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ABSTRACT

Crude extracts of vegetative cells of the cellulolytic myxobacter
Polyaagium celfulosum contained significant levels of the enzymes of the
tricarboxylic acid cycle and the glyoxylate cycle. Key enzymes of glycolysis
and the pentose phosphate shunt were alsc detected. Specific activities of
hexokinase and fructose—1 6—diphosphate aldolase exhibited a tenfold increase
when the cells were grown in complex medium containing glucose.

Cytochromes of 4+ and ¢ type were demonstrated.

By the use of a dispersly growing strain of 2. celfulosum, its :
generation time was determined to be 22-24 hours on SP. . &

This study suggests that the organism probably uses glycolysis and citric
acid cycle for complete oxidation of glucose. The exact role of the glyoxylate
cycle and pentose phosphate shunt cannot be deduced from this study.

This is the first report on the study of intermediary carbohydrate
metabolism in any member of the family Polyangiaceae.
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ADP - adenosine 5—diphosphate T .
APAD - 3-acetyl pyndine adenine dinuclectide
ATP = adencsine 5’-triphosphate

BSA - bovine serum albumin

CoA - coenzyme A

CoA-SH - reduced coenzyme A

DCIP - 26-dichicrophenclindophenol

NAD - nicotinamide adenine dinuclectide
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NADP - nicotinamide adenine dinucleotide phosphate
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INTRODUCTION

-

Polyany:’i:r}: cellulosum is a cellulolytic bacterium belongmg to the family
Polyangiaceae (order Myxobacterales) (McCurdy, 1974). The vegetative cells are
cyhndncal rods thh blunt rounded ends. As in other myxobacter?a depletion
of nutrients lead€ to aggregation of vegetative cells which then cqnvert to
myxospores. During this process of morphogenesis, the slender rods shorten and '
fatten and become physiol;gically dormant myxospores. The myxospores resemble
the vegetative cells, are enclosed in sessile sporangia, and are neither
refractile nor phase dense (McCurdy, 1974j. The sw?.rrning colonies etch or

erode the agar and may be pigmented yellow, red or-orange. Dispersed growth

“u

can be achieved in liquid medium by frequent transferring (Reichenbach and

Dworkin, 1980). ‘ ..
An understanding of the nutritional requirements of an organism provide
insight into its ecological role as well as metabolisn. There also a.ppe.ars to
be a relationship between the nutritional milieu of a rnicrobe and its
rr.lorphological development [Dworkin‘, 1962). The fruiting body formation by
Mysococcus (Oetker, 1953) and Chondromyces (Kuhlwein, 1950) has been shown to
depend upon the nature of the medium. | -
Myzxobacteria can be divided into two physiplogical groups: the
bacteriolytic g-roup and the cellulolytic group. Bacteriolytic myxobacteria

feed cooperatively on other bacteria or yeast by secreting into the common -

. milieu, hydrolytic enzymes that degrade other cells and their mac'romolecules,

and then share the pooled -products of digestion (Dworkin, 1972). The minimal

nutritional requirements of the bacteriolytic myxobacters are stiil poorly



-

understood. When grown on a chemically definéd medium, the few strains studied
so far fequire cofnplex amino acid mixtures and 'relatively high concentrations

of Mg’l ;JI’ Ca®* for growth {Dworkin, 1962; i{.emphill and Zahler, 19.68; McCurdy
and Khouw, 1969). Growth 1s much more efficient on complex media contalmng
enzyme hydrolyzed casein .Lcasat.one} Loebeck and Klein {1956) and Dworkm
(1962) suggested that peptides might be more effwlently utilized t.han amino

acids. o | ‘

-
e

Unlike these, the céllulolytic myxobacb.eria examined so far have simple
nutritional requirements. They can grow in 3 defined rnediu-in containing an
inorganic base supplemented with 2 single carbohydrate (Krzemieniewska and
Krzemieniewskl, 1937; Coucke, 1969). Celtulose will function as the scle
carbon and energy source for Polyangium cellulosum It metabolizes insoluble
crystalline cellulose as.well as soluble cellulose by broducing both ééll bound
and extracellular cellulase and cellobiase activities (Godsey, 1976). In the
labqrahory the organism can yse various carbohydrates as carbon sources.
Growth takes place on xylose, ‘maltose, dextrin, glucdse, starch, cellobiose,
arabinose and fructose (Krzemieniewska._ and Krzemieniewski, 1937). Potassium
_nitrat.e éan be used as t}le sole source of nitrogén (Coucke, 1969). It can also
use ammonia, urea, protein hydrolyz;te and a fe_w amino acids as nitrogen
sources. Fruiting body formation occurs on media in which the carbohydrates
are almost exhausted (Coucke, 1969].: TI;e best growth is obtained on Staniers
medium containing 0.25% cellobiose (Peterson, 1969). Various concentrations of
simpler cérbon sources such as glucose and xylose, used in lieu of cellobiose,

yield markedly inferior growth. Some isclates are glucose sensitive, and

glucose is clearly toxic in concentrations higher than that used for cellobiose

(Peterson, 1969).
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Detailed knowledge of the nutrition and metabolism of myxobacteria is

restricted to Mysococcus santhus: The conclusions derived from these studies

probably apply, at least in part, to other bacteriolytic species, but the

difference in nutrition of 2. cellulosum suggests that the same may not apply

to this cellulose decomposing orgajnism: The pathway of glucose rﬁe-tabolism in
this organism is unknown {Parish,-1979). -

Studies on the intermediary metabolism c:Jf M. zanthus have indicated the
absence of hexokinase and pyruvate kinase in both vegétative cells and
microcysts, All other. glycolytic activities are present (Watson and Dworkin,

1968). The inability of this orga.nisrﬁ to metabolize sugars, and its

-nutritional dependence on a.mi_no acids as the source of garbon and energy

suggest that the principal function of the BEmbden—Meyerhof enzymés Is.1n
gluconeogenesis, This is corroborated by the absence of pyruvate kinase as it
catalyzes an essehtially ‘Erreyérsible_ glycolytic -rea.ction and has no role in
gluconeogenesis. Amino acids are sources of carbon and energy for A7 sanfBus,
as are acetate, glycerol, pyruvate and many TCA cycle intermediates. But no
hexose, pentose or.polysaccharide has clearly been shown to serve as a carbon

or energy source (Bretscher and Kaiser, 1977). All the enzymes of the
tricarboxylic acid cycle have been shown to be present, and the two enzymes of
the pentose phosphate pathway, 6-phosphogluconate dehydrogenase and glucose ES-

phosphate dehydrogenase, were also detegted in M. santhus {(Watson and Dworfcin,
1968), ' ' |

)
L]

The levels of the TCA cycle enzymes in the extracts of A santhus

vegetative cells and microcysts were seen to be the same with the exception of

-~

isocitrate dehydrogenase, This enzyme is present in microcysts at a level five

* times that of vegetétive cells (Watson and Dworkin, 1968). There is also a

~—
=
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striking difference in the ability of vegetative }élls and microcysts to
—_ v
-
metabolize acetate. The microcysts metabclize acetate at about 40% of the rate
of vegetative cells, The presence of the glyoxylate cycle could account(fo-r\

these data if carbon flow were shifted away from oxidative metabolism of the—

" TCA cycle into the glyoxylate cycle (Watson and Dworkin, 1968).

(-

-
-

N 4
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b

The glyoxylate cycle enzymes are thought to account for the net synthesis
of four—carbon dicarboxylic acids from acetate in a wide variety of
microorganisms aﬁz ptlants (Calvin and Beevers, 1961 and Korn.berg and Elsden,
1961). It is not clear why the glyoxylate cycle should be necessary in M.
santhus during microcyst formation, since thé process is induced in the
presence of casitone, wgich presumably provides precursors for four—carbon
dicarbc;xylic 3gids_ It is possible that the induction of the glyoxylate cycle
reflects 2 shift to endogenous metabolism, perhaps.of lipid {Orlowski e &,
1972).

Hanson (1968) found that the act.ivitfy of ;socitrate lyase rose durihg the
early stages of microcyst formation. Bland e al (1971) showed that the
vegete;tiw?é cells contained low lev-els of both isocitrate lyase and malate
synthase. These enzyme activities exhibit a rapid i‘ncrease a few minutes
before morphological changes begi:—to occur..' Orlowskl ef &/ (1972) concluded

that the activities of the glyoxylate cycle enzymes change in a characteristic

. manner during myxospore formation-and that the changes in activity are related

to the development of the myxospore, ¢

"Dworkin and Neiderpreum (1964) have shown that }1‘( zsanthus vegetative cells

_ and microcysts have 3 functional electron transport system similar to that

found in most aerobic bacteria. They have also identified tt%presence of a, b
and ¢ type cytochromes.

S
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"McCurdy and Khouw {1969) carried out similar studies on anocther
.rnyxobacteriurn, Stigmaiells érunmea, which belongs to the fe;mi!y
Cystobacteraceae. S5 érwme;s é.nd m}xococci are alike nutnitionally, as they
both require a large number of amino acids as scurces of carbon and energy.

- Their growth

stimulated by the presencé of polysaccharides 1 liquid medium
even thoygh neither uses carbohy;iratg or their }{ydrolytic products,

Although o—ketoglutarate dehydrogenase activity couid not be demonstrated,
the results of enzymatic and respiration studies indicate the presence of an
operational TCA cycle with a complete@%l electror; transport pa;thway.
Cyto%hromes of 3, b and ¢ type were also detected spectrophotometrically -
(McCurdy and Khouw, 1969). It has been suggested that the absence of
hexokinase in A. ssontéus might explain why it fails to.utilize carbohydrates
(Dworkin, 1966). The same reasoning, however, does not hold for . érumsea.’
Both hexokinase and aldolase activities have been demonstrated in this organism
indicating the presence of the gljcolytic pathway. No explanation has been _
offered for the failure of & brusses to use carbohydrates. Enzymes of the
glyoxylate cycle, namely' isocitrate tyase and malate synthase, were not |
detected in the vegetative cells of S érusnes (McCurdy and Khouw, 1969).

Considerable data have been accumulated regarding the nutrition, «
metabolism and morphogenesis of bacteriolytic myxobacteria but 'very little is
known ‘concem’mg the enzymes and nutrition of the cellulolytic organism ~.
“ceffulosum  This work is a preliminary.study of the intermediary metabolism of

P cellulosum,

»

S~



MATERIALS AND METHODS

Organism and Growth Conditions
Polysngium cellulosum strain M209, obt‘.ained from the University of Windsor
culture collection, was used for all expenments.
Work{ng cultures were grown for 36—40 hours at 30°C with
shaking, in 250&11 screw cap flasks containing 70 ml of SP broth (Raffincse
01%, sucrose 0.1%, galactose Otﬁi, soluble starch 0.5%, casitone 0.25%,
MgSO, 7H,0 005%, and K,HPO, 0.025%. McCurdy, 1963) or Staniers medium (KNO,
0.1%, K,HPO, 0.1%, MgS0,7H.0 0.02%, CaCl, 0.01% and FeCly 0.002%. Stanier,
1942} plus 1% cellobiose. The cells ‘were also grown on CkI' (KNO; 0.2%,
MgSO,.7TH.O 0.3%, CaCl, 0.14%, Fe®" citrate 20 mg. per litre, glucose 1%,
autoclaved separately and K,HPQO, 0.025%, autoclaved separately. Kleinig ef ol
1971} and Ck6 (MgSO,.7H,O 0.15%, Fe** citrate 0,002%, autoclaved separately:
KNO, 02% + K,HPO, 0.025%; and: glucose 0.5% + CaCl, O.L‘;%. Coucke and Voets-, '
1967) media. Dispersed cultures were nitially established with repeated
transfer of cell suspensions after omnimi;ting (McCurdy, 1963). These were used
for nutritiona! and enzymologica! studies as well as growth rate determination,
as growth could be measured turbidt-:m'eterically.
Chemicsls
| All biochemicals were of reagent grade, unless otherwise specified.
Nicotinamide adenine dinucleotide (NAD), reduced NAD (NADH), nicotinamide
adenine dinucleotidephosphate (NADP), 3-acetyl pyridine adenine dinucieotide

(APAD), coenzyme A (CoA), reduced CoA (CoA-SH), S-acetyl CoA, 26—



dichlorophenolindophencl (DCIP), adenosine triphosphate (ATF), thiamine
pyrophosphate (TPP), phenazine methosulfate, bovine serum albumin, pheny!
hydrazine hydrochloride, cis—oxaloacetic acid,d—ketoglutaric acid, L—

cysteine, DL-isocitric lactone, glutathiohe, 6—phosphogluconic acid, D-fructose

1 6-diphosphate, glycine, L-malate, sodium glyoxylate and. D—glucose 6—phosphate
were obtained from Sigma Chemical Co. (St. Louis, Mo. US.A)).

Sédium fumarate and sodium arsenate were obtained from BDH Chemicals
Canada Ltd, (Toronto, Canada). Potassium cyanide was obtained from Fisher
Scientific Co. (Don Mills, Ontaric) and succinic acid we;s obtained frorn. Mann
Research Laboratory Inc. (New York, New York).

Preparation of Cell-free Extract \\.‘

After growth for 36—40 hours,f@@ were harvested by centrifugation,
washed twice with 0.05 M Tris~HCI buffer, pH 7.5, and suspended in 5 ml of the
same buffer. The cells were then disrupted by ultrasonic treatment with a
Bronwill Biosonik {Bronwill Scientific, Rochester, New York) set at full power
- for 2 minutes, in 20 second pulses. The cell extract was then centrifuged at
20,000 x'g for 20 minutes to remove the cell debris. The supernatant was
either used directly for enzyme assays or was first dialysed against 0.05 M ;
Tris-HC! buffer, pH 7.5 for 4 hours. For assaying aconitase, succinic
dehydrogenase, fumarase and malic dehydrogenase, the cell free extract was '
prepared in 0.05 M phosphate buffer, pH 7.4.

All operations were carned out at 0-4°C,

Enzyme Assays

All spectrophotometric assays were carried out at 25°C, using 3.0 ml

quartz cuvettes (1 cm light path) in a Beckman Spectrophotometer, model DU,

equipped with a Gilford automatic absorbance meter. In spectrophotometric



methods based upon ox':dahioﬁ or reduction of pyridine nucleotides, a3 molar
extinction coefficient of 622 x 10° 3% 340 nm was used. One unit of
activity is defined as the ‘amox‘mt of enzyme mediating the conversion of 1
umole of substrate per minute 35 25°C 'ixnlgss otherwise specified. Enzyme
activities were recorded as specific activities, Final concentrations of
protein in reaction mixiures were between 350-700 ug unless otherwise
specified. Specific activities were calcﬁlated accordingly. The results
re-pres_ent an avérage of at least three measurements.

The Citrate condensing enz}me (citrate—oxaloacetate lyase, CoA
acetylating, EC. 4137) was assayed by the method of Srere and Kosicki (1961) :
by measuring the disappearance of acetyl-CoA at 233 nm. The reaction mixtﬁ;e
contained, Tris—HCl buifer, pH 8.0, 200 umoles: oxaloacetate, 1.2 umoles and
ac;etyl CoA, 0.44 umoles in a total volume of ‘;.0 ml. The reaction was initiated
by adding 0.1 m! of cell free exz.ra}ct. ' |

_Aconitase {citrate‘ isocitrate hydrolyase, EC. 4.2.1.3) was assayed by
following the increase in absorbance at 240 nm, of ci§—aconitic acid and other
(I,[?—unsaturata:d carboxylic acids (Anfinsen, 1955). The reaction mixture
contained D L-isocitrate, 30 umoles and phosphg.te buffer, pH 7.4, 150 umoles
in a finL.l volume of 30 ml. The reaction was started by adding 0.1 mfl of the
dialysed cell free extract, -

Isocitrate dehydrogenase (L,-isocitrate NADP oxidoreductase EC. 11142)

was assayed spectrophotometerifally by measuring the reduction of NADP at 340
am as described by Daron ef a/ (1966). The reaction mixture contained: Tris-
E-IC'I buﬁig,\pH 7.5, 60 umoles; MnCl,, 6 umoles; NADP, 1.5 umoles; D,L-
isocitrate,. 1.5"'1_1moles. and 015 ml of the cell free extract in a total volume

"of 30 ml.

H



o -ketoglutarate dehydrogenase (BC. 1.242) was assayed by the method of
Am.arasingham and Davis (1965), by measuring the reduction of 3-acetyl NAD
{APAD) spectrophctometerically at 365 nm. The reaction mixture contained in 30
mi: Tris—HCl buifer, pH‘ 8.5, 500 umoles; L-cysteine, 7.8 umoles; (-
ketoglutarate , 25 umoles; CoA-SH, 026 umoles; APAD, 6 umoles; MgCl,, 01
umoles TPP, 01 umoles and cell free extract 0! ml. All components were
preinc;bated for a period of 3 minutes, then the reaction was initiated by
adding "APAD and the inilial increase in absorbance was used Lo calculate the
specific activity.

Suceinic dehydrogenase (Succinate:oxidoreductase, EC. 1.3.99.1) was assayed
spectrophotometrically as described by Ohne e&f s/ (1973). The reaction mixtu-re
contained potassium phosphate buffer, pH 7.4, 30 umoles; KCN, 3 umoles; |
succinate, 30 umoles; BSA, 21 nmoles; DCIP, 5 umoles; ;‘ahenazine methosulfate, 5
umoles. The succinate dependent reduction of dichlorophenolindophenol was
followed at 600 nm. A molar extinction coefficient of 161 x 10°> M™ em™ for
DPIP was used to calculate the specific activity.

Fumarase (L-malate hydro-lyase, EC. 4.21.2) was assayed by the method of
Hill and Bradshaw (1969} in a reaction mixture containing phosphate buffer, pH
7.3, 150 umoles; L-malate, 150 umoles and 0.1 ml cell free extract -in a total
volume of 3.0 ml. The increase 1n absorbance was measured at 250 nm.

The presence of malate dehydrogenase (L-malate:NAD oxidoreductase,

EC. 1.11.37) was detected by the method of Ochoa (1955) by measuring the rate
of NADH oxidation at 340 nm in the presence of oxaloacetate. The reaction
mixture contained phosphate buffer, pH 7.4, 75 umoles; oxaloacetate, 1.2
umoles; NADH, 0.3 umoles and 0.1 ml cell extract to be assayed in a total

volume of 3.0 mi.
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Fructese dipheosphate aldolase {fructose—i6—diphosphate D—glyceraldehyde—
3-phosphte lyase, EC. 41212) was assayed as described by Christian (1953).
The reaction mixture contained NAD, 09 umd!es: fructc;se—l,ﬁ—diphosphat.e, 50

umoles; glycine, 80 umoles, sodium arsenate, 52 umcles and 0.t ml cell free

extract in a total volume of 3.0 ml

Hexokinase was detected by the reduction of NADP, using the method of
McCurdy and Khouw (1969). The reaction mixture contained ATP, 17 umoles; NADP,
3.0 umoles; MgCl,, 10 umoles; ‘glucosé, 40 umoles: tris—acetate buffer, pH 7.#;,
150 umoles and 0.4 ml cell extract in a total volume of 3.0 ml. Controls
containing the commlete reaction mixture except NADP or ATP were also run,

~ Pyruvate kinase (EC. 2.4.140) was deterrninecl by the coupled assay of

Bucher and Pfleiderer {1955) as modified by Watson and Dworkin (1968). The

reaction mixture contained Tris (pH 7.5), 150 umoles; MgCl., 10 umoles; KCl, 100

umoles; PLDP, 1 umole; phosphoenolpyruvate, 5 umoles; NADH 0.45 umoles; lactate
dehydrogenase and cell-free extract (1-2 mg protein) in a final volume of 3.0H
ml. The decrease in absorbance was measured at 340 nm,

Malate synthetase (L-malate glyoxalate Iyase (CoA acetyiating] EC.
4132) was assayed by the-method of Dixon and Kornberg (1959), by measuring
the absorption. at 232 nm due to breakage of the thio ester bona of acetyl
coenzyme A in the presence of glyoxylate, The reaction mixture éontained, n
3.0 ml, Tris buffer, pH 7.1, 108 umoles; MgCl,, 12 umoles; acety! CoA,,0.15
umoles; sodium élyoxylate, 6 umoles and 01 ml of cell free extract.

Isocitrate lyase (L,~isocitrate glyoxylate—lyase EC. 4.1.31) was assayéd
By the method of Dixon and Kornberg (1959), by measuring the absorbance at 32;1
nm due to the formation of glyoxylic acid ph;anyl hydrazone from glyoxylate. The

assay system contained, in 3.0 ml, Tris buffer, pH 7.5, 100 umoles, pheny!
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hydrazine HCI, 20 umoles, cysteine HCl, 01 umoles; MgCl,, 20 umotes and
isocitrate, 2 umoles, An extinction coefficient of 1.7 x 10* for glyoxalate
phenylhydrazone is usggd to calculate the specific activity.

Glucose—6—phosphate dehydrogenase (D-glucose-6-phosphate:NADP
oxidoreductase EC. 1.1.1.49) activity was measured by the method of DeMoss
(1955). The reaction mixture contained, in 3.0‘ ml, Tris buffer, pH 7.8, 150
umoles, NADP or NAD, 0.54 umoles; MgCl,, 10 umoles; glucose—6—phosphate, 10
umoles and 0.1 ml cell extrat;t. '

6-phophogluconate dehydrogenase [S—phoépho—D—gluconate: NADP
oxidoreductase (decarboxylating) EC. 1.1.1.44) was also assayed by the method
of DeMdss (1955). The reactigﬁ mixture contained glycylglycine buffer, pH 7.5,
600 umoles; NADP, 0.54 umoles; MgCl,, 10 umoles; 6—phosphogluconate, 5 umoles
and 01 m! of cell extract. | @
Determination of Doubling Time

Screw cap flasks with side arms, containing 100 ml of SP broth, were
inoculated with 1.0 ml aliquots of a dispersly growing isolate of Polyssgium
cellulosum. Turbidometric readings were taken every 4 hours, using a Klett—
Summerson colerimeter,

Cytocfzfome Absorption Maxima

Cytochrome spectra were measured at room temperature by the method of

Weston and Knowles, 1973, The cells were disrupted by sonication, Oxidized

minus reduced spectra were obtained by reducing one cuvette, containing cell

suspension,with Na.S,0, and oxidizing the other cuvette by vigorqus aeration,



RESULTS —

Nutrition snd Vegetative Growth
Polyangium celfulosum grew quite well on both a complex medium (SP) and 3
chemically—defined medium (Staniers + cellobiose). This is in concurrence with
earlier report's that the organism can grow on a simple salts medrum containing
a nitrogen source and a carbon source (Couke, 1969; Krzemieniewska and
Krzemieniewsk:, 1937, lmschenetsﬁ)r, 1959). The colonies had a bright orange
pigment and seemed to etch the agar.
In liguid shake cultures, the organism grew non-dispersly éither as clumps
or adhering to the sides of the flask. Repeated transfers into fresh medium .
resulted in a dispersly growing sPrain, This strain was used for all
subsequent studies, |
Most efficient growth was observed in SP broth and Staniers medium +
. cellobiose. When cellobiose was substituted with glucose, it was éeen that
concentrations higher than 0.1% inhibited the growth of 2. celfulosum. This
was corroborated by poor growth of the organism.on Cki and Ck6 media, both of
which contain higher concentrations of glucose.
Vitamin B, was not essential for growth. The drganism grew equally well
in media with and without the supplement.
The doubling time of 2. ceffuiosum in SP was about 22 to 24 hours.
Enzymatic Activities .
Key enzymes of the glycolytic pathway, namely hexokinase and fructose-16—
diphosphate aldolase, were found to be present in the cell-free extract of the

vegetative cells (Table 1). The specific activities of these enzymesb were seen

» -



Table 1: Glycolytic activities in crude extracts of P, celfulosum
vegetative cells.

ENZYME SPECIFIC ACTIVITY"
{(umoles/mg. prtn./min.)

SP SP:+ Glucose Staniers medium
+ cellobiose

Hexokinase 0.0006 0.0054 0.0016
Fructose-16-diphosphate  0.0026 0.0267 - 00033

aldolase

Pyruvate kinase 0.0024 ND ND

ND: not determined ™.

* - One unit of enzyme activity is defined as that amount of enzyme
which converts 1 umole of substrate per minute. Specific activity
15 defined as the number of enzyme units per mg. protein.



to increase zlmost tenfold when the cells were grown in SP + glucose as
compared to SP alone or Staniers + cellobiose. Pyruvate kinase was also
detected. /

Glucose—6-phosphate dehydrogenase and G;phosphogluconate dehydrogenase
activities were present in the crude exiracts of vegetative cells. The enzymes
were active with both NAD and NADP, however, higher activities were obtained

/" when NADP was used. Both enzymes showed higher specific activity when the
cells were grown in Staniers medium -+ cellobiqse, rather than in SP {Table 2).

;&s shown in table 3, the vegetative cells of 2. celflufosumn were seen to
possess all the enzymes of the TCA cycle. The two enzyrnes;of the glyoxylate
cycle, isocitrate lyasesand malate synthase, were also detected (Table 4).

Crude sonicated fractions of the vegetative cells exhibited a.bsorptioh
maxima at 601, 560, 525, 440 and 422 nm, as determined spectrophotometrically
by difference spectra in the presence of N2a,S,0, (Table 5). -

All tables present typical results of at least three measurements.
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“Table 2 : Pentose phosphate act1v1t1es in crude extracts of vegetative

cells of P cellulosum

ENZYME

'SP
Glucose—-6-phosphate 0177
dehydrogenase
6—phosphogluconate . 0237
dehydrogenase

SPECIFIC ACTIVITY"
(umoles/mg. protein/minute)

Staniers medium + cellobiose

0.471

0373

*— one unit of enzyme activity is defined as that amount of enzyme which
effects a rate of change of optical density (& Eg,o) of 1.0 per minute
during the 15-30 second interval under specified assay conditions.
Specific activity is defined as the number of enzyme units per mg. protein

(DeMoss, 1955).
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“Table 3 : Specific activities gf the TCA cycle enzymes in crude extracts
of P. cellulosum vegetative cells.

ENZYME . SPECIFIC ACTIVITY®
\ (Enzyme units*/mg protein)
Citrate synthase | 9.46
Aconitase | N\ 0.7t
Isocitrate dehydrogenase | 0.6034
Succinic dehydrogenase o : 512
Fumarase _ 0.028
Malic deh.ydrogena.se | 0.0215
_ O—Ketoglutarate dehydrogenase | 0.0i2

a : One unit of enzyme activity is defiped as the~amount of enzyme which
converts ! umole of substrate per minute,

b : Specific activity is defined as the number of enzyfne units present per mg.

protein.
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Table 4 : Glyoxylate ‘shunt in crude extracts of veg-etative cells of
P. cellulosum,

—

ENZYME ' ~ SPECIFIC ACTIVITY—,
' . (Enzyme units/mg protein)

Isccitrate lyase - ) . 017¢*

Ma!atzf syr;hhehase 0.206° |

LT

‘a . One unit is the amount of enzyme catalyzing the formation of 1.0 umole
of glyoxylic acid phenylhydrazone in 1 minute.

: One unit is the amount of enzyme catalyzing the'glyoxylate dependent
cleavage of 1.0 umole of acetyl-S—~CoA in 1 minute.

e




Table 5 : Position of maxima in Absorption Spectra of sonicated Polycngrum
7 . cellulosum cells.

-

Absorption maxima’ Cytochrome
-(nm) T
422 cyt ¢
440, 601 . : by/t a
595. . 3t b
560 eyt by

* : N2,3,0,-reduced minus oxidised difference spectrum.
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DISCUSSION

Polyangsum cellulosum is the only myxobacter known to decompose
cellulose, all others are bacteriolytic. Due to this unique’ propF:rty, it plays
an important role in the degradation of cellulosic materials and hence in the
carbon cycle, The maijor respiratory and carbohydrate d!e\gradation pathways have
been studied in Mysococcus senihus (Watson and Dworki\n,\lgﬁﬁj_m _:S't:;fi::arefla
brunnes (McCurdy and Khouw, 1969). This thesis is a {Jlrelimina.ry study ofﬁﬁe?é‘*\\\
pathways in Pelysngrum celfulosum. - B
P. celfulosum was seen to grow on a complex medium (SP), with and without '
glucose, and on a chemically defined ﬁedium (Staniers medium + cellobiose)
indicating that it is able to utilize carbohydrates as sole source of carbon
and energy, as has been ereviouely reported (Coucke, 19659; Peterson, 1969).
Better growth was observed on rnediur.n.containing cellobiose rather than glucose.
Godsey (1976) showed the presence ef ceI]ula:se and cellobia;se activities ie
intact and cell free extracts o_f this orgenism. Cellulolytic bacteria, as
unrelated as Rumpnococcus flavefocrens (Ayers, 1959), Closiridrum thermocellum
(Sih ef al, 1957) and Cellvibrio gsfvus (Hulcher ef 4f,1958) apparently |
possess a cellulase which yields'cellobiose as the sole hydrolytic product.
Glucose is either not" fermented t;y these bacteria or there is a distinct
preference for the disaccharide. It seems possible that this type of activity
18 wxdespread among cellulolytic bacteria (Ayers, 1959). Hulcﬁer ef al
(1958), suggest that enhanced growth on celloblose may be due to the fact that
the cell derives slightly more energy per mo\l'e of hexose metabolized from

cellobiose, than is obtained from glucose.

-
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Dworkin (1962) showed that A ssnféus does not metabolize low molecular
weight sugars and depends on amino acids or peptides for carbon, nitrogen and
energy. Similarly, Stsgmastelic érunnesc does not utilize carbohydrates,
although growth may be stimulated by starch, glycogen or other polysaccharides
for liquid cultivation (McCurdy and Khouw, 1969).

The enzymes of the tricarboxylic acid cycle were assayed .and activities of
citrate synthase, 3coni.tase, 1socitrate dehydrogenase, succinic dehydrogenase,
fumarase, malic dehydrogenase and %-ketoglutarate dehydrogenase were detected
In F. celtulosum

-Watson and Dworkin (1968) demonstrated the presence of 2 complete Krebs
cycle in M. zanthus vegetative cells and microcysts. Dworkin (1972) suggests
that amino acids are deaminated and enter thle\Krebs cycle, which is linked to
the gluconeogenic pathway; carbon thus proceeds-u-pwards for polysaccharide
biosynthesis in A/ sonidus The vegetative cells of 5 érusnes possess mést of
the TCA cycle except ot-ketoglutarate dehydrogenase (McCurdy and Khouw, 1969).
However, the results of the enzyme and respirat?on studies indicate an
operational TCA cycle with a complete terminal eleciron transport pathway.
Taking into account the growth rate of 2. celfulosum the !evelé of TCA cycle
enzymes are seen to be comparable with those of/m’. :anf/&u; (Watson &/ af,

4

1968) and & suéislss (Ohne, 1973).

This study demonstrated the presence of the key enzymes of glycolysis,
namely hexokinase and fructose 1,6-diphosphate aldolase, in the vegetative
cells of 7. ceifufosurn, The activity of these enzymes was low when the cells
were grown in SP or Staniers medium + cello‘biose while there was zlmost a

tenfold increase in specific activities of both enzymes when the cells were

w

k)
grown in SP + glucose (Table 1).



Watson and Dworkin (1968) showed that the vegetative cells of AL sarnthus
lack hexgkinase and pyruvate kinase though all other glycolytic activities are
present. Dworkin {1972) suggests that the absence of hexckinase could be of
regulatory advantage to the organism and the glycolytic direc;tion serves solely
to metabolize endogenous carbohydrate. Watson e? &/ (1968) suggest that the
principal function of the Embden—Meyerhof pathway in this organism is
gluconeogenic. This is corroborated by the absence of pyruvate kinase, which
is not required for gluconeogenesis, but catalyses an irreversible glycolytic
step. Pyruvate kinase aciivity was detected in P, celfulosum

Stsgmatelle brunnea, does possess 2 hexokinase, but c-ioes not utilize
carbohydrates (McCurdy and Khouw, 1969). Some other factor must therefore be
responsible for the inability of this organism to use sugars. However, in
Stsgmatells curanisaca, addition _of glucose fo casitone medium results in
higher population densities and the organism has been ;hown to metabolize
glucose slightly (Gerth and Reichenbach, 1978; Reichenbach and Dworkin, 1969).
The presence of hexokinase and aldolase and the fact that the cells can grow on
media containing glucose as sole source of carbon indicates the presence of a
functional glycolytic pathway in P celfulosum, This is further supported by
the presence of pyruvate kinase,

A number of different organisms are known which metabolize glucose mainlj

~

through the Embden—Meyerhof pathway although ,ihey also possess enzymes of- the
hexose monophosphate pathway (Brown e/ 4/, 1971). The pentose phosphate shunt
can be/r used for degradation of hexoses to generate pentoses, which are required

for n:cleic acld synthesis, and reducing power in the fofm of NADPH. It can

also provide energy to the cell as an alternate pathway for the oxidation of

glucose,
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Glucose—6-phosphate dehydrogenase, which is the pomt of departure for at
least two versions of hexose monophosphate pathway, was detected In the cell—
free extracts of P cellulosum vegetative cells. The presence of 6-

phosphogluconate dehydrogenase was also demonstrated. The specific activities

of both enzymes were higher when the cells were grown in medium containing
cellobiose rather than in SP. The activity of the enzymes with NAD in addition
to NADP may be due to endogenous production of NADH in the crude extract. Both

the enzyme activities have been demonstrated in A/ santhus vegetative,

lls and microcysts (Walson and Dworkin, 1968). £. celfulosum may use
the ‘gentose phosphate shunt either as a biosynthetic pathway or for glucose
oxidation. Further studies need to be done before any conclusions can be

drawn. -

>

The glyoxylate cycle, a; modified form of the TCA cycle, is present in most
plants and microorganisms. Its primary h_xncEion is to enable them bo.utilize
fatty acids or ac;:tate as sole'carbon source, and for the biosynthesis of
carbohydrates from fatty acids.

The two enzymes of the glyoleate cycle, malate syntht;:tase and isocitrate
lyase, were detected in P, celfulosum vegetative cells. The activities of bc_:th
enzymes increases during microcyst formation in A zanthus (Bland ¢! ol 1972).
Induction of the glyoxylate cycle may reflect a shift to endogenous metabolism,
perhaps pf lipids (Orlowski ¢ af 1972). The glyoxylate cycle enzymes were
not detected in S.. édrunnes (McCurc-iy and Khouw, 1969)..

In conclusion, this study confirms that Polyangrum celfulosum can use both
sugars and amino adids as sources of carb;m or energy. The ke); enzymes of
glycolysis, pentose shunt, TCA cycle and the glyoxylate shunt are present in

significant levels in the crude extracts of vegetative cells. Being a strict

LY ]

 aas
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aerobe, it probably uses glycolysis in conjunction with the tricarboxylic acid

cycle for carbohydrate metabolism. The role of the pentose phosphate shunt,
>

whether catabolic or bicsynthetic cannot be determined from the preliminary

results obtained in this study.
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