
primary purpose of the article. One of 
the major problems in attempting to un- 
ravel the mechanism of freezing in either 
the botanical or zoological areas has been 
the confusing variability in response to 
freezing by different individual cells and 
tissues. This variability has often ob-
scured the underlying physical phe-
nomena that are common to all. It  was 
the objective of the article to discuss the 
basic phenomena and to indicate, using 
soft tissue cells as a principal example, 
some of the responses to be expected. 

The quotations which Levitt has se-
lected serve quite well to demonstrate 
some of the specific differences in the 
responses of plant cells to freezing, and 
it is indeed unfortunate that the ex-
istence of such dissimilarity was not 
made clear in the original article. How- 
ever, these specific differences, which are 
concerned primarily with survival, must 
not be permitted to obscure the relevance 
of the underlying general mechanics. TO 
imply, as Levitt does in paragraphs 5, 6, 
and 7, that dehydration from rapid freez- 
ing, recrystallization during thawing, or 
water binding by glycerine do not apply 
to plant cells because the cells will have 
already been killed is to subjugate gen- 
eral principles to a special application. A 
semirigid cell wall and an essentially 
water-filled vacuole will, of course, pro- 
duce a different response to ice crystal 
formation from that of muscle or livei, 
just as these tissue responses differ from 
those of bone or tendon. Despite this 
variability, crystal go\\ th. dehydration, 
recrystallization, and dl1 the othcr physi- 
cal events attending freezing and thalz ing 
inevitdblv take place regardless of the 
point in the sequence of events at which 
the cell is killed. Water binding by gly- 
cerine always reduces the dehydration 
from freezing, and whether or not the 
cell derives any benefit thereby has no in- 
fluence on the validity of this fact. I t  was 
my experience that a study of the myriad 
responses of different cells to freezing led 
to a most confusing assemblage of incon- 
sistent conclusions until the fundamental 
mechanics of the process had been out- 
lined and a physical basis for interpreta- 
tion had been provided. It  was primarily 
to provide a hypothesis for this physical 
basis from which others could interpret 
their own special applications that this 
article was written. 

Levitt also touches on one point that 
surely troubles many scientists in many 
fields: the practical unavailability of 
knowledge of common value derived by 
workers in other disciplines. The ex-
change of reprints cannot, in itself, be 
an answer, for this presupposes a knowl- 
edge of the other man or his work. Much 
of the responsibility must lie with the in- 
dividual investigator to evaluate those 
aspects of his own work that may be of 
general interest beyond his immediate 
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field and to present them, as much as 
possible out of their specialized context, 
in a journal of not too highly specialized 
nature. The bias of his interests will in- 
evitably show through but, it is hoped, 
not so strongly that it frightens away the 
potential beneficiary. 

HAROLDT. MERYMAN 
Biophysics Department,  Ya l e  University, 
N e w  Haven, Connecticut 
14 December 1956 

Carbon-14 Tetrachloride Produced 
by Neutron Irradiation of Aniline- 
and Pyridine-CC1, Solutions 

The recoil method of synthesis for C14- 
labeled compounds involving neutron ir- 
radiation of nitrogen-containing com-
pounds dissolved in other solvents or in 
a pure state has been discussed by a num- 
ber of investigators (1, 2 ) .  This method 
of synthesis depends on the high recoil 
energy (approximately 40,000 ev) of the 
C14 atom that is acquired following 
the N14(n,p)C14 reaction. The recoil 
energy of the C14 atom produced by the 
emission of the proton is dissipated by 
collisions with neighboring molecules, 
which often result in bond breaking of 
the struck molecules. In  the recombina- 
tion of these molecular fragments, the 
C14 atom may be included, and thus a 
Cf4-labeled molecule is produced. This 
stud) ( 3 )  reports on the production of 
CI4C1, from the neutron irradiation of 
solutions of aniline (C,H,NH,) and py- 
ridine (C5H5N) in CC1,. Although the 
carbon tetrachloride produced was of a 
low specific activity, the simplicity of the 
procedure recommends it over chemical 
synthesis. 

Five milliliters of a 10 mole percent 
solution of pyridine in carbon tetrachlo- 
ride was sealed in a partially evacuated 
quartz capsule held at Dry Ice tempera- 
ture. Five milliliters of 10 mole percent 
of aniline in carbon tetrachloride was 
prepared in a similar way. The samples 
were irradiated for 1 month in the Oak 
Ridge graphite reactor at an average 

mer covered the liquid surface and re-
acted slowly with added CC1, with a 
hissing noise similar to the sound of a 
small piece of sodium in water. 

Because the neutron irradiation of 
CC1, produces considerable quantities of 
S3j, certain procedures were necessary to 
obtain pure fractions of CC1, and to 
measure only C14 radiations (5 ) .  After 
addition of carrier CCl, and removal of 
1-ml aliquots for determination of total 
C14 originally present, the amines were 
extracted with three 10-ml washes in 3N 
HC1 and one water wash. The CCl, layer 
was then refluxed for 1 hour with a so- 
dium hypobromite solution to oxidize 
any sulfur-containing compounds, and 
then the CCl, was distilled into three 
fractions and a residue. 

Fifty-microliter samples of the purified 
CC1, fractions and of the original sam-
ples were combusted in a Pregl-type com- 
bustion tube. The C140, was trapped in 
a standardized NaOH solution and the 
percentage of carbon recovered was de- 
termined by titration procedures. Silver 
wire present in the combustion tube fill- 
ing should absorb any oxides of sulfur 
st31 present. After transfer to an appa-
ratus described by Comar ( 6 ) ,  the 
NaOH solution with the trapped C140, 
was acidified and heated to boiling; the 
CO, was swept out through a mercury 
seal into an evacuated 250-ml ionization 
chamber. The disintegration rate as a 
function of ionization current was then 
determined with a vibrating reed elec-
trometer . 

Table 1 lists the experimental values 
found for the various fractions and thr 
originals. About 31 percent of the total 
C14 activity measured was found in CCl, 
from both samples. This would tend to 
corroborate the earlier report (2)  that 
the nature of the carbon hot-atom reac- 
tions is a characteristic of the solvent. 
The residue left after distillation was 
quite active, although no quantitative 

Table 1. Carbon-14 activity of the purified 
CCla fractions and of the original solution 
after the addition of carrier CCla. 

neutron flux of 3 x 1011 neutrons ~ m - ~  
sec-l and gamma ray flux of 5 x lo5 r 
hr-1. The solution of pyridine in CCl, 
following irradiation was a dark liquid 
with large particles present. IVhen the 
capsule was opened in a manner previ- 
ously described ( 4 ) , there appeared to 
be little or no build-up of pressure in the 
sample. The aniline-CC1, solution ap-
peared to be solid and almost opaque. 
When it was opened, it was apparent 
that pressure had built up in the capsule, 
and the sample became a liquid after re- 
lease of the pressure. I t  was similar in 
appearance to the pyridine-CC1, solution 
with one exception. A tough, dark poly- 

Activity
No. Boiling (d. .Islnte-

Frac- samples point grations/tion (No.) 	 'tnge sec 
( 50 ~ 1 )  

Pyridine-CCL solution 
1 2 70-74 

2 2 74-75 

3 3 75 


Original 2 
Aniline-CCla solution 

1 3 45-72 

2 2 72-75 

3 2 75 


Original 4 



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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