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Magnesium is invariably added to the syn-
thetic media devised for the cultivation of micro-
organisms, indicating its essentiality. The con-
centration of Mg++ required for growth differs
with the type of organism (Webb, 1949) and
according to the presence of nutrients and antag-
onistic ions in the medium (Olson and Johnson,
1949; Abelson and Aldous, 1950; Webb, 1951a).
Suboptimal levels of Mg++ support only limited
growth, and in certain microorganisms morpho-
logical changes may be observed (Webb, 1949;
Rogosa and Mitchell, 1950).
The essential requirement for growth is in

general explained by the fact that Mg++ acts
as an activator for different types of enzymatic
reactions: transfer of phosphate (Dixon, 1949),
pyruvate metabolism (Korkes et al., 1950),
synthesis of citric acid and glutamine (Rudolph
and Barron, 1950; Speck, 1949), hydrolysis of
peptides (Johnson and Berger, 1942), synthesis
of the gram-complex (Henry and Stacey, 1946),
and the production of subtilin by Bacilus subtiis
(Feeney and Garibaldi, 1948). In a few enzymatic
reactions (enolase, pyruvic phosphokinase, ade-
nosine polyphosphatase, desoxyribonuclease, dis-
mutation of pyruvate), Mg++ can be replaced by
Mn++. The irreplaceability of Mg++ in the
phosphokinases involved in glycolysis indicates
its indispensable nature in this process.
Formation of bacterial filaments, often the

result of Mg+ deficiency (Webb, 1949), is a
common phenomenon and is induced by a variety
of agents: penicillin, mustard gas, radiations,
level of metallic ions, source of nitrogen in
medium, dyes (Webb, 1953), and antineoplastic
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agents (Maxwell and Nickel, 1954). Depending
upon the kind and concentration of the agent
used, filaments may give rise to normal or
degenerate cells (Gates, 1933). Hinshelwood
(1946) and Nickerson (1948) considered that the
major physiological processes in filamentous
and normally dividing cels are the same, and
hence the former type of cell is particularly
suitable for the study of the oell division mecha-
nism.
The requirement of Mg++ for the growth of

Clostridium perfringens in synthetic and com-
plex media has been reported by several investi-
gators (Webb, 1948; Boyd et al., 1948; Shankar
and Bard, 1952). It is only partially replaced by
Ca++ but not by Mn++ (Shankar and Bard,
1952). Webb (1949) reported that Mg++ deficient
Evans peptone medium supports growth of
filamentous cells of certain species of Clostridium
and Bacillus and that the addition of Mg++ to
such deficient medium restores the formation of
normal cells. It was concluded that at low Mg++
levels the synthetic activity of cells continues
unimpaired but cell division is inhibited. The
synthesis of septa or cross-walls requires energy
as well as intermediates containing carbon and
probably nitrogen. If carbohydrate or protein
metabolism is interfered with in some manner,
it is likely to influence septum formation. It is
logical, therefore, to assume that not all the
physiological processes of filamentous and nor-
mal celLs are the same. Further, factors causing
filament production probably affect different
sites, presenting a variety of metabolic aspects.
Recent biochemical studies of filamentous and
normal cells (Nickerson and Sherman, 1952;
Webb, 1953) indicate the validity of these argu-
ments.

MECTHODS

Bacteriological. The preparation of high
purity water, heart infusion broth (HIB), metal
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deficient medium A, treatment of glassware, and
growth measurements were carried out according
to the procedures reported by Shankar and Bard
(1952). Clostridium perfringens strain BP6K was
maintained in HIB by daily transfer. One per
cent inoculum from an HIB culture was trans-
ferred to a tube containing 10 ml of medium A
and incubated in a 37 C water bath for 5 hr.
The medium was centrifuged and the supernatant
liquid discarded. Cells were suspended in 10
ml of sterile high purity water and centrifuged
again. After decanting the top clear liquid, the
paste was made into a thick suspension with
sterile water and the optical density (OD) ad-
justed to 0.73 with an Evelyn colorimeter using
a 420 mu filter; 0.05 ml of this suspension was
used as the inoculum for 10 ml of experimental
medium.
Magnesium deficient Evans peptone medium

was prepared according to the procedure of Webb
(1948): 15 ml of NH4OH (28 per cent) were
added to a solution of 10 g Evans peptone (Evans
Medical Supplies, Ltd., Liverpool, England) in
100 ml of distilled water and allowed to stand for
16-20 hr at room temperature. The medium was
filtered and the filtrate distilled under reduced
pressure; to avoid bumping, air was passed
through the boiling medium through a fine glas
tube. The pH of the medium was adjusted to
7.2 with dilute NH4OH (if necessary) and the
solution diluted to 350 ml; 7 ml of this concen-
trated medium are equivalent to 10 ml of 2 per
cent peptone solution.
For determining the growth obtained under

various conditions, 7 ml quantities of the con-
centrated Mg++ deficient Evans peptone media
were pipetted into colorimeter tubes (18 by 150
mm). The required volumes of NaCl solutions
(0.4 ml, 12.5 per cent), K,HPO4 (0.05 ml, 10 per
cent), MgSO4, and other constituents (as re-
quired) were added. The tubes were sterilized
for 20 min at 120 C; 0.1 ml of a 20 per cent glu-
cose solution (sterilized by paasage through an
UF sintered gla filter) was added to each tube,
and the volume made to 10 ml with sterile high
purity water. The medium was heated in an
Arnold steamer for 10 min, cooled immediately,
and inoculated with 0.05 ml of the standardized
inoculum. The tubes were incubated in a 37 C
water bath. All salts employed in these ex-
periments were of chemically pure grade
(cp) and were in the hydration forW indicated:

MgSO4 7M0; NazHPO4 .7H20; IECHPO4, NaCl,
NH4H2PO4, anhydrous.

Filamentous cels were obtained by inoculating
Mg++ deficient Evans peptone medium with the
standardized inoculum. The level of Mg++
needed to produce growth of filaments was
determined beforehand for each batch of medium.
Cultures of filamentous celLs were harvested
after a 12-14 hr period of growth at 37 C. Normal
cells were also cultivated in Mg++ deficient
Evans peptone to which the optimum level of
Mg++ (75 pg per 10 ml) was added. After 5 hr
growth at 37 C, the cells were collected by
centrifugation.

Cell suspensions were prepared by centrifuging
the growth medium and washing the thick paste
once with 0.85 per cent NaCl (saline). A thick
suspension of the cells was made in saline and the
OD adjusted in an Evelyn colorimeter (420 m,u
filter) so that 0.1 ml of the suspension contained
1.0 mg dry weight of cells. Dried cells were ob-
tained by preparing cell pastes which were dried
in vacuo over "drierite" at room temperature. For
the preparation of cell-free extracts, 6 g of cell
paste were made into a thick suspension with
20 ml of 0.03 M NaHCO, solution. The suspen-
sion was subjected to oscillation in a Raytheon
9 kc oscillator for less than 10 min and then
centrifuged at 9,000 rpm at 4 C in a Sorvall SS-1
centrifuge for 30 min. The supernatant liquid
was decanted and stored at -20 C.

Chemical. Rates of COs and H2 evolution were
measured by conventional Warburg techniques
(Umbreit et al., 1949) in an atmosphere of N2 with
0.04 M phosphate buffer, pH 6.5 at 37 C. Acid
production was followed in NaHCOs, pH 6.5, in
an atmosphere of 85 per cent N2 and 15 per
cent C02.
The amount of glucose fermented by cell

suspensions was determined by tipping H2SO4
before and after the experiment in different
Warburg vessels; the contents were centrifuged
separately and glucose determined by the an-
throne method (Neish, 1950). Lactic acid was
determined in the supernatant liquid of Warburg
cup contents by the procedure of Barker and
Summerson (1941). The ribonucleic acid (RNA)
content of dried celLs was estimated according
to the method of Ogur and Rosen (1950); the
absorption spectrum of the final extract was read
at 260 mni spectrophotometrically and compared
to a standard curve drawn from data similarly

4371955]



4K. SHIANKAR AND R. C. BARD

obtained with known amounts of ribonucleic
acid (Schwarz Laboratories, Inc., N. Y.). The
desoxyribonucleic acid (DNA) of dried cells was

determined by the diphenyl reagent of Dische
(1930) measuring color intensity in an Evelyn
colorimeter (660 miA filter); sperm desoxyribo-
nucleic acid (Nutritional Biochemical Corp.,
Cleveland, Ohio) was used as the standard for
comparison. The protein content of dried celLs

was estimated by the biuret reaction (Robinson
and Hogden, 1940); purified casein was employed
as the protein standard.
The presence of hexokinase, phosphohexose

isomerase, phosphofructokinase, aldolase, and
triose phosphate dehydrogenase in cell-free ex-

tracts was determined by linking these enzymatic
reactions to the reduction of diphosphopyridine
nucleotide which was measured in a Beckman
spectrophotometer at 340 m;u and room tempera-
ture. Diphosphopyridine nucleotide (85 per cent
pure) and adenosine triphosphate were obtained
from Schwars Laboratories, Inc., N. Y., and
Pabst Laboratories, Milwaukee, Wisconsin, re-

spectively. The sodium salts of glucose-6-
phosphate, fructose-6-phosphate, and fructose-
1 ,6-diphosphate were prepared from their
respective barium salts which were obtained
from Schwarz Laboratories, Inc., N. Y.

RESULTS

Effect of Mg++ additin to Mg++ deficient Evans
peptone medium. The growth and morphology of
cells obtained at different levels of Mg++ added
to Mg++ deficient Evans peptone medium are

TABLE 1

Effect of Mg+ on growth and morphology

Added Mg++ Growth at 24 hr

(pg per 10 ml) (OD at 660 mp) Cel Morpholog

0.00 0.053 Filaments
0.25 0.063 Filaments
0.50 0.071 2x to 4x
0.75 0.092 2x
1.00 0.102 2x
1.25 0.122 lx (normal)
1.50 0.143 lx (normal)

12.50 0.168 lx (normal)
25.00 0.215 lx (normal)
75.00 0.280 lx (normal)

Control* 0.215 lx (normal)

# Untreated Evans peptone medium, without
added Mg++.

described in table 1. It is evident that filaments
are formed only under conditions of Mg++
deficiency and when growth is very limited
(OD = 0.06 or less). Addition of Mg++ improves
growth and promotes the formation of normal
cells. Certain batches of Evans peptone treated
according to Webb (1948) failed to support
growth. However, by adding small amounts of
Mg++, sufficient to support growth equivalent
to OD = 0.06 or less, filaments were produced.

Addition of Mn++ in concentrations of 20, 50,
70, 100, and 150 jig per 10 ml of Mg++ deficient
Evans peptone medium did not result in growth
of C. perfringens. This finding supports the ob-

TABLE 2
Filament production in different media treated by

Webb's method

Webb Add Growth
Type of Medium Treat- Mg++ at 24 hr Cell

- ment (1pg er (OD at Morphology
660 p)

Lactalysate* +§ 1.00 0.058 lx (normal)
Oil 0.0 0.387 lx (normal)

Myosate* + 1.50 0.056 lx (normal)
0 0.0 0.342 lx (normal)

Gelysate* + 25.0 0.053 lx (normal)
0 0.0 0.208 lx (normal)

Polypeptone* + 5.0 0.053 lx (normal)
0 0.0 0.387 lx (normal)

Phytone* + 2.7 0.030 lx (normal)
0 0.0 0.357 lx (normal)

Protone + 75.0 0.034 2x to 4x
(Bacto)t 0 0.0 0.000

Peptone + 0.0 0.051 2x to 4x
(Bacto)t 0 0.0 0.382 lx (normal)

Yeast extractt + 1.75 0.076 lx (normal)
0 0.0 0.392 lx (normal)

Tryptonet + 1.25 0.075 lx (normal)
0 0.0 0.387 lx (normal)

Yeast extract + 5.0 0.030 lx (normal)
plus tryp- 0 0.0 0.420 lx (normal)
tonet

Peptone + 1.25 0.046 Filaments
(Evans)t (longer

than 4x)
0 0.0 0.260 lx (normal)

* Baltimore Biological Laboratory, Baltimore,
Maryland.

t Difco Laboratories, Detroit, Michigan.
t Evans Medical Supplies, Ltd., Liverpool,

England.
§ Treated by Webb's method.
H Medium not treated by Webb's method and

no Mg+ added.
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servations of Shankar and Bard (1952) but does
not agree with those of Webb (1951b).

Production of filaments in various media. To
determine whether Mg++ deficiency is the only
factor involved in the formation of filamentous
cells, a variety of media was made Mg++ deficient
by Webb's method; the results are presented in
table 2. Most of the media failed to support
growth after Webb's treatment, and Mg++ was
added in such cases sufficient to obtain growth
equivalent to about 0.06 OD units. With the
added traces of Mg++ used, filamentous cells
were obtained in none of the media tested except
Evans peptone.

Synthetic medium consisting of amino acids,
vitamins, salts, etc. (Boyd, Logan, and Tytell,
1948), when treated by Webb's method, did not
support growtb. Addition of Mg++ at increasing
levels resulted in growth corresponding to 0.06
OD units, but no filaments were observed. These
results do not agree with the findings of Webb
(1951b) who reported that Mg++ deficient syn-
thetic medium produces filamentous growth of
C. perjringens.

Possible factor in Evans peptone responsible for
fiament formation. The observations described
above suggest that there is some factor present in
Evans peptone which is responsible for the forma-
tion of filaments. At relatively high concentra-
tions of Mg-+, the influence of this factor may
be assumed to be nullified, permitting the growth
of normal cells. Attempts, therefore, were made
to search for this factor. It was found that if
Evans peptone medium, with or without Webb's
treatment, is passed through a column of "per-
mutit H" (Shankar and Bard, 1952), filamentous
cells are not produced at the limiting growth of
0.06 OD units. This finding indicates that the
factor is removed by permutit H. The column
was hence eluted with 0.04 N HCl; the eluate was
concentrated by low temperature distillation and
adjusted to pH 7.2 with dilute ammonia. The
addition of this eluate at various levels to Mg++
deficient Evans peptone medium (producing
filamentous cells) yielded normal cells, due prob-
ably to the presence of Mg++ in the eluate ex-
tracted from the column by HCl. The eluate was
dialyzed in a cellophane sac for 24 hr against
high purity water, and the undialyzed portion
added to Mg++ deficient Evans peptone medium
containing added Mg++ just sufficient to inhibit
the formation of filaments; filamentous celLs were

not observed. This finding indicates either the
absence of the factor in the undialyzed portion,
its inactivation, or its diffusion out of the cello-
phane sac.
To investigate the possibility that the factor

might be a neutral compound, the column was
eluted with ethyl ether; the ether was distilled
away, and the remaining material neutralized
and added to medium as described above. The
ether extract did not contain the inhibitor of
normal cell division. Further attempts to isolate
the postulated factor were not made.

Absence of growth inhibitory substances in
growth medium yielding filaments. The very poor
growth of C. perfringens in Mg++ deficient pep-
tone medium can also be attributed to the pro-
duction by filamentous celLs of some inhibitory
substance(s) which accumulates in the medium.
A 12 hr culture of filamentous cells was centri-
fuged, the supernatant liquid boiled and adjusted
to pH 7.2; required amounts of K2HPO4 and
glucose were added. Such medium yielded
filamentous celLs without added Mg++ and good
growth of normal celLs with added Mg++. This
finding indicates that filamentous celLs do not
produce a thermostable growth inhibitory sub-
stances(s) in the medium.

Effect of addition of organic substances to Mg++
defiint medium. The formation of filaments in
Mg++ deficient Evans peptone medium and of
normal cells in Webb treated synthetic medium
(Boyd, Logan, and Tytell, 1948) at the limiting
growth level represented by 0.06 OD units
suggested the possibility that the nutritional
intermediates required for the formation of septa
and separation of individual cell units are lacking
during growth in Evans peptone medium. This
deficiency may not be manifested in the syn-
thetic medium, and the intermediates are syn-
thesized normally in Webb treated Evans
peptone medium when higher than critical
concentrations of Mg++ are provided. To investi-
gate this possibility, amino acids, vitamins, purine
and pyrimidine bases, D-ribose, 2-desoxy-D-ribose,
etc. were added to the Mg++ deficient medium
and cell morphology examined. The compounds
tested were: amino acids (glycine, DL-alanine, DL-
serine, DL-threonine, DL-valine, L-leucine, DL-iSO-
leucine as a group; DL-aspartic and L-glutamic
acids; L-arginine, L-lysine, L-cysteine, DL-methio-
nine; DL-phenylalanine and L-tyrosine; L-histi-
dine, L-proline, L-hydroxyproline, and L-trypto-
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phan); adenine sulfate, uracil, thymine, guanine,
and cytosine as a group; asparagine and gluta-
mine;growth factors (nicotinamide, riboflavin, Ca-
D-pantothenate, pyridoxine hydrochloride and
biotin as a group); keto acids (pyruvate, oxalace-
tate, and a-ketoglutarate as sodium salts); pen-
toses (D-ribose and 2-desoxy-D-ribose); reducing
agents (ascorbic and thioglycolic acids). It was
observed that in all cases filaments were formed,
indicating that the added organic constituents
employed are either not deficient in Evans pep-
tone medium (Webb treated) or not involved
directly in filament formation.

Cytolgical study offdamentous and nomal ceUs.
Staining of normal and filamentous cells by
Giemsa stain (Robinow, 1943-1944) revealed
the presence of 2-3 and 4-8 chromatinic bodies
in the two types of cells, respectively. Basic
fuchsin produced better differentiation of chro-
matinic bodies than Giemsa stain in filaments.
The presence of septa in filaments was observed
by staining with the tannic acid-crystal violet
technique of Robinow (1943-1944). Shorter
filaments have no septa while longer ones have
widely spaced septa. Some filaments have septa
placed very closely at one of the filaments. These
observations agree with those recorded by Webb
(1949).

Metabolic studies. The foregoing results indicate
that formation of filamentous cells occurs at a
critical concentration of Mg++ (corresponding to
growth of 0.06 OD units or less) in the presence
of an unknown factor present in Evans peptone.
According to Webb (1953) the synthesis of
enzymes responsible for the formation of septa

TABLE 3
Anaerobic evolution of H2 and CO2 by suspensions

of normal and filamentous cells

H, CO,
Type of Cell Suspension

Q,E2 AM* Qc02 PM*

Normal ................. 144 2.3 84 1.7
Filamentous ............. 24 2.8 0.6 2.3

Q = AL gas per mg dry wt cells per hr.
* = Jm gas per pM glucose fermented.
Protocol. Per Warburg flask: buffer, M/15 phos-

phate, pH 6.5, 2.0 ml; cell suspension, 5 mg dry wt,
0.5 ml; glucose, 0.025 M, 0.2 ml; KOH, 20 per cent,
or H,O in center well, 0.2 ml; H2S04, 2 N, in side
arm, 0.2 ml; total volume with H20, 3.2 ml. At-
mosphere: N2. Temperature: 37 C.

and subsequent separation of units are inhibited
in filaments. It is also possible that formation of
filaments is not due to the absence of enzymes
but to the lack of the necessary intermediates
and sufficient energy release. Such deficiencies
may affect the nucleic acid and protein content
of the filaments. Therefore, a comparative study
of filamentous and normal cells was made.

FermentaWion. The rates of CO2 and H, forma-
tion during glucose fermentation by cell suspen-
sions of filamentous cells are considerably lower
than those of normal cells (see table 3), but the
total quantities of gases produced by the two
types of cells are approximately the same. Glu-
cose fermentation by normal cells is complete
within 1 hr while filamentous cells require 4-5
hr to ferment the same amount of glucose. There
was no evidence for methylglyoxal or pyruvic acid
accumulation, 91-96 per cent of the glucose being
fermented by both types of cells. Addition of
Mg++ (0.001 m) or boiled normal juice of C. per-
fringens does not influence Q., and Q,,,., It ap-
pears that the very slow rate of fermentation by
filamentous cells is due to a deficiency of certain
enzyme(s) or coenzyme(s), or the accumulation
of some intermediate(s) otber than a keto com-
pound type. The supply of energy and inter-
mediates associated with fermentation is therefore
very limited in the case of filamentous cells. An
attempt to provide energy in the form of adenosine
triphosphate was made in which filamentous cells
were incubated for 4 hr at room temperature with
this compound. No changes in cell morphology
were noted. Subsequently, Barnett (1954) re-
ported the occurrence of cell division by fila-
mentous cells of Escherichia coli when adenosine
triphosphate was added, a finding of considerable
interest in view of the marked lability of this
compound in the presence of living cells.

Enzymatic activitie. The slow rate of fermenta-
tion by Mg++ deficient, filamentous cells sug-
gested that the dissimilatory enzymes involved
in fermentation may be limiting factors in the
metabolism of such cells. The exact pattern of
fermentation in the genus Clostridium is not
known, but available information indicates the
existence of a pathway similar at least in part to
the Embden-Meyerhof-Parnas scheme. Bard and
Gunsalus (1950) demonstrated the existence of
aldolase, triose phosphate isomerase, glyceralde-
hyde phosphate, and ethanol dehydrogenases in
cell-free extracts of C. perfringens, hence outlin-
ing the fermentation pattern in this organism.
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The presence of hexokina, phosphohexose
isomerase, phosphofructokinase, aldolase, glycer-
aldehyde phosphate dehydrogenase, and possibly
triose phosphate isomerase, in cell-free extracts
of filamentous and normal cells is indicated in
table 4. Since the reduction of diphosphopyridine
nucleotide involves these enzymes through a

series of reactions and since the rates found for
the two types of cell extracts are similar, it ap-

pears that Mg++ deficiency does not affect the
activity of these enzymes.

Nucleic acid and protein. The ribonucleic and
desoxyribonucleic acid contents of filamentous
and normal cells are approximately the same, but
the protein content of filamentous cells is 18 per
cent less than found in normal cells (see table 5).
It therefore appears that the level of Mg++,
present in tracesin Mg++ deficientEvanspeptone,
is adequate for the synthesis of nucleic acids but
is insufficient for protein synthesis. The signifi-
cance of this finding is not apparent though it
may represent an important difference between
filamentous and normal cells.

TABLE 4

Enzymatic activities of normal and filamentous cell
extracts with different substrates

OD Change per Mg Protein per Hr'
Source of Cell Extract

Glucose G-6P F-6P F-1, 6-P

Normal cells (5 hr 1.06 0.89 1.45 22.2
old)

Filamentous cells 1.18 0.91 1.71 23.4
(12-14 hr old)

Additions 0.02 x 0.0S X 0.05 x 0.05 X

Veronal buffer, 1.3 ml 1.1 ml 1.1 ml 1.5 ml
pH 7.2

Arsenate, 54 mg 0.3 0.3 0.3 0.3
per ml

NaF, 0.2 m 0.2 0.2 0.2 0.2
DPN, 1 mg per ml 0.3 0.3 0.3 0.3
Cysteine, 0.04M 0.3 0.3 0.3 0.3
Cell extract 0.6 0.6 0.6 0.2
Substrate 0.1 0.3 0.3 0.3
ATP, 0.1M 0.2 0.2 0.2
Mg804, 0.1 0.2 0.2 0.2
H20
Total volume 3.5 ml 3.5 ml 3.5 ml 3.5 ml

* Measured as OD at 340 m,u in a Beckman
spectrophotometer at room temperature: reduc-
tion of diphosphopyridine nucleotide (DPN).

TABLE 5
Protein, ribonucleic and desoxyribonucleic acid con-

tent of normal and filamentous cU
Per Cent Dry Wt of Cels

Type of Cels
Protein RNA* DNA'

Normal .... .... 58.6 27.5 3.3
Filamentous .......... 48.0 25.6 3.7

* RNA - ribonucleic acid; DNA = desoxy-
ribonucleic acid.

DISCUSSION

The results presented above indicate that
magnesium deficiency is not the sole factor
involved in the growth of C. perfringens as fila-
mentous cells. A variety of media, capable of
supporting growth of this organism, did not
yield filamentous cells when magnesium was
removed from these media. Of the media studied,
only Evans peptone medium possesses this
capacity. When magnesium was removed in the
former instances, either no growth occurred or
the slight growth obtained consisted of normal or
elongated cells. A factor inhibiting cell division,
operative in the absence of an adequate mag-
nesium concentration, is hence suggested as being
present in Evans peptone medium. Further
evaluation of this hypothesis seems warranted
but was not the primary objective of this investi-
gation. Availability of filamentous cells was
achieved with Mg++ deficient Evans peptone
medium as described originally by Webb (1948)
who clearly demonstrated the relationship be-
tween magnesium deficiency and filament pro-
duction by C. perfringens.
The limited fermentative capacity of fila-

mentous cells of C. perfringen is paralleled by
the reduced oxidative capacity of BaciUus cereus
obtained as filamentous cells by growth in Mg++
deficient medium (Nickerson and Sherman, 1952).
The reduced rates of energy production and
supply of intermediates necessary for synthetic
activity hence appear to be characteristic of
filamentous cells. Gale and Mitchell (1949) have
demonstated the energy requirement for amino
acid aimilation in Micrococcus aureus. Reduc-
tion in the rate of such a proces may contribute
to the decreased rate of cell division leading to
filament formation. The enzymatic studies
reported above were designed to reveal the
sites of biochemical insufficiency of filamentous
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cells, but no marked differences were noted be-
tween normal and filamentous cells with respect
to the enzymes involved in the initial steps of
carbohydrate breakdown. Which enzymes are

functioning at a reduced rate remains to be
described, but it may be asumed, in light of
present knowledge, that these sites are those
linking energy release to assimilation and bio-
synthesis. Evidence for this assumption is found
in the somewhat lowered protein content of
filamentous cells as compared to normal cells.
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SUMMARY

A variety of complex media was rendered
magnesium deficient, but only Evans peptone
medium so treated supported growth of fila-
mentous cells of Clostridium perfringens. The
possibility that this medium contains a cell
division inhibitor, active in the absence of mag-
nesium, is suggested. Filamentous cells ferment
glucose at a greatly reduced rate. However, both
normal and filamentous cells demonstrate
comparable hexokinase, phosphohexose iso-
merase, phosphofructokinase, aldolase, and
triose phosphate dehydrogenase activities. Like-
wise, the levels of ribonucleic and desoxyribo-
nucleic acids are similar although filamentous
cells contain les protein than normal cells on a

dry weight basis.
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