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vitro since four tissues worthy of further in- 
vestigation have been ascertained, and the 
active enzymes have been obtained in soluble 
form from two of them. 

Summary. Liver mitochondria and spleen 
were found to contain dehydrogenases which 
attacked lecithin and sphingomyelin and re- 
quired ATP. Muscle and intestinal mucosa 
had dehydrogenase activity with lecithin or 
sphingomyelin if DPN was present whereas 
under the same conditions homogenates of 
spleen were active only with sphingomyelin. 
The dehydrogenase systems were obtained in 
soluble form from acetone powders of liver 
mitochondria or intestinal mucosa. 
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Phenylserine was shown ( 1) to be an in- 
hibitor of the growth of various species of 
bacteria. The inhibition was associated with 
certain enzymatic sequences in phenylalanine 
and tryptophan metabolism, since either of 
these two amino acids was able to reverse the 
inhibitory effect. Subsequently, the discov- 
ery of chloromycetin, which may be consid- 
ered to be a phenylserine derivative, has stim- 
ulated increased interest in the bacteriostatic 
action of this type of compound(2). Fluoro- 
derivatives of various metabolites have f re- 
quently proven of interest in the study of 
metabolic sequences, presumably because the 
small atomic dimension of the fluorine atom 
does not prevent the reaction of the analogue 
with an enzyme, but does prevent completion 
of the enzymatic sequence. The fluoro- 
analogues of phenylalanine have previously 
been prepared and tested as to their bacterio- 
static properties( 3,4). It therefore seemed of 
interest to synthesize and test the properties 
of ring-substituted fluoro-derivatives of phe- 

nylserine. The present paper describes the 
microbiological effects of the o-fluoro- and 
p-fluoro- analogues of phenylserine. 

Materials and methods. Fluorophenyl- 
serines. Into an evaporating dish are intro- 
duced 19.8 ml of a 2.5 M glycine solution, 
9.9 ml of 95% ethyl alcohol, 9.0 ml of u- or 
p -  fluorobenzaldehyde," and 19.8 ml of 6.25 
M sodium hydroxide. The mixture is stirred 
until it becomes clear, permitted to stand for 
one hour or until a waxy white precipitate 
forms, and the precipitate dried between 
sheets of filter paper. The precipitate is 
washed twice with 15 ml portions of ethanol 
and then twice with 10 ml portions of water. 
To the residue is added 500 ml of water with 
stirring, acetic acid is added to pH 6.0, and 
any residue is filtered off and discarded. The 
filtrate is evaporated to dryness, taken up in 
hot water, and recrystallized from the water 

* Obtainable from Custom Chemical Laboratories, 
Chicago, Ill. 



BACTERIAL INHIBITION BY FLUOROPHENYLSERINES 81 

in the ice box. The crystals are dried be- 
tween sheets of filter paper, and then m a 
vacuum desiccator over calcium chloride. 
Paper chromatography demonstrates in each 
case that a new amino acid has been formed 
almost quantitatively fk-om the reactants. The 
m-fluoro- analogue is not readily prepared by 
this procedure. 
o-fluorophenylserine, mpt. 178°C. 

C~HIOO~NF (199). 
Calculated, N 7.04; found, N 7.67 
Calculated, C 54.27; found, C 55.99 
Calculated, H 5.02; found, H 5.66 

p-fluorophenylserine, mpt. 193°C. 
CnHlo03NF (199). 
Calculated, N 7.04; found, N 7.18 
Calculated, C 54.27; found, C 55.06 
Calculated, H 5.02; found, H 5.28 

Microbiological Assay. Neither the 0- nor p -  
fluorophenylserine produces a visible precipi- 
tate with any of the recognized trace elements 
(5). They produce no observable effect on 
Aspergillus niger or Serratia marcescens. 
Against Escherichia coli and using previously 
described methods ( 1 ) , only p-fluorophenyl- 
serine was inhibitory. The nature of this in- 
hibition is descriibed in detail in the following 
paragraphs. 

Results. Complete inhibition of the growth 
of Escherichia coli with p-fluorophenylserine 
was achieved a t  levels of approximately 30 
pg per ml, with 50% inhibition at 20 pg per 
ml. When an extensive series of metabolites 
was tested for reversal effects against p-fluoro- 
phenylserine, only tyrosine, phenylalanine, 
and tryptophan showed measurable effects. 
The effects of varying levels of these amino 
acids in reversing the p-fluurophenylwine in- 
hibition are shown in Table I. A yeast ex- 
tract solution reversed the inhibitor at levels 
equivalent to a phenylalanine content of five 
percent. Paper chromatography of the ex- 
tract failed to show any fraction with activ- 
ity other than the amino ac.ids previously 
mentioned. 

Discussion. The principles governing the 
elucidation of metabolic sequences on the 
basis of data obtained dram inhibition studies 
have previously been described (6). Experi- 
ence with phenylserine ( 1 ) and p-fluorophenyl- 

TABLE I. Effect of Phenylalanine, Tyrosine, and 
Tryptophan in Reversing the p-Pluorophenylserine 

Inhibition of Escherichia coli. 

p-Fluorophenylserine ( pg/ml) 
Reversingagent- 0 30 loo 300 looo 

(PUg/ml) vc maximum growth 

Control 100 0 0  0 0  
L-Phenylalanine 

0 0 0  .003 100 60 
.010 100 100 25 5 0  
.030 100 100 100 55 0 
.loo 100 100 100 100 55 
.300 100 100 100 90 50 

10 100 20 0 0 0  
30 100 70 15 0 0  

100 100 85 70 15 0 
300 100 100 100 65 60 

1000 100 100 100 100 100 

L-Tryptophan 

L-T yrosine 
10 20 20 20 15 
30 20 20 15 15 

100 40 45 50 45 
300 40 35 30 10 

~ 

alanine (4) have indicated that the inhibitory 
action of both of these compounds is reversed 
by phenylalanine and tryptophan, and in 
some cases by tyrosine. Bergmann et aL(4) 
have analysed these data, and extended their 
significance by the study of similar rdation- 
ships in phenylalanineless, tyrosineless and 
tryptophanless mutants of Escherichia coli. 
From these studies it was concluded that tryp- 
tophan acts as a phenylalanine precursor, and 
that phenylalanine acts as a tyrosine pre- 
cursor, but that an alternate synthetic path- 
way exists between tryptophan and tyrosine. 

In the present study phenylalanine has 
been found to be approximately 10,000 times 
as effective as tryptophan in reversing the 
toxicity of p-fluorophenylserine. Tyrosine 
is roughly as effective as tryptophan, but 
since tyrosine is itself toxic to thfis stIrain of 
Escherichia coli ( 7), synergistic inhibitory 
effects appear and it is impossible to obtain 
consistent data. The data thus seem to sup- 
port the straight line precursor relationship 
previously proposed between tryptophan, 
phenylalanine and tyrosine. The fact that 
large amounts of phenylalanine also tend to 
reverse the inhibition of microorganisms by 
5 -methyltr yp tophan suggests that the rela- 
tionship between tryptophan and phenylala- 
nine is a reversible one. 



82 CELL SURVIVAL ON SHIPMENT 

Summary. The o- and p-fluoro- analogues 
of phenylserine have been synthesized and 
tested for their inhibitory effects on bacterial 
growth. Only p-fluorophenylserine inhibits 
the growth of Escherichia coli, and its action 
is reversed by phenylalanine, tr-yptophan, and 
to a limited extent, tyrosine. These results 
seem to emphasize the existence of a phenyl- 
alanine-tryptophan metabolic interconver- 
sion in bacteria. 
-~~ . - - ___ ~ 

1. Beerstecher, E.. Jr.. and Shive. W.. J. Biol. 
ch~n~.. 1946. ~ 1 6 1 .  5 3 .  

2.  Beerstecher, E., Jr., Edmonds, E. J., and Yolk- 

3. Martin, G. I., and Mon, I. N., Am. J .  Phavm., 

4. Bergmann, E. D., Sicher, S., and Volcani, B. E ,  

5 .  Volkmann, C. M., and Beerstecher, E., Jr., J. 

6. Shive, W., and Macow, J., J. Biol. Chem., 1946, 

7. Beerstecher, E., Jr., and Shive, W., J. Biol. 

mann, C., Texas Rep.  Biol. ,&fed., 1955, v13, 195. 

1949, v121, 169. 

Biochem. J. ,  1953, 5754, 1. 

Bact., 1955, v70, 476. 

v162, 451. 

Chem., 1947, v167, 527. 

Received March 26, 1956. P.S.E.B.M., 1956, ~ 9 2 .  

Transportation of Human Cells Cultured in vitro." (22391) 

WILLIAM F. SCHERER AND RUSSELL W. BROWN. 
Depart went of Bacteriology and Immunology, University of Minnesota, Minneapolis and the 

Carver Foundation, Tuskegee Institute, Ala.  

The increased use of tissue cultures for 
studies in biology and medicine has made es- 
sential the transportation of living animal 
cells. Although cell cultures have occasion- 
ally been transported between laboratories, 
e .g . ,  mouse, strain L cells(1). detailed infor- 
mation and optimal conditions for shipment 
of cells are not on record. The extensive ap- 
plication of a strain of human epithelial cells, 
strain HeLa (Gey), to studies of poliomye- 
litis virus( 2,3) made desirable the prepara- 
tion of HeLa cell cultures in a central Iabora- 
tory for distribution to virus laboratories. 
Preliminary studies showed that strain HeLa 
cells withstand shipment by ordinary train or 
plane( 2 ) .  Since this information was inade- 
quate for mass distribution of cultures from 
the central laboratory established at  Tuske- 
gee Institute, Ala., the following experiment 
was performed. The results of this experi- 
ment pertain to one type of cell; data de- 
scribing shipment of another cell-type, ie., 
monkey kidney cells, has recently been re- 
ported(4). It is hoped that methods for 
transportation of other cells will soon be re- 
corded. 

* Aided by grants from National Foundation for 
Infantile Paralysis. 

Materials and methods. Cultures of strain 
HeLa cells on glass were prepared 2-5 days 
before shipment, by transfer of cells in a fresh 
mixture of adult human serum, 40% and 
Hanks's balanced salt solution, 60%, (HuS- 
40, H-60), from stock bottle cultures to screw 
capped 16 x 125 mm test tubes. Each tube 
contained 70,000 to 100,000 cells a t  the be- 
ginning of shipment; 1341 tube cultures were 
sent . 

Results. The experiment was designed on 
the premise that the following 6 factors relate 
fundamentally to successful transportation of 
animal cells and thus the experimental results 
are discussed in relation to each factor. 

1) The nutritional status of  cells a t  the be- 
ginning of shipment was evaluated by compar- 
ing survival of cells a) placed in fresh HuS- 
40, H-60 one day before shipment, and b) 
kept for 2-5 days in the HuS-40, H-60 me- 
dium used for preparation of the cultures. 
The experimental results (Table I) show that 
placement of cells in fresh medium for 1 day 
prior to shipment increased significantly the 
percentage of surviving cultures. 

2) The availability of nutrients in relation 
to nutritional needs of cells during shipment 
and to a limited extent, 3 )  mechanical trauma 
to cells was studied by sending cells with and 


