj. 
lamp was used for observation. 5 .  Elucfmn 
snicroscopy : Infected cells were sediniented 
by centrifugation and fixed at  0.5“C for 30 
minutes in veronal acetate-buffered 1 ”/; os- 
mium tetroxide containing 0.22 molar sucrose 
( 7 ) .  Pellet fragments were dehydrated in  
ethyl alcohol and embedded in n-butj.1-me- 
thacrylate. Sections were stained with lead 
hydroxide ( 8 )  and sandwiched with forinvar 
( 9 ) .  Electron micrographs were made with 
a Siemens Elmiskop 1 electron microscope. 

Resul ts .  IYhen L cells maintained for 2 
days in each medium were exposed to the vi- 
rus in each of the 3 different media, i.c., 
LHYE. BSS. and PDAI, for 8 hours, the virus 
was found to disappear from the culture 
fluids and to be detectable in  small amounts 
in the cells after washing and Iysis. However. 
tests of cells 24 hours after infection failed 
to reveal any infectious virus in the cells 
maintained in BSS or PDhl, though virus 
reappeared within 24 hours after addition of 
the synthetic medium (Val) containing a 
complete complement of water-soluble vita- 
mins and amino acids as has been previously 
reported( 1,2). These results indicate that 
the virus infects cells maintained in BSS or 
FDA1 and enters a latent phase until cell 
nutrition is altered by supplying the missing 
vitamins and/or amino acids. 

To determine the number of cells that were 
infected when exposed to virus. cover slips 
were removed from each preparation and cells 
were stained and examined for characteristic 
virus inclusions 24 hours after infection in 
LHYE and 24 hours after addition of the 
CM medium to those cells that had been in- 
fected in BSS or PDM. Tn all 3 cases, all- 
proximately 10% of the cells were found to 
contain characteristic virus inclusions. 

An attempt was made to increase the num- 

ber of cells infected (a) by reexposing the 
cells maintained in each of the media to fresh 
iiiocula of virus at 2-hour intervals during 
an 8-hour period a t  37’C in which the cells 
were gently agitated, and (b )  by reexposing 
the cells to fresh inocula of virus at  8-hour 
intervals for 24 hours a t  4°C. With the 
LHI‘E medium, after 24 hours of incubation 
at  37‘ (’ and with BSS following the addition 
of the CAI medium and 24 hours of incuba- 
tion a t  37 C, again only about 10% of the 
cells were found to be infected when exam- 
ined in stained preparations. Thus agitation 
or repeated exposure of cells to the virus did 
not increase the proportion of cells suscep- 
tible to  infection. 

Morphological changes in infected cells 
were then studied, using the 31ay-Grunwald- 
Giemsa and Feulgen stains as described. 
IVith the LHYE medium, inclusion bodies 
were first visible a t  16 hours after infection 
and these became more intensely Feulgen- 
positive a t  2 2  hours as the individual ele- 
mentary bodies became visible. Such cells 
also revealed the characteristic collections of 
psittacosis elementary bodies when examined 
with the electron microscope. By 72  hours of 
incubation, 70% of the cells were infected, 
and when overt signs of cell destruction were 
visible a t  96 hours, almost all cells contained 
inclusion bodies. When similar examinations 
of infected cells maintained in the BSS or 
I’D11 were made, no inclusion bodies were 
seen during the period of latent infection with 
light or electron microscopy. Within 22 hours 
after these cells were fed with the CM me- 
dium, inclusion bodies appeared within the 
cells and the infection spread to involve all 
the cells with destruction of the culture. 

IVith the acridine orange stain, no changes 
were visible in infected cells until 24 hours 
after infection a t  which time discrete, round 
or oval orange-red masses appeared within 
the cytoplasm. These masses were the same 
as the inclusion bodies seen in the AIGG 
stain, for when the acridine orange stain was 
removed and the cell: were restained with 
JIGG, the oranTe-red bodies appeared as 
typical viral inclusions. When the infected 
cells were treated with ribonuclease, the in- 
clusion bodies underwent a striking change, 



LATENT VIRAL INFECTION 87 

appearing as deep green homogeneous masses, 
whereas treatment with desoxyribonuclease 
resulted in an intensification of their red 
fluoresence. These results suggest the pres- 
ence of DXA and KNA in the virus inclu- 
sions as indicated by the studies of Arm- 
strong and Niven ( 6 ) .  

Discussion. Infection of L cells with psit- 
tacosis virus in a variety of media, including 
LHYE, CM olr BSS, reveals that virus pene- 
trates the cells in BSS alone and thus appar- 
ently only salts and glucose are essential for 
this step and the subsequent step of develop- 
ment of a latent phase of virus infection. No 
viral structure characteristic of this latent 
infection could be visualized by light or elec- 
tronmicroscopy in the cells examined, but 
only 10% of these were shown to be infected, 
and examination of much larger numbers of 
cells might have revealed some virus struc- 
tures such as the early virus forms described 
by Litwin in infections with feline pneumo- 
nitis virus ( 10). Subsequent virus multipli- 
cation will not occur in these cells in absence 
of water-soluble vitamins and certain amino 
acids (2) .  However, under the conditions of 
these experiments, only 10% of the cells 
could be infected a t  any one time with virus 
grown in the same cells, though with contin- 
ued incubation and release of virus from the 
infected cells, infectior, spread to all cells and 
the culture was destroyed. This occurred 
equally well in a synthetic medium (CM) 
containing only salts, glucose, glutamine, 
water-soluble vitamins and amino acids or 
LHYE. Since all the cells eventually became 
susceptible to infection oiver a period of 96 
hours, a cyclical change in cell susceptibility 
is indicated. I t  might be thought that this 
would be related to the mitotic cycle. but 
the CM medium does not support cell multi- 
plication so that this possibility is eliminated. 
Some physiological state of the cell appears 
most likely to be the determining factor of 
its susceptibility to infection, and over a 
period of 96 hours the virus infects and de- 
stroys all cells as conditions compatible with 

t The authors are indebted to  Dr. Michael L. 
Watson for advice and aid in the electronmicroscopi- 
cal studies. 

infection develop in segments of the cell pop- 
ulation. A similar situation was observed by 
Officer (1 1) in infection of Chang's strain of 
human liver cells with the 6BC strain of psit- 
tacosis virus where only 2% of the cells could 
be infected at  any one time. 

There is a possibility that an asynchronous 
infection might have been established in 
these cultures in which only part of the in- 
fected cells were at  a stage, a t  24 hours fol- 
lowing addition of virus, in which visible viral 
inclusions were present, but morphological 
studies on growth of this and related viruses 
have provided no evidence for asynchronous 
infection of cells( 10,12). 

The histochemical studies indicate that the 
intracellular inclusion bodies of psittacosis 
virus contain RNA and DNA in confirma- 
tion of other observations( 13,14). 

Sumnmavy. With the 6BC strain of psitta- 
cosis virus only 10% of L cells could be in- 
fected in vitro in several culture media, even 
with repeated exposure to virus over a period 
of 8 hours a t  37°C or 24 hours a t  4°C. How- 
ever, all cells became susceptible to infection 
during a period of 96 hours at  37"C, suggest- 
ing a sequential change in susceptibility. Us- 
ing the balanced salt solution of Earle or a 
synthetic medium deficient in phenylalanine, 
the virus infected the cells and entered a 
latent phase as well as it did with a complex 
horse serum-lac tal buinin hy droll ysa te-yeas t 
extract medium, but virus growth did not oc- 
cur until the missing amino acid or acids 
were supplied. No structures characteristic of 
virus were visible in these cells during the 
phase of latent infection when examined with 
the light or electron microscope.t Histo- 
chemical studies of the growth of virus in L 
cells revealed that the virus inclusion body 
contained RNA and DNA. 
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Relative Effectiveness of Phenothiazine Tranquilizing Drugs Causing 
Release of MSH.*t (26246) 

GEORGE T. SCOTT AND LEWIS K. NADING 
(Introduced by Ivor Cornman) 

Department of Zoology, Oberlin College, Oberlin, Ohio and 
T h e  Marine Biological Laboratory, Woods Hole, Mass. 

The ataraxic drug meprobamate (Miltown, 
Equanil) has been found to cause darkening 
of the light-adapted frog. This reaction does 
not occur in the hypophysectomized animal 
( 1 ) . Chlorpromazine (Thorazine), me- 
thosypromazine (Tentone) . and reserpine 
also have been found to cause rnelanophore 
dispersion in the normal frog and in the sand 
dab, Lophosetta maculata.  On the other 
hand, azacyclonol ( Frenquel) and oxanamide 

(Quiactin) have been found to be ineffective 
(2). 

This paper is a report of the influence of 
10 phenothiazinz derivatives now used in 
medical practice on the pituitary melancjcyte 
system of the frog, R a n a  pipiens. Marked 
differences in milligram potency of the drugs 
causing release of melanocyte stimulating 
hormone (MSH) from the hypophysis were 
observed. 

Methods .  Three hundred and thirty-one 
medium-sized R a n a  pipiens of both sexes 
were used in determination of the minimal 
effective doses (MED) of the drugs. The 
effects on 10 hypophysectomized frogs were 
also observed. Frogs were weighed and 

*This research was supported by grant from 
Nat. Inst. Health to Oberlin CoIlege. 

t Our appreciation is extended to the following 
for supplying the drugs: Lederle Labs., Schering 
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Labs., Squibb Inst., White Labs., Warner Lambert 
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placed singly in 1000 ml beakers containing 
200 ml of tap water. T o  provide a white 
background, beakers were wrapped with 
white cloth. Beakers containing the frogs 
were placed in white enamel pans under con- 
tinual illumination from a pair of 4 foot, 40 
watt fluorescent tubes mounted in a fixture 
20 inches above the pans. Frogs were per- 
mitted to light-adapt overnight prior to in- 
jection. Equal mg% doses (mg of drug per 
100 g of frog) of a drug were injected (0.1- 
1.3 ml) intraperitoneally into a series of 3 to 
5 light-adapted frogs. Doses ranged from 
0.01 to 8.0 mg%. The extent of melanophore 
dispersion was recorded from microscopic ob- 
servation of the web of the foot a t  2-5 hour 
intervals for 36 hours following injection. 
The melanophore index of Hogben and 
Slome( 3) was used. Twenty-seven control 
frogs injected with carrier solutions and 5 
uninjected controls were also run. 

The mean melanophore response to each 
dolse was calculated by averaging the single 
maximal responses of all frogs( 3-1 1) injected 
with that dose. The MED was defined as 
the minimal dose eliciting a mean melano- 
phore response of 3.0 on the Hogben and 
Slome index and was obtained by interpolat- 
ing from a dose-response curve. 

Hypophysectomy was performed accolrd- 
ing to the procedure of Hogben(4) with ad- 
ditional use of an ice bath to reduce blood 
flow. Complete removal of the hypophysis 


