
studles he re  made on the high-boiling 
fractions. Neither the acid nor the basic 
\I ashes contained appreciable quantities 
of C14-labeled compounds 

I t  is apparent that CT4Cl4 of lo111 spe- 
cific actlvlty can be produced by the 
recoil method. 

R E. HEIU,D \\T. SETSER, 
C 	J. T E R I T ~ ~ R ,S. C. CIIANG, 

R H. ; \ / ~ ~ F ~ R L ~ s DhI. F. H ~ S S E N  
Urpartrnrnts ot Cizrnzlct7), Zoolog?, 
and Phj s~cs ,  
I<nnsas State Colleqr, -1Tanhattan 
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Double-Gradient Agar Plates 

A considerable portion of the in tztro 
study of the action of antimicrobial com- 
pounds consiqts of the investigation of 
poqbible effects of inorganic or o r g ~ n i c  
substances on the potency of the com-
pounds. Such investigations are u-ually 

CONCENTRATION OF 

performed with only a single or a few 
concentrations of each substance and an- 
timicrobial compound. T o  obtain com-
plete information concerning possible 
suppressing or enhancing effects, or both, 
of a test substance on a compound, how- 
ever, a large number of substance-com- 
pound ratios should be screened. Corre- 
spondingly large numbers of flasks, tubes, 
or petri plates are required for such stud- 
ies if conventional techniques are em-
ployed. 

A useful and widely adopted method 
for the establishment of numerous grad- 
ually differing concentrations of an  anti- 
microbial compound (or,  alternately, of 
an  essential nutrilite) in a single petri 
plate has been described by Szybalski 
(1) .His method may be designated the 
single-gradient plate technique. Sacks 
( 2 )  has described recently a type of 
double-gradient plate in which K,HPO, 
is contained in the medium in the first 
or lower layer (which is solidified while 
the plate is in an  inclined position) and 
K H , P 0 4  in the second or upper layer of 
medium (solidified while the plate is in 
a level position). Thus a continuous 
change in the ratio of the phosphates is 
established across the horizontal axis of 
the medium, with a resulting series of 
pH reactions from 5.6 to 7.8 over the 
s u r f a ~ e  of the agar. Such a plate can bc 
used to determine the influence of pH on 
( i )  growth, virus propagation, or other 
physiological activities of microorgan-
1qms and on ( i i )  the potency of an anti- 
microbial agent or the utilization of a 
nutrilite, provided that an appropriate 

CONCENTRATION OF COMPOUND IN SECOND LAYER (UG/ML) 
ADDED METALLIC ION 

O X Y T E T R A C Y C L I N E  
I N  F IRST LAYER 

l 0 N U G / M L  / NONE 10 20 

NONE - 0 

! 

K O J l C  A C I D  

NONE 3 0 0  6 0 0  

@ @  

Fig. 1. Extent of bacterial growth on double-gradient plates containing varying quantities 
of ferrous or cupric sulfate and either oxytetracycline or kojic acid. The shaded areas 
represent visible growth of Pseudonaonas aeruginosa after 18 hours at 37°C. 

concentration of the particular com-
pound is incorporated in a thin ( th i rd)  
layer that is spread evenly over the sur- 
face of the agar medium. 

This communication (3) describes the 
inclusion of a test substance ( a  metallic 
salt) in the first layer and an antimicro- 
bial compound in the second layer of 
nutrient agar gradient plates. Thus a 
continuously graded ratio of test sub-
stance/compound is established over the 
surface of the medium. Preliminary titra- 
tions with single-gradient plates are used 
for determination of the concentrations 
of test substance or compound that com- 
pletely inhibit, partially inhibit, or fail 
to inhibit thc microorganisms. I n  the ac- 
tual tests, the appropriate single-gradient 
plates are included to serve as controls. 
T h e  test organisms are spread evenly 
over the surfaces of the control and ex- 
perimental plates; our most consistent 
results are obtained with an inoculum per 
plate of not more than lo3 viable cells 
contained in 0.05 ml  of nutrient broth. 
An alternate method of inoculation con- 
sists of the streaking of cells of several 
test strains a t  right angles to the double 
gradient. 

T h e  observations made with the dou- 
ble-gradient plates clearly indicate in-
stances of suppression or enhancement of 
an antimicrobial compound by a test sub- 
stance. A diagrammatic representation of 
some of the results obtained with a strain 
of Pseudomonas arruginosa is given in 
Fig. 1. I t  may be observed that Fe++ but 
not Cu++ suppresses the antibacterial ac- 
tivity of oxytetracycline and that the 
toxicity of neither of the ions is affected 
by thc drug. I n  contrast, the antibacterial 
activity of kojic acid is affected by both 
Fe++ and Cu++; certain proportions of 
metallic ion/compound are more toxic 
than either the ions or the compound 
alone, and other proportions are less anti- 
bacterial than the compound itself. As 
with oxytetracycline, however, the toxic- 
ity of the metallic ions is not suppressed 
bv koiic acid. These observations are in , d 

agreement with results obtained previ-
ously with Pceudonzonas by other meth- 
ods ( 4 ) .  

I t  is believed that use of the double- 
gradient platc method can facilitate re- 
search not onlv in studies of antimicro- 
bial compounds, but also in certain 
areas of microbial nutrition, physiology, 
and virology. 

EUGENED. WEINBERG 
Department of Bacteriology, 
Indiana University, Bloomington 
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