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I. DEVELOPMENT OF DEFINED MEDIA FOR NORMAL CELLS 

A. Definitions of "Defined" Media 

1. Theoretical 

In theory a "defined" medium would be prepared from water and 

chemicals that are completely free of impurities. The final medi-

um would contain only those substances listed in its formula. In 

practice, such a medium can never be fully attained. 

2. Rigorous 

The most precisely defined medium that is realistically pos-

sible would be prepared from water and chemicals of ultra high 

purity. The effects on cellular growth of any remaining impuri-
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ties would be characterized as completely as possible. Fixed a-

mounts would deliberately be added of those impurities that could 

not be removed completely in order to insure uniformity from batch 

to batch of the medium. 

3. Currently Used 

The best currently available media are prepared from "reagent" 

grade water and chemicals. They contain trace impurities that are 

not listed in their formulas. Such impurities are probably es-

sential for cellular growth in most, if not all, "defined" media 

currently in use. 

B. Principles Involved in Developing Media for Normal Cells 

1. Alter the Medium, Not the Cells 

Most currently available media were developed specifically 

for established cell lines that had undergone extensive adapta-

tion and evolution in culture. Such media are not satisfactory 

for normal cells as they first come from the animal. If we are 

going to understand the nutrient requirements of such cells, we 

must devise media that satisfy their needs before they have under-

gone any nutritional adaptation in vitro. 

2 . Be Alert for the Unexpected 

Research is accomplished primarily by asking questions. Many 

valuable insights can be obtained from unexpected answers. For 

example, unexpected growth stimulation by a saline "control" led 

to the discovery that the cysteine concentration in medium F12 

was too high for clonal growth of WI-38 cells. 

3. Adjust the Nutrient Balance for the Cell Types 

Balance relationships among medium components are very impor-

tant (Ham, 1974). Changing the amount of one nutrient in the me-

dium can significantly change the amounts of others that are 



ANALYSIS OF NUTRITIONAL FACTORS 535 

needed. Also, too much of a nutrient is often as bad as too lit-

tle, and the optimum range is sometimes quite narrow. Serum pro-

teins tend to bind nutrients, buffering their effects. When ser-

um protein is reduced in concentration or replaced by partially 

purified protein fractions, the range of concentrations of speci-

fic small molecular nutrients that will support optimum growth 

may become significantly narrower. These effects are not the 

same for each type of cell studied (c.f. #9, below). 

4. Environmental Responses May be Different 

Different types of cells may respond very differently to en-

vironmental factors such as pH, osmolarity, carbon dioxide ten-

sion, oxygen tension, and nature of culture surface. 

5. Contaminants May be Essential Nutrients 

Growth in a defined medium may be dependent on contaminants 

not specified in the formula of the medium. Such growth may fail 

unexpectedly if chemical manufacturers quietly "improve" their 

products. We currently find that selenium salts must be added to 

medium F12 to support clonal growth of Chinese hamster cell lines 

that once grew in it without such a supplement. 

6. Nutrient Utilization by Normal Cells May be Inefficient 

Some established cell lines that have been adapted to growth 

in serum-free media have become very efficient at scavenging ex-

treme traces of impurities from the culture medium. For example, 

WI-38 cells require more than 100 times as much selenium as 

Chinese hamster ovary cells that have been in culture for many 

years. 

7. Normal Cells are Intolerant of Deficiencies 

Established cell lines can compensate extensively for de-

ficiencies in their culture medium. For example if no polyun-
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saturated fatty acids are available, they can make functional mem-

branes without them. Normal cells appear not to have this adapt-

ability. 

8. Special Growth Factors May be Needed by Normal Cells 

Many established cell lines can be grown in synthetic media 

that appear to contain only small molecular nutrients that are 

taken into the cells and utilized in substrate or catalytic roles. 

Preliminary evidence suggests that many normal cells have addi-

tional requirements for "regulatory" factors that may act only at 

the cell surface Ce.g. nerve growth factor, epidermal growth fac-

tor , somatomedin, etc.). 

9. Different Cell Types Have Different Needs 

Classical established cell lines (mouse strain L, HeLa, etc.) 

have mostly undergone rather similar patterns of adaptation in 

vitro, and tend to exhibit rather similar nutritional require-

ments. Our current experience with diploid human, mouse, and 

chicken cells indicates that non-adapted cells do not exhibit a 

comparable similarity. For example, each cell type that we are 

currently working with requires a different pattern of relative 

and absolute concentrations of amino acids for optimum clonal 

growth, and each of these patterns is different from that required 

by typical established cell lines. 

II. PROGRESS TOWARD DEFINED MEDIA FOR SPECIFIC TYPES OF CELLS 

A. Diploid Human Fibroblast, WI-38 

1. Cysteine 

Medium F12 (Ham, 1965, 1972) supplemented with dialyzed fetal 

bovine serum has been used as the starting point for studying the 
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nutrient requirements for clonal growth of WI-38 cells. Lowering 

the cysteine concentration to 9.0 χ ÉΟ"
5
 M (from 2.0 x 10~

4
 M) 

significantly improves such growth. The optimum concentration 

range is extremely narrow. Essentially no growth can be obtained 

at either 3.0 χ 10*"
5
 M or 3.0 χ 10"

4
 M. The entire growth re-

sponse from deficiency to optimum to toxicity occurs within a ten-

fold concentration range. 

2. Glutamine 

Further improvement of clonal growth is obtained by increas-

ing the glutamine concentration to 2.5 x 10~
3
 M (from 1.0 x 10"

3 

M). Medium F12 with 9.0 x 10""
5
 M cysteine, 2.5 χ 10~

3
 M gluta-

mine, and 2.8 x 10~
2
 M HEPES buffer has been designated MCDB 102. 

This medium supports excellent clonal growth of WI-38 cells when 

supplemented with 10% dialyzed fetal bovine serum. 

3. Selenium 

The amount of serum protein required for clonal growth can be 
—ft 

significantly reduced when 3.0 x 10 M sodium selenite is added 

to the culture medium. Selenium appears to be functioning as an 

essential trace element for the cells. Medium MCDB 102 with 

ZnS04 reduced to 5.0 x ÉΟ"
7
 M and Na 2Se0 3 at 3.0 χ ÉΟ"

8
 M has 

been designated MCDB 103. This medium will support good clonal 

growth with 1500 yg/ml fetal bovine serum protein (equivalent to 

3% serum). 

4. Serum Protein 

The amount of serum protein required for clonal growth has 

been reduced significantly by adjusting the balance of nutrients 

already in the medium and by the inclusion of a trace element 

supplement. In the best current media, relatively good clonal 

growth can be obtained with 500 yg/ml serum protein. Preliminary 

fractionation studies indicate that at least two, and possibly 
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more, growth promoting activities are being furnished by the 

serum protein. 

B. Other Cell Types 

1. Chicken Embryo Fibroblasts 

Chicken embryo fibroblasts require higher concentrations of 

many amino acids than WI-38. They also require larger amounts of 

serum protein in the best media that we currently have. However, 

they appear not to require an elevated concentration of glutamine, 

and are not as sensitive to cysteine toxicity as WI-38. 

2. Mouse Embryo Fibroblasts 

Mouse embryo fibroblasts do not grow well in media based on 

F12. They do exhibit reasonably good plating efficiency in medi-

um CMRL 1415 (Healy and Parker 1966) modified by eliminating cys-

tine and reducing the cysteine concentration to 3.0 χ 10~
4
 M. 

The macromolecular fractions from both fetal bovine serum and 

horse serum are needed. Preliminary studies suggest that the 

mouse cells require rather high concentrations of a number of nu-

trients. The optimum concentration of cysteine for the mouse 

cells is lethal to WI-38. 

3. Chinese Hamster Ovary and Lung Lines 

Chinese hamster ovary and lung lines that once grew in medium 

F12 without protein supplements (Ham 1965) no longer do so. We 

have recently found that the addition of sodium selenite will re-

store such growth. We suspect that adequate amounts of selenium 

were originally supplied to the cells as contaminants in the chem-

icals that were used 10-12 years ago for the original studies. 
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III. OTHER FACTORS INFLUENCING CELLULAR GROWTH 

A. Petri Dishes 

We have found that not all brands of tissue culture petri 

dishes support equivalent clonal growth of normal cells in media 

containing dialyzed serum, or of established lines in protein 

free media. The work described above was all done in Corning 

dishes, which in our experience have worked well. Other brands 

should be tested carefully before routine use. 

B. Hydrogen Ion Concentration 

The pH of the culture medium is critical for some types of 

cells (particularly WI-38). We routinely add 28 mM HEPES to most 

of our media, except the completely protein free medium for the 

Chinese hamster lines, where pH appears to be less critical and 

HEPES may be slightly toxic. Carbon dioxide is needed as a meta-

bolic intermediate in a number of biosynthetic pathways. Under 

clonal conditions, a sufficient amount of metabolic carbon dioxide 

does not reliably accumulate. Therefore, a carbon dioxide-bicar-

bonate buffer is retained in the media in addition to HEPES. 

ACKNOWLEDGMENTS 

Much of this report is based on unpublished experiments pre-

pared by Greg Hamilton, Susan Hammond, Billie Jean Lemmon, Kerstin 

McKeehan, Dr. Wallace McKeehan, and Gary Shipley. The research 

has been supported by contract 223-74-1156 from the Bureau of 

Biologies, Food and Drug Administration, Grant AG00310 from the 

National Institute on Aging, Grant HD08181 from the National In-

stitute of Child Health and Human Development, and Grant CA 15305 

from the National Cancer Institute. 



540 RICHARD G. HAM AND PATRICIA M. SULLIVAN 

REFERENCES 

Ham, R. G. (1965). Proc. Nat. Acad. Sei. USA 53, 288-293. 

Ham, R. G. (1972). In "Methods in Cell Physiology" (D. Prescott, 

ed.), Vol. 5, pp. 37-74. Academic Press, New York. 

Ham, R. G. (1974). In Vitro 10, 119-129. 

Healy, G. M. and Parker, R. C. (1966). J. Cell Biol. 30: 531-538. 

Note Added in Proof: During the time since the symposium, the 

principles outlined above have proven to be extremely effective in 

reducing the amount of serum protein required for clonal growth of 

several types of normal cells. A number of papers describing var-

ious aspects of this work have been published or are in press, as 

follows : 

Ham, R. G., Hammond, S. L., and Miller, L. L. (1977). Critical 

adjustment of cysteine and glutamine concentrations for improved 

clonal growth of WI-38 cells. In Vitro (in press). 

McKeehan, W. L., Hamilton, W. G., and Ham, R. G. (1976). Selenium 

is an essential nutrient for growth of WI-38 human diploid 

fibroblasts in culture, Proc. Natl. Acad. Sei. U.S.A. 73: 2023-

2027. 

McKeehan, W. L., and Ham, R. G. (1976). Stimulation of clonal 

growth of normal fibroblasts with substrata coated with basic 

polymers, J. Cell Biol. 71: 727-734. 

McKeehan, W. L., McKeehan, Ê. Á., Hammond, S. L., and Ham, R. G. 

(1977). Improved medium for clonal growth of human diploid 

fibroblasts at low concentrations of serum protein. In Vitro 

(in press). 

Hamilton, W. G. and Ham, R. G. (1977). Clonal growth of Chinese 

hamster cell lines in protein-free media. In Vitro (in press). 


