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Growth of L-M Strain Mouse Cells in a Chemically Defined Medium.* 
(27464) 
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A number oi chemically defined media have 
been described for cultivation of animal cells 
in vitro( 1-1 5 ) .  Some of these media, such 
as CXIRL-858 reported by Healy and asso- 
ciates ( 7 ) , NCTC- 109 described by Evans 
and co-workers(3) and medium NIB 7521'1 
of Waymouth( 9)  will support the continued 
proliferation of selected cell strains without 
supplementation. These media contain from 
40 to 70 components consisting of most of 
the known amino acids, vitamins, purines, py- 
rimidines, and co-factors. 

Eagle( 16) determined the minimal nutri- 
tional requirements for growth of L strain 
and HeLa cells in vitro. On the basis of his 
findings he formulated a basal medium coin- 
posed of 12 essential amino acids, glutamine, 
8 vitamins, and glucose in a balanced salt so- 
lution-a total of 28 components. This me- 
dium when supplemented with small amounts 
of either whole or dialyzed serum permits the 
continued rapid growth of a variety of animal 
cell strains as well as primary isolates. 

This report deals with the continuous 
growth of L-JI strain mouse cells in Eagle 
basal medium without supplements. The 12  
amino acids, 8 vitamins and glutamine are 
incorporated at  twice the concentration origi- 
nally described by Eagle. 

MateriaZs and methods. The L-ill cell ( 1 7 ) ,  
derived in this laboratory from L strain clone 
929( 18,19) is routinely maintained in me- 
dium 199 of Morgan et al.( 12) supplemented 
with 0.5% peptonet (199-peptone). I t  was 
first adapted to grow in Eagle basal medium 
in April 1959 and has been maintained in this 
medium continuously since that time; the 
cell strain is now in the 105th serial passage. 

In this study, stationary cultures were 
grown as monolayers in 200-ml serum dilu- 
tion bottles. Ten ml of growth medium at 
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pH 7.2 and containing between 2 and 3 X 
10.' cells per ml was used as the initial inocu- 
lum. The medium was changed after 3 days, 
and the cells were harvested routinely after 
7 to 10 days, by scraping with a rubber po- 
liceman. The cells were dispersed by tritura- 
tion, diluted with fresh medium, and re- 
planted. 

For the purpose of growth curve analysis, 
2 to 3 cultures of a replicate series were har- 
vested every 24 hours and cell counts were 
made individually on each culture. A 1-ml 
sample was removed from each culture; 0.5 
ml of which was used for determining cell 
number with an electronic cell counter,$ and 
the remaining 0.5 ml was used for viability 
determinations by the erythrosin B dye ex- 
clusion technic (20). 

Suspension cultures were grown in 250-ml 
Erlenmeyer flasks and were agitated on a 
rotary shaker with a 1-inch radial stroke at 
110 rpm. The cells used were obtained from 
6- to 7-day-old monolayer cultures harvested 
in the manner previously described. A.n ini- 
tial inoculum of approximately 2.5 y lo5 
cells per ml in a total volume of 1 0 0  ml of 
medium containing 0.12 ?6 methylcellulose§ 
was added to each flask. R!tethylcellulose 
was added hoping to prevent cell clumping and 
to prevent cell damage resulting from agita- 
tion. A 1-ml sample was removed every 24 
hours for cell number and cell viability deter- 
minations. The cultures were harvested after 
6 to 7 days. 

The morphology of L-M cells growing in 
199 peptone and in 2X Eagle basal medium 
was studied from coverslip cultures. These 
cultures were prepared by growing cells in 
Leighton tubes on 9 X 22 mm coverslips, one 
of which was removed at  each 24-hour inter- 
val, fixed in SO'i:, ethanol and subsequently 

$ Model A, Coulter Electronics, Hialeah, Fla. 
$ Metho-Cel lSCPS, Reagent Grade, Dow Chemi- 

cal Co., Midland, Mich. 
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FIG. 1. 

stained by the May-Grunwald-Giemsa tech- 
nic(20). 

During the adaptation of L-M 
strain cells to grow in Eagle basal medium, 
the following observations were made: (1) 
the first passage of L-M cells in Eagle medium 
indicated no appreciable decrease in viable 
cells nor marked change in morphology, as 
evidenced by microscopic observations and 
the viability staining procedure; ( 2 )  chromo- 
somal analysis of cells in 199 peptone and in 
Eagle medium indicated no difference in 
either the number or configuration of chro- 
mosomes( 17) ; ( 3 )  i t  was possible, at any 
time, to take cultures grown in 199 peptone, 
and demonstrate immediate attachment and 
proliferation of the cells in Eagle medium; 
the converse was also true. 

As seen in Fig. 1, L-M cells growing in 199 
peptone or in Eagle medium appear similar 
in gross morphology. When examined at  
comparable time intervals after planting, cells 
in Eagle medium possess a somewhat smaller 
and denser staining nucleus than cells in 199 
peptone. However, comparison of cells taken 
a t  comparable points in the population growth 
cycle in the 2 media (96-hr culture in 199 
peptone and 168-hr culture in Eagle medium) 
shows a striking similarity in cell morphology 
and staining characteristics. Few giant cells 
were seen in cultures grown in Eagle medium 
and in this respect they resembled cells grown 
in 199 peptone. 

As illustrated in Fig. 2, monolayer cultures 
of L-M strain cells in 199 peptone exhibit a 
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mean generation time of 40 hours while cells 
growing in Eagle medium exhibit a mean gen- 
eration time of 56 hours. From an initial in- 
oculum of 2.5 X lo5 cells per ml (18.0 log2 
units) a final population density of 1.2 X lo6 
cells per ml (20.3 logB units) was achieved in 
199 peptone and 8 X lo" cells pzr ml (19.6 
log2 units) in Eagle medium after 7 days. 
An additional medium change at 6 to 7 days 
yielded final population densities of 1.2 to 1.6 
X loG cells per ml in the Eagle medium. 

A drop in cell number during the lag phase 
has been observed both in 199 peptone and 
in Eagle medium when cells are grown as 
monolayer cultures. However, the drop ob- 
served in Eagle medium is quite pronounced 
and as yet cannot be completely explained. 
Viability determinations do not fully account 
for this, since only a slight decrease from 
9576 to 90% is observed during the first 24 
hours (Fig. 2 ) .  

As seen in Fig. 3,  it was of interest to note 
that suspension cultures did not exhibit such 
a marked drop in cell number during the lag 
phase. Furthermore, these growth curves il- 
lustrate the range in generation time of cul- 
tures grown in 199 peptone and in Eagle me- 
dium; the mean generation time of cells in 
199 peptone being 43 hours as compared with 
73 hours in Eagle medium. The generation 
time of suspension cultures in Eagle medium 
may be shortened by a complete medium 
change on the third day as is done with 
monolayer cultures. 

The effectiveness of methylcellulose in per- 
mitting growth of L-M cells as suspension 
cultures in a defined medium suggested that 
this compound might act to protect the cell 
surface. To determine its effectiveness in pro- 
tecting cells grown in monolayer during trans- 
fer, cultures of a replicate series were har- 
vested, with and without addition of methyl- 
cellulose, at 24-hour intervals for 8 days. 
When methylcellulose was used, the old me- 
dium was discarded and fresh medium con- 
taining 0.12 % methylcellulose was added and 
left in contact with the culture for 2 to 5 
minutes. The cultures were then harvested 
by scraping and cell counts were made. Con- 
trol cultures were handled in a similar man- 
ner except that methylcellulose was omitted 



196 ANIMAL CELLS IN DEFINED MEDIUM 

Y 

3 

5! 7 -  

& 
i 6 -  
P 
a 
In 5-  

k 4 -  

-I 
W " 

U 

g 3-  

I 4  ': 

from the fresh medium added to the cells. As vested with methylcellulose having a celI 
illustrated in Fig. 4, an appreciable difference count ranging from 70,000 to 200,000 cells 
in cell number is noted during the lag phase per ml greater than the controls. There is no 
and again in the plateau phase, cultures har- appreciable difference in cell yield during the 
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FIG. 2. Comparative growth curve of L cells i n  monolayer culture using 199 peptone and 

FIG. 3. Comparative growth curves of L cclls in suspension culture using 199 peptone and 

FIG. 4. Comparative yields of L cells from 2 X  Eagle harvested with and without methyl- 

FIG. 5. Comparative yields of L cells grown in 2X Eagle harvested with and without 

2X Eagle basal medium. 

2X Eagle basal medium. 

cellulose. 

methylcellulose : complete mediiim change every 48 hr. 



ANIMAL CELLS IN DEFINED MEDIUM 197 

log phase. However, as can be observed in 
Fig. 5 ,  repeated medium changes at  48-hour 
intervals had a marked effect on the cell yields 
obtained when harvesting with and without 
methylcellulose. Under these conditions a 
consistent difference in cell yield was noted 
throughout the growth cycle. 

Addition of peptone to 1 X  or 2X Eagle 
basal medium failed to provide a suitable 
growth medium for L-M cells. Moreover, we 
were unable to adapt the cells to grow in 
either 1 X  or 2X medium 199 without pep- 
tone. This was true even for cells main- 
tained through many generations in 2X 
Eagle medium. 

Discussion. The results of this study con- 
firm the findings of Eagle regarding the es- 
sential nutrients required for growth and 
maintenance of L strain cells in vitro( 16) 
though it was found that a 2-fold increase in 
amino acid, vitamin, and glutamine concen- 
trations was necessary for rapid cell multi- 
plication in absence of added protein or pep- 
tides. A total replenishment of medium at  3 
days was also necessary to achieve maximum 
cell growth. 

These results are in agreement with those 
of McLimans(21) who found that even in 
the presence of added protein, in the form of 
serum, a modification of Eagle basal me- 
dium and repeated medium changes were 
necessary for attainment of adequate cell 
yields of L or HeLa strains in suspension 
cultures. Subsequent to McLimans’ studies 
Eagle reported a “minimal essential medium” 
(22) which is similar in amino acid composi- 
tion to the 2X Eagle basal medium used in 
the present studies. 

Added protein or peptides are required for 
serial propagation of most mammalian cells. 
The L strain, clone 929, was grown for sev- 
eral years in this laboratory in a medium 
composed of 60% 199, 20% horse serum, 
20% BSS. The serum content gradually was 
reduced and finally was replaced by 0.5% 
peptone. This is thought to have resulted 
in a selection of the population for ability to 
grow in a simplified medium( 17) since it is 
now possible to grow these cells in 199 pep- 
tone or in 2X Eagle medium interchangeably. 
The resulting cell strain is designated L-M. 

Similar morphology, chromosome complement 
and enzyme patterns as well as the ease of 
interchange between media suggest that the 
basic selection occurred during adaptation to 
199 peptone and that no marked additional 
selection occurred upon growth in 2.X Eagle 
medium. 

The function of protein or peptides in the 
growth of cells in vitro has not yet been de- 
termined fully. Aside from a nutritional role 
it has been suggested that they function in 
attachment of cells to glass or to other cells 
(23,24,25). Eagle has suggested a carrier 
function for proteins(26) and Evans postu- 
lated their role as reservoirs of nutritional 
components (2  7) .  Results of the present 
study strongly suggest that in addition to 
these roles proteins or peptides may act as 
physical protective agents since they can be 
replaced, in certain situations, by methylcel- 
lulose which is inert nutritionally. Further 
data relating to this point and to the use of 
methylcellulose as a protective agent will be 
published elsewhere. 

With adjustments in concentration of com- 
ponents, relatively frequent medium change 
and the use of a macromolecular substance as 
a stabilizing agent it is possible to attain the 
continued rapid growth of the L-M strain of 
cells either in monolayer or in suspension in 
this simple, chemically defined medium. Pop- 
ulation densities up to 2 x log cells/ml have 
been obtained in monolayer cultures. The 
extreme simplicity of the medium, the charac- 
teristics of the cells grown under these condi- 
tions and the degree of quantitation attain- 
able make this system ideally suited for a 
wide variety of investigations ranging from 
biochemical analysis and metabolic studies to 
host cell-parasite interactions. 

Using the criteria of genera- 
tion time, final population density, and chro- 
mosome analysis, it has been demonstrated 
that Eagle basal medium is adequate for con- 
tinued propagation of PI-M strain mouse cells 
both as monolayers and in suspension. Three 
distinct advantages to this system are: (1) 
the relative simplicity of the medium in 
terms of number of components as compared 
to other defined media currently available, 
(2) the 3- to 5-fold increase in cell popula- 

Summary. 
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tion achieved in 7 to 10 days, in contrast 
with results using most defined media, ( 3 )  
the growth of these cells in suspension cul- 
ture, which is an ideal system for both nutri- 
tional and parasite-host cell relationship 
studies. The effectiveness of methylcellulose 
as a physical protective agent for cells grown 
in a simple, chemically defined medium has 
been demonstrated. 
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Multiplication and Cytopathology of Coxsackie A-21 Virus in Rotated 
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Coxsackie A-21 virus (Coe) is an entero- be associated with acute undifferentiated up- 
virus which propagates and produces a cyto- per respiratory illness in military personnel 
pathic effect (CPE) in certain human contin- ( 5 , 6 ) .  During controlled epidemiologic stud- 
uous and primary embryonic tissue cultures ies which established the role of Coxsackie A- 
( 1,2,3,4). This agent was recently shown to 2 1 virus in respiratory disease it was observed 

that production of CPE by this virus was en- * This investigation was supported by a U.S.P.H.S. 
Postdoctoral Research Fellowship (No. EF 997 1) hanced when 
from the N.I.A.D., P.H.S. tures were rotated during incubation. The 

t Naval Medical Field Research Laboratory, quantitative aspects Of Virus replication and 
Camp Lejeune, N. C. cytopathology as effected by rotation of cul- 

HEp-2 tissue 


