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The infection of yeast with vimses of 
warm-blooded animals has been a controver- 
sial subject since the claims of Silber and 
Wastruchowa ( 1 )  on the growth of vaccinia 
in Torula were not confirmed by Amies (2). 
Recently, however, the successful propaga- 
tion of certain mammalian enteroviruses in 
yeasts and Tetrahymena was reported by 
KovAcs et al. (3, 4), both with isolated viral 
genome and complete infectious particles. 
Transfer assays with the oncogenic DNA vi- 
rus, polyoma (PyV), are described in the 
present communication. Similar results with 
Protozoa will be published separately. Brief 
mention of these findings has been made in 
an abstract (5) and a report (6).  

Experimental Methods. PyV was the large 
plaque variant of the T strain passaged 
on secondary mouse embryo cells (MEC) 
grown in medium CMRL-1066 ( 7 )  or 
yeast -extract -lac t a1 bumin h y drol yza te supple- 
mented with 5-10% horse serum. The virus 
was harvested and purified on a column ac- 
cording to Sheinin ( 7 )  and others (8) or 
batchwise on Dowex 1-X2 (50-100 mesh). 
Infectivity was titrated on monolayers of sec- 
ondary MEC in roller tubes ( 7 ) ;  the end 
points were rechecked also by hemagglutina- 
tion (HA) and repeated by plaque assays. 
The MEC were seeded with yeast-lactal- 
bumin hydrolyzate containing 5 % horse and 
5% fetal calf serum on 60 X 15-mm plastic 
petri dishes (Falcon) as recommended by 
Crowford et aE. (9) and Sheinin (10). The 
appearance of plaques took about 6 days, 
neutral red staining about 1 or 2 days. Heat 
inactivation of the PyV was carried out by 
boiling in sealed ampules for 1 hr. For HA, 

1 This work was supported by the National Cancer 
Institute of Canada. 

0.2 ml of guinea pig RBC, 0.8% in phos- 
phate buffered saline (PBS) was added to 0.2 
ml of test material in 6 X 100-mm glass 
tubes and the results read after overnight 
incubation at  4O; the reciprocal of the last 
geometrical dilution giving partial agglutina- 
tion was taken as 1 unit (HAU). Saccharo- 
myces cerevisiae H and Candida albicans iso- 
lated from a patient were grown axenically on 
a fluid medium containing salts, bactopep- 
tone, yeast extract, lactate, and glucose (3, 4, 
1 1 ) . Occasionally a chemically defined tis- 
sue culture medium (12) alone or with 0.15 
M sucrose was also used. 

Unpurified or highly purified PyV of 
known potency, 0.1-1 ml in medium or PBS, 
was equilibrated with an enumerated log 
phase yeast population, suspended in a 
2 50-ml screwcapped Erlenmeyer flask with 
0.5 ml of medium. After 30-min interaction 
at  24", with or without intermittent agitation 
on a Clinical Rotator (Fisher Sci. Co.) a t  
120 rpm, 10-50 ml of medium were added 
and the cultures were reincubated at 28". 
The cells were counted after sampling at 
zero, 24, and 72 hr, with or without medium 
replacement, under constant agitation a t  120 
rpm, on a conventional hemocytometer and/ 
or Coulter counter, model B. Volumetric 
pipettes, flasks and micropipettes were used 
for sampling and in the preparation of 
200-500-fold dilution, the former for micro- 
scopic, the latter for the electronic counting. 
Hand mixing by overturning the containers 5 
times was made before sampling the original 
or taking 10 individual aliquots with a mi- 
cropipette (20 p l )  delivering approx 10 pl of 
the dilution on each side of the cytometer. 
All the cells covering both measured surfaces 
were counted and recorded by a Clay-Adams 
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8 digit Laboratory counter. For the Coulter 
counter with 80 apertures, 10 individual 
samples were taken from the 400-500-fold 
dilution which remained under agitation dur- 
ing the whole procedure (13). The geometri- 
cal mean of 10 individual determinations was 
calculated and the results were expressed as 
the number of cells per milliliter t standard 
error of the mean (SE) percent (4) or per 
mil ( % o )  according to the formula SE = 
SD/nG. When cytometric and electronic 
counts were made simultaneously the average 
of 20 individual counts was recorded. Dye 
exclusion with trypan blue was a criterion of 
viability and the number of dead cells calcu- 
lated in % I+ SE of the population. Budding 
cells were also counted and the rates were 

recorded as %o t SE. Bud and mother cells 
were considered one single unit for the p p u -  
lation counts. Controls were handled similar- 
ly, but with extract of normal MEC culture 
or heat-inactivated PyV, as sham inoculum. 
Recently the yeasts were homogenized by the 
zeolite techniques (14, 13) following centri- 
fugation at  20.000 rpm for 45 min at  0-4'. 
The supernatant was removed and zeolite 
(Union Carbide, Type 4A 1/16 particles or 
Type 4A powder) 3.3 times wet weight of the 
yeast was added. Grinding was done in a 
glass mortar by mixing the cells with small 
portions of zeolite and water, or the original 
medium. After 3-5 min the homogenate was 
extracted with chloroform, Genetron, and 
ethyl ether, flushed by N2 and dialyzed 

TABLE I. Experimental Infection of Yeasts with Unadapted Polyoma Virus. 

Cells (count f SE; %) Inoculum Mortality Budding PyV yield Serol. tests 
Incubation (28") per system (?Lo f SE) (zo 2 SE) per system remarks 

C .  albicans" 
Infected: 72 hr 
1.58 X 107/ml 2 0.16 
Normal: 
1.86 x 107/mi 2 0.25 

C. albicansb 
Infected: 120 hr 

Control: 
1.56 x 107/mi 5 0.20 

1.98 x 107/m12 0.16 

S .  cerevisiae" 
Infected: 72 hr 

Control: 
I .4 x 107/mi 

1.54 x 1 0 7 , ~  -r- 0.40 

1360 HAU 
109.4 PFU 

MEC extract 

2048 HAU 
lo".' PFU 
Inact. PyV 
HAU+, PFU+ 

2048 HAU 
103.2 
Inact. PyV 
HAU+, PFUG 

59 2 0.10 69 f 0.63 Nil 

74 1.10 57 5 0.65 86,000 HAU 

43 2 0.50 64 f 0.18 Nil 
100.5 PFU 

97 2 0.37 76 -r- 0.21 141,000 HAU 

54 2 0.40 79 2 0.80 Nil 
107 PFU 

HI: +(1:256) 
Neut.: +(1:128) 

Negative 

HI: +(1:512) 
Neut.: +(1:374) 

Negative 

HI: +(1:2048) 
Neut.: +(1:768) 

Negative 

a Expt. 30: 24-hr yeast culture, 0.5 ml + 0.2 ml of unpurified PyV, both in PBS; 0.5-hr interaction at  24' 
with I-min agitation every 5 min; brought to 50 ml with growth medium; reincubated after sampling 4 
vol % at zero-, and 10% at 24 and 48 hr with medium replacement, At zero-time: 284,000 cells/ml, 34%, 
dead, 96%, budding; ratio of budding/dead (B/D) = 2.85, dead/budding (D/B) = 0.35. Control: Same 
original culture, identical treatment, but 0.2 ml of MEC extract as sham inoculum. At zero-time: 277,000 
cells/ml, 29%, dead, 97%, budding; B/D-3.27, D/B = 0.31. At 72 hr  the mean of 10 cytometer counts, at  
zero-hr mean of 10 cytometer and 10 automatic counts are recorded. Titers as HAU/system and PFU/sys- 
tern; inhibition of HA (HI) per 0.2 ml, neutralization per 0.1 ml of 48-hr infected cell homogenate. 

bExpt. 30/D: Similar to Q but higher cell and virus input and longer incubation. No medium change 
after a single sample (1 vol %) at  zero-time: 624,000 cells/ml, 32$/,, dead, 73%, budding: B/D = 2.28, D/B 
z 0.43. Control: 0.2 ml of heat-inactivated PyV. At zero-time: 624,000 cells/ml, 22.8%, dead, 78%, bud- 
ding; B/D = 3.42, D/B = 0.29. 

"Expt. 30/A: Similar to b but S .  cerevisiae and shorter incubation without medium change. At zero- 
time: 230,000 cells/ml; 43%, dead, 78%, budding; B/D = 1.80, D/R = 0.55. Control: 240,000 cells/mk 
33%, dead, 66%, budding; B/D = 2.00, D/B = 0.50. CounLs in Expt. 30/D and 30/A are the mean of 10 
cytometer countings. 
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against PBS and water. Sterility tests were 
made and the preparation was stored at -25 
or -90' (13). More recently, instead of cen- 
trifugation, Millipore membrane, 0.45-p pore 
size, was used to separate cells from medium; 
the filter was dissolved with 3 drops of ace- 
tone and the cells homogenized with zeolite. 
Further refinement was the omission of or- 
ganosolvents, other than ether, to prevent 
loss of titers. Immune sera were prepared by 
subcutaneous, intramuscular, and intravenous 
administration of column purified PyV (1.5 
X los PFU/ml) in increasing doses to Bel- 
gian rabbits. The sera were used for HA 
inhibition (HI) and neutralization tests ( 15). 

Results. Infection of the yeasts was carried 
out in over 60 individual experiments. Char- 
acteristic findings are presented in Table I. 
The first example, Expt. 30, illustrates an 
assay with medium replacement a t  samplings 
assuring by this way constancy of volume 
and fresh nutrient but also causing virus loss, 
which has to be taken into account a t  the 
calculation of the titers. At the end of the 
incubation with PyV the normal yeast culture 
exhibited significantly higher cell counts 
than the infected one, perhaps because the 
mortality rate rose 4476, the budding 25% in 
the experimental system, relative to the nor- 
mal control. Simultaneously, a 60-fold in- 
crease in HA and 3.8 log in infectivity was 
noted over the inoculum, suggesting the mul- 

tiplication of the PyV in yeast cells. The 
consequence of this virus propagation was the 
increase of the mortality over the budding 
rate. The opposite was true with the uninfect- 
ed culture. The progeny was identified as 
PyV by HI and neutralization tests. When 
the experimental design was altered some 
variation was observed as illustrated with the 
findings in Expt. 30/D. Here the incubation 
lasted 48 hr longer without changing medium 
and the control received inactivated PyV as a 
token inoculum. The . titers recorded as 
HAUJsystem increased 42-fold, the infectivi- 
ty increased 3.3 logs over the input, thus the 
yield was negatively affected by the pro- 
longed incubation without renewal of the 
medium. The mortality rate conformed to the 
established pattern. The budding was 13% 
lower than that of the control and it was 
significantly lower than the mortality rate, 
resulting in a drop in the density of the 
infected cell population. Assays with a differ- 
ent species, but 48-hr shorter incubation, re- 
vealed a great increase in HAU (68-fold) 
and infectivity (3.8 log) over the inoculum, 
as illustrated with the findings of Expt. 30/A. 
Although the mortality was 45% higher in 
the infected culture and the budding 4.7% 
lower, a relatively small difference was found 
in cell counts, at the end of the experimental 
period. Additional parameters are presented 
in Table 11. The decrease in population den- 

TABLE 11. Additional Parameters of PyV-Infected Yeast Population. 

Cells, incubation (28"), Distribution of Reduplication Budding/mor- Mortali tybud- 
difference in cell counts PyV as HAU times cell input tality ding 

Candida" 
Infected: 72 hr  
Normal : 
Infect./norm. = 18.2% 

Candidab 
Infected: 120 hr 
Control : 
Infect./contr. = 21.3% 

S. cereviSiaeO 
Infected: 72 hr  
Control : 
InfectJcontr. = 12% 

Med.: 26.2% 
Cells: 73.8% 59.70 0.87 

Nil 77.80 1.16 

Med.: 4.670 
Cells: 95.4% 25.10 0.79 

Nil 37.40 1.48 

Med. : 12.5070 
Cells: 87.50% 59.40 0.78 

Nil 64.10 1.40 

1.14 
0.86 

1.29 
0.67 

1.20 
0.6.7 

a Expt. 30: cell population density, as mean of 10  cytoineter and 10 electronic counts. 

O Expt. 30/A: assay with a different species. Viability arid budding as mean of 10 cytometer 
Expt. 30/D : control with heat-inactivated virus. 

counts; fo r  details see Table I. 
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sity of the infected culture, tabulated as per- 
centage difference between the cell counts of 
the system and control, is due to the in- 
creased mortality and, in some assays, the 
depressed budding rate as well. At the end of 
the experiments the virus yield was mainly 
cell associated, ranging from 76 to 9570. The 
variations are maybe due to the different 
designs and techniques used. The great de- 
cline of the factor of reduplication of the cell 
input in the infected culture is also note- 
worthy. For instance the uninfected popula- 
tion doubled its original size 18.1 times more 
than the infected one in Expt. 30. The ad- 
verse effect of long incubation may explain 
the findings in Expt. 30/D and the species 
difference in Expt. 30JA. The ratio of bud- 
ding/dead cells is another useful index of the 
effect of PyV infection on yeast populations. 
In  the controls this B/D ratio was over 
unity (1.16-1.48), but well under 1.0 in the 
infected population (0.78-0.87). However 

I 

FIG. 1. Change in cell population density of PyV- 
infected C. albicans; Expt. 30, average of 10 cytom- 
eter and 10 automatic (Coulter) counts; SE ranging 
-I 1% (for methods see Table I). 

CorJirol I n  jecle d 
-= Buddirrg 0--P =Budding 
C+o=florialiiy x-x :Moriatiiy 

k-.i = Injectiviiy 4- I 1 . h  

1 
0 24? 40 !! 72‘ 

Iocubatioh at 28°C. 
FIG. 2.  Viability and budding in C. albicans in- 

fected with PyV; Expt. 30. Average of 10 cytometer 
counts (see Table I and Fig. 1). 

from the zero-time values listed under Table 
I it is evident that similar changes may start 
with the first virus-cell interaction as will be 
further discussed. The sequence of events 
will be analyzed in Figs. 1-4. The change in 
cell population density is illustrated in Fig. 1, 
the mean of 10 automatic and 10 microscop- 
ic cell counts being plotted against time of 
incubation. A small but progressive difference 
between system and control is evident, rang- 
ing from 14% a t  24 hr to 18.2% at  72  hr. 
The increase in HAU (and infectivity, v.i.) 
went parallel with the population changes, 
exhibiting a steep rise-a 3-fold increase at  
24 hr to 10-fold at  48 hr and 60.2-fold at  7 2  
hr. At zero-time approx 98% of the inoculum 
was free, but after incubation this distribu- 
tion changes gradually, at 24 hr almost 1170 
being intracellular, at 28 hr approx 67% and 
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at  the end about 76% was cell associated. 
Similar was the distribution of infectivity 
(not plotted). The cell-biological aspects are 
illustrated in Fig. 2, demonstrating the in- 
crease in mortality of the yeast cells during 
incubation with virus and simultaneously 
with a 3.8 log rise in infectivity. The number 
of budding cells increased substantially, the 
experimental system exhibiting lower values 
up to 48 hr, then an abrupt drop in the 
mitotic activity of the controls and a steady 
rise in that of infected cells, thus a crossover 
of the curves occurred. The next section deals 
with comparison of individual assays re- 
peated under similar experimental conditions. 
Figure 3 illustrates the factor of reduplica- 
tion of the original cell input during incu- 
bation. Expt. 39 received a somewhat larger 
inoculum, but adsorption and further treat- 
ment were identical with that of Expt. 30. 
The similarity in behavior is striking, as re- 
gards the increase in HAUJsystem (59.5-fold 
for Expt. 39 versus 60.2 of Expt. 30) and 
cell population changes. After infection thte 
cell seed increased in size 37.7-times during 
24 hr, in Expt. 39, but 47.8-times in the 
control. This compares well with Expt. 30 
where a similar deficit was observed, in spite 
of the fact that in both systems the cell 
counts at zero-time were larger than in the 
controls. The pattern did not chmge with 
further incubation and there was much simi- 
larity between the systems which remained 
significantly below the reduplication capacity 
of the controls. These data are further sub- 
stantiated in Fig. 4, where the mortality and 
budding rate as percentage of the cell popula- 
tion, assessed by the usual techniques, is 
plotted against increase in HA of the system. 
96.7% of the yield was cell associated at  72 
hr. The corresponding final infectivity titer is 
also recorded in the Fig. 4 legend, measured 
in PFU and checked by neutralization assays 
in tube cultures of MEC. The results are 
very similar to those illustrated before, as 
regards the increased mortality or the final 
crossover of the budding and mortality curves 
at 72 hr. Virus distribution also con- 
formed with the general observation. Thus 
Figs. 3 and 4 illustrate the reproducibility of 
the findings, the difference in HA and infec- 

Ex- .  30. 

? 
I 

I 
I 

n 1  

I 
I E~p.39. r 

I 
I 
I 
I 
I 
I 
I 
1 

Incutation d rrPC 
FIG. 3. Reduplication of PyV-infected y w t  cul- 

tures; comparison of two experiments; Expt. 39, in- 
put 3.26 X lo5 cells/ml + 0.2 ml of Pyv (2048 
HAU, lo'." PFU) ; infectivity titer at 72 hr = lo'.'; 
neutralization: +(1:1024) in 0.1 ml, HI: +(1:1024) 
in 0.2 ml of yeast cell homogenate. Control, 2.94 X 
105 cells/ml, further treatment same as Expt. 30 
(Table I and Figs. 1, 2 ) .  

tivity may be due to the organosolvent ex- 
traction in Expt. 30, which was replaced by 
the zeolite techniques in Expt. 39, allowing 
higher virus recovery in the latter. 

Discussion. Unadapted PyV was success- 
fully propagated in two different species of 
yeast, S. cerevisiae and C .  albicms isolated 
from a female patient. The present paper 
reports this primary experimental infection of 
Protista with phylogenetically distant mam- 
malian virus, carried out in over 60 individu- 
al assays, using various techniques. Thus the 
findings are reproducible, although the yields 
were relatively low. In  many instances the 
estimate is rather conservative, because the 
extensive mechanical homogenization and or- 
ganosolvent extractions (chloroform, Gene 
tron, ether) caused considerable virus loss. 
The filtration and zeolite homogenization, 
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combined with washings facilitates the quan- 
titative recovery of the progeny. The low 
efficiency of virus production however, may 
depend on many other factors. First of all on 
the defective mechanism of virus release, the 
majority of the yield remaining firmly associ- 
ated to the yeast cells, precluding superim- 
position of infective cycles. The spontaneous 
sedimentation of the yeast cells in stationary 
cultures does not promote virus-host interac- 
tion. Further the virus input was of low mul- 
tiplicity to facilitate quantitation, the adsorp- 
tion period was short, and far this reason the 
unattached inoculum was not eliminated to 
allow further uptake by the cells. Unpub- 
lished assays underway demonstrated that 
adaptation, supraoptimum temperatures, aer- 
ation, and a defined medium ( 12) may en- 
hance the virus yield considerably and short- 
en the incubation period. Similarly the ad- 
sorption is more efficient when carried out 
longer and under agitation although the 
mechanism of uptake has to be clarified. The 
species difference may be another factor, 
which needs further investigation. The cell 
biological and pathological changes occurred 
simultaneously with the propagation of PyV 
in yeast. Since extreme accuracy was realized 
in automatic enumeration of the cells, 
rechecked in double-blind experiments, the 
standard error ranged with the 1% limit 
claimed by the manufacturers (Coulter Co.) . 
The microscopic counting in our hand had a 
comparable margin of error, thus the changes 
in mortality and budding rate are signifi- 
cant. In  the cells inoculated with live virus 
the mortality rate starts to rise during the 
adsorption relative to the prezero counts. 
There was a slight, perhaps not significant 
change with heat-inactivated virus, as will be 
reported separately, thus the PyV particles, 
adsorbing to, or viral macromolecules pene- 
trating into the cells, may initiate these early 
events. The parallelism between virus 
growth and cell mortality suggest a causal 
relationship. The adverse effect of heterolo- 
gous macromolecules on yeast was described 
recently ( 16) ,  proteins, enzymes, and nucleic 
acids causing gross changes in permeability 
and viability of these microorganisms, gener- 
ally thought to be extremely resistant to en- 

vironmental influences. Particulate nucleo- 
proteins, such as viruses or viral genomes 
may exert similar effects. From the early on- 
set of viability changes, we may assume that 
the virus particles adsorb to, and interfere 
with, the activity of some important enzyme 
systems. Cytological, biochemical, and fine- 
structural work is needed for the elucidation 
of the pathomorphological substrate of the 
alterations described in PyV-infected yeast. 
There is no doubt about the specificity of the 
infection, because various serological tests 
were carried out in every important experi- 
ment with polyoma-antiserum. Infectivity 
and HA titers were measured simultaneously, 
with fair agreement, indicating the produc- 
tion of complete virus. This may be of spe- 
cial interest, because others used isolated 
DNA of PyV to infect Protista (17) but we 
succeeded with the virion. Further we 
confirmed (6)  in a different system, the re- 
sults of Bayreuther and Romig (17), thus we 
assume that similarly to bacteriophage, nu- 
cleic acid penetration may be the final oper- 
ative mechanism. However even after infec- 
tion with virion, the production of new prog- 
eny occurs within a few hours, as observed 
in unpublished “one step” experiments. This 
rapid biosynthesis may be due to the rich 
biochemical setup of the yeast cells. The nu- 
tritional factors have decisive influence, as 
illustrated by examples from assays with 
medium replacement and others with pro- 
longed incubation, without renewal of the nu- 
trient fluid. This question is under further 
study with help of a defined medium ( 1 2 ) ,  
the apparent stimulation of budding by PyV 
having been confirmed in unpublished experi- 
ments. The biological significance of the ob- 
servations described lies in the demonstration 
of the universality of virus infection as a 
cellular event based on the general validity of 
the DNA code (18). We assume therefore 
that practically any cell should be able to 
reproduce any type of virus, under certain 
experimental or ecological conditions ( 19). 
The medical significance seems to be that a 
human parasitic microorganism, living in an 
organ of high cancer incidence, is able to 
take up a mammalian oncogenic virus, carry, 
multiply, and perhaps liberate i t  slowly. This 
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new vista in the genesis of infection and/or 
cancer may be worthy of further consider- 
ation. The possibility of spheroplast forma- 
tion, due to the use and misuse of antibiotics 
(20), underlines the above speculations and 
the need for further experimental and clinical 
work. 

Summary. Experimental infection of 
yeasts, C .  albicans and S. cerevisiae with 
unadapted plyoma virus was carried out 
reproducibly under various experimental con- 
ditions, measured by increase in hemagglu- 
tination and infectivity during incubation. 
All important assays were repeated several 
times with similar positive results. Approx- 
imately 68-fold increase in HAU and approx 
lo4 increase in PFUJsystem over the inocu- 
lum was observed with unadapted PyV, but 
this yield may be increased with adaptation 

I 

0 24% 40% 72-5 0 
Incuba€ioh at28OC. 

FIG. 4. Reproducibility of the changes in mortality 
and budding rate of PyV-infected Candida; Expt. 
39. techniques as Fig. 3 ; rates as percentage of popu- 
lation; actual uncorrected HA values/O.2 ml of sys- 
tem; for further details see Fig. 3. 

and further technical refinements as will be 
published separately. The virus propagation 
brought about cell biological and population 
changes which were illustrated and discussed 
together with the significance and bearing of 
the primary infection of two different species 
of yeasts with an oncogenic virus. 

The courtesy of Dr. M. Williams of the Ontario 
Cancer Institute for the T strain of the PyV, Mr. G .  
Healy, Connaught Medical Research Laboratories, for 
the generous supply of media, Dr. D. B. W. Reid, 
Professor of Biometry, University of Toronto, for 
advice in statistical evaluation and Mr. J. Kovhcs for 
his technical help is gratefully acknowledged. 

~~~~ ~ 

1. Silber, L. A. and Wostruchowa, E. L., Zbl. Bak- 

2. Amies, C. R., Brit. J. Exptl. Pathol. 15, 185 

3. KOV~CS, E., BUCZ, B., and KolompAr, G., Life 

4. KOV~CS, E. and BUCZ, B., Life Sci. 6, 243 (1966). 
5.  KOV~CS, E., J. Cell Biol. 35, 73A (1967). 
6. KOV~CS, E., Ann. Rept. Natl. Cancer Inst. Cana- 

7. Sheinin, R., Virology, 17,426 (1962). 
8. Vincour, E., Virology, 31, 15 (196’1). 
9. Crowford, L. V., Crowford, E. M., and Watson, 

10. Sheinin, R., Virology 15,85 (1961). 
11. Van Kloet, S. R., Van Wereskerken, R. K. A., 

and Koningsberger, V. V., Biochim. Biophys. Acta 47, 
138 (1961). 

12. Healy, G. and Parker, R. C., J. Cell Biol. 30, 
531 (1966). 

13. KOV~CS,  E., Kolomphr, G., and BUCZ, B., Life 
Sci. 6,2359 (1967). 

14. Zipper, H. and Person, P., J. Bacteriol. 92, 252 
(1966). 

15. Harris, R. F. C. (ed.), “Techniques in Experi- 
mental Virology.” Academic Press, New York (1964). 

16. Iphantis, D. A., Dainko, J. L., and Schenk, F., 
J. Bacteriol. 94,1509 (1967). 

17. Bayreuther, K. E. and Romig, W. R., Science, 
146, 778 (1964). 

18. Abel, P. and Trautner, T. A., 2. Verer- 
bungslehre, 95,66 (1964). 

19. KOV~CS,  E., “The Biochemistry of Poliomyelitis 
Viruses,” pp. 2, 8, 168. Macmillan (Pergamon), New 
York (1964). 

teriol Abt. I. Orig. 129,389 (1933). 

(1935). 

Sci. 5, 2117 (1966). 

da 1967-68,115. 

D. H., Virology 18, 160 (1962). 

20. Rosner, R., J. Bacteriol. 91, 1320 (1966). 
~~~ ~ ~~ 

Received June 12, 1969. P.S.E.B.M., 1969, Vol. 132. 




