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Amino Acid Requirements of the Novikoft’ Hepatoma in vitro. (24542) 

Amino acid requirenients of a number of 
mammalian cell strains have been determined 
under tissue culture conditions. These not 
only included some serially-propagated cells 
of human origin( 1,2) but also neoplasms of 
rat (3)  and mouse (4), monkey testicular and 
kidney cells (5,6), and rabbit fibroblast ( 7 ) .  
In general? the essential amino acids seemed 
to follow a similar pattern, i e . ,  the 8 essential 
amino acids ( lysine, leucine, isoleucine, threo- 
nine, valine, phenylalanine, tryptophan, and 
methionine) as well as arginine, histidine, ty- 
rosine, cysteine, and glutamine. The present 
report describes experiments designed to de- 
termine the amino acids necessary for growth 
and survival of the Novikoff hepatoma in 
vitro. 

The stock tumor* was carried 
intraperitoneally in Holtzman rats. Six days 
after tumor transplantation, the animals were 
sacrificed and initial inoculum for tissue cul- 
ture was prepared from freshly excised tumor. 
Details of experimental technics have been 
described (3,10), and basal medium 5a was 
used. This medium was the same as previ- 
ously reported ( 1 1 ) except that dialyzed 
pooled human serum was used in lieu of bo- 
vine serum, all amino acids were the L-isomer, 
L-serine included in substrate at a concentra- 
tion of 0.25 mM, and i-inositol was added a t  
36.0 pg/ml final medium. Since the p H  of 
substrate was a vital factor in growth of Novi- 
koff hepatoma in vitro ( 1 2 ) ,  the flasks were 
plugged with gauze stoppers and incubated in 
a flowing atmosphere of 774 C 0 2  in air. The 
initial inoculum was 10,000 cells/T- 15 flask 
(total volume 2 ml), and growth response was 
determined by a whole cell count. 

Results. The effect of omitting individual 
amino acids from the medium can be seen in 
Table I. I t  was apparent that the 13 amino 
acids (including glutamine) previously re- 
ported to be required by a number of cell lines 

* Kindly supplied by Dr. Alan C. Sartorelli, Mc- 
Ardle Memorial Laboratory, Madison, Wis. 

Methods. 

(1,2,4) were essential for growth of Novikoff 
hepatoma in vitro. The essentiality of glycine 
was not clear-cut, however, since growth was 
observed, but it was obviously inferior to that 
obtained in a complete medium. When the 
principal source of amino acid nitrogen was 
restricted to contain only 13 essential amino 
acids, only a cell maintenance condition was 
observed during &day incubation period. 
Some growth was obtained by adding 0.25 
mM serine to the restricted medium, but sup- 
plementing with 0.1 mM glycine resulted in a 
56-fold increase in cells during this time. 
When both glycine and serine were added, 
growth was comparable to a complete medium 
containing the 21  amino acids and amides in 
basal medium 5a (Fig. 1). From this, i t  was 
apparent that glycine and serine definitely 
stimulated growth of Novikoff hepatoma, and 
glycine was more effective than serine. 

While amino acid requirements of several 
cell lines cultured in vitro seemed to follow 
a general trend, further investigations into 
this area revealed many interesting differences. 
For example, Walker tumor required aspara- 
gine (8) ? rabbit fibroblast, serine ( 7 ) ,  and mon- 
key testicular cell, glycine(5) in addition to 
the 13 amino acids or amides reported essen- 
tial for HeLa tumor ( 1 ) and Strain L(4) .  Fur- 
ther, chick heart fibroblast did not require 
glutamine or isoleucine; and alanine, aspartic 

TAH1,E 1. Effect of Oiiiittiiig Iiidividual Amino 
Acicls froiu Siihatrntc’ o i i  Growth of Freshly Ex- 

ciscd Kovikoff I1 q ) i i  toin;i, 

GrowthK Growth * 
Aiiiiiio :icid in 8 days ,4niiiio acid in 8 days 

Co11trol 24.0 Pli~ii ylnla 11 i II  c 1.8 
Argiiiiiic 4.2 Tyrosiiw 1.8 
TIistidine 1.6 Tryptopl i ;~~ .2 
Lysine .9 Cysteine 0 

.9 Gl yci 11 e 8.4 
Alanine 24.9 Gliitztniinc .4 
Serine 38.9 A sparagine 34.6 
Threoniiie ,4 Aspnrtic acid 30.0 
Valine .9 Gluta.inic Reid 33.5 
Leucinc 1 .I Proline 31.5 
T sol eucinc: .2 Hydroxyproline 29.5 
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acid, glutamic acid. proline. and hydrosypro- 
line inhibited growth of this cell l ine(9).  I n  
the present studies. no growth was obtained 
when both glycine and serine were deleted 
from the substrate. suggesting that one (pos- 
sibly glycine) was essential for growth. but 
the presence of serine in the substrate could 
psrtialljr spare this requirement. 

Further metabolic differences can be distin- 
guished between cell lines if one would con- 
sider the results of sparing experiments. A t -  

t m p t s  to spare the tyrosine requirement of 
Sovikoff cells by increasing amounts of phti- 
nylalanine yielded negative results. Ilowever. 
L' 1 u tam in e , c y s te ine , a 11 (1 a r gin in e re y u i re- 
ments could he spared (Table I 1  ) .  IVhile glu- 
tarnic acid a t  extremely high concentrations 
(20 m3I) was toxic. it could partially spare 
the glutamine requirement a t  intermediate 
levels ( 5-10 m3l )  . Glutamic acid also could 
partially spare the glutamine requirement for 
monkey testicular cell ( 5 ) , while glutamic acid 
and glutamine were readily interconvertible in 
monkey kidney cell ( 6 ) .  Further, aspartic 
acid and asparagine spared the glutamine re- 
quirement for monkey kidney cells, but these 
compounds were ineffective for Sovikoff he- 
patoma (Table 11) or IValker tumor (8) .  

The requirement of cysteine for Novikoff 
cells was alleviated with moderate amounts of 
sodium thioglycolate, as well as sodium sul- 
fi te. sodium bisulfite, sodium thiosulfate, and 
sodium sulfide. but methionine! cysteic acid, 
or sodium sulfate was not effective. Combina- 
tions of the inorganic substances with further 
supplementation of serine did not improve 
cellular growth markedly. Similar evidence 
for sparing cysteine requirement for a num- 
ber of cell lines was reported by Eagle(6) but 
chick heart fibroblast has shown an absolute 
requirement for cysteine or cysthe( 13,14). 

Of particular interest were the arginine- 
(;paring experiments. IYhile ornithine was in- 
effective. supplementing an arginine-deficient 
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FIG. 11. Sovikoff hepatoma after 96 hr incubation. 
h--con~pletc iiieclium 5 a ;  B-complete medium 5a 

- argiiiine. 240 X. 

medium with citrulline resulted in excellent 
growth of Novikoff hepatoma in vifro. At the 
highest level of citrulline tested (20 mM), a 
49-fold increase in cells was obtained during 
the 8-clay incubation period. Since this neo- 
1)lasni arose from hepatic tissue, it appeared 
that ii part of metabolic sequences of the 
Krebs-Henseleit cycle was still operating in 

the resultant tumor. Citrulline was previ- 
ously reported to be inactive in replacing ar- 
ginine for Walker tumor in v i t ro ( lS ) ,  but 
Morgan( 16) has shown it  to be active for 
chick heart fibroblast. 

Some mention should be made of the mor- 
phological appearance of Novikoff cells in ar- 
ginine-deficient medium. In a complete me- 
dium the cells were rounded, non-granular in 
appearance, with many mitotic figures, but 
adhesion to the glass surface was poor. Many 
cells exhibited balloon-like extensions of the 
cell surface, previously noted by Hotchin ( 12). 
As the growth period was extended, numerous 
giant cells appeared with granulated cyto- 
plasm and enlarged nuclei. When arginine 
was omitted from the substrate, the rounded 
cells were no longer present; and the culture 
consisted almost entirely of fibroblasts or 
spindle cells (Fig. 2 ) .  They were less refrac- 
tile and practically all cells adhered to the 
surface of glass vessel. Pathological exam- 
ination indicated that these cells were neo- 
plastic in nature and were not derived from 
normal stroma of the tumor.+ Furthermore, 
this phenomena appeared to be reversible. 
For example, when cells cultured in an ar- 
ginine deficient medium for 4 days were 
placed in a complete medium, they became 
rounded, many mitotic figures were apparent, 
and cell population increased. Attempts, 
however, continuously to culture fibroblasts 
for further studies failed, since the cells 
would usually die after 6-10 days in an ar- 
ginine-deficient medium. Relation of arginine 
to morphology of Novikoff hepatoma cells in 
vitro merits further investigation. 

Swnmary. Novikoff hepatoma requires 12 
amino acids and glutamine for growth in vitro. 
When both glycine and serine were deleted 
from the medium, no growth occurred. In 
presence of serine some growth was apparent, 
but glycine was more effective in stimulating 
tumor cell proliferation. Glutamic acid and 
sodium thioglycolate could par tially spare 
glutamine and cysteine requirements, respec- 
tively, and several sulfur-containing inorganic 
salts could partially replace cysteine. Argi- 

t We arc indcbtctl to I)r. I'. S. 11-vine for p i t h o -  
logical cxarninations. 
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nine could be replaced by citrulline but orni- 
thine was not active. When arginine was de- 
leted, the typically rounded cell of Sovikoff 
hepatonia was no longer apparent; but a pre- 
dominance of fibroblasts remained attached 
to the surface of the flasks. 

The authors gratefully acknowledge technical at. 
sistance of Gene Ccnn-ay and ll-ilbur Whittle. 
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Creatine Metabolism in Hyperthyroidism.” (24543) 

J.~MIES S .  DINKTSG, RAXDTX COKER ASD COY D. FITCH 
Dcpt .  of Riochcntirfry, l ’niwrsi ty  o f  .I rkansas School of Medicine, Litt le Rock 

Present knowledge of the influence of h!-- 
perthyroidism on creatine metabolism has 
been summarized ( 1 ) . It was pointed out that 
the disease leads to an elevated creatinuria 
and reduction in concentration of muscle crm- 
tine. Several possible eyhnat ions for this 
metabolic defect were suqested a1 though no 
direct experimental evidence supported them. 
The present report presents the results of a 
study of creatine metabolism in hyperthyroid- 
ism utilizing radioactive creatine precursors in  
a manner similar to that employed in a stud!. 
of creatine metabolism in Vit. E deficiency 
(3) .  

Mrthods.  ‘Two series of experiments were 
conducted. Tn the first. Sprayue-Dawley rats 
of both sexes. weighing initially between SO 
and 100 g were given a diet of laboratory 
chow. Four rats were given daily subcuta:ith- 
ous injections of 0.5 mg of sodium thyroxiw. 

* This invcstigation was .supportc.tl by rtwarcll 
grant frc im the Muscular t>>strophy Assn. o f  .4mrri - 
ca, Inc. ;in(] hy  research r rnn t  from thc W.T.H., 
P.H.S. 

I’our other rats were given no injections and 
served as controls. After 3 weeks the rats 
were each injected intraperitoneally with 100 
microcuries of gly~ine-1-C’~ (specific activity 
0.81 microcuries per pmole) per kilo of body 
weight. The animals were killed 2 or 3 hours 
after the injection. Since there appeared to 
be no significant difference in results obtained 
from animals killed 2 hours after glycine injec- 
tion as compared to those killed after 3 hours, 
the results were combined. Glycocyamine and 
creatine concentrations and specific activities 
were determined as previously described(3). 
In the second series of experiments, weanling 
Sprague-Dawley rats of both sexes were given 
a purified diet consisting of casein, 18 g ;  su- 
crose. 74.5 g : hydrogenated vegetable fat 
(Crisco) . 3 g :  cod liver oil, 2 g ;  salt mix( 2 )  
2 g :  choline chloride, 0.1 g;  thiamine chlor- 
ide, 1.5 mg: riboflavin, I .5 mg; niacin, 6 mg; 
inositol. 30 mg: calcium pantothenate, 3 mg; 
I)yridosine hydrochloride. 1.5 mg: biotin, 15 
pg;  2 methyl 1, 4 naphthoquinone, 75 pg; Vit. 
H I 2 ,  10 pg. Each rat was given 10 mg alpha 


