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ability of reduced glutathione or of free SH
groups in enzymes is considered as a possible
mechanism controlling B cell insulin output.
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Essential Growth Factor in Serum Dialysate for Chick Skeletal Muscle

Fibroblasts.*

MorcaN Hagrrist
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(Introduced by Richard M. Eakin)

Dept. of Zoology, University of California, Berkeley

Growth requirements for mammalian cells
in tissue culture have been investigated ex-
tensively by Eagle and his associates(3). A
number of established cell lines will prolifer-
ate indefinitely as monolayers in the presence
of 13 essential amino acids, 8 vitamins, 6 ions.
and a suitable carbohydrate source, provided
that dialyzed serum is added to the culture
medium(5.6). Freshly isolated monkey kid-

* This investigation suppoerted by Cancer Research
Funds of Univ. of California and by grant from
USP.HS.

t With technical assistance of Irene Cady.

ney cells have similar short term requirements
although indefinite cultivation on FEagle’s
medium and dialyzed serum has not been
achieved (4). Our comparable experiments on
chick cells have shown that monolayer cul-
tures obtained from skeletal muscle fail to
grow or survive in dialyzed serum supple-
mented by Eagle’s medium. Subsequent work
as detailed below indicates that these cells
require one or more additional factors present
in serum dialysate but not occurring in Eagle’s
medium or other synthetic nutrients presently
available.
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Material and wmethods. Freshly isolated
chick skeletal muscle fibroblasts were used.
Procedures for routine preparation and man-
agement of these cells have been described
previously (9,11). Stock monolayer cultures
were maintained in 10% undialyzed chicken
serum (Colorado Serum Co., Denver), 50%
Medium 199(16), and 40% balanced saline
(Earle’s solution) containing 0.4 mg/ml
spleen ribonucleoprotein fraction(11). Cell
suspensions were prepared by trypsinization
and used to inoculate experimental series in
T-15 flasks or 1-oz. prescription bottles. A
minimal medium designated CS 199 (10%
dialyzed chicken serum, 50% Medium 199,
40% Earle’s solution) was employed for these
cultures and variously supplemented as de-
scribed below. Dialyzed serum was prepared
at 4°C in standard cellophane casings, using
platform shaker and frequent changes of a
low-bicarbonate saline (Gey’s solution) over
a 3 day period. Experimental cultures were
maintained at 38°C with a daily 50% fluid
change, and terminal determinations of cell
number were made with a Coulter electronic
cell counter(1,10).

Results. A well defined deficiency syn-
drome develops if dialyzed serum is substi-
tuted for whole serum in monolayer cultures
of chick skeletal muscle fibroblasts, despite
the presence of a synthetic nutrient (Medium
199) at 50-90% in the supernatant fluid.
Cells placed in dialyzed serum were at first
similar in appearance to populations in un-
dialyzed medium, and proliferated normally
for a day or two. Growth then tapered off in
dialyzed CS 199 and ceased after 3 to 4 days.
Cells in these cultures rounded up or assumed
abnormal shapes, became granular and ne-
crotic, and failed to proliferate if subcultured
in the same medium. These changes are illus-
trated by Fig. 1, which shows typical appear-
ance of skeletal muscle fibroblasts after one
subculture in dialyzed CS 199. Control cul-
tures in undialyzed chicken serum grew ac-
tively to form a continuous sheet of broad,
flat cells, and could be subcultured without
significant change in appearance of these cells,
or diminution in growth rate. It should be
pointed out that extensive growth in undia-
lyzed CS 199 occurred regularly but was not

469

FIG. 1. Typical deficiency state resulting from
absence of serum dialysate faetor(s). Chick skele-

" tal muscle fibroblasts in 109 dialyzed chicken

serum -+ Medium 199, second passage. Living cul-
ture, phase contrast, X124,

FIG. 2. Prevention of deficiency state by supple-
mentation with proteose-peptone (.19%). Media and
cells otherwise similar to culture shown in Fig. 1.
Seeond passage, living eculture, phase contrast,
X 124,

observed previously using chicken serum from
other commercial sources(11). The basis for
this difference in sera is under investigation,
but preliminary studies show that dialysis of
all sera tested blocks growth and prevents
maintenance of chick skeletal muscle fibro-
blasts.

The deficiency syndrome just described was
not corrected by substituting a more complex
synthetic nutrient, NCTC 109(13) for Me-
dium 199 in the dialyzed assay medium. On
the other hand a deficiency state could be
completely prevented if serum dialysate was
incorporated at an appropriate level in the
initial dialyzed CS 199 Medium. These ob-
servations suggest that Medium 199 and
NCTC 109 as well as the simpler nutrient of
Eagle(3,6) are all deficient in one or more
factors occurring in serum dialysate, and
which are essential for growth and mainte-
nance of chick skeletal muscle fibroblasts in
monolayer cultures.

Of various other supplements tested as
sources for the missing serum dialysate fac-
tor(s), proteose-peptone (Difco) and to a
lesser extent tryptose phosphate broth (Difco)
proved positive. Addition of proteose-peptone
to dialyzed CS 199 gave a clear-cut effect in
terms of cell appearance (Fig. 2) as well as
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growth stimulation (Fig. 3). At optimal
level of 0.1% proteose-peptone the corres-
ponding cell population was indistinguishable
in appearance or growth rate from control
populations in undialyzed media.

In contrast to the foregoing. negative re-
sults were obtained by adding to dialyzed CS
199 supplementary cholesterol. inositol. or
vit. Bys, all of which have been described as
strategic factors for growth of some mam-
malian strains(6,17,7). Supplementation of
dialyzed CS 199 with spleen nucleoprotein
fraction(11) also failed to correct the defi-
ciency syndrome. Table T provides a sum-
mary of the experiments described above.

Discussion. Failure of 2 synthetic nutrients
(Medium 199 and Medium NCTC 109) to
correct deficiencies of dialyzed chicken serum
indicates that additional requirement of chick
skeletal muscle fibroblasts is not to be found

5.0
401
3.01
201 (3~ Undialyzed cS
Cell No PP
count
per o
flask <—*DCS +0.1 % PP
x108
1.04
_DCS+001% PP
0,501 PP
= ————=— Dialyzed CS
0.30 No PP
0.20
0153 40 80 120 160
Hours of incubation
FIG. 3. Growth of skeletal muscle fibroblasts in

109% dialyzed chicken serum (DCS) with 50%
Medium 199 and graded levels of proteosc-peptone
(PP).
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TABLE I. Growth of Chick Skeletal Musele Kibro-
blasts as Monolayer Cultures in Dialyzed and Un-
dialyzed Media.

Increasce in
cell count

per flask
at 5 days,
Basal medium® Supplement % 108t
Undialyzed CS 1.09
~+ Medimm 199
Dialyzed CS .26
~+ Mediwm 199
Idem Chicken serum dialysate .97

(1:1),30% v/v

Proteose-peptone, .05%  1.30
v Tryptose phosphate 116
broth, 109% v /v

a Inositol, 107 M 30
Cholesterol, 1 ug/ml .29

v Vit. B,s, ” .25

" Spleen NPF, 4 mg/ml .38
Dialyzed CS 4 Me- .19

dinm NCTC 109

# (‘omplete medium: 10% chicken serum, 50%
svnthetie nutrient, 409 balanced saline (eontain-
ing supplements where added).

t Avg values. Six flasks/series.

in the more extensive arrays of amino acids,
vitamins, and other defined factors present in
Medium 199 and NCTC 109 as compared to
Fagle’s medium. It is significant in this con-
nection that Medium 199 alone, or its subse-
quent modification, M150(14) does not sup-
port progressive growth of fresh explants
from chick embryonic heart, or even their
survival beyond a limited period(15). The
effects of proteose-peptone and tryptose phos-
phate suggest that the missing factors may
include peptides or other split products of
protein cleavage. Stimulation of chick cells
by proteoses and peptic digests is well docu-
mented in the older literature on plasma cul-
tures(2,19), although deficiency states were
not described. More recently Gerarde and
Jones(8) reported that proteose-peptone, but
not an amino acid mixture, increased collagen
synthesis for cultures of chick lung in dia-
lyzed media. Peptones or proteose-peptone
may also stimulate growth of mammalian
cells, although not essential for growth of
established strains(12,18).

Summary. Chick skeletal muscle fibro-
blasts in monolayer cultures grow actively in
homologous undialyzed serum supplemented
with Medium 199. Dialysis of chicken serum
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removes a factor essential for growth and
maintenance of these cells. The deficiency
syndrome in cultures with dialyzed serum can
be corrected by chicken serum dialysate, but
not by inositol, cholesterol, vit. B;s, spleen
nucleoprotein fraction, or by a more complex
synthetic nutrient, NCTC 109. Proteose-
peptone at 0.1% may be substituted for se-
rum dialysate to restore full activity of whole
serum. ‘
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Studies of the variables that affect the ac-
tion of radiation on cell populations may be
expected to yield answers concerning both the
nature of the radiation effect and the proper-
ties of cell population concerned. An under-
standing of these factors is of special impor-
tance in gametogenic cells, for proper interpre-
tation of results of genetic experiments is not
possible. It has long been known that, follow-
ing irradiation with even a relatively low acute
dose, female rodents produce only one or a
limited number of litters before permanent
sterility sets in, a response entirely different
from that of males, which regain fertility even
after high doses. The basis radiation-induc-
tion of permanent sterility in the female is

* Operated by Union Carbide Nuclear Co. for U.S.
Atomic Energy Comm.

the extremely rapid destruction of immature
primordial oocytes, shown for the mouse by
Brambell and Parkes(1) and by Murray(2),
whose findings were, in general, confirmed re-
cently by Oakberg(3). The careful quantita-
tive studies of Mandl(4) in the rat lead to
similar conclusions. (Her paper gives a re-
view of some of the voluminous literature on
radiation effects on the ovary.) It has been
found that new formation of oocytes does not
occur following irradiation (1,3, etc.), support-
ing the view that oogonia do not persist in the
adult. Since the first meiotic division is not
completed until shortly before ovulation
which, in any case, involves only very few cells
at each estrus, practically the entire gameto-
genic cell population of adult mouse ovary
consists of primary oocytes. Diplotene is



