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rats, some with and others without hormonal
implants were also fed CD for 17 weeks. To-
tal fat, “steroids,” corticosteroids, and ascor-
bic acid were determined on adrenal glands,
liver and tumor. Rats fed CD showed rise in
fat, “steroid” and ascorbic acid values as
early as 2 weeks and continued high through
the experimental period. Adrenocorticosteroid
values in intact CD fed rats were 309% higher
at 17 weeks than those in control rats. Gonad-
ectomy lowered in males and increased in fe-
males steroid values over those in comparable
intact rats. Stilbesterol and testosterone im-
plants respectively, in these rats, reversed
this effect. It is suggested that high adrenal
steroid values indicate increased secretion of
adrenocortical hormones, which are necessary
to promote the growth of altered cells to a
recognizable tumor mass.
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Growth of Mycoplasma gallisepticum Strain J Without Serum.*
(30969)

PauLINe G. Lunp anp MAry S. SHORB
Poultry Science Department, University of Maryland, College Park

The nutritional requirements of the genus
Mycoplasma are known to be complex(1).
All parasitic strains have a protein require-
ment supplied by serum or serum {raction
which is added to defined media(2,3,4).
Growth of a saprophyte, Mycoplasma laid-

* Scientific paper publication A1229. Contribution
3734 of Maryland Agri. Exp. Sta., Dept. of Poultry
Science. The work was partially supported by a
grant from Merck & Co., Rahway, N. J. The
valuable advice and discussions with Dr. Brinton
M. Miller and Dr. David Hendlin of this Company,
are gratefully acknowledged.

lawii, has been obtained in a defined medium
upon addition of serum fraction, albumin(s,
6), or positively-charged tryptic peptides
from ribonuclease(7).

This paper reports the development of me-
dia for the growth of the avian parasite,
Mycoplasma gallisepticum strain J, which
permit heavy growth without added serum
fraction,

Methods and materials. All work referred
to here was done with strain J, kindly given
to us by Dr. H. M. DeVolt, Dept. of Veteri-
nary Science, University of Maryland, Col-
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lege Park. For maintenance, Difco PPLO
broth, without crystal violet, supplemented
with 1.5% (v/v) Difco PPLO serum frac-
tion, 0.3% maltose (w/v) and 0.05% thal-
lium acetate (w/v) was used. Difco PPLO
agar, with the serum f{raction, maltose and
thallium acetate supplements was used for
plate counts. To avoid any carry-over of se-
rum protein, the serum fraction supplement
was replaced with TEM 4T-cholesterol, each
at 10 mg/l. This will be referred to as PPLO
TEM 4T-ch, broth. A stable inoculum cul-
ture was maintained in this as a 48-hour se-
rial subculture, continuously incubated at
37°. Inoculation of 0.05 ml into 10 ml of ex-
perimental medium gave an initial count of
107 colony-forming units/ml. The period of
incubation is given under Results for each set
of expériments. Bellco borosilicate glass test
tubes, 16 X 150 mm, covered with glass caps
were used in all experiments. Before use, the
tubes were washed thoroughly with Alconox
detergent, rinsed thoroughly with distilled
water, filled with distilled water, autoclaved,
and dried.

The chemicals used were analytical grade
except Hycase,! a vitamin-free, acid-hydro-
lyzed, salt-free product.

All media (10 ml per tube) were sterilized
at 121° for 12 minutes. Coenzyme A and
calcium pantothenate were sterilized by fil-
tration and added aseptically to the sterilized
assay tubes. Initial pH of all media before
autoclaving was 7.8.

t Hycase was obtained from the Sheffield Chemical
Co., Norwich, N. Y., amino acids, cholestrol, adeno-
sine, cytidine, guanosine and thymidine from Nu-
tritional Biochemicals Corp., Cleveland, Ohio. Cal-
cium leucovorin (folinic acid) was a giit of Dr.
John T. Litchfield, Lederle Lahoratories, Pearl River,
N. Y.; TEM 4T, a diacetyl tartaric acid ester of
tallow monoglyceride, a gift of Dr. H. Birnbaum,
Hachmeister Co., Pittsburgh, Pa. and Trypticase,
a gift of Dr. Harriette D. Vera, Baltimore Bio-
logical Laboratory, Baltimore, Md. Coenzyme A
(a product of P-L Biochemicals Inc., Milwaukee,
Wisc.) was a gift of Dr. Brinton M. Miller of
Merck and Co., Rahway, N. J., who also supplied
vit. B, pantetheine, and calcium pantothenate.
Pantethine was from Sigma Chemical Co., St. Louis,
Missouri; DL-thioctic acid (a-lipoic acid) from Cal-
biochem; Los Angeles, Calif.
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TABLE I. Growth of M. gallisepticum Strain J in
Supplemented PPLO Broth.

Supplements to PPLO broth

Na,HPO,, TEM 4T + cholesterol, PPLO serum
mg/tube 100 ug each per tube*  fraction 1%
ml 0.02N NaOH
0 3.5 4.3
10 4.3 5.4
20 4.2 6.4
30 4.0 6.4

* 10 ml medium per tube; 3-day incubation.

The extent of growth was measured by the
viable count technique as described by Butler
and Knight(8) or the titration of the acid
formed by the organisms during growth. All
titration results are reported as the ml of 0.02
N NaOH required per 10 ml of incubated,
inoculated medium to reach the pH of the
sterile uninoculated medium, usually 7.6 as
measured by a glass electrode.

Results. The Difco PPLO serum fraction
in the PPLO broth supplied the required cho-
lesterol and fatty acids. Since TEM 4T and
cholesterol were effective lipid supplements
for Trichomonas gallinae(9) this mixture was
tested as a replacement for the PPLO serum
fraction. Some growth of M. gallisepticum
was obtained with 100 ug of each/tube (Ta-
ble I, column 2). Because the pH of this me-
dium dropped rapidly with growth, dibasic
sodium phosphate was added as a buffer.
There was an increase in acid production with
TEM 4T-cholesterol plus 10-20 mg of buffer/
tube; higher levels delayed growth somewhat.
As greater acid production was observed with
serum fraction plus buffer (Table I, column
3), serum was obviously supplying additional
stimulants.

To correlate growth with acid titration,
plate counts of colony-forming units were
made. A rapid increase in counts, from 107
to 10° units/ml, occurs within 24 hours on
the crude PPLO TEM 4T-ch. broth. The
numbers remain stable until the 4th day, then
rapidly fall. Acid titration increased a little
more slowly, becoming maximum after 3
days’ incubation. Counts and titration, how-
ever, will vary with different lots of both
PPLO broth and serum fraction. These re-
sults are similar to those observed with M.
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TABLE II. Basal Media.
A B

g/l g/1
Hyease 10.0 10.0 *
L-cystine .03 03*
DL-Threonine 1 A *
Trypticase .3-5.0
DI-Tryptophane .03 .03
Cysteine HCl .03 .03
Maltose 5.0 5.0
Trist 6.0 6.0
Adenosine 01 .01
Guanosine .01 .01
Cytidine .01 .01
Thymidine 01 01
MgSO, - TH,O 2 2
NaCl 6.8 6.8
(NH,),S0, 6.0 6.0
Na,HPO, 1 1
K(l 4 4

mg/1 mg/1
B. .01
Biotin .01
Pantetheine or pantethine .5
Pyridoxamine phosphate .5 5
Lipoic acid 48 48
Choline ehloride 16. 16.
Razin and Cohen Vitamin mix(6)
TEM 4T 10. 10.
Cholesterol 10. 10.

* Medium C was like medium B, with Razin and
Cohen’s amino acid mix(6) replacing Hycase, L-
cystine and DL-threonine. Glutamic acid at 100
mg/l replaced glutamine in the amino acid mix(6).
Inositol was added at 5.75 mg/1.

t Tris; 2-amino-2 hydroxymethyl-1,3-propanediol.
laidlawii(5). Titration has been used in all
later experiments.

Preliminary experiments showed that addi-
tion of amino acid mixes and a vitamin mix
to PPLO broth resulted in better growth;
therefore, experiments with a more defined
medium were attempted. A combination of
the media of Razin and Knight(5) and Razin
and Cohen(6) was tried. Some additions and
modifications were made: Hycase was substi-
tuted for Bacto Casamino acids, cysteine HCI
and threonine were added; thymidine was
added to the other nucleosides and the
amounts of all nucleosides were reduced. Py-
ridoxamine phosphate and lipoic acid (dl-a-
thioctic acid) were included. Maltose was
substituted as the sugar at a reduced level,
serum fraction or albumin was omitted and
TEM 4T and cholesterol added. The amounts
of the above ingredients are shown in medium
A, Table II. With these changes, only mini-
mum growth was obtained (1.5 ml titration).
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When Trypticase was added at 20 mg/tube,
growth increased to 3 ml titration.

Razin and Cohen(6) had found ammonium
sulfate, and tris (2-amino-2 hydroxymethyl-
1,3-propanediol) as a buffer, stimulated the
growth of M. laidlawii. Therefore, various
levels of these compounds were tested to deter-
mine the amount needed for optimum growth
of M. gallisepticum. Fig. 1 shows that M.
gallisepticum requires, at 5 days’ incubation,
60 mg/tube of both tris and ammonium sul-
phate, when Trypticase is at 20 mg/tube.
With these amounts of tris and ammonium
sulphate, and Trypticase increased to 50 mg/
tube, a titration of 6.4 ml can be obtained at
2 days’ incubation. This is the same titration
value as found with serum plus sodium phos-
phate (Table I), after 3 days’ incubation.

Medium A was not supplemented with
pantothenic acid, biotin, or B2, Since fatty
acids are required for growth without serum
and because coenzyme A is involved in fatty
acid synthesis, the pantothenic requirement
was investigated. Since pantetheine is the
most active vitamin form used by some bac-
teria(10), it was tested in basal medium A
with 50 mg of Trypticase/tube.

Fig. 2 (chart A) shows the increase in
counts of colony-forming units/ml obtained
when M. gallisepticum was grown with and
without 5 ug pantetheine/tube and (chart B)
the increase in titration which resulted under
these same growth conditions.

With the demonstration of a pantetheine
response, the requirement for Trypticase was
reinvestigated. Poor growth was observed
without pantetheine (Fig. 3, curve A) until
levels of 50-100 mg of Trypticase were
reached. With pantetheine (Fig. 3, curve B),
partial growth occurs with 1 to 10 mg of
Trypticase and very good growth with 50
mg/tube. Biotin had been found necessary
for growth of Mycoplasma by other workers
(2,3,7). When biotin and vit B, were added
to the medium supplemented with pante-
theine, this enhanced growth still further
(Fig. 3, curve C). Biotin alone (tests not
shown) was responsible for most of this
growth and may indicate an absolute require-
ment for it. Some growth was observed with
1-2 mg of Trypticase and very good growth
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with only 10 mg of Trypticase per tube. The
composition of the medium producing this
growth is shown in Table II, Medium B. This
medium with Trypticase at 3 mg/tube has
permitted growth of strain J through 100
serial subcultures.

The Razin and Cohen(6) amino acid mix
was next substituted for Hycase. Glutamic
acid was substituted for glutamine as pre-
liminary work indicated growth with glutamic
acid was the same as with glutamine, whether
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filter sterilized or autoclaved. Inositol was
added as trials showed it improved growth
slightly. The composition of this medium is
shown in Table II, Medium C. Fig. IV illus-
trates the Trypticase response on basal Me-
dium C, with Bjs, biotin and pantetheine
omitted, curve A; curve B shows growth with
these vitamins added, after 48 hours’ incuba-
tion, while curve C shows slightly improved
growth after 72 hours. The level of growth
in the amino acid basal medium is lower than
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FIG. 1. Effect of ammonium sulfate and tris
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buffer on growth of M. gallisepticum strain J

with Trypticase at 20 mg/tube, 5 days’ incubation.

FIG. 2. M. gallisepticum strain J grown in Hycase basal medium A with 50 mg/tube Trypticase.
A) Counts of colony-forming units/ml of M. gallisepticum, A\——/\ with 5 ug pantetheine/tube;
@ —@without pantetheine B) Acid production, A——A with pantetheine at 5 ug/tube

®——@ without pantetheine.
FIG. 3. Growth of M. gallisepticum strain J

in basal medium A in response to Trypticase.

Curve A, no additions to basal; curve B, 5 ug pantetheine/tube; curve C, 5 ug pantetheine
plus 0.1 ug each of biotin and Bis/tube, 2 days’ incubation.
FIG. 4. Growth of M. gallisepticum strain J in medium C in response to Trypticase. Curve

A, no additions to basal medium; curve B, 5 ug

pantetheine/tube plus 0.1 ug each of biotin and

Bix/tube, Curve A and B, 2 days’ incubation; Curve C, same as curve B but 3 days’ incubation.
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TABLE I11. Growth of M. gallisepticum Strain J

Mycoplasma gallisepticum GROWTH WITHOUT SERUM

on 3 Media, with Various Members of the Panto-

thenie Aeid Group, all at 2 Days’ Incubation.

~—Medium A— ————Medium B -~ Medium Ct——m ———
of .
i%m- Calcium Calcium Pantethine Coenzyme A
pound  panto- Pante- panto-  Pante- Coenzyme  Filtered  Autoelaved  Filtered Autoclaved
/tube  thenate theine thenate thine A vitamins*  vitamins*  vitamins* vitamins*
(ml 0.02N NaOH)
0 5.4 3.8 6.4 6.4 6.4 5.1 5.2 5.1 5.2
.01 1.0
1 4.5 7.3 7.4
1.0 11.1 6.1 10.6 9.0 11.4 10.9 7.9 7.4
3.0 10.6 10.9 10.6
5.0 5.5 11.5 6.4 8.7 9.4 10.0 10.5 11.0 11.7
10.0 7.0 9.1 114 10.3 10.9 10.3 10.1
15.0 5.5 11.3
20.0 7.3 8.3 11.3 10.3 10.6 114 11.5
25.0 5.7 11.3
50.0 8.0 10.6 7.9 10.5
100.0 7.0

Trypticase used at 50 mg in all experiments.

* Razin and Cohen’s vitamin mix plus vitamin B,, were filter-sterilized or autoclaved in the medium, as

indicated in Table, Pantethine and pantetheine were
nate and coenzyme A were filter-sterilized.

autoclaved in the medium while ealeium pantothe-

t Hycase ash, 50 mg/1 added to Medium C, unpublished work.

that obtained when Hycase furnishes the
amino acids, especially with 1-10 mg of Tryp-
ticase (Fig. 3, curve C).

Three members of the pantothenic acid
group were tested (Table IIT) using basal
media A, B, and modified C (footnote, Ta-
ble IIT). Those tests showing the same titra-
tion in the control tube were run on the same
day. Calcium pantothenate had low activity,
while Coenzyme A, pantetheine and pante-
thine were much more active. Panthenol was
inactive on medium A. Pantetheine might be
the most active form if tested on the more
complete B medium. It was tested only on
A medium. High titration values in all con-
trol tubes indicates that 50 mg of Trypticase
contains one of the pantothenic acid group.

The activity of pantethine and coenzyme
A were not affected by the treatment of the
other vitamins, i.e., filter sterilization or auto-
claving, nor was pantetheine or pantethine
affected by autoclaving. The exact require-
ments for the pantothenic acid group, as well
as biotin and B;,, will have to be determined
when Trypticase is finally eliminated from
the medium.

Discussion. M. gallisepticum strain J does
not need a native serum protein for growth as
required by the saprophytic M. laidlawii(5,
6), and by the pathogenic M. mycoides(3)

and M. gallisepticum strain 293 (4). However,
the Trypticase required by strain J may be
fulfilling a need for nonspecific peptides as
reported by Tourtellotte ez al(7) for M. laid-
lawii,

The ability of M. gallisepticum to utilize
pantethine and pantetheine demonstrates that
these vitamins can be used in the synthesis
of coenzyme A. Coenzyme A is probably in-
volved in the formation of the multiple com-
plex lipids present in Mycoplasma(11,12,13).
The levels of coenzyme A used by M. galli-
septicum strain J correspond closely to that
(1 mg/1) used by Tourtellotte et al(7) for
M. laidlawii.

The lower plane of growth obtained with
amino acid medium indicates that Hycase
may supply some trace substance needed for
growth with low levels of Trypticase. Al-
though Razin and Cohen(6) found glutamine
essential for M. laidlawii, glutamic acid can
be substituted for glutamine in the amino
acid medium C for M. gallisepticum strain J.
As the medium for M. gallisepticum is fur-
ther defined, the requirements for known nu-
trients may change.

Summary. Mycoplasma gallisepticum strain
J has been grown for over 100 serial subcul-
tures in a medium in which the only non-
defined components were Trypticase, Hycase
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and TEM 4T. Hycase can be replaced by an
amino acid mixture, with a slightly lower
plane of growth. An interchangeable require-
ment for pantethine, pantetheine or coen-
zyme A was demonstrated. Calcium pan-
tothenate had very low activity and panthe-
nol was inactive. Biotin and vitamin B,
stimulated acid production during growth.

1. Smith, P. F., Bact. Rev., 1964, v28, 97.

2. , Proc. Soc. Exp. Biol. and Med., 1955,
v88, 628.

3. Rodwell, A. W., Abbot, A, J. Gen. Microbiol,,
1961, v25, 201.

4. Fabricant, C. G., Fabricant, J., Van DeMark,
P. J., ibid., 1964, v35, 135.

5. Razin, S., Knight, B. C. J. G,, ibid., 1960, v22,
492.

1075

6. Razin, S., Cohen, A, ibid., 1963, v30, 141.

7. Tourtellotte, M. E., Morowitz, H. J., Kasimer,
P, J. Bact., 1964, v88, 11.

8. Butler, M., Knight, B. C. J. G., J. Gen. Micro-
biol., 1960, v22, 478.

9. Shorb, M. S, Lund, P. G., J. Protozool., 1959,
v6, 122. )

10. Oginsky, E. L., Umbreit, W. W., An Intro-
duction to Bacterial Physiology, W. H. Freeman &
Co., San Francisco, 2nd Ed., 1959, p88.

11. O’Leary, W. M., Biochem. and Biophys. Res.
Comm., 1962, v8, 87.

12. Tourtellotte, M. E., Jensen, R. G., Gander,
G. W., Morowitz, H. J., J. Bact.,, 1963, v86, 370.

13. Smith, P. F., Henrikson, C. V., J. Lipid Res.,
1965, v6, 106.

Received November 4, 1965. P.S.E.B.M., 1966, viz1.

The Electroencephalogram in Experimental Allergic Encephalomyelitis

in the Lewis Rat.

(30970)

Bruce L. BAXTER AND MArRvVIN E. RosENTHALE (Introduced by Richard F. Tislow)
(With the technical assistance of Rosemary Scerni, Rosalie Buonato and Louis Datko)
Pharmacological Evaluation Section, Wyeth Laboratories, Inc., Radnor, Pa.

Experimental allergic encephalomyelitis
(EAE) is a distinct, reproducible disease that
can be induced in a variety of animal species
by injection of nervous tissue incorporated
with Freund’s adjuvant(1). Although consid-
erable variability has been noted, electro-
encephalographic (EEG) abnormalities and
convulsions have been reported to occur in all
of the species so examined: monkey(2), rab-
bit(3), and guinea pig(4). In this communi-
cation we will report the results of a study on
the effects of EAE on the EEG of the Lewis
rat.

Methods. Electrodes were chronically im-
planted in 11 male Lewis strain rats (Micro-
biological Associates, Bethesda, Md., weigh-
ing 150-200 g) under sodium pentobarbital
anesthesia (35 mg/kg). The electrodes con-
sisted of stainless steel screws driven into the
skull over the frontal, temporal and occipital
cortex unilaterally on the left side. The
screws were wired to a Winchester miniature
socket and encased in acrylic cement. Bipolar
EEG recordings were obtained using a Grass

model IIT-D electroencephalograph. Record-
ings were obtained with the animals unre-
strained in a 30 by 10 by 10 cm metal box to
which the rats had previously been accli-
mated. A control record was obtained from
each rat on day 1. On day 2, a 40% w/v ho-
mogenate of isologous spinal cord in distilled
water containing 0.5% phenol was emulsified
with an equal volume of Freund’s complete
adjuvant (4 mg/ml killed tubercle bacilli).
A single dose of 0.05 ml of the encephalito-
genic emulsion was then injected into the
right hind foot pad(5). Recordings were ob-
tained on days 4, 6, 7, 8, 11, 12, 13, 14, 15,
17, 19 and 20 after injection of emulsion.
This included the period before, during, and
after the paralysis observed in EAE. All ani-
mals were examined and weighed on the days
when EEG records were obtained.

Results. Animals continued to gain weight
for a period of 8 days after injection of emul-
sion but then lost weight rapidly over the
next 7 days (Fig. 1). From day 12 to day 17
all animals showed pronounced flaccid hind-



