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SUMMARY 

The fatty acid composition of different kinds of commercially available serum used 
to supplement cell culture media differs widely. As compared with fetal bovine serum, 
horse and bovine calf serum have a very high content of linoleic acid (18:2) and are 
low in arachidonic acid (20:4). (Fatty acids are abbreviated as number of carbon 
atoms:number of double bonds). Swine serum contains substantial amounts of both 18:2 
and 20:4. Only fetal bovine serum contains more than 1% docosahexaenoic acid (22:6). 
Considerable differences in fatty acid composition occur when cells are grown in media 
containing any of these different serum supplements. The 18:2 and 20:4 content of 
3T3 mouse fibroblast phospholipids is highest when the medium contains horse serum, 
intermediate with bovine calf serum, and lowest with swine or fetal bovine serum. 
Likewise, the highest phospholipid 18:2 content in Madin-Darby canine kidney cells 
(MDCK) occurs when the medium contains horse serum. With MDCK cells, however, 
growth in swine serum produces the highest 20:4 content. The 3T3 cell phospholipids 
accumulate more than 1% 22:6 only when the medium contains fetal bovine serum, 
whereas in no case do the MDCK cell phospholipids accumulate appreciable amounts 
of 22:6. The fact that the cellular fatty acid composition is likely to change should be 
taken into account when changes are contemplated in the serum used to grow established 
cell lines. 

Key words: 3T3 cells; MDCK cells; fetal bovine serum; horse serum; swine serum; calf 
serum. 

INTRODUCTION 

Appreciable changes in the fatty acid compo- 
sition of animal cells can be produced by adding 
specific fatty acids in unesterified form to the 
culture medium (9,31,35). The fatty acid com- 
position of the membrane phospholipids is mod- 
ified by this procedure, and this is associated 
with changes in membrane fluidity (4,18,28,36).  
These types of fatty acid compositional modifi- 
cations have been correlated with effects on cell 
growth (7), fusion (14), phagocytosis (21,27), 
mitogenic stimulation (20), amino acid transport 
(16,17), endocytosis (23), prostaglandin produc- 
tion (6,29), infectivity of enveloped viruses (19), 
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tumor cell resistance to complement-mediated 
antibody destruction (26), opioid binding (13), 
insulin receptor number and affinity (12), and 
complement-mediated cytolysis (24). 

A number of studies have shown that cultured 
cells derive most of their lipids from the serum 
present in the growth medium (2,22,32).  The 
sera obtained from different animal species have 
considerably different fatty acid compositions 
(32). It is not known, however, whether extensive 
modifications in fatty acid composition, such as 
those produced by unesterified fatty acid supple- 
ments, will occur if cells are grown in culture 
media supplemented with different kinds of serum. 
Most of the fatty acid in serum is present as 
components of lipid esters, which are contained 
in lipoproteins, and only a small amount is in 
the form of unesterified fatty acid. Therefore, it 
is possible that the different sera might not 
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produce substantial changes in cellular fatty acid 
composition. Information regarding this point is 
important because it may become necessary to 
change the type of serum used to supplement 
culture media if the supply of fetal bovine serum 
is severely curtailed. In the present study, we 
have examined the variability in fatty acid com- 
position of fetal bovine, bovine calf, horse, and 
swine serum. In addition, we have determined 
the extent to which phospholipid fatty acid com- 
position varies when cells are cultured in media 
supplemented with each of these types of serum. 

MATERIALS AND METHODS 

Cells. Madin-Darby canine kidney tubular ep- 
ithelial (MDCK) cells (ATCC CCL 34) and 3T3 
mouse fibroblasts (ATCC CCL 92) were obtained 
from the American Type Culture Collection 
(Rockville, MD). For each cell line used, the 
species of origin and absence of contamination 
by a second cell line were verified by isoenzyme 
electrophoresis using the Coming Authentikit 
(Coming Medical and Scientific, East Walpole, 
MA). All cell lines were screened at regular 
intervals for mycoplasma contamination by the 
method of Velleca et al. (34) and were found to 
be negative in every instance. 

Stock cultures of MDCK cells were maintained 
in minimum essential medium with Earle's salts 
(GIBCO, Grand Island, NY); 3T3 cell stocks 
were maintained in Dulbecco's minimum essential 
medium (GIBCO). In each case this basic growth 
medium was supplemented by 10% serum (fetal 
bovine unless otherwise specified), MEM nones- 
sentiai amino acids (GIBCO), MEM vitamin so- 
lution (GIBCO), 15 mM 4-(2-hydroxyethyl)-l- 
piperazineethane sulfonic acid (HEPES) (Sigma, 
St. Louis, MO), 2 mM glutamine, and 50 #g/ml  
garamycin (Schering Corp., Kenilworth, N J). Stock 
cultures were maintained at 37 ~ C in a humidified 
atmosphere containing 5% CO2. The MDCK cell 
stocks were routinely subcuhured weekly and 
3T3 cell twice weekly by trypsinization and 
reseeding at a 1:10 dilution. Stock cultures of 
3T3 cells were never allowed to become con- 
fluent. For experiments, each cell line was grown 
for four passages in medium containing the 
serum that was to be studied before experimental 
cultures were seeded. After seeding, all experi- 
mental cultures were grown for 1 wk (including 
one refeeding) before cells were harvested. 

Phospholipid composition. Confluent eel] mono- 
layers were washed three times with cold phos- 

phate buffered saline (PBS), then harvested by 
scraping with a rubber policeman and pelleted 
by centrifugation. The cell pellet was resuspended 
in 1 ml of buffer, and lipids were extracted with 
chloroform:methanol, 2:1 vol/vol (11). Phospho- 
lipids and neutral lipids were separated by thin 
layer chromatography on silica gel G plates 
(Alltech Associates, Deerfield, IL) using a solvent 
system of mixed hexanes:diethyl ether:acetic 
acid:methanol, 170:40:4:4,  vol/vol (31). The 
phospholipid band was eluted from the gel with 
chloroform:methanol, 1:1 (vol/vol), and then 
saponified and methylated (31). Fatty acid methyl 
esters were separated by gas liquid chromatog- 
raphy using a Hewlett Packard model 5700 gas 
liquid chromatograph containing a 1.8 m glass 
column (2 mm i.d.) packed with 10% SP-2330 
on 1 0 0 / 1 2 0  mesh Chromasorb W-AW (Supelco, 
Bellefonte, PA). Peak assignments were made by 
comparing retention times with those of fatty acid 
standards (NuChek Prep, Elysian, MN). Peak 
areas were determined with a Hewlett Packard 
Model 3380-S integrator-recorder and are re- 
ported as weight percentages. 

Chloroform-methanol extracts of cells were 
separated into individual phospholipid classes by 
the method of Fine and Sprecher (10), using 
boric acid-impregnated silica get H plates 
developed in a solvent mixture of chloro- 
fo rm:methano l :wa te r :ammonium hydroxide ,  
120:75:6:2 (vol/vol). Lipid phosphorus in each 
fraction was measured by the method of Chal- 
vardjian and Rudnicki (5). 

Serum. Samples of a large number of lots of 
HyClone fetal bovine serum, as well as horse, 
swine, and bovine calf serum, were provided by 
Sterile Systems (Logan, UT). After heat inacti- 
vation of serum at 56 ~ C for 30 min, samples 
from each lot of serum were extracted with 
chloroform:methanol, 2:1, vol/vol, as described 
above. An aliquot from each serum lipid extract 

w a s  taken for fatty acid analysis. The fatty acids 
were saponified and methylated and the fatty 
acyl composition determined by gas liquid chro- 
matography (31). 

RESULTS 

Serum fatty acids. The fatty acid compositions 
of fetal bovine, bovine calf, horse, and swine 
serum are shown in Table 1. Considerable dif- 
ferences are apparent. Fetal bovine serum has 
consistently higher percentages of arachidonic 
(20:4) and oleic (18:1) acids than either bovine 
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calf or horse serum. (Fatty acids are abbreviated 
as number of carbon atoms:number of double 
bonds). By contrast, bovine calf and horse serum 
consistently have the highest percentages of lin- 
oleic acid (18:2). Swine serum contains about 
the same percentage of 18:1 and 20:4 as fetal 
bovine serum but, in addition, has a moderately 
high percentage of 18:2. Only fetal bovine serum 
has appreciable amounts of docosahexaenoic acid 
(22:6). Although the SEM values for the fatty 
acid composition of each type of serum are 
small, considerable variations from the mean 
occurred in an occasional sample. This is apparent 
in the wide range of values for 20:4 and 22:6 
in fetal bovine serum, 18:1 in horse serum, and 
palmitic acid (16:0) and 18:2 in fetal bovine, 
horse, and bovine calf serum. 

Cell phospholipid fatty acyl composition. Con- 
siderable changes in cell phospholipid fatty acyl 
composition were observed when cultures were 
grown with different serum supplements. Results 
obtained for 3T3 mouse fibroblasts and MDCK 
cells are shown in Table 2. The 3T3 cell 
phospholipids exhibited a wide variation in 18:2 
percentage composition, being highest when the 
cultures were grown with horse serum, interme- 
diate with bovine calf serum, and lowest with 
either fetal bovine or swine serum. A similar 
distribution was noted for 20:4. Only 3T3 cells 
grown with fetal bovine serum accumulated ap- 
preciable amounts of 22:6. The phospholipids of 
3T3 cells grown with horse serum contained the 
highest percentages of total polyunsaturates, the 
highest unsaturation index, and the highest fatty 
acid mean chain length. 

The MDCK cells exhibited generally similar 
changes in phospholipid fatty acyl composition 
to those observed in 3T3 cells, with a few 
potentially important exceptions. For example, 
the percentage of 18:2 was highest when the 
MDCK cells were grown in swine serum, not 
horse serum. The unsaturation index also was 
highest when the cells were grown in swine 
serum even though the total polyunsaturated fatty 
acid content was highest with horse serum. 

The content of individual phospholipid classes 
of 3T3 and MDCK cells is presented in Table 
3. The total lipid phosphorus content and its 
distribution among the different phospholipid 
classes is very similar in the two cell lines. 
Therefore, differences in phospholipid content or 
composition cannot account for the differences 
seen in polyunsaturated fatty acid content between 
the two lines. 

Cell growth and properties. With both 3T3 and 
MDCK cells, the highest growth rates occurred 
in the presence of swine serum. Dome formation 
in MDCK cultures also was greatest in swine 
serum. Growth of 3T3 and MDCK cells was 
more rapid in horse serum as compared with 
fetal bovine serum. The growth rate of 3T3 cells 
was very slow in bovine calf serum, and MDCK 
cells failed to grow in bovine calf serum. 

DISCUSSION 

We have reported previously that the single 
lots of fetal bovine, bovine calf, horse, and swine 
serum used by our laboratory to prepare culture 
media have sizable differences in fatty acid 
composition (32). The present findings indicate 
that although some variation can occur among 
different lots of a given serum, the trends reported 
previously are generally typical for serum of that 
species. As compared with fetal bovine serum, 
horse and bovine calf serum are quite low in 
20:4, the substrate for synthesis of the main 
classes of prostaglandins and leukotrienes. By 
contrast, they are very high in 18:2, the essential 
polyunsaturated fatty acid that can be used by 
some but not all cultured cells for the synthesis 
of 20:4 (8,15,24,25,30). Swine serum, like fetal 
bovine serum, has a relatively high 20:4 content, 
but it also has an intermediate 18:2 content. 
Only fetal bovine serum has an appreciable 
amount of 22:6, the main n-3 polyunsaturate 
contained in retinal and neural cells (1,33). 

Replacement of fetal bovine serum in the 
growth medium of cultured 3T3 and MDCK cells 
by horse, bovine calf, or swine serum produced 
appreciable changes in the phospholipid fatty 
acyl composition. Although the resulting cellular 
phospholipid fatty acyl compositions reflect the 
fatty acid composition of the added serum, they 
do not directly mimic the serum fatty acid 
composition. This suggests that there is either 
selectivity in the uptake of different fatty acids 
contained in the serum or selectivity in their 
incorporation after uptake. Furthermore, the 
composition determined in the 3T3 cells was 
somewhat different from that observed in MDCK 
cells, indicating that the precise modifications 
that will occur cannot always be predicted from 
information obtained with a single cell line. 

The phospholipid fatty acyl modifications pro- 
duced by changes in the type of serum added to 
the medium are almost as extensive as those 
observed when the medium is supplemented 
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TABLE 3 

CONTENT AND COMPOSITION OF CELL PHOSPHOLIPIDS 

737 

Amount 

Phospholipid 3T3 MDCK 

Total (nanomoles per milligram protein) 342 + 7.6 340 + 20.9 
Individual classes (% of total) 

Phosphatidylcholine 47.6 + 1.9 42.8 + 1.0 
Phosphatidylethanolamine 23.9 + 1.1 23.2 + 1.9 
Phosphatidylinositol 8.5 + 0.7 8.8 + 0.9 
Phosphatidylserine 7.6 + 1.1 7.6 + 0.9 
Others 12.4 + 0.9 17.7 + 2.1 

with high concentrations of free fatty acid 
(9 ,31,32,35) .  When these modifications are pro- 
duced with free fatty acids, there are changes in 
membrane physical properties (4 ,18 ,28 ,36) ,  car- 
r ier-mediated transport (3 ,16 ,20 ,37) ,  receptor  
binding (12,13),  and other membrane-rela ted 
cellular functions (14 ,21 ,23 ,27) .  It is likely that 
some of these effects also will occur when the 
phospholipid fatty acyl modifications are produced 
by different serum supplements. Although changes 
in phospholipid fatty acyl composition probably 
were responsible to some extent for the differences 
in the growth rates of the cultures (7), other 
serum factors must have contributed to this 
effect. This is evident from the fact that 3T3 
cells exhibited widely different growth rates in 
horse and bovine calf serum even though the 
phospholipid fatty acid compositions were fairly 
similar in these cases. 

In conclusion, rather extensive differences in 
fatty acid composition of established cell lines 
can occur as a result of changes in the type of 
serum added to the culture medium. This should 
be kept in mind when changes in serum are 
contemplated, such as during periods when there 
is a shortage of fetal bovine serum. 
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