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detectable in human coccidioidomycosis, early 
precipitins and later complement-fixing anti- 
bodies. By using concentrated precipitin sera 
and dilute coccidioidal antigen, arcs of pre- 
cipitation were produced which appeared to 
correspond to the mobility of 19s pz macro- 
globulin. Complement-fixing sera and cerebro- 
spinal fluids reacted with coccidioidal antigen 
to give precipitation arcs with the mobility 
of 7s y2 globulin. 
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During the development of a program for 
certification and preservation of cells spon- 
sored by the Cell Culture Collection Commit- 
tee( l ) ,  cooperating laboratories were fre- 
quently una!ble to confirm results with a given 
cell line (because of variations in batches of 
media prepared in different laboratories. A 
partial solution was to exchange prepared me- 
dia along with cell cultures, a common prac- 
tice between tissue culture laboratories, but 
of limited applicability. Another measure 
adopted was to coordinate orders for lox 
and lOOX liquid media so each laboratory re- 
ceived a large quantity of the same Eot. How- 
ever, this solution is limited by the lot size 
of liquid media, stability on storage, and by 
cold storage space possessed by each labra-  
tory. Similar problems have frequently been 
encountered itn ldboratories attempting to 
grow human diploid cell strains for the first 

*Supported by grant CA-4953 from USPHS. 

time, and investigation usually indicated that 
the recommended medium had not been used 
( 2 ) .  

One approach to the solution of some of 
these problems has been development of en- 
tirely synthetic media. Although the use of 
synthetic media for growth and maintenance 
of several cell cultures has been successful(3, 
4) ,  the majority of animal cell cultures uti- 
lized in most laboratories still requires a medi- 
um supplemented with some type of natural 
product, In  lieu of synthetic media, various 
schemes have been devised by research in- 
vestigators and commercial supply houses for 
standardizing the basic comtituenk of culture 
media, ie., the serum and the organic and in- 
organic chemicals. All these procedures had 
some degree of success, bult the basic problems 
still remain. 

One recent advance which appears to solve 
most of the problems is the devellopment of 
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dry powdered tissue culture media,+ using a 
ball mill to ensure solubility and uniformity, 
as described by Swim and Parker(5). Great 
uniformity and rapid soliubility are enhanced 
by the !thorough mixing and small particle size. 
Stability is encouraged by sealing the desic- 
cated powder in weighed aliquots in the final 
container which requires only distilled water 
to prepare the complete medium. Uniformity 
is further assured by selecting large bulk lots 
of organic and inorganic chemicals which meet 
the most rigid specifications of the National 
Research (Council. Although Swim and Parker 
demonstrated the feasibility of using a premix 
dry powder for preparing tissue culture media, 
their report created little interest until Meyer, 
Stevenson and Morgan (6) ,  representing the 
Cell Culture Collection Committee, and Hay- 
flick( 2) at  the Wistar Institute, encouraged 
commercial production of dry ball milled tis- 
sue culture media as a possible solution to 
some of the evasive tissue culture media prob- 
lems. The present report compares the growth 
of several cell lines in the new powdered media 
as compared to media prepared from commer- 
cial lox concentrates which are in use in 
most tissue culture laboratories. 

Materials and methods. 1. Chemical in- 
gredients in the powdered media. The qualifty 
of the chemicals used in the formulations was 
equal to the specifications for Eagle’s medium 
requested by the Virology Research Resources 
Branch, NCI, and the collaborating labora- 
tories of the Cell Certification Collection Com- 
mittee( 6).  Amino acid specifications were 
based upon NAS-NRC Publication 7 19, Speci- 
fications and Criteria for Biochemical Com- 
ponents. The purity of the amino acids was 
tested on large bulk lots up to 100 kg by opti- 
cal rotation, elemental analysis, ash, color, so- 
lution, paper chromatography, Van Slyke, nin- 
hydrin, manametric D-amino acid oxidase, 
ultraviolet adsorption and infra-red spectros- 
copy. The chemical analyses of each amino 
acid were determined by the manufacturer and 
by 2 additional independent laboratories. The 
vitamins used were USP grade. The inorganic 
salts in the balanced saline were Mallinkrodt 

analytical grade, with the exception of the 
NaCl which was Baker analytical grade. There 
were no antibiotics in the media. 

2. Preparation of the powdered media. In- 
dividual iingredients are weighed and thor- 
oughly blended. This mixture is desiccated 
18 hours under vacuum to remove traces of 
moisture, then ball milled until an intimately 
mixed free-flowing fine powder is obtained. 
The fine powder blend is again desiccated un- 
der vacuum to remove any traces of moisture 
and packaged in aliquots suitable for prepa- 
ration of a desired quantity of medium. 

The ball mill contains porcelain “Burun- 
dum” balls, 1%” in diameter and 1%” long. 
They are especlially chosen for their smooth 
surface to prevent accidental carry over of 
chemicals to successive batches of media pro- 
cessed in the ball mill. l e  ball mills are used 
only in preparation of the powdered tissue cul- 
ture media. 

3. Laboratory preparation of the culture 
media. The components of the nutrient media 
tested in these experiments have been de- 
scribed by their developers in earliar publica- 
tions. These experimental media were 1) 
Eagle’s BME(7), and MEM with the non- 
essential amino acids; 2 )  Medium 199 of 
Morgan, M’orton and Parker( 8) ; 3) NCTC 
109 of Evans et aZ(4) ; and 4) NCTC 127 of 
Sanford et aZ( 9) .  

A. The control media consisting of Eagle’s 
Basal Medium (BME) or Eagle’s Minimum 
Essential Medium (ME)M) with non-essential 
amino acids, were prepared from lox and 
100X liquid concentrated stock solutions pur- 
chased commercially.$ Single strength concen- 
trations of the media were made by dilulting 
vitamins and amino acids in Earle’s salt solu- 
tion. Five percent gllutamine/liter and 2.2 g/ 
lilter of NaH1CO3 were added to the reconsti- 
tuted media. The Miinimum Essential Medium 
differs from its precursor Basal Medium Eagle 
mainly in increased concentration of essential 
amino acids. 

B. Powdered dehydlrated media. 1) GBIO 
Eagle’s MEM without L-glutamine: Control 

t General Biochemicals, Laboratory Park, Chagrin 
Falls, Ohio. 

3 Hyland Laboratories, Los Angeles, Calif. 
0 General Biochemicals, Laboratory Park, Chagrin 

Falls, Ohio. 
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TABLE I. Plating Efficiency of 9 Cell Cultures in Media Prepared from Powdered BME. 

r of cells producing colonies* -l 

Chinese hamster 
Con- Syrian Mouse 

HeLa junctiva Chang hamster Clone Strain Bovine NCTC 
Medium S.J. clone22 HEp-2 liver kidney 6 -3  Don MDBK 2555 

Powdered BME 26 37 33 21 54 35 11 0 19 
ControlBME 25 29 32 22 52 23 7 17 30 

* Avg of 2 separate plating experiments of 5 plates for each test meldia. 

4339C7 Lot No. 64088. 9.4 g of dry powder 
were added tu one liter of distilled waiter, plus 
12 ml 5 %  L-glutamine and 2.2 g NaHC03. 
The final pH after filtration was 7.4. 

2) GBI Eagle's BME: Control 31356, Lot 
No. 630658. This was prepared by adding 
9.086 g dry powder to one liter of distilled 
water plus 2.2 g NaHC03. The final pH after 
filtration was 7.4. 

3) GBI NCTC 109: Control 4023E, Lot 
No. 640805. This was prepared by adding 
11.55 g of dry powder to one liter of distilled 
water. Monosodium glutathione has been 
omitted from this medium as it is now con- 
sidered unnecessary. NaHC03 is present in 
the medium and final pH after filtration was 
7.4. 

4) GBI NCTC 127: Control 4868A, Lot 
No. 640127. Prepared by adding 11.41 g of 
dry powder to one Eiter of distilled water. The 
NaHCO$ is present in the dry powder. Final 
pH was 7.4. 

5 )  GBI Medium 199: IControl 421W, Lot 
No. 64033. This was prepared by adding 
11.08 g of dry powder to one liter distilled 
water, plus 0.075 g of NaHC03. Final pH 
was 7.0-7.2. 

The distilled water was pre-warmed to ap- 
proximately 35 "C and stirred flor one-half 
hour with a magnetic stirrer after adding the 
powdered media. All the test media were fil- 
tered through a Millipore GS pad. 

The serum source for all media was inacti- 
vated newborn calf serum obtained from Hy- 
land La~boratonies, and both control media and 
media prepared from dry powder received 
penicillin 100 uniiits/ml and streptomycin, 100 
pg/ml, a t  time. of starting cell cultures. 

C. Experimental cell lines. Growth of 5 hu- 
man cell lines and 5 animal cell lines was ob- 
served for short-term growth periods in con- 
trol and test media. Cells studied were: 

Chang liver, HEp2, Kilbourne-Wong con- 
junctiva clone 22, HeLa s. J., WI-38, mouse 
NCTC 2 555, Syrian hamster kidney, Chinese 
hamster clone G-3, Chinese hamster Don 
strain, and bovine kid,ney, MDBK. These 
cells are all accepted or are candidates for in- 
clusion in the cell registry by the Cell Culture 
Collection Committee. They meet all the 
standards established by the Committee for 
certified cell lines ( 1 ) . 

D. Evaluation of cell growth. Cells tested 
for growth were taken from frozen stocks 
stored in Eiquid nitrogen or from tissue cul- 
tures actively growing in milk dilution bot- 
tles, and duplicate inocula placed into test and 
control media simultaneously. Cell growth in 
the experimental media was evaluated by the 
plating efficiency Itechnique, growth curves in 
stationary tubes, continuous passage, and by 
cell morphology. 

Plating efficiencies were determined by 
placing 2 0 0  single, viable cells into plastic 60 
mm tissue culture plates containing control or 
test media and 20% calf serum. Cell dilutions 
for plating were prepared in the individual 
test media so that the suspending medium of 
frozen ampules was diluted approximately 
10,000-fold after removal from the ampule. 
The plates were incubated in an atmosphere 
of 5% C02-95% air for 8-10 days, then fixed 
with methyl alcohol and stained with Giemsa 
(10) * 

Growth curves of the cell cultures were de- 
termined by inoculating 5 )( 1@ cells into 
control and test media in replicate roller 
tubes incubated at 37°C in 5 %  C02-95% 
air. The tubes were refed with the same me- 
dium on day 4 and day 7. The cells were har- 
vested at  48-hour intervals with 0.25% tryp- 
sin and the viable cell count ascertained with 
trypan blue staining in a hemocytometer. "he 
average number of cells in four tubes, divided 
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TABLE 11. Plating Efficiency of Cell Cultures in Media Prepared from Dry Powdered Media, 

% of cells producing colonies* 
Experimental culture media 

Medium 
Cell cultures Control MEM BME NCTC127 199 NCTC109 

HeLa S.J. 85 
Conj w t i v a  36 
Chang liver 38 

WI-38 8 
Mouse-NCTC 2555 55 
Syrian hamster kidney 61 
Chinese hamster clone 6 -3  57 

” strainDon 10 
Bovine MDBK 3 

HEp-2 44 

9 7  

84 
41 
42 
49 

7 
57 
65 
58 
11 
12 

75 
35 
36 
41 

6 
52 
54 
48 
1 0  

5 

71  
38 
42 
44 
5 

47 
58 
47 
12 
2 

- 64 
38 
39 39 
38 

8 7 
48 36 
61 33 
46 

7 
2 2 

- 
- 

- 
- 

* Avg of 2 separate plating experiments of 5 plates for each test media. 
Control = MEW prepared from liquid stocks. - Not tested. 

by the number of cells [in the inoculum gave a 
value referred to as “proliferation index.” 

Results. Nine different cell llines were plated 
in (the powdered BME and cmtrol BME, each 
with 20% calf ‘serum. The data presented in 
Table I indicate that 8 cell lines grew as well 
in GBI-BME as they did in the control med\i- 
um routinely used in this laboratory. The 
differences were not statistically significant 
except with lone cell culture, MDBK, a bovine 
kidney cell line which grows well in mass cul- 
ture but poorly in plating experiments. The 
cell lines tested were from 5 species, 4 human, 
2 ‘Chinese hamster, 1 Syrian hamster, 1 mouse 
and 1 bovine. 

I n  an extension of these studies, the same 
9 mammalian cell cultures plus ‘the human diip- 
loid cell line WI-38 were plated in the same 
manner. In  these {tests powdered BME, pow- 
dered ME(M, powdered NCTC 127,  powdered 
Medlium 199 and powdered NCTC 109 were 
compared with coatpol Eagle’s MEM. The 
data are presented in Table 11. In 8 of the 10 
cell lines studied, colony counts in GBI-MEM 
were slighltly higher than colony formation in 
either GBJ-BME or the control media. Flat- 
ing efficienlcy results in GBI-BME, NiCTC 12 7 
and Medium 199 were comparable or only 
slilghtly less than in the mnitrol medium. Some- 
what loweir plating efficiencies were obtained 
in NCTC 109 with 2 cell lines. However, con- 
fluent cell grolwth (of all 10 cell lines was olb- 
served in this medium (NCTC 109 and 10% 
calf serum) in heavily seeded milk dilution 
bottles and roller tubes. 

Colony formation of WI-38 and MDBK 
was minimal in most media; however, the 
cells of both cell lines as well as the diploid 
Don strain of Chinese hamster grew well in 
all the media in milk dilution bottles after 
being inoculated with large numbers of cells. 

The growth rate data of HeLa, HEp2, and 
diploid Chinese hamster “Don strain” cells 
in the experimental media and in the control 
MEM media are presented in Table 111. 
These data illustrate good cell growth in all 
the media. Cell counts in the experimental 
media varied above and below cell counts in 
control media from day to day, but the dif- 
ferences were not considered significant. 

The 10 cell lines cultured on the 5 experi- 
mental powdered media showed no variations 
or changes in morphological characteristics 
which differed in any manner from cell cul- 
tures grown on the control media. Both 
epithelial-like and fibroblast-like cells re- 
tained their identifying appearance. Colony 
morphology in the plating efficiency studies 
revealed little variation in colony morphology 
between cell lines grown on the 5 test media 
and the control media. Epithelial-like cell 
lines formed colonies of tightly packed p l y -  
gonal shaped cells in all the media, whereas 
colonies developing from fibroblast cells dem- 
onstrated the typical “rough, hairy, colonies” 
described by Puck ( 1 1 ) . 

HeLa cells cultivated in the 5 reconstituted 
powdered media for 10 serial passages in our 
laboratory have shown no change in morphol- 
ogy or growth rate. Cells plated after the 
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TABLE 111. Growth Rate of Cell Cultures in Media Prepared from Dry Powder. 

Proliferation index” 
Cell line Day2 Day3  D a y 4  Day7  Day9  Day11 

HeLa S.J. 
Control 
Powdered MEM 

’’ BME 
” NCTC127 
” Medium 199 

Chinese hamster Don strain 
Control 
Powdered B,ME 

” NCTC127 
” Medium199 
” NCTC109 

HEp-2 
Control 
Powdered MEM 

” BME 
” NCTC127 
” Medium199 
” NCTC 109 

2.0 
1.9 
1.9 
2.0 
1.8 

1 
1 
1 
1.2 
1 

<I 
<1 
<1 
<I 
<1 
<1 

- 3 
2.5 
2.8 
2.5 
2.5 

- 
- 
- 
- 

2.4 
- 2.6 
- 1.6 
- 1.9 

1.6 

- 

- 

8 
8 
7.8 
8.0 
6.2 

3 
6.8 
5.2 
4.4 
3.8 

4 
2.5 
3.1 
1.6 
3.0 
1.8 

6 
9 
9.5 

11 
10 

3.4 
3.9 
3.1 
5.4 
6.6 

2.5 
2.2 
3.5 
1.6 
2.2 
2.6 

15 
15 
12 
12 
10 

3.5 
3.5 
2.2 
3.5 
4.8 

3.3 
2.6 
3.7 
2.5 
2.8 
2.1 

* Proliferation index = No. of viable cells a t  day of harvest/No. of viable cells inoculated 
at 0 day. Each reading is avg of 4 replicate tubes. 0rigina.l inoeulum of each tube ww 5 X lo4 
viable cells. 

Control = MEM prepared from liquid stocks. 

sixth serial passage gave results comparable 
to cells carried for a similar time in control 
media (Table I V ) .  This suggests that the 
powdered media contain all essential nutri- 
ents for growth and do not depend on trace 
elements carried over from previous control 
media. This is further established by Hay- 
flick (2) who has grown the diploid cell strain 
WI-38 for a t  least 40 passages in reconsti- 
tuted powdered Eagle’s BME. 

Discussion. Ten cell cultures grown in 5 
different tissue culture media prepared from 
ball milled dry powder grew as well or better 
than cells grown in Eagle’s MEM media pre- 
pared from concentrated liquid stock solu- 
tions. The basis for comparing media was 
colony formation from single cell inocula, 
because this technique has been shown to 
be more sensitive to nutritional deficiencies 

than growth of heavily seeded culture ( 7 , l O ) .  
The number of colonies formed from single 
cells of the different animal cell cultures 
grown in the reconstituted powdered media 
was equivalent to, or greater than the num- 
ber of colonies produced in the control media. 
In those cell lines where the plating efficien- 
cies were low (WI-38, Don strain and 
MDBK) excellent cell growth was observed 
in roller tubes seeded with large cell inocula. 
These data were reinforced by controlled 
growth curves of HeLa S.J., HEp-2 and dip- 
loid Chinese hamster cells. NCTC 109 and 
127 were developed by Evans et aZ(4) and 
Sanford et aZ(9) as chemically defined, pro- 
tein-free medium, but they were tested in 
these experiments in the presence of serum, 
because the cell cultures being tested were 
not adapted to growth in serum-free media. 

TABLE IV. Plating Efficiency of HeLa Cells Cultured for 6 Continuous Passages in  Media 
Prepared from Dry Powder. 

% of cells producing colonies 
Experimental culture media 

Medium 
Cell culture Cont.ro1 MEM BME NCTC127 199 NCTC109 

HeLa S.J. 80 87 94 90 71 5,6 

Avg of 5 plates for each teat media. Control = MEiM prepared from liquid stocks. 
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The advantages of dry powdered tissue 
culture media are numerous. They can be 
prepared in large batches, up to 100 kg of 
dry powder, and dispensed in various sized 
containers for preparation of large or small 
batches of medium. Long-term stability of 
the dry powder permits tests to be carried 
out with the same lot of media, over a period 
of many months or in different laboratories. 

Another benefit accruing from the use of 
the dry powdered media is the increased 
solubility of the finely powdered chemicals 
as a result of the ball milling technique. No 
chemical manipulations are required to dis- 
solve certain amino acids which are usually 
difficult to get into solution. The need for 
solubilizers and stabilizers that could be toxic 
to certain cells is eliminated. Many of the 
components added to synthetic media are 
rather unstable and the only way to store 
them effectively for long periods is in the 
dry state, preferably in the cold( 12). Studies 
with the powdered media have indicated that 
they are stable for a t  least one year in the 
dry state, which would allow the use of the 
same bulk lots for preparing successive 
batches of media(2). The requirement of 
extensive refrigerator or deep freezing facili- 
ties for large amounts of liquid media is also 
eliminated by the dry media, which requires 
only minimal storage space. Investigators 
can conduct extensive sterility tests on a 
large batch of media and have greater confi- 
dence in the results than is possible when 
smaller batches of liquid stock solutions are 
tested. Collaborative programs requiring the 
transfer of new cultures and media between 
laboratories can be more conveniently imple- 
mented since the powdered media can be 
shipped great distances over long periods, 
with decreased shipping charges and greater 
stability of the culture media. A great addi- 
tional advantage of the powdered media of 
prime importance to all investigators is its 
low cost. It can be made available at ap- 
proximately one-tenth the cost per liter now 
charged for media prepared from liquid 
concentrates. 

Summary. Five different tissue culture 
media prepared as a dry powder by blending 
the ingredients in a ball mill followed by 

desiccation were reconstituted and evaluated 
for their ability to support cell growth of ten 
different tissue culture cell lines. Eagle’s 
BME, Eagle’s MEM, Medium 199, NCTC 
127 and NCTC 109 supported good cell mul- 
tiplication as compared to the control Eagle’s 
MEM prepared from lox or 1OOlX con- 
centrated liquid stock solutions. Plating effi- 
ciencies of 8 of 10 cell lines were higher 
in media prepared from the powdered Eagle’s 
MEM than in the control media. Plating 
efficiency data were confirmed by growth 
curves in roller tubes and by growth of mas- 
sive inocula in milk dilution bottles. Addi- 
tional important advantages of using dry 
powdered culture media include: low cost of 
powdered media as compared to the present 
commercial liquid concentrates ; greater sta- 
bility; greater uniformity of the chemical 
ingredients because of the ball milling proc- 
ess and the rigid selection of large bulk lots 
of basic ingredients ; low shipping charges ; 
and ease of storage for long term experi- 
men ts . 
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Liberation of Bactericidal Histone from Inactive 
Deoxyribonucleohistone Complex by DNase.” (29775) 

THOMAS E. MILLER AND DENNIS W. WATSON+ 
Department of Microbiology, University of Minnesota, Minneapolis 

In 1887, Ribbert(1) observed the extra- 
cellular destruction of microorganisms sur- 
rounded but not ingested by leucocytes. This 
ex tracellular antibacterial activity has been 
substantiated more recently by Dubos and 
MacLeod ( 2 )  and Cromartie et aZ( 3 ) .  Skarnes 
and Watson in 1956(4) isolated Leukin, a 
bactericidal factor from peritoneal leucocytes, 
under conditions simulating the acidic en- 
vironment existing in an inflammatory area. 
They suggested that this cationic protein was 
derived from the nucleus upon cell destruc- 
tion and was then able to exert its extracellu- 
lar bactericidal activity. 

The present studies demonstrate a plaus- 
ible means by which the cationic histones 
might be liberated from the deoxyribonucleo- 
histone complex (DNP) within the nucleus 
by means of deoxyribonuclease (DNase) . 

Materials and methods. DNase I was ob- 
tained from Worthington Biochemical Corp., 
Freehold, N. J. The fast green FCF and 
safranin counterstain (Gram) were obtained 
from Hartman-Leddon Co., Philadelphia, Pa. 

Group A streptococci, T-18, were isolated 
at NMRU-4, Great Lakes, Ill. The orga- 
nisms were grown out of a lyophilized state, 
transferred at  12 hours and the subsequent 
12-hour culture was used in the bactericidal 
assays. 

The modified Stock’s dialyzable medium 
( 5 )  was employed because it was capable of 
supporting the growth of the streptococci and 

* This investigation was supported by USPHS 
Grants HTS 5360 and 5 T1 A1 90-05 from Nat. Inst. 
Health. 

t Supported by USPHS research career program 

yet it did not combine nonspecifically with 
the cationic histones. 

Calf thymus obtained from local meat 
packing plants was the source of nuclei. The 
method employed was that of Allfrey(6) in 
which the calf thymus is mildly homogenized 
in 0.25 M sucrose solution with a Waring 
blendor followed by centrifugation to obtain 
the nuclei. The nuclei were then resuspended 
in the dialyzable medium at a concentration 
of SOY,  T at  a wave length of 600 mp. 

The nucleohistones were extracted from 
calf thymus with solutions of low ionic 
strength according to the method of Cramp- 
ton et aZ( 7). This procedure also provides 
a method for preparation of histone and DNA 
based upon the observations that high salt 
concentrations (2.6 M) tend to dissociate 
the nucleohistone complex. Addition of alco- 
hol to this high salt solution precipitates out 
the DNA. All 3 substances, nucleohistone, 
DNA and histone were lyophilized after their 
isolation. 

The antibacterial effects were determined 
in two ways: The first method was per- 
formed by adding the substances to be tested 
for bactericidal activity to the solvent (water 
or medium) and incubating them for 1 hour 
a t  37°C. These solutions were then inocu- 
lated with a “standard loop” of a 12-hour 
culture and reincubated for 30 minutes at 
37°C. The assay was designed so that a 
subsequent loop inoculation from the above 
solutions into tubes of trypticase soy agar 
a t  45°C contained approximately 50-100 or- 
ganisms. Bactericidal activity was expressed 
as a decrease in the colony connts on the 

award, AI-K6 - 1 16 5 1. poured plates after 24 hours incubation at 


