
steroids, cndogenous or exogenous. Thc 
most reasonable interpretation o f  these 
findings is that  SC-5233 and,  presumably, 
SC-8109 act as antagonists t o  aldosterone 
and other sodium-retaining steroids. I t  
is suggested that  t h e  mechanism through 
which  these sodium-losing steroids act is 
tha t  o f  competi t ion w i t h  aldosteronelike 
steroids for a crucial locus o f  action 
wi th in  t h e  renal tubular cells. A similar 
mechanism has b e e n  postulated previ-
ously t o  explain the  sodium 107s which  
has occasionally been  seen during treat- 
m e n t  o f  patients w i t h  supraphysiologic 
amounts o f  cortisone ( 6 )  and progester- 
one ( 7 ) .  

GRANTW. L I D D L I  
Department of Medicine, Vanderbilt 
University School of Medicine, 
Nashville, Tennessee 
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Effect of Citrovorum Factor and 
Peptones on Mouse Leukemia 
Cells L-5178 in Tissue Culture 

A m e d i u m  has been devised ( I  ) w h i c h  
permits the  continuous reproduction o f  
mouse  leukemia cells ( L - 5  178, a lympho-  
cyt is  neoplasm o f  D B A / 2  mice ,  2 )  i n  
culture i n  the  complete absence o f  non- 
leukemic  cells ( 3 ) .A f t e r  at least 150 suc- 
cessive generations i n  vitro, the  cells have  
continued t o  grow i n  suspension (rather 
t h a n  o n  the  glass s u r f a c e ) ,  and have  re- 
tained their round-cell character, as well 
as their capacity t o  induce fatal leukemia 
i n  D B A / 2  mice.  I n  addit ion t o  serum 
and other ingredients usually encoun-
tered i n  culture media ,  certain peptones 
are required for t h e  continued mult ipl i-  
cation o f  these cells. Data presented i n  
1928 b y  Baker and Carrel and extended 
b y  W i l l m e r  and Kendal  ( 4 )  indicated 
tha t  various peptones can st imulate t h e  
mult ipl ication o f  m a m m a l i a n  and avian 
cells i n  tissue culture. M o r e  recently, 
W a y m o u t h  has reported that  peptone, i n  
t h e  presence o f  albumin,  replaces serum 

for the  rrlultiplication o f  strain L mouse  
cells (5) .However,  the  factors i n  pep- 
tone which  support cell mult ipl ication 
have  no t  been  identi f ied.  Previous studies 
o f  the  growth responses o f  Lactobacillus 
leichmannii ( A T C C  7 8 3 0 )  and Pedicoc-
cus cerevisiae [Leuconostoc citrovorum 
( A T C C  8 0 8 1 ) l  t o  peptonelike materials 
and t h e  relationship o f  t h e  responses t o  
v i tamin  B,,, citrovorum factor, and thy-  
mid ine  have been described ( 6 ,  7 ) .  

Experiments ( 8 )  directed toward t h e  
isolation o f  the  active factors i n  t h e  pep- 
tone used ( 9 )  have  demonstrated tha t  
synthetic 5- formyl-5,6,7,8-tetrahydro-
pteroylglutamic acid (c i t rovorum factor; 
CF; folinic acid;  leucovorin)  partially re- 
places peptone i n  the  nutrition o f  these 
leukemic cells and that  the  capacity o f  
the  cells t o  obtain functional derivatives 
f r o m  folic acid (pteroylglutamic acid;  
PGA) is very m u c h  less t h a n  their ca-
pacity t o  obtain t h e m  f r o m  ci trovorum 
factor. 

T h e  partial replacement o f  peptone 
b y  leucovorin i n  the  nutri t ion o f  t h e  neo- 
plastic cells is shown i n  Fig. 1. T h e  data 
indicate that ,  i n  the  presence o f  0.025 
percent peptone, a stimulatory e f fec t  o f  
leucovorin was clearly demonstrable, 
while at a ten-fold higher level o f  pep- 
tone,  very m u c h  less leucovorin was re- 
quired t o  attain maximal  growth.  I n  this 
48-hour experiment,  at the  lower level 
o f  peptone, 3.7 x 10-6 pmole o f  the  ac-
tive f o r m  o f  leucovorin per milliliter 
(1.0) permitted ha l f -maximal  growth, 
while a 400-fold higher concentration o f  
pteroylglutamic acid ( 1.5 x lom3 bmole /  
m l )  was required t o  obtain a similar 
e f fec t .  W h e n  cultures were carried for  a 
m i n i m u m  o f  t e n  progressive generations, 
i n  triplicate, o n  limiting levels o f  the t w o  
coenzyme-precursors, the  doubling-time 
was less t h a n  maximal  and remained 
constant, and,  i n  addition, equivalent 
rates o f  mult ipl ication were obtained 
w i t h  active leucovorin i n  a concentration 
1/5000 that  o f  pteroylglutamic acid. T h e  
fact tha t  t h e  doubling-t ime remained 
constant indicates tha t ,  i n  t h e  presence 
o f  either pteridine derivative, certain 
components  o f  t h e  peptone are n o  longer 
reauired for t h e  nutri t ion o f  t h e  cells. 
During continuous culture i n  media  con- 
taining a m u c h  higher level o f  peptone, 

Fig. 1. Reduction o f  the  e f -  
fect o f  peptone b y  citro-
vorum factor ( C F )  and the 
relative activity o f  pteroyl- 
glutamic acid (PGA) and 
CF i n  support o f  cell multi- 
plication. T h e  cells ( 2 . 0  x 
lo6)  were incubated i n  1 
ml o f  m e d i u m  ( I )  for 48 
hours; the extent of  cell re- 

o 10-a lo-+ o lo-' IF+ 
MICROMOLES OF CF OR P G A  PER ML. 

production was determined 
by hemocytometer counts. 

0.5 percent, bu t  on ly  2.2 x 10-j umole  o f  
pteroylglutamic acid per milliliter, a 
generation t i m e  o f  less t h a n  22 hours 
(average,  24 hours)  was rarely obtained. 
I n  contrast, generation t imes o f  14 t o  22 
hours (average,  18 hours)  were obtained 
w i t h  optimal amounts  o f  active leuco- 
vorin ( 2  x 10-6 p m o l e / m l )  or w i t h  very 
h igh  levels o f  pteroylglutamic acid 
( 2 x & m o l e / m l )  i n  the  presence o f  
l o w  levels o f  peptone (0.06 percent ) .  

T h e  h igh  levels o f  folic acid, as c o m -  
pared w i t h  the  levels o f  its tetrahydro 
derivative, which  are required t o  support 
cell mult ipl ication indicate a very l imited 
capacity o f  the  leukemic  cells under  
these conditions t o  synthesize coenzymes 
f r o m  pteroylglutamic acid ( 1 1 ) .  T h e  ab- 
solute requirement o f  certain other cell 
lines for this v i tamin  is very m u c h  less 
t h a n  it is for  L-5178, for  example ,  H e L a  
and L-strain ( 1 2 ) ,  a finding which  sug- 
gests tha t  these cells efficiently convert 
folic acid t o  coenzyme forms.  S u c h  a n  
interpretation is supported by  t h e  fact 
tha t  ci trovorum factor is on ly  20 t o  30 
t imes as e f fec t ive  as pteroylglutamic acid 
for L-strain cells ( 1 3 ) .  Although t h e  re- 
quirement for folic acid o f  sarcoma 180 
cells i n  tissue culture resembles that  o f  
b o t h  L-strain and H e L a  cells, our col-
league, Richard Schindler,  has found 
tha t  this requirement is m e t  ( i n  Eagle's 
m e d i u m ,  1 2 )  b y  active leucovorin i n  a n  
amount  approximately 1/200 tha t  o f  
pteroylglutamic acid. 

I t  is well  k n o w n  tha t  various neo-
plastic cell lines, in vivo, exhibit widely 
variable sensitivity t o  the  chemothera-
peutic act ion o f  A-methopterin,  a n  agent 
w h i c h  inhibits t h e  enzymic conversion o f  
folic acid t o  tetrahydro derivatives. I t  
is suggested tha t  t h e  effectiveness o f  
A-methopterin as a n  inhibitor o f  the  
reproduction o f  various types o f  cells is 
markedly  influenced not  on ly  b y  t h e  ex-  
tracellular supply o f  tetrahydro deriva- 
tives o f  folic acid, b u t  also b y  t h e  en-
zymic  capacity o f  such cells t o  convert 
folic acid-like compounds  t o  coenzymic- 
ally active, tetrahydro forms  ( 1 4 ) .  

GLENNA.  F I S C H E R  
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Self-Regulationof Protein 
Synthesis in Acetabularia 

The regulation of normal arid abnor-
mal growth has recently attracted exten-
sive studies in numerous areas. The inter-
action of intracellular growth-promoting 
substances and extracellular ~rowth-in-" 
hibiting substances has been postulated 
( I ) . In the present study, we have con-
centrated on the intracellular regulation 
and limitation of protein synthesis. 

We utilized a large unicellular alga, 
Acetabularia crenulata ( Z ) ,  cultured in 
sea water according to the method of 
Haemmerling ( 3 ) .  The unique size of 
the cell (3  to 4 cm) and nucleus (200 p) 
allows an easy preparation of anuclear 
fragments of sizes varying from 0.5 to 

40 mm. Because of the cylindrical shape 
of the stalks, these algae offer an excel-
lent material for the investigation of the 
relationship between the rate of growth, 
as expressed by the rate of protein syn-
thesis, and the relative surface (area/ 
volume) of the cell. 

Individual cells, measuring 2 1 to 23 
mm in length, were enucleated by re-
moval of rhizoids. Some of the resulting 
stalks, 19.3 i0.2 mm in length and 0.5 
mm in diameter, were then analyzed for 
nitrogen by the method of Johnson ( 4 )  
after the nonprotein nitrogen had been 
removed with 10-percent trichloroacetic 
acid. The average value of protein nitro-
gen was 4.8 yg per stalk with a variation 
of 0.2 p.g as estimated from three sam-
ples, each of which consisted of 12 stalks. 
Other stalks were cut transversely, some 
in halves, others into quarters, and still 
others into eighths. Approximately 12 
percent of the stalks partially lost their 
cytoplasm during cutting and were dis-
carded. After 15 days, all fragments that 
had come from a single stalk were ana-
lyzed together for protein nitrogen. The 
amount of protein synthesized by each 
fragmented stalk was calculated from the 
difference between the protein nitrogen 
content of the fragmented stalks at  the 
end of the 15-day period and that of the 
unsegmented stalks analyzed at  the be-
gining of the experiment. Fourteen sam-
ples were used for each value represented 
in Fig. 1. Variations among the samples 
were within 10 peicent. 

The surface area and volume of each 
stalk were calculated on the basis of the 
assumption that the stalk was cylindrical 
in shape. Since the stalk was cut trans-
versely, the total surface area was in-
creased only at the cut ends. The relative 
increase in surface area due to cutting 
was expressed as a percentage of the 
total surface area of the uncut stalk. 

Figure 1 shows that the amount of 
protein synthesized during the 15-day 
period per stalk (total synthesis), as well 
as the amount of protein formed ex-
pressed as a percentage of the original 
protein content (relative synthesis), in-
creases with the number of fragments 
into which the stalk has been cut. On  the 
other hand, the relative increase in sur-
face area due to cutting of stalks shows 
only a small rise as the number of frag-
ments increases. These findings indicate 
that the increase in protein synthesis can-
not be satisfactorily explained on the 
basis of a higher absorption rate of nu-
trients resulting from an increase in sur-
face area after cutting. 

To  ascertain the influence of initial 
length and protein content of stalks on 
the rate of protein synthesis, 130 cells 
were cut at various distances from the 
growing tips of the stalks to provide anu-
clear fragments of various lengths, each 
of which contained one intact end and 

one cut end. Twenty of them were ana-
lyzed immediately for protein nitrogen, 
and the others were grown in the stand-
ard medium for 15 days. In  this experl-
ment the differences in surface area of 
stalks of different lengths are due to the 
size of the lateral walls. Thus, all stalks 
were subjected to a similar injury at the 
cut ends. The volume of each fragment 
varies directly as its length under these 
conditions. The difference in relative sur-
face area is expressed as the excess of 
the area/volume ratio of any stalk above 
that of the longest (36 m m ) .  

As can be seen in Fig. 2, the total pro-
tcin svnthed.: per .:talk, a.; well as thr 
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Fig. 1. Effect on protein synthesis of cut-
ting anuclear stalks into a number of frag-
ments. The ordinate to the left represents 
micrograms of protein nitrogen synthe-
sized per stalk. The term total synthesis 
refers to the absolute value of protein N 
synthesized, while relative synthesis ex-
presses the same value as a percentage of 
the original protein N content of the stalk. 
Relative area increase represents the in-
crease of surface area due to cutting, ex-
pressed as a percentage of an unsegmented 
stalk. 
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Fig. 2. Relationship between the length 
of anuclear stalks and the rate of protein 
synthesis. The ordinates are the same as 
those in Fig. 1. The term relative area dif-
ference refers to the excess of area/volume 
ratio of any stalk over that of the longest 
stalk (36 cm),  expressed as a percentage 
of the latter. 
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