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Cytochemical Effects of Substituted Pyrimidines on Psittacosis Virus.* 
(26146) 

The metachromatic staining properties of 
acridine orange fluorochrome enables visual 
study of cytochemical changes which accom- 
pany certain viral infections( 1 ) .  iyhen 
stained with acridine orange and viewed by 
fluorescence microscopy, the fluorescence in- 
duced in the nucleoplasm of normal cells is 
yellow-green (DNA-staining) and in both cy- 
toplasm and nucleoli is red-orange (RNA- 
staining) (2,3).  Cytochemical changes asso- 
ciated with maturation of psittacosis virus4 
in human cell lines have been described as a 
color sequence from shades of red to orange 
to yellow to green ( 4 , s ) .  Fluorescein-tagged 
antibody localized selectively in the mature 
virus inclusion. This host-parasite, differen- 
tial-staining system offers a method for visual 
study of nucleic acid metabolism. It has 
been applied by us to studies on the mechan- 
ism of antibiotic action (61, and, as described 
herein, on the mode of action of fluorinated 
pyrimidines which are nucleic acid antago- 
nists( 7 ) .  The procedure is based on inter- 
ference with the normal color sequence as- 
sociated with virus maturation. 

ikfethods. The procedures used for propa- 
gation and examination of tissue cultures in- 
fected with psittacosis virus have been de- 
scribed ( 5 ) .  Therefore, only a brief outline 
is given. A human synovial cell line (Mc- 
Coy) (S )  was propagated on coverslips in 
Leighton tubes. Tissue cultures were inocu- 
lated with a dose of virus (designated TTS) 
calculated to infect 90% of the cell popula- 
tion( 9 ) .  Nutrient medium, without anti- 
biotics, consisted of Mixture 199 with 2% 
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heat-inactivated calf serum, and 0.5 % lactal- 
bumen hydrolysate. The effect of 5-fluorour- 
acil (FU)  I /  and of 5-flumoorotic acid (FO) I I  
on the maturation sf psittacosis virus was 
tested. Graded concentrations (6-25 y/ml) 
of FU and FO were each added a t  intervals 
from 0-24 hours to1 both infected and unin- 
fected 3-day-old tissue cultures. After incu- 
bation at  3 7 “C, coverslip preparations were 
fixed in acid-alcohol, stained with acridine 
orange, and examined by fluorescence mi- 
croscopy(5). Fate of virus in treated and 
untreated cultures was followed by inocu- 
lation of whole culture extracts intracere- 
brally into mice and by the microscopic 
counting method (9) .  

Results. Within 14 hours after infection, 
the host-cell contributed an RNA-staining 
(red-orange) matrix around the initial DNA- 
staining ( yellow-green) virus particle. The 
resulting cytoplasmic inclusion was desig- 
nated the 14 hour “red-ball” stage (Fig. 1 ) .  
RNAase treatment removed the matrix ma- 
terial and unmasked immature virus which 
was Feulgen positive, not antigenic to fluor- 
escein-tagged antibody, and not infective for 
mice. During this period, the inclusion in- 
creased in size, number, and color intensity. 
The 14 hour “red-ball” inclusions were 1-4 p 
in diameter, Within 38-72 hours, further 
development of the inclusion was noted. The 
RNA-staining matrix underwent a sequence 
of color changes from shades of red to orange 
to yellow to green (Fig. 2 ) .  Subsequently, 
pin-point mature virus appeared which was 
an tigenically positive, DNAase-r esis tan t , and 
infective for mice. Addition of FU prior to 
the 14 hour “red-ball” stage inhibited further 
color changes and hence virus maturation. 
In contrast, if FU was added after the 14 
hour “red-ball” stage (during the period of 
matrix color change from red to mange), 
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FIG. 1-4. McCoy cells infected with psittacosis 
virus. With acridine orange fluorochrome and ul- 
traviolet microscopy, normal cytoplasm arid nuclei 
fluoresce red-orange (RNA-staining) and ycllo~v- 

green (DNA-staining), respectively. X 750. 
FIG.  1. 14 hr “red-ball” stage. The cytoplas- 

mic iiiclusioii body which liere appears white flu- 
oresces a brilliant red-orange against a, lighter 
cytoplasm. 

FIG.  2. 48-72 hr after infection. Maturation of 
cytoplasmic inclusion bodies is incliczted by a sc- 
yueiice of color chaiiges from shades of red t o  
orange to  yellow to green which appear here a s  
shades of white t o  grey. Subsequently, pin-point, 
DNA-staining mature virus is noted. 

FIG.  3 .  48 hr after addition of 25 y 5-fluo1-d- 
uracil to the 14 hr ((red-hall” stage (Fig. 1). In- 
stead of the expected color changes indicated in 
Fig. 2, ( (  fraudulent’ ’ RNA-staining inclusioiis are 
seen which liere appear as white masses. 

FIG. 4. 3 days after the stage shown in Fig. 3 .  
The inass of ‘ fraudulent ’ ’ RNA-staining material 
disappears and unmasks an inclusion similar to the 
14 lir “red-ball” stage. 

some inclusion bodies showed evidence of 
maturation. Within 48 hours after addition 
of FU to the 14 hour “red-ball” stage, in- 
stead of the expected appearance of the yel- 
low-green, DNA-staining mature virus, a 
mass of RNA-staining material was noted 
(Fig. 3 ) .  This abnormal! RNAase-sensitive, 
formation has been designated “fraudulent” 
RNA and may be analogous to that described 
by Bosch ef nZ.( 10). I t  was amorphous in 
appearance and distinct from both the 
lighter-stained uninfected cytoplasm and 

from the more brilliant 14 hour “red-ball” 
inclusion. Masses of “fraudulent” RNA dis- 
appeared gradually within 3-5 days in the 
course of which time the original 14 hour 
“red-ball” inclusion remained (Fig. 4) .  Un- 
infected control cultures exposed to similar 
concentrations of FU stained normally with 
acridine orange. Development of “fraudu- 
lent” RNA was more marked with FU than 
with FC). RNA-staining nucleoli of infected 
cells treated with FU were enlarged as were 
some cells. Psittacosis virus multiplied in 
cultures of McCoy cells; however, virus was 
absent from infected cultures in which 
“fraudulent RNA” appeared following treat- 
ment with at least 6 y F U  per ml nutrient 
fluid. This inhibition was partially reversed 
when 20 times the amount of uracil was 
added to the FU (Table I ) .  

Discussion. Viruses have been defined as 
transmissible genetic material ( 11). As such, 
they induce changes in infected cells which 
result ultimately in replication of the original 
agent. The normal course of psittacosis virus 
infection of human cell lines showed that the 
initial DNA-staining virus triggered a reac- 
tion in which a matrix of RNA-staining ma- 
terial was formed. That this matrix material 
gradually faded and disappeared coincident 
with the appearance of mature virus sug- 
gested that it functioned as a metabolic p o d  
or source of nutrients and energy for repli- 
cation of virus. The matrix material ap- 
peared to be involved in prductioln of viral 
protein-coat and in production of viral DNA 
itself. These observations are in accord with 
the rolles designated for RNA ( 12,13). There 
are indications, also, that FO and FU inter- 
fere with DNA formation but not with RNA 
or protein synthesis (14). In our studies, FO 

TAKIifil T. Eff ect of 5-E’luoroumcil oii Replicatioil 
of Psittacosis Virus in McCoy Cells. 

Virus recovered 4 claps 
later 

Mouse iii- Infective 
Drug tlcldccl y/ml oc,ula tioii uni ts/nil 
-~ 
FTJ 6 0/5* 30 t 
FT; + uracil 6 + 120 2/5 1.1 x l o 3  

5 / 5  1.1 x 107 Kone - 

* Nai. irifected/No. inoculated. 
t Particle count in tissue culturc. 
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and FU interfered with the DNA (virus) to 
RNA (intermediate) to DKA (virus) se- 
quence. Instead of the expected cycle, these 
pyrimidines caused accumulations of abnor- 
mal RNA-staining material which inhibited 
virus maturation. Removal of this “fraudu- 
lent” RYA-staining matrix with RNAase un- 
masked DNA-staining immature virus. These 
observations suggested that FC and FO did 
not interfere with RhTA or DNA synthesis 
per se but did interfere with development of 
intact virus through inhibition of protein syn- 
thesis. 

When chlortetracycline HCl was added to 
the nutrient medium a t  the “red-ball stage” 
of psittacosis virus, maturation of the inclu- 
sion was arrested and virus was not recover- 
able from such cultures( 6 ) .  LYhile chlor- 
tetracycline and FU interfered with virus re- 
plication, the mechanism of each was differ- 
ent: the former appeared to block the mo- 
bilization of an RNA-staining matrix, while 
the latter interfered with the normal biosyn- 
thetic sequence by formation of an abnormal 
intermediate compound. 

Summary .  Cytochemical changes associ- 
ated with psittacosis virus infection of tissue 
cultures were studied by acridine orange 
staining and iluorescence microscopy. S o r -  
ma1 virus development was interrupted by 
the addition of 5-fluorouracil and 5-fluoro- 
orotic acid which caused the accumulation of 

“fraudulent” RNA. It is suggested that the 
substituted pyrimidines interfered with de- 
velopment of intact virus through inhibition 
of protein synthesis. 
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Data on the permeability of cell mem- 
branes to a considerable number of non-elec- 
trolytes are available ( 1,2 ’) . Relatively little 
is known of the permeabilities of cells to the 
purines and pyrimidines although nucleic acid 
metabolism has been a major area off inves- 
tigatioa for over a decade. 

The present paper reports our work on 
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permeability of Ehrlich ascites cells to ade- 
nine. 

Methods and materials. The Ehrlich as- 
cites used was a hypotetraploid line carried 
in Swiss albino mice by weekly intraperito- 
neal injections of 0.1 rnl of ascites. For ex- 
periments, 6 day ascites was collected into 
50 ml Krebs-Ringer bicarbonate (KRB)  con- 
taining 0.2 rng heparin. The  resulting sus- 
pension was diluted with an equal volume of 


