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Small tubes containing a thin layer of agar medium have been used in a method for 
screening pure chemicals for antifungal and antibacterial activity. Employing 
known agents, this method provided results comparable to those obtained by other 
methods. In  addition, the method affords the following advantages which make 
it suitable as a screening procedure: a no-growth end point which may be readily 
determined, it is effective for nonaqueous as well as aqueous solutions, it utilizes 
inexpensive apparatus, a minimum quantity of media and test agents are required, and 

a relatively small amount of working area is needed for conducting the tests. 

LTHOUGH there are numcrous techniques avail- A able to test for antimicrobial activity, none of 
them appcar suitablc for the simultaneous screening 
of a large number of agents. The various modifica- 
tions of these mcthods have becn reviewed and 
evaluated by Reddish et al. ( l ) ,  Skinner (2) ,  and 
Hcatley (3). Vanbrcuscghcni (4) recently 
considered the merits of those methods which 
determine autifungal activity. 

The in sitro methods generally are classified as 
cither dilution or diffusion methods. The former 
are best suited for assay procedures, but the methods 
arc time-consuming for screening purposes, and 
many of them are not satisfactory to determine 
antifungal activity when filamcntous fungi are uscd 
as test organisms. This is particularly so if partial 
inhibition is studied because i t  is difficult to dc- 
termine the amount ol growth of these fungi. 
Diffusion methods, such as representcd by the use of 
filter paper disks on an agar plate, find lirriited value 
with water-insoluble ageuts and with organic sol- 
vents having antimicrobial activity. Also, the 
determination of the end point, usually the 
mcasuring of clear zoiies of inhibition, is tedious and 
somewhat arbitrary, especially with filamentous 
fungi. 

The abovc factors. plus certain other innate dis- 
advantages of existing methods, prompted this 
study. A technique has becn developed which 
appears to be suitable for screcniiig. qualitatively 
and seinicluaiititativrly, large numbers of agents 
for antifungal and/or antibacterial properties. 

EXPERIMENTAL A N D  RESULTS 

Materials and Methods.-’l‘lic fungal species 
used were Candidn albicans, ATCC 10231, arid 
Trichophytun menlrcgrophytes, ATCC 9972. Thr  
bactcrial species employed were Esrhevic-hzh coli 
and StaphylococLus aureus irorri the collections 
niaintaincd a t  the Department of Microbiology, 
Oregon State University.’ 

The fungal organisms were maintained on 
Sabouraud dextrose rnedium Difco (liquid and agar), 
and the bacteria werc maintained on nrltrient 
medium Difco (broth and agar). The liquid 
cultures also served as a source of inocula. The 
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experimental studies were conducted in flatbottom, 
screw-cappcd vials (17 X 60 mm.) contaiiiing0.5ml. 
of the desired medium. This volume provided a 
layer of medium approximately 2 mm. in depth. 
ilntifurigal activity was determined on Sabouraud 
dcxtrosc agar medium aud autibacterial activity 
on nutrient agar medium. 

Actively growing 2- to 4-day-old liquid cultures 
(10 ml./culture tube) of bacteria and C. albicans 
m-crc used as inocula. The small experimental tubes 
were inoculated by adding 1 drop of a suspension of 
the respective organisms utilizing a sterile standard 
niedicine dropper (about 20 drops/ml. of water). 
To facilitate obtaining inocula with a medicine 
dropper, all organisms werc transfcrrcd to sterile 
15-1111. wide-rnoutfi containers. 

For studies using T .  mentagvophytes, transfers 
wcre made from agar slants to 125-ml. conical flasks 
containing 30 nil. of Sabouraud niedium. The 
mycelial growth from 5- to 7-day-old stationary 
cultures was homogenized in a sterile seniimicro 
Waring blender for 30 scc. and added as inocula to 
the experimental tubes as described previously. 
All incubations were conductcd a t  37”. 

Solutions of the agents to be tested were prepared 
in acetone. water, or 957{, ethanol, depending on 
their solubility, and placed in dropper bottles. 
Unless otherwise indicated, dilutions of 1 : 100, 
1 : ,500. 1 : 1,000, 1 :5,000, and 1 : 10,000 werc tested 
lor all compounds. Prior to inoculation with micro- 
organism, 2 drops (approximatcly 0.04 ml.) of thc 
various freshly prepared solutions were added to 
the tubes, and the solvent was allowed to evaporat.r 
or be absorbed into the agar medium. 

The tubes were examined for growth after 24-48 
tir. of incubation for bacteria and C. alhzcans and 
48-72 €ir. for T .  mentagrojhytes. In certain in- 
stances incubation was allowed to continue for 5-7 
days in ordcr to determine if thc Inetliod might be 
suitahle to indicate fungistatic zwsus fungicidal 
activity. 

Antimicrobial Studies.-Thc agents used to test 
antifungal activity iticludcd salicylic acid, salicyl- 
anilide, griseofulvin, nystatin, tolnaftate,2 and 
penicillin 1:. Antibacterial detcrminations were 
ninde with penicillin V, streptomycin sulfate, sulla- 
diazine, sulfathiazole, and sodium sutfdthiazole. 
The series of dilutions previously dcscribed were 
preparcd as follows : acetone-salicylic acid, sali- 
cylanilide, griseofulvin, penicillin V, and sulfadiazine ; 
water-streptoinyciii sulfate and sodium sutfdthia- 
zole; 959; ethanol-nystatin and tolnaftate. Kep- 
licates of 3 tubes per dilution for each orgaiiisrn 

L- Marketed as Tinactin by the Schering Corp. 
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to continue for 7 days. During this period, and 
commencing at 72 hr., growth of C. albirans 
developed in thosc tubcs containing the 2 lower 
concentrations. Growth of T. rnentagrophytes was 
noted at dilutions of I :500 and higher a t  72 hr., and 
which appcarcd completely uninhibited a t  the 
seventh day. Thus, i t  was shown that nystatin 
most likely acts as a fungicide against C. albituns 
in all but the extremely dilutecl concentrations and 
as a fungistat against T. mentagrughytes in all but 
the highest concentration, while having a low order 
of effectiveness. These data are in general agree- 
ment with previously recorded findings (7). 

Growth of the microorganisms in those tubes 
designated as controls arid blanks was luxuriant in 
a11 but 1 instancc. Alcohol appears to have a slight 
fungistatic action against T .  mentagrophytes. In 
those cases where alcohol was uscd as the solvent 
(nystatin and tolnaftate) readings were taken only 
after 72 hr. 

DISCUSSION 

A simplified method for the simultancous screen- 
ing of a relatively large number of pure chemicals 
for antimicrobial activity has been devised. Using 
established antifungal and antibacterial agents, 
it was demonstrated that the method provided re- 
sults consistent with those obtained by other tcch- 
niques. Thus, i t  would appear that other pure 
chemicals may be screened in a similar manner. 
Extended studies have indicated that this method is 
further applicablc to the screening of crude plant 

Since a no-growth end point is used and deter- 
mined by mere visual inspection of the small tubes, 
the tedious task of mcasuring clear zones of inhibi- 

C X t r d C t S  (8). 

'FABLE II.--ANTIBACTERIAL ACTIVITY 
~~ 

~~ 

~- 

'FAHLE  ANTIFUNG FUNGAL ACTIVITY 
~ ~~~ ~~~ ~ ~ 

~ ~ _ _ ~ _ ~  
Compd T. 

and Dilutions C. albzcans meniagrophyles 

1 300 f" 
Salicylic acid 

1 : 500 
1 : 1,000 
1 : 6,000 
1 : 10,000 

Salicvlanilide 

+ + + + 
- - 1 : ioo 

3 :w0 
1 : 1,000 f 
1 : 5,000 + 
1 : 10,000 + 
1 : 100 + + 
1 : 500 + + 
1 : 1,000 + + 
1:5,000 + + 
1 : 10,000 + + 
1 : 100 + 
1 : 500 + 
1 : 1 ,on0 + 
1:5,000 + 
1 : 10,000 + 
1 : 100 f 
1 : 600 + 
1 : 1,000 + 
1 : 5,000 + 
1 : 10,000 + 

NystatirF 
1 : 100 
1 : ,500 
1 : 1,000 
1:5,000 f 
1 : 10, 000 + + 

- - 
- 
._ 

- 
Pcnicillin V acid 

Griseofulvin 
- 
- 
- 
- 
- 

Tolnaftate" 
.- 

- 
- 
- 
- 

- - 
- - 
- - 

- 

- 
a +, growth; -, no growth; i, equivocal growth. 

'After 72 hr., growth of T. bReadings takeu a t  72 hr. 
wtcntaguofihj.tcs was noted at all dilutious except 1 :  100. 

were prcparcd. Controls consisted of tubes inocu- 
lated with the organism only, and blanks consisted 
of solvent and the respective microorganism. The 
results are summarized in Tables I and 11. Unless 
statcd otherwise, the final results are based on 48-hr. 
readings. The data reported here arc consistent 
with those well documented for the agents listed 
(*5, 6). 

A t  the higher concentrations ( 1 : 100 and 1 : 500) 
the compounds which were relatively water-insoluble 
and tested as nonaqucous solutions tended to crys- 
tallize on the surface of the medium after the 
solvent evaporated. T o  determitic if the presence of 
surface crystals affected the growth of thc organism, 
or the activity of the agent, a modified proccdurc 
w-as tested. The compounds were suspended in the 
modified agar tiledia (diluted 5074) in dilutions of 
1:100, 1:500, and I :1,000. Two drops of the sus- 
pension was added to the small tubcs providing 
them with R thin film of medium containing the uni- 
formly dispersed compound. The compounds 
tested in this manner were salicylanilidc, griseofulvin, 
aiid penicillin V, with fungi; and penicillin V and 
streptomyciii sulfate against bacteria. All exccpt 
the last one are riot soluble iu  water. Since the 
results did not vary froin those obtained in thr 
original study, they were not recorded here. 

The study utilizing nystatiti (Table I) ,  compariiig 
the effects of this agent on both fungi, was allowed 

Cornpd. 
and Dilutions E. coli S .  uurrus 

Penicillin V acid 
- ( I  - 

- 
1 : 100 
1 : 500 + 
1 : 1,000 + 
1 : 5,000 + 
1: 10,000 + 

- 
- 
- 

Streptomycin sulfate - - 1 : 100 
1 : 500 
1 : 1,000 * + 
1:5,000 + + 
I : 10,000 + + 
1 : 100 
1 : 500 + 
1 : 1,000 + f 
1 : 5,000 + + 
1:10,000 + + 
1 : 100 + 
1 : 500 + 
1 : 1,000 + 
1 : 5,000 + + 
1 : 10,000 + + 
sulfathiazole 
1 : 100 + + 
1 : 500 + + 
1 : 1 ,000 + + 
1 : 5,000 + + + 1 : 10 ,000 + 

- - 

Sulfn.diazine 
- - 
- 

Sulfathiazolc 
- 
- 
- 

Sodium 

~- 
a f ,  growth; -, no growth: k, equivocal growth. 
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tion is avoided. This factor bears particular signifi- 
carice with microorganisms that produce irregular 
defined zones, i .e . ,  mauy filamentous fungi. Ac- 
cording to Cavillito (9), complete absence of visual 
growth is the most reproduublc and satisfactory end 
point in an inhibition tcst. 

The effectiveness of most diffusion methods is 
dependent on those factors which govcm the ability 
of the agent to diffuse both horizontally and verti- 
cally throughout the medium. Cooper (10) indi- 
cates the importance of these factors in critical assay 
procedures. They are less important when appliecl 
to general screening procedures which are primarily 
designed to merely distinguish between active and 
nonactive agents. Through the use of small tubes 
and thin layers of media, thc extent of horizontal and 
vertical diffusion has been limited, thus rendering 
diffusion factors negligible. 

Thosc compounds which were highly watcr in- 
soluble and tested as nonaqucous solutions tended 
to crystallize on thc surface ol the medium after 
evaporation of the solvent. Thc occurrence of 
these crystals had no apparcnt effect on the growth 
of the microorganisms or or1 the suspected activity 
of the antimicrobial agents. For example, penicillin 
V, having the properties of low water solubility, 
antibacterial but riot antifungal a.ctivity, demon- 
strated in this experiment no effect on the growth of 
the fungi while it did inhibit grow-th of the bacteria. 
Furthermore, when griseofulvin was tested i t  was 
shown that the surface crystals had no effect on the 
growth of C. albicans, against which this agent is 
ineffective, but it did exhibit its usual inhibitory 
effect on T .  nzentagrophytes (11). Thcse findings 
were also substantiated in the experiment tvherc the 
compounds were uniformly dispcrsed and added to 
thc tubes in a thin film of the respective medium. 
In this instance the results did not vary from those 
observed i n  the original study. 
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A slight antifungal effect was notcd when alcohol 
was used as a solvent for those agents tested against 
T.  nzentagrophytes, but this was easily overcome by 
merely extending the incubation pcriod slightly and 
providing adcquatc control tubes for comparison. 

The method appears to distinguish between fungi- 
static and fungicidal activity. This may be ac- 
complished by extending the incubation period to 7 
days or longer but not beyond 10 days, since the 
medium begins to  show signs of drying. I t  would 
also be a simplc matter to attempt to reculture the 
microorganism to determine the nature of the 
activity of thc agcnt being studied. 

Additional advantages afforded by this method 
are a minimum of expenditure lor materials or ap- 
paratus, and that a relatively small amount of work- 
ing area is required to test a series of cornpounds 
when compared to the space nredcd if Petri dishes 
are employed. 
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Inhibition of Replication of Lee Influenza Virus in 
Tissue Culture by Puromycin 

By K. S. PILCHER and J. N. HOBBS 

Puromycin, an inhibitor of protein synthesis with general growth inhibitory prop- 
erties, was found to inhibit replication of influenza virus in tissue culture in low con- 
centrations without destroying all metabolic activity of the tissue. The amino- 
nucleoside of puromycin, reported to  be as effectite as the complete compound 
against trypanosomes, was inactive as an inhibitor of the virus. Evidence suggests 
the mechanism of the virus inhibition is probably interference with protein synthesis, 

and that the antitrypanosomal activity has a different mechanism. 

UROYYCIN (I)  is an antibiotic whose structure, P proved by total synthesis by Raker rt al. (l), 
is that of a riucleoside bound to an unusual amino 
acid. 

Puroniycin has been fouricl to inhibit the growth 
of a variety of cells, including bacteria (81, protozoa 
( 3 ,  4), and animal tumors ( 3 ) .  This compound 
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has brcn shown to inhibit protein synthesis in  
scveral biological systems, including a ccll free rat 
liver cxtract (6), Ehrlich ascites tumor cclls, and 
rabbit rcticulocytes (7). I t  was effective in curing 
cxperimental infections of mice and rabbits with 
several species of tryparlosotiles ( 3 ,  Y), and also in 
the therapy ol human trypanosorniasis (9).  

Puromycin’s mechanism of action seemed to  
offer u possihle ncw approach to the inhibition or 
virus protein formation. During thc coursc of 
this study, thc inhibition of poliovirus replication in 
tissuc culture by puromycin was reported (10). 




