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Inhibition of Saccharomyces cerevisiae division by 5-trifluoro-methyl-6-azauracil 
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Summary. Cell division, as studied in asynchronous cultures of yeast cells, is sensitive to 5-trifluoromethyl-6-azauracil (F3CAzU). 
Under defined conditions (10 mmoles 1 -~ F3CAzU ) this compound blocks immediately and completely the process of  cell division. 
Using synchronized cells, the time-point at which division process of yeast cell can be inhibited by F3CAzU has been determined. 
The inhibitory effect of this compound is completely reversed by thymine, thymidine and uracil. 
Key wordy: Saccharomyces cerevisiae; 5-trifluoromethyl-6-azauracil; yeast cell cultures; cell division, inhibition of. 

5-Trifluoromethyl-6-azauracil, prepared by Mertes et al. 1'2, 
Shen et al. 3, and Dipple and Heidelberger 4, was shown 2 to 
cause 50% inhibition of thymidylate synthetase (Escherichia 
coli) at a concentration of 4 mmoles 1-1. However, the in vitro 
studies carried out with other enzyme preparations 2 as well as 
in vivo tests in the case of transformed eukaryotic cells ~'2'4 re- 
vealed no inhibitory activity or significant cytotoxicity of this 
compound. In connection with our study of 5-substituted 6- 
azauracil derivatives as potential fungicides 5 we investigated 
the effect of F3CAzU in asynchronous or physiologically 
synchronized cultures of yeast cells as well as the antagonistic 
relationship between this compound and preformed pyrim- 
idines. 

Material and methods. F3CAzU was kindly provided by Pro- 
fessor M.P.  Mertes of the School of Pharmacy, University of 
Kansas, Lawrence, Kansas, USA. Thymine, thymidine and 
uracil were obtained from Calbiochem and hydroxyurea from 
Serva; lomofungin was kindly provided by Dr. G. B. Whitfield, 
Upjohn Co., USA. Saccharomyces cerevisiae U 92 was from 
the culture collection of the Prague Institute of Chemical Tech- 
nology. Difco yeast nitrogen base (B 391) with the addition of 
1% glucose was used exclusively as the cultivation medium. 
The above medium was solidified where necessary with 2 %  
Oxoid agar No. 3. Cultivation in liquid medium was carried 
out under intensive aeration in 10 ml vols at 28~ The me- 
dium was inoculated to a concentration corresponding to an 
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OD o f  0.05 and the resulting culture was taken to be exponen-  
tially growing when at taining O D  0.2, The total cell number  
was determined using a Biirker chamber .  Formaldehyde  
(0,4%) was included in the diluent. Viable counts  were made  
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Figure 1. Growth and cell division inhibition by F3CAzU. The medium 
was supplemented (~) with F3CAzU to final concentration of 0.5 
mmoles 1 -l  (1), 1 mmoles 1-1 (2) and 10 mmoles 1-1 (3). C, control 
growth without F3CAzU; n, total cell count; R, colony-forming ability. 
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Figure 2. a Effect of F3CAzU in synchronized cultures. F3CAzU was 
added (~) to a final concentration of 1 mmole 1 -l.  C, control synchro- 
nized culture without F3CAzU; n, total cell count; b Effect of thymine 
in reversing synchronized division inhibited by F3CAzU. A synchro- 
nized culture was supplemented ($) with F~CAzU to a final concentra- 
tion of 1 mmole 1-1. Thymine was added (2) to the same final concen- 
tration. C, control synchronized culture supplemented (+) with 
F3CAzU; n, total cell count. Because of the identical results the rever- 
sion by thymidine or uracil is not presented. 

by the plate technique.  Dilutions were made  in the s tarvat ion 
medium.  Synchronized cultures were obta ined by a me thod  
which employs temporary  inhibit ion o f  D N A  synthesis by hy- 
droxyurea  6. D N A  content  was determined by a modif ied di- 
phenylamine  me t hod  7. Prote in  was determined by the me thod  
of  Lowry et al. 8. The nuclear  material  was stained by the lomo- 
fungin procedure  9. Specimens for scanning electron micros- 
copy were coated with gold and observed on a J E O L  SEM. 
Observat ions by phase-contras t  microscopy were made  with a 
Zeiss (Jena) N U  2 microscope.  
Results and discussion. The dissociat ion between the total  cell 
count  or viable count  and the rates o f  D N A  and prote in  syn- 

Figure 3. Scnanning electron micrograph of Saceharomyces cerevisiae 
cells grown for 4 h in medium supplemented with F3CAzU to final 
concentration of 1 mmole 1 -l. x 3000. 

Figure 4. Detection of nuclear material in included filamentous form of 
Saccharomyces cerevisiae. Growth conditions were as described for fig- 
re'e3, x 1500_ 
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thesis in asynchronous culture of Saccharomyces cerevisiae ex- 
posed to F3CAzU indicates its selective inhibitory effect on cell 
division (fig. 1). Figure 2a represents an experiment in which 
F3CAzU was added to synchronously dividing cells at various 
times between the first and second synchronized division. Ac- 
cording to results obtained, F3CAzU is effective until 15 min 
before the onset of the second synchronized division. In re- 
sponsive cells the inhibitory effect of F3CAzU is completely 
reversed by thymine, thymidine or uracil if they are added be- 
fore, simultaneously with or after F3CAzU (fig.2b). Micro- 
scopic observation of  the cells exposed to F3CAzU disclosed 
no inhibition of  elongating cell growth or the segregation of 
nuclear material; however, cell division is blocked and filament 
(pseudomycelium) formation occurs (fig. 3 and 4). In summary, 
F3CAzU was found to be a fungistatic agent which affects the 
division cycle of yeast cell as one would expect of a specific 
inhibitor of cell division. In other words, a direct interaction of 
F3CAzU with a cell component or structure results in immedi- 
ate inhibition of a certain biochemical event essential for cell 
division. Our results with synchronized cultures suggest that 
this biochemical event coincides probably with a late event in 
the cell division cycle which is intimately involved in cytoki- 
nesis or cell separation. The capacity of pyrimidine bases to 
reverse the effect of F3CAzU suggests their effect at the uptake 

level or competitive displacement of  the inhibitor from an ac- 
tive participation in the processes mentioned; however, in rela- 
tion to the fact that Saeeharomyces cerevisiae cells are unable 
to use exogenous pyrimidines 1~ a more detailed study of this 
phenomenon is necessary. In this context, F3CAzU may have 
useful applications in studies of  the division process of single- 
cell eukaryotes. 
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Bacterial endosymbionts 'theta' of the hcterotrich ciliate C l i m a c o s t o m u m  v i rens  I 
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Summary. Light microscopy using several fluorescent stains, and electron microscopy, reveal that the ciliate Climacostomum 
virens contains numerous bacteria in its cytoplasm. Their number depends on whether or not the host also harbors Zoochlorella. 
The bacteria, called theta, resemble ordinary gram-negative bacteria in their ultrastructure. They are 1.5-5 gm long and 0.4 p.m 
wide, contain nucleoids, and are not enclosed in a vacuole. 
Key war&'. Bacterial endosymbiont; ciliate; Climacostomum virens; heterotrich. 

As suggested by Roux 2 it was well established at the beginning 
of the century that intracellular symbionts could develop in 
protozoa. The first symbionts which were described were the 
'bright green chlorophyll bodies '3'4, later recognized as the 
green algae Zoochlorella sp. Not until nearly a century later 
did workers discover bacteria-like symbionts in the protozoan 
Paramecium 5. Only a few host species or genera have now been 
studied comprehensively (for recent reviews see Soldo 6, Preer 7 
on Paramecium, Heckmann 8 on Euplotes and Jeon 9 on 
Amoeba). Some of these bacteria are endonuclear and are si- 
tuated either in the micro- or the macronucleus ~~ All others 
live in the cytoplasm. The present article describes bacteria in 
the cytoplasm of the heterotrich ciliate Climacostomum virens. 
Successively Peshkowskaya tl, Repak 12, Fischer-Defof  3, Peck 14 
and Hufschmid 15'~6 have shown the presence of endosymbiotic 
algae. They can be called Zoochlorellae. It was Peck et al) 4 
who first identified the rods as bacteria. Here a short descrip- 
tion of these theta bacteria studied by light and electron mi- 
croscopy is given, and they are compared to the omikron bac- 
teria of the hypotrichous ciliate Euplotes 8, and to the different 
bacteria of the Paramecium group 6'7. 
Materials and methods'. Culture methods have been described 
elsewhere 16. We have made our observations on stocks from 
Geneva with and without the endosymbiotic algae Zoochlorella 
(G 2, G 2cf) 15 and on stocks from Tfibingen with and without 
micronuclei (T and T amcf). The latter were kindly provided 

by Dr D. Ammermann, University of Tfibingen. For light mi- 
croscopic observations we used the following different staining 
procedures to visualize the bacteria: the fluorochrome PIC 
(N,N'-diethylpseudoisocyanin chloride) 17 and the fluoro- 
chrome BAO (Bis-(4-amino phenyl)-l,3,4,-oxadiazol)) 18 modi- 
fied by a hydrolysis step of 1 h in 5 N-HC1 at room tempera- 
ture. We also used DAPI (4'-6-diamidino-2-phenyl-indole) ~9 at 
a final concentration of 5 txg/ml, ethidium bromide at a final 
concentation of 0.5 10 gg/ml and Hoechst 332582~ at a final 
concentration of 5 gg/ml. With the latter three fluorochromes 
cells were incubated after fixation and before staining with a 
solution containing 0.5-1 mg/ml of RNase (free of DNase) for 
1 h at 37~ For electron microscopy cells were prepared as 
described by Pelvat 21. For  antibiotic treatment cells were incu- 
bated successively with tetracycline (Achromycin: Lederle Lab- 
oratories Division Pear River N.Y., 50 lag/ml), with Penicillin 
(200 units/ml) and Streptomycin (200 ktg/ml) and transferred 
into antibiotic-free medium. 
Results. We decided to call the bacterial rods living in the cyto- 
plasm of C. virens by the greek letter theta, as is customary for 
cytoplasmic hereditary units and symbionts of unclear taxo- 
nomic affiliationk All stocks examined by DAPI staining har- 
bor these bacteria, including a stock isolated years ago from 
Geneva (G 2), a recently isolated stock from Geneva (G 10), a 
stock without Zoochlorella (G 2c0 and an amicronucleate 
stock from Tfibingen (T amcf). From BAO or DAPI stained 


