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HE existence of an aesthetically fascinating

group of bacteria, the fruiiing myxo-
bacteria, was first recognized by Thaxterl.
That the characteristic properties of these

organisms, like, (1) their gliding non-flagellar
motility, (2) conhspicuous production of slime,
and (3) the life-cycle consisting of a vegetative
stage followed by a fruiting stage, were quite
unique among the Schizomycetes was at the
same time recognised In the succeeding few
years Thaxter collected several of these
forms?2t and Jahn3 described a few more
species and placed all the then known species
in a new order ‘Myxobacterales’ ; this represents
the first attempt at classifying myxobacteriad.

Organisms closely related to the above forms
but lacking the capacity to form fruiting struc-
tures had been encountered frequently in de-
composing cellulose, Stanier%’8 recognized their
relation to fruiting myxobatteria and placed
them in two new genera Cytophaege and
Sporocytophaga. In the Yatter genus were
included those organisms which formed micro-
cysts (resting cells) but not fruiting bodies.
He® redefined the order ‘Myxobacterales’ to
include five families, wiz.,, Archangilaceae,
Sorangiaceqe, Polyangiaceae, Myxococcaceaqe
and Cytophagaceae. Thus Jahn's system of
classification revised by Stanier is currently
in vogueY. The lower myxobacteria will be in
this review referred to as ‘cytophagas’ and the
fruiting myxobacteria as ‘myxobacters’.

The information accumulated over the years
on myxobacters has been ably reviewed by
Dworkinl? in 1966. It may however be pointed
out that since Stanier's review® on cytophagas
published in 1942 only a little has been contri-
buted to their study and all that is known has
been discussed in a recent Symposiuml 17,

Ecology.—Myxobacieria are widely distri-
buted in nature, in soil, composts, decaying
plant debris, animal dung, bark of living trees
and in marine environments, Although earlier
workers thought them to be common inhabi-
tants of animal dung, they do nol seem to be
part of the animal excretory microflora prior
to contact of the animal dung with soil. The
fact that myxobacters can lyse and grow on
intact bacteria]l cells may explain their fre-

quent appearance in dung constituting, as it
does, of innumerable bacterial cells Available
informationl ¢ 18-48 on the occurrence of myxo-
bacteria in various parts of the world indeed
point them to be ubiquilous in nature.
Although not many have investigated on the
occurrence of myxobacteria in the {ropical
countries, published reports4+49:50 show the
organisms to be widely distributed in the Indian
SO11S,

Life-Cycle, Morphology and Morphogenesis.—
Fruiting body formation involves the aggrega-
tion of cells. In other words, vegetative cells
start moving towards definite points and heap
up in masses embedded in slime, The fruiting
bodies thus formed wvary in morphology from
a simple spheroid or ovoid group to elaborate
brightly coloured structure with a stalk, branch-
g cystophores and cysts containing the rest-
ing cells (Figs. 1 1o 16). The colour of fruit-
ing bhodies usually varies from green, yellow,
orange and red to brown.

Recently M-:Curdy®l demonstrated that in
the fruiting bodies of Chondromyces crocatus
the cysts are bound by discrete layer of slime
enclosing the closely packed resting cells. The
slime stalk was shown to consist of wvertical
parallel empty tubules through which the cells
got migrated,

To explain myxobacterial gliding motility
various hypotheses have been put forth, e.g.
rhythmic cellular contraction®?, the excretion of
clime which pushes along the cellsb3, flexious
nature of the cells due to a mucilagenous band
encircling the cells5+15; g3 possible role by
rhapidosomes has also been postulated!®
However, the experimental evidences are nof
convincing to suppori: any of ihe above hypo-
theses, Stanier? observed a marked inchna-
tion of cytophagas to move along the lines of

" physical stress on the surface, a phenomenon

referred (o as elasticotaxis,

That the aggregadon process leading to
fru-tification is directed by chemotaxis was
frst suggesled by Bonner?s Subseguent

reportsit-f1 have convincingly proved the asso-
ciation of chemotactic substance(s) in the
aggregation procress in Myxacoccus species, but
the chemical nature of the substance(s) has not
yet been ostablished,



M. ocalisporus, X 200; (3)

£168, 1-20, Fruiting bodiez oi : (1) Myaococcus frdvus, X 180; (2)
M, stip tatns. X 2005 (4) Arckangium gephyra, X 200; (B) Archangivm primigemun, X 260: (6)
(7) Chondaromyces crocatus; x 260; (8) Ch.

Polyanginm fuizum (cysts suriounded by slime envelope), X 250;

¢crocatus, showirg an abnormal branching at the apex of the mass of cysts, X 180 ; (9) Ck apicelatus, X 270_;

(10) C. auramisacus x 300 (1)) Ch. cylindricus, X 320: (12) Ck. thaxteri, X 260; (13) Ch. peds-

cedatus, X 200; (14) Chondrooc-us mesalosporus, X 180; (15} Chondrococcus species, X 180; (18)
(18) Vegetative and

Angsococcus species, x 320; (17) Vegetauve cells of Chondrozoccus species, X 2,600 ; tal
resting cells of Chondromyces co.carns. X 1,600; (19) Vepgetative ceils and microcysts of J7. sespstagus, »

1,600; (20) Vegetative cells and microcysts of M. vérescens, X 1,600,
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Electron micrographs of thin sections of
vegetative cells of M. xanthus indicate that iis
fine structure grossly resembles that of eubac-
terial cellsb=, except tha: the former shows the
presence of subcellular particles composed of
RNA and proteins, called rhapidosomes.
Rhapidosomeg have been detected in Arch-
angtum speciest?, Chondrococcus columnarists,
Sporocytophaga myxococeoidesss M. xanthus
and Cytophaga spl?. Presence of pepiido-
glycans, similar in composifion to that found
In the eubacteria, has been reported in cell
walls of both fruiting and non-fruiling myxo-
bacteriat An increased cross linking of the
pep.ddoglycans through diaminopimelic acid dur.
ing microcyst formation has been obkservedts.

According to Thaxter? microcys:t formation
takes place by direzt fransformation of each
vegelative cell by gradual swelling with cor-
responding shortening of the rod in the direc-
tion of the long axis, finally getting converted
into a thick-walled refractile spore, However,
the receni electron micrographic studies on
M. xanthusb? and Stigmatella auraentiacads
indicate the abrence of a thick wall surround-
iIng the microcysts, though they seem to be
surrounded by an adherent capsule. Capsule
formation has been shown to limit expansion
of the growing cell8®. Though the chemical
nature of the capsular material has not vet been
determined, the water soluble slime produced
by M. xanthus was shown to contain protein,
polysaccharide, lipid and nucleic acid."¢ The
extracellular slime of Chondrococcus columnaris
was deiermined to be of high molecular weight
and made wup of homopolymer of galactos-
amine?!

Microcyst formation is a feature generally
associated with fructification occurring in de-
ficient media but no: in rich nutrient media.
Accordingly, Adye and Powelson? reporied a
method for converting within about 2-3 days
vegetative cells into microcysts, Dworkin’s
group 374 developed an excellent method for
the rapid conversion of vegetative cells to
microcysts, which consists essentially of using
glycerol as an inducer in the presence of
divalen! cations, Ca and Mg. Later, they
showed that glycerol could be substituted by
a variety of primary alcohols?  Recently,
Sadler?6 proved thai even monovalent cations
like Li, NH,, K and Rb also could induce
morphogenesis in Stigmatella aurantiaco,

With a suitable method like glycerol induc-
tion, it was possible to study the structural
and molecular changes taking place in the cell

|

charide like cellulose,
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during morphogenesis. Sadler and Dworkin??
demonstrated that both RNA and protein syn-
theses were obligatory for microcyst development
in M. xanthus. Likewise, Bacon and Rosenbergts
established that all classes of RNA including

r-RNA were synthesized during microcyst
formation.

Employing hybridization technique, Okano
et al."? demonstrated that whereas certain

m-RNA specles were Synthesized only during
vegetative growth, some other types were
synthesized only during microcyst formation.
Detailed information on the rates of RNA
synthesis, protein synthesis and growth during
division cycle have been recently reported by
Rosenberg and co-workers80-83,  They also
studied uptake of K" during microcyst forma-
tion and showed that there o2curred a consi-
derable binding of K* to the surface of micro-
cystghi

Thaxter? accurately described the process of
germination of microcyst to consist of slight
enlargement o¢f microcyst followed by a rod
emerging out of the microcyst, which then
celengates and slips out leaving an empty sheath.
Recent electron microscopic studieséz 67 have
confirmed the remarkably aczcurate observation
of Thaxter, Microcysi germination has been
shown to be induzed by protein hydrolysates,
certain amino aczids like glycine, alanine,
valine, aspartic acid and also by inorganic ions
like PO,~- - -, Mg -, Ca"* and NBH - .

Quehlsé was the first to show that nutrients
controlled fructification in myxobacters, He
neticed that high peptone concentration inhi-
bited fructification in some myxobacters. This
effezt was demonstrated to be due (o specific
~nhibiters like phenylalanine and tryptophan
in Myxococcus®®® and in Chondromyces
crocatus?? Similar effect was demonstrated to
be due to methionine also®®#  Requirement of
divalent cations like Ca, Mg and St for fructifi-
cation has been also reported?tH2 '

Isolation.—Most of the c¢ytophagas isolated
co far are able to utilise at least one polysac-
chi.in, starch or agar
as the sole sourze of carbon and encrgy ; hence
enrichment culture technique is the method
of choizce to make the cytophaga population
predominani from a source comprised of mixed
population. For another group of cytaphagas,
consisting of facultatively anacrobic species as
occurring in {reshwater and marine environ-
ments, the same procedure may not yield
result as they do not attack polysacchuridesi?od
The fish pathogen, Cytophaga columuaris, 1s,
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for example., non-polysaccharolytic, and was
1solated by merely plating the material from
gills or lestons of diseased fish, on a medium
containing complex carbon and nitrogen sour:zes
in low concentrationsts 9496 Various other
methods of Isolating cytophagas have been
presented in iwo recent symposials:97,
Myxobacters can be obtained in gross cul-
tures very easily because of their tendencly
to swarm, and form fruiting bodies when
suilable conditions are provided. Such a
me.hod was first developed by Krzemieni-
ewskis'™™® who used sterile rabbit dung
pellets to enrich myxobacteria from soil.

The observation that myxobacters can lyse
and grow on several eubaczterial cells was
made by Singht’ who developed a new method
by placing heavy circles of Aerobacter cells
ot non-nutrient agar and placing small
samiples of soils on them. Bercause myxo-

bacteria swarm across the circles, lyse the
Aerobacier cells, and finally form { uiiing
bodies, their isolation becomes easy. By

iNcubating bark of trees and decaying wood
(good sources of myxobacters) in  humid
aimosphere also myxobacters can be obtained
in gross culturesil

Purificaiion of myxobacters can be azhieved
by the transference cof the fruiting bodies on
suitable media followed by repeated transfer
of the advanzing swarms on fresh media.

Often 1t 1s difficul. to serarate myxobacters
from the contaminants which rema’n embed-
ded in myxobacterial slime McCurdy?98
developed a methcd to disperse the myxo-
bacierial cells and then purified by streaking.
Contaminating fungi, when present, were
el!minable by using ant'fungal antibiotis like
‘Actidione’ (Cyclohexamide) 0,

Nutrition—The cytophagas, which solubilise
polysaccharides, can use the products of poly-
saccharide~hydrolysis as the carben and energy
source, - EKarlier workers thought that cel-
lulolyiic cytophagas can use only cellulose and
that other sugars were inhibitory. S!an‘erS
chowed this inh’bitory effect to be due to
rsome toxic products formed from the sugars
while autoclaving. He in fact succeeded in
growing cy.ophagas on med‘a conta‘ning
various sugars sterilised by filtration. Most
cytophagas cen use inorganic salis or organic
compounds as nitrogen source for their growth ;
some agar decomposing cytophagas however
demand a complex nitrogen source like peptone
or yeast extract,
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All of the chitinolytic and cellulolytic cyto-
phagas are obligate aercbes, except a chitino-
lytic Cytophaga, viz, C. johnsonii wvariant
which can respire anaerobically using nitrate
as elec.ron acceptors

Myxobacters are nutritionally more complex
than c¢ytophagas. They require complex
nitrogen and carbon sources like pepione,
casein hydrolysate, dung extract or living and
dead cells of eubacteria.

To a large extent, atiempts to define nutrients
of myxobarters were unsur~cessful due to the
lack of a good method for their quaniitative
estimation. Myxobacters generally do not
grow in a dispersed staie in liquid media but
grow as thin film on the inner surface of the
container, either at the bottom or on the sides.
General method used for measuring myxo-
bacterial growth consisted of comparing the
diameter of the swarm on the agar surfaze or
the thickness of the film formed on the
inner surface of the tubes with liquid
media : this yielded conflicting results.
Rerently, Schurmznn% and the authors inde-
pendently developed almost identical methods
to get dicpersed grow.h of myxobacteria in
liquid media and these have proved useful for
studying nufrifional requirements as well as
¢ her blochemical aspects of myxobacters (un-
published data).

Muzh of the earlier information was based
cn the study carried out with the dispersed.
growing variants of Myxococcus species.
Dworkini®® and Hemphill and Zahler10l ysing
one such variant of M. xanthus, showed that
coubling time of this species in a synthetic
meditm containing amino acids could be
reduced if pro.ein hydrolysates were provided.
They also showed that leucine, isoleucine,
valine, phenylalanine and methionine waere
ecsential for the growth of M. virescens.

Data on carbohydraie wutilization are very
conflicting, Although sugars like arabinose,
galactose and polysaccharides like starch and
glyccgen were shown to stimulate the growth
of a few myxobactersd8100:102 103 their role in
the nutrition appears to be a minor one.
Similarly no absolute requirement of any
vitamin was demonstrated, although a few
vitamins have been shown to stimulate the
growth cf M. virescensl®3 put not M. xanthusloo
Archangium sp.l%? and Chondrococcus colum-
narislos,

Metabolism.—As poinied out earlier, most
of the polysaccharolytic cytophagas are obli-
gaie aerobes and they seem to bring about
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hydrolysis of cellulose to giucose in two stages.
The cellobiose formed first is then hydrolysed
by a celloblase to glucosel05-107,

Veldkampi® could deteci N-acetylglucesamine
and glucosamine in culture filtrates of chitin-
grown (C. johnsonii, The present authors were
able 1o detect, besides those {two products,
gluzosaminic acid, gluconic azid and 2-keto-
gluconic a®id (unpublished data). Another
important observation made by the auhors
was that, unlike odher chitinolytic bacteria,
some strains of C. johnegonii do not liberate
chitinase extracellularly but mus: necessarily
be in close contact with the chitin particles
tn order to hydrolyse it.

Of interest in this context is the reported
ability of Cytophaga albogilva, C. deprimata

and C. johnsonii {o attack polygalacturonic
acid108. The enzyme recponsible for its break-
down was characterised as an endo-poly-

galacturonale lyase in 2ll the
studied109

The facultatively anaerobic cytophagas have
been shown to conver: gluzose to pyruvate
through the EMP pathway?93110, While
C. succinicans fermented glucose to succinate,
acetate and .formatell®, C. fe mentans formed
propionate and lac.ate as welllll

The presence of ciirie acid ¢yzle enzymes in
vegetative cells and microcysts of M. xanthus
was demonstraied by Watson and Dworkin!12,
The level of alcohol dehydrogenase was much
higher in microcysts than in vegetative cells,
Later, they reported that all the enzymes of
EMP pathway, except the hexokinase and
pyruvate kinase, were also present boh in
vegetative cells and microcystsii2

Acetate was shown to bz metabolised at a
lower rate by microcysts than by vegetative

three species

cells. The label from acetate wes found to be
incorporated in  glutamate, aspartate and
proline of the protein fraction!?,

Dworkin and Niederprueml!1® studied the

terminal electron transport system of M. xanthus
and reported that bhoth vegetative cells and
mizrocysts have cytochrome system with cyto-
chromes o, a,, b and ¢ type componenis.
Scarcely any attempts have been made to
study intermediary metabolism of amino acids.
The authors’ study on the breckdown of
pheriylalanine by Myxococcus specties revealed
that myxococai hydroxylated phenylalanine to
tyrosine, thence transaminated t{o yield
p-hydroxyphenylpyruvate  beforc it WRS
further broken down. Some of the identified
intermediates in its breakdown were p-couma-
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p-~-hydroxy-
p - hydroxybenzaldehyde,
and homoprotocatechuate

raie p-hydroxyphenylacetate,
phenylmandelate,
p-hydroxyhenzecaie
{(unpublicshed da’a).

Lyt.c activiiy—Ever since Pinoy in 1913
described the bacteriolytic aclivity in Chondro-
myces crocatuslil it has been well established
thal a large number of myxobacteria can lyse
other bacteria43:115-12¢. ] vsis of hoth living
and heat-killed cells has been repeatedly
demonstra.ed103.:118-121.125-128 Although
mechanism of lysis is still not clear, various
reactions involved in  the lysis have been
demonstraied in several myxobacteria.

Some myxobaczters were shown to grow maore
vigorously on living cells than on heat-killed
cells#3:127 The lytlic factor produced by dif-
ferent myxobacteria against living cells was
fhown to pass through cellophane and to be
heal-siablet3123 Ag pointed out by Dworkinlo,
it is lkely that this fa-tor is a polypeptide
an.ibiotic,

Lysis of heat-killed eubac‘erial cells and of
cells disrupted by organic solvents and EDTA

was cshown 1o be due to proteolytic
enzymess9 116:113:129 ~ The findings that this
Iytic factor cou'd be concentrated by

(NH,),SO, precipita’ion, was heat-labile, and
was non-dialysable, fur:her supported the view
that it is an enzyme(s) 116120,

Ensign and Wolfel30131  purified a Iytic
enzyme from a Cytophaga czpable of lysing a
large number of gram posiiive and a few
gram negative bacteria. The purified homo-
genous chzyme brought about the lysis of
intact and heac-killed Arthrobacter cells, as
well as their isolated cell walis. It had both
cell wall lytic and pro.eolylic acztivity. Cell
wall was lysed by cleaving the peptide bond
in the glycosamino peptides!32-134, In addition,
this enzyme was able o lyse isolated cell walls
of Staphylococcus aureus and Micrococcus
lysodeickticouslds3 Phys.ological  properties,
amino acid compos:tion and rsubstrate spelifi-
cicy of this enzyme were stud:ed by Jackson
and Wolfel35, Strominger ond his colleagues,
who have examincd exlensive'y bacierial ceil
walls, recently used the above Cytophaga
enzyme for characterising peptidoglycans of
different bac‘erialdi 136,

In contrast to the Cytophaga sp. a Sorangium
sp. was shown Lo liberate at least two extra-
cellular enzymoes, a protease and lysint'v. Lysin

of M. rxanthius was also scparable from
proteasel®?,  Some other myxobacteria have
been shown to excrete  ribonuclease  und
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deoxyribonuclease at fow levelst17138 Sudo
and Dweorkin!®, who analysed extraczellular cell
walls Iytic syvstem of M. xanthus., demonstrated
the presence of at least three activities-—ace:yl
ghucosamiduse, acetyl-muramidase and pepti-
dase 1 it

The culture filtrates of M. xanthus were
able (o bring abeout lysis of yeast cells sensitised
earlier by heat, acetone, or ethylacetate treat-

ment!i' The produc: of lysis were non-dia-
lvsable polysaccharides. Bacon et ql. 14
demons.rated the lysis of isolated veast c¢ell

wall by a Cytophaga johnsonii enzvme.

Recent reports indicate lysis of blue-green
algae by myxobacteria'+2-t4¢  Shilol4d drew
attention 10 the essentiality of close contact
between myxobacterial cells and algal cells for
the lysis indicating thereby ithat the Iytic
system was probably non-diffusible.

Antiblotic  activity—Anlibiotic  production
was first recognized by Oxfordi?l in M. vires-
cens, This antibiotic and antibicolics from
other species were active only agzinst gram
positive bacteria, Kalio% tested about 400
cultures of myxobacters and found that iwo
strains of M. fulvus produced an:ibiotics which
were active zgainst both gram positive and
gram negative bacteria, Kletter and Henis146
were not able to detect any antibiotic in culture
filtrates of M. fulvus or M. wirescens strains
tested by them. |

Peterson. et ¢l.,138 isolated an antibiotic from
a Sorangium sp. to a high degree of purity.
I. was a broad spectrum antibiotic, stable in
organic solvents at 4 C and was active against
several gram positive and gram negative
species,

Extracts of M. wvirescens were also reporied
to Inactivate influenza A and B and mumps
virus4i,  The active principle was dialysable
and was partially purified by paper zhromato-
graphy and elecirophoresigl48,

Pigments.—Both cytophagas and mvxobacters
are brightly pigmented. The pigments are
carotencid in nature and - non-diffusiblel48:.152
Their formation and nature are influenced by
the presence or absence of light during incuba-
tion151.152 Burchard and Dworkinl4® showed that
both photcinduced carotenoids and the diffusi-
ble thotosensitising pigmen{ profoporphyrin
IX15+ did not appear until the end of expo-
nential growth in M. xanthus. They also reported
thdf *the carotenoids have a photoprotective
role in this organism. Richembach and co-

workerslis5-158 have carried out detailed studies

on chatracterization of myxobacierial caro-
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tenoids.: They showed that M. fulvus synthe-
sized about 50-60 different carotenoids - of
which at lIeast four contained one or more
serondary hydroxyls not common in bacterial
carotenoids, They also revealed the presence
of several more carotenoids, not encountered
in  bacteria, especially the carotenoid-fatty
acid ester. It was observed that from chemo-
systematic point of view pigments .of Soran-
gium compositicum  differed from that of
Stigmatelly and Myxococous, Ketocarotenoids
present in the latter two species were totally
absent In the former which was shown to
contain a number of non-polar carotenocids
and four new carotenoid rhamnosides not de-
seribed In any other bacteria previously.
Pathogenicity —A cytophaga species, C. colum.-
naris and Chondrococcus columnaris have
been reported to be pathogenic to
fish11-9425 1539 Garnjobst® isolated Cytophaga
columnaris from infected vull-heads. Grafl60-162
isclated an anaerobic myxobacterium from
numan oral cavity and showed its “ability to
Induce cytopathogenic effects in tissue cultures.

Bacteriophage.—Bacteriophages have  been
reported only for a few species of myxo-
bacteria, i.e., Chondrococcus columnaris,

M. xanthwusl63-167 gng C. marimﬂdvalﬁﬁ. They
are double stranded DNA phages. The
M. xanthus phage (MX-1), isolated by Bur-
chard and Dworkin!65 is similar to other DNA
phages. They also reported that the cells lose
their ability to adsorb phage during glycerol
induction of microcyst formation.

Taxonomy—As pointed out earlier, Stanier
revised the scheme of ‘Myxobacterales in
Bergey's Manual® to include Cytophaga and
Sporocytophaga. In his view cytophagas were
quite different from other gliding filamentous
bacteria belonging to Beggiatoaceae and closely
resembling some blue-green algae. However,
the genus Flexibacter, described by Soriano
and Léwinl®?, consisting of nutritionally un-
specialised gliding bacieria, share many common
features with cytophagas.

Stanier's definition of the order ‘Myxobac-
ferales’ needs a little modification. Firstly,
¢lectron micrographs have shown the presence
of & rigid cell wall in myxobacteria®2, consi-
dered earlier as absent. Secondly, the pro-
perty of division by constriction, thought to be
restricted to myxobacteria, is now recognised
in other orgenisms like Flexibacter, Oscillatoria
and Microsulla167.170  Because of wide diffe-
rence in their base compositicns, relationship
of cytophagas to myxobacters has been chal-
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lenged by Marmur et ¢l.,171 Myxobaclers have
G + C values of 65-70%10172 as compared to
that of cytophagas 35-40%178. However, Follet
and Webley17¢ found many common properties
in the fine structure of vegetative 'cells of
Cytophagae and fruiting myxobacieria.

Since the publication of the last Bergey’s
Manugl, a few new species have been added
to the genusg Cytophaga. Some of the newly
described species are faculiatively anaerobic
fresh and sea-water forms. Grafl6é6:1%5 and
Bauerl™ described some new genera and
species mainly on the basis of their ability
to form ‘spheroids”. The classification seems
to be invalid because Cytophaga are KkKnown
to form involution forms in old culiures, "In
Dworkin’s!® opinion creation of new genera
and species on the basis of spheroplast forma-
tion and faulty morphological observations can
only lead to confusion of an already difficult
iaxonomic situation.

(lassification of fruiting myxobacteria 1S
mainly based on pigmentation, morphology ot
fruiting bodies and the shape of resting cells.
A carefu]l observation under specified condi-
tions is necessary ito record the above details.
Pigmentation is shown to vary with the physi-
cal and nutritional variations. Myxobacters
frequentily lose their ability to fructify on
cultivation. However, use of biochemical
characteristics, base composition, and phage
typing techniques which are now in use for
other bacteria, cannot be employed easily for
myxobaciers which are rather difficult 1o
cultivaie desp:te  some attempis®8122.177
Recently McCurdyl78-180  has discussed the
reorganisation of some of the speries grouped
under Poluyangium. Podangium, Sorangium and
Chaondromyces.

Conclusions—From what has been discussed
above it is clear that although earlier workers
were mainly csncernec:f with morphology and
taxonomy of wmyxobacteria recent interests
have been zenired around their fine structure,

nutrition, biochemical and molecular aspects of

morphogenesis and so on. The difficulty ex-
perienced in growing myxobacters dispersedly
in Jiguid medium had the effect of confining
the work to a dispersed growing variant of
M. ranthus. Handling of the other species now
appears to be simplified in view of suitable
methods recently developed to get them iIn dis-
persed state in liquid cultures. Another
obstasle in applying routine microbiological
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techniques in their study is the excretion of
‘arge amounis of slime in which the cells
remain embedded—a difficulty which does not
appear to be formidable 1f a solution can be

found to remove the slime without affecting
the cells,

Myxobacieria, with a complex developmental
cycle, offer a new tool 'in the developmental
biclogy which has been an exciting field of
research in recent years, So far, these investi-
gations have been carried out mainly on
myxomyce.es which have a similar life-cycle.

Mcre investigations on myxobacierial metabo-
listh are iikely to unravel new pathways and
enzymes which may prove unigue fo this
proup. With more attention one may expect
myxobacteria ‘o provide answers to some of
the basic guestions in Microbiology.
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