THIS REPORT HAS BEEN DELIMITED
AND CLEARED FOR PUBL!C RELEASE
UNDER poD DIRecTIVE 200,20 AND
NO RESTRICTIONS ARE 1MPJSED UPON
ITS USE AND DISCLOSURE,

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED,



Rrmed Services Technical Information Agency.

NOTICE: WHEN GOVIIENMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
ARY USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATEDR
GOVERNMENT PROCUREMENT OPERATION, TBE U. S. GOVERNMENT THEREBY INCURS

NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,
USE OR SELL, ANY PATENTED INVENTIO! THAT MAY IN ANY WAY BE RELATED THRERETO.

- Reproduced by

BOCUMENT SERVICE CENTER
FXOTT BUILDING, DAYTON, 2, OHIO

"———-‘—-';-——-Mii..u.‘f 2 i ‘
LM SSIFIED

CLA




Tees0es00000s

Technical Report No. 14

A STUDY OF MARINE MYXOBACTERIA

Office of Naval Research Reforence 534
Contract NSonr-320/111 December 1953
Project NR 083 012

SEATTLE 5, WASHINGTON




UNIVERSITY OF WASHINGTON LEFARTMENT OF OCEANOGRAFHY
(Formerly Oceanographic Laboratories)
Seattle, ''ashington

ieference No, 53-l

A STUDY OF MIKRINE MYXOBACTFIlIA

by

Theodore J. Starr sna Frling J. Ordal

Technical Report No., 1L

Office of Naval :tesearch
Contract N8onr-520/111
Froject NR 083 012

December 1953 : ’74;;25522Z;’14’91fﬁ5¢"”’“/J

Richard H. Fleming!
Fxecutive Nfficer

< i



il igse

TABLE OF CONTENTS

Page
LIST OF TABLES ii1
LIST OF FIGURES ii1
STATEMENT (F FRCBLEMS iv
INTRODUCTION 1
COLLECTION OF MARINE SAMPLES 4
ISCLATION OF PURE CULTURES 5
HISTORY OF THE ISOLATES 7
CHARACTTRIZATION OF THE ISOLATES 8
Cytological and Morphological Investigations 8
Biochemical and hysiological Characterization 1 j
Rutritional Studies 17
Enzymatic Axtivity 23
SUMMARY 32
FHOTOMICROGRAFHS 35
BIBLIOGRAFHY u

A S

eii.

T

,,
o



LIST OF TABLES

Table Page

1 Size and Shape of Isolates 9

P General Characteristics of the Jsolates 12

3 Relative Growth in the Presence of NaCl 15

L Utilization of Carbohydrates 16

S Nutritional Requirements of Cultures PNl and POL 19

[ Nutritional Rejuirements of Cultures P02 and P03 20

) 7 Amino Acid Supplement and Vitamin Supplement 21

8 Nutritional Rejuirements of Cultures BS3 and BSL 22

. g Nutritional Rejuirements of ZCultures BS1 and BS2 24
% 10 Lnzyme Systems Investigated 26
1 Glucokinase and Fructokinase Activity of POl and BSL 28

B kN

LIST OF FIGURES

- Figure Page
1 Specificity of TPN for G-6-P Dehydrogenase uf Culture RS 29

2 Specif'icity of DPN for 6-F0A Dehydrogenase of Culture PSL 31

LIST O7 [HOTOMICROGRATHS

Flate Page
1 Cultures BS3, BSL, BS2, and 03 37
2 Cultures P01, POL, FO2, and FN3 38
3 Cultures F03, I'02, and M 19
! L Cultures P01, FOL, P02, and FD3 Lo

=311



B il o

PRt

.\ STUDY OF MARINE MYXOBACTERIA

STATEMENT OF PROBLEMS

This investigation is concrrned with the study of myxobacteria
from the marine habitit. .These microorganisms, referred to as "slime
bacteria,” do not normally develop on the culture media commonly employed
in the bacterial ansl.sis of sea water.

There is 1i.tle published information on aquatic types of
myxobacteria, and the majority of our informetion on myxobacteria has
come from the study o.” terrestrial forme., These are test known because
of the occurrence of complex life cycles, anc tecause many of them are
capable of utilizing high moleculsr compounds such as cellulose and
chitin. However, studies carried out at the Univeruity of “ashington
by one of us (E. J. Ordal) have shown that myxobacteria are common in
the aqueous habitats. In fresh water a wide variety of well-defined
saprophytic and paras:itic myxotacteria have teen found. Some of these
cause serious diseases in fish, Preliminary studies have shown that
myxobacteria are also present in s‘:a water, rarticularly in association
with plankton and other living forms, In addition. myxobacteria are
often found in samples of aged sea water which have been stored in the
dark. This informaticn, coupied with the well-known habit of development
on surfaces, suggested thai myxobacteria mighLt te concerned with the
mineralization of relatively stable organic compouads such as found in

animal and plant detr:tus.
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Marine'myxotacteria were sought in samples of sea water and
sediments from Fort Orchard. In addition, several samples of aged sea
water from the Beaufort ‘Sea were selected for study.

It was founc necessary to devise special methods and media
for the isolation of myxcbacteria, Also, studies on the physiology of
marine myxobacteria were carried out as a prerequisite to obtaining

knowledge of the function and distribution of myxobacteria in the sea.

-
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A STUDY O MARINE MYXOBACTERIA

INTRODUCTION

The group of organisms which constltute the present-day order

Myxobacteriales was racognized in tlic late nineteenth century. Fun-

damental knowledge coicerning hese tacteria has accumulated slowly
and is sadly lacking if one coisiders their widesrread abundance and
the considereble length of time whi:h has elapsed since the firsc
description of a member of thii grour in the early eighteen hundreds.,
The apparent lag or dormancy of interest in the myxobacteria
may be accountad for if one considers that their initial descriptions
were made by the cryptogamic butanist rather than the bacteriologist,
and that pure culture study wus hampered by lack of suitable isolation
techniques., Furthermore. the group did not include the imperfect
myxobacteria until re:ently (Stanier; 1940), and hence was limited to
the higher fruiting forms. Iin addition, the peculiar morphological
traits of the recognized species aroused the intsrest of the morphologist
rather than the biochemist or the physiologistu. This latter fact is
evidenced by the morpaiological definition and separation of the order

Myxobacteriales intc families, and by the significant abtsence of bio-

chemicsl and physiolozical difrerentiation of all tut a few species,
The major part of the literature pertaining to membars of the

order lMyxobacteriales is concerned with morphological investigations of

the terrestrial forms. Although little worck has been putlished con-

cerning the aquatic myxobacteria. a start has beesn made in this direction

ET )
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by Ordal (1953) who has consiciently obuerved and isolated myxobacteria
from aqustic habdbitat::, Othervise the acuatic forms have been reglected
to & zreat extent, "They have been studied iu this laboratory from both
marine and fresh vater environments, They have Leen observad in associe
ation with fish anc iquatic plant life. Some members have heer found

. responsible for epizootics in salmecn, Furthermore, the etiological

role of the aquatic riyxobacteria aczentuates the need for sdditionsl
?{i stuly of these forms. Thig investigaticn i3 an attempt tu ocd to ou-
%3 . knowledge of the marine members of the crder. and to emphasize the need

4 for furcther bYiochemical and physiologicel characterization @: & supplement

to the present morphclogical delineation of the order and members of the
order.

The myxotacteria or slime bacteria are differentiuced from the
other bacterial grours by virtue of significant merphologicsl proparties
which werrant. thie separation. However, cartain traits are common to
other grours of organisms, &nd this nas caused some speculation as to

the phylogenetic relationships of the myxobacteria, The following

|

paragraphs describe these characteristics and briefly present their
possible outside affinities to oiher microorganisms.
Myxobacteria form Gram-negative, rcd-snaped, vegetative cells.

In this respect they resemble some mermbers of the order Fubacteriales.

However, they multiply by constriction and lack a cell wall, They are

- flexible as are members of the order Sprioctaetales. Flexibility is a

f! major criterion for the initial identification of the aquatic myxobacteria.
; Individual cells may show a peculiar spinnirg motion, hanging from the

surface of a drop by >ne end and rotat.ng rapidly.

n)
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Vegetative ells may be tépered at one end but more often they
are cylindrical. The length of cells varies considerably among different
species and within a single clone. Cells as short as 3 microns and as
long as 20 microns ar: common.

Organisms hive been observed to move at a rate of 10 microns
per mimute, However, the mechanism of locomotion is still an unsolved
problem, They have n> flagella, This peculiar creeping motility is
also characteristic of the Cyanophyceae and Beggiatoaceae.

A%l members of the order prodice a reproductive unit termed a

microcyst. except for nemters of the family Cytophagaceae, The micro-

cyst corresyrends to tie spore stage of members of the order Fubacteriales

but differs in its mole of formatior. Tt is considered to be formed by
a shortening and thiccening of the cell and is not formed within ithe
cell as are endospores,

Fruiting boiies are formed by all myxobacteria with the ex-

ception of members of the genera Cytophaga and Sporocytophaga. These

structures result fron the combined efforts of the mass of vegetative
cells nct;ng as a unat., This concerted action of individuals toward a
definite end is commo: to the Acrasieae which, however, have amsboid
cells (Thaxter, 1892),

Myxobacteria are widely distributed. They have been found in
soils throughout the vorld (Breed et al, 1948), in compost and sludge
(Singh, 1947), and pacasitic on phytopathogens (Kononenko, 1937).

Among the aquatic members of the order, one species has teen described
as parasitic on Cladophora fracta (Geitler, 1924). Other aquatic types

rd
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have been implicatec in fish diseases (Ordal and Rucker, 19LL;
Garnjobst, 19L45; anc Borg, 1948), Two marine members have been studied
by Stanier (1942). Humm (1946) described one marine form,

The purpote of this investigation was to study the marine

members of the order Myxobacteriales, To this end, various methods were

used to obtain marire samples. Isolation techniques were designed to
obtain as wide a variety of representative species as possible, Diverse
physiological and mcrphological types were then selected for further
characterization of nutritional requirements, biochemical properties,
and enzymatic activity.

COLLECTION OF MARINE SAMPLES

Samples of marine origin were obtained from a number of sources
and by a multitude of techriques in an attempt to isolate as wide a
variety of species as possible., Fresh samples were obtained from the
Port Orchard and Port Madicon Bay regions. In addition, samrles of
aged, statilized sea water were obtained from Dr. C. A, Barnmes, The
latter samples which were 2 to 3 years old were obtained from the Beau=~
fort Sea, located north of Alaska. Their past history is availatle,
They represented composite samples of some 20 to 4O stations each,
collected at graduated depths up to 3000 meters or more. The samples
representing a depth range of 50 to 300 meters were selected for in-
vestigation after careful appraisal of their past history. They :ccwe

from a depth in which the censity iacreased very rapidly compared to
the density above. Thus, the depths from which they were obtained

acted as a sedimentary shelf for the water above.
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The sample: which were ottained from the Port Orcharc and Port
Madison Bay cegions were coliectad ty & variety of techniques and
devices waich ipeluded: the orange-neel bucket, a mcdified Emery-Dietz

corer, plinkcon nets, a piston core sarmpler, and sterile water sampling

tottlaes,
Ta2 oceano,raphic vessels BRCYN BLAR and ONCORHYNCHUS were
used for fiei< trips. end the forme: veesel was equipped wish the

necessary bacteriological facilitie:

ISOLATTON OF TURE CULTURES

. Tae questicn arose as 1t does in any gproblem which involves
the isolacisn of a -~epresentutiva :2:vss section of a group of ricro-
organisng, 1s to whether myxotacier:i: were preseni in each sample; and
if they wer2 present in a sarple, wic the medium used for isolation
adeaquate o0 support their growth? Therefore, a wide variety of mecia
and plati.z .echniques were employes for each sample, It was felt that
this approazh would :void the selec'.ive properties :nherent .o a single
mecium, and hence prcvide a more recpresentative group of isolates.,

. ' S>2id mediz were prepared and included the follow!.ng additions

| to & sea wacer vase and to a syn:hetic inorganic bate: peprone, tryptone,
beef extract. yeast sxtract, serum, zlucose, and either gelutin or agar.
Dif ferent concenirations and comhinations were ussd  Subsecenily, i
was found tnal 2 sea water, 1 O per cent agar oasal medium waich was

supplemented with 0.5 per cent sach of yeast extract, beef axtract,

and tryptone, would cupport best grewth and the widest variety of micro-

ari;anisms,




«n #ddition to the solid i~d.a, enrichment mwedia vere used.
They contaxned 3 ges «ater or inorgini: case supplemented with eitner
wrer, chitun, cellulose, gblauin, ar sol.ble gtgréh. |

Samples wers plaéeé 50 the alove soldid Seaia or secde¢ into
Lhe laquid enrichments. Myxcva: .ce & ware observed fron all of the
Jraulort sea samples which were stuciz2a snd from serples obtained at
<1l of the guy statlons seleciee in the fnrt Madiuuﬁ und‘Forc Or:aard
Hay roghiony . llowever, mvxobauteria weie not observed in all of toe
o Lo gl dnfferent 4anfies taken «¢ 3.¢% of the six statiqnso Tae
wop sadamenss and bottom w#ter cand .t anually conteined rmyychacteria,
e rees the bottom sechions of e o Lanplas and most of the surface
Aleakton driawts did not cnn@sin ﬁf;é anes A, Nqubtcrari; counld oe
1scianed Yron s he fort Urcha*!\n;n or Valdlson samples Ly direcl olatang
criogoabrast, to Lpe Secafart e goa s Lodch resuired onutual escichaents
vy gs e poatng. )

i e brate of b Ho 0 L s depro noger tred i Lo rouroe
A inne inquurvat;mn,ﬁ1qht Syt weleoeterr o Pemaen :h:';:trgi-

chirt ol v oer e o sinze thae e et e apcerent L!??u:un; 3TICT L

A uere ceneesentablos o e o Cvved. ey oo geangniord,
cmupaative.s el BEN20 BSS, N2y N3, are e The wosiorg

M eaun i“ﬁ;uli‘l“ Ji:ﬂnaseﬂ (o S1s o o gactior,

Suock cuLburas wers “kept o slints wnich coostained: sz owater
to velume 1 0 per cent agar ar- 1.9 o er zent each of bert extract,
vecst extract and tryptone. Tre d.tter sapplement will be réferred to

-

as eysophaza capplement, and the mediazm os Bes Water ly .iphecn Asar,
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Cultures wer: {ransferred every 10 ¢ 15 days and wzre incudated at

ALY ] ~rr) »
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Gu.itures BOL and v, wrere isolated from the Beaurorﬁ wes
Jomposlte s2:5ple unich repxcso nt.2d stations to‘30 at a depth of 50
Lo 109 nctgr;n The initiu] enr;:ha ‘Nt oere mada on a zea vuker mediun
whseh g rou6ai a2d uhitln prcpa) aed froon orvic-pens,

Tvitures B2 and Buu viere wtzluted from the Buouforf oea
comy a3t s2anle which repre¢cnted meiions L to 26 at a dephh of 2C0
Lo G0l m:térx doth of theo; it olaves woire obtained from chitin en-
Ccwcnnentss 853 Jremoan ihcrgani: L ERTIHRE: nupplemcntod witn squidepen
st oand b Cfremoa se# water basaii moddum sufplcmentéd with a§u1d~

seroennbing,

Susoure P01 was iq tad Jror Tort Orchard Ray rrom a water

e o b marne F ae s

R AT bbtai.ed ‘1ith the. J-? oac;cr;ological water sampler. It rapre-

5

scnted a ot .om viaver ssmple uaP:n in 40 maters ol vater.,

n»r

»

cusure 0z was isolat'd 1o Fort Orchard Hay f'rom a cora

;dn}Ln OL,dihLd with the}tmery-r.etu grav1ty-type core samp]prn The

f
core Lenpiil was 05 om,; bottom was L2 maters.
. 4

Cu..ure F03‘wa3§isélatud from Port Orchard Eay from a water
serple collecved W1th‘the,J L bacteriologlcal water sampler. The sample

A tanpd at 20 meters in 42 metors of water.

y 1

§ Cu. ture Pou was iso]ated from lPort Orchard Bay from a mud
) 5y

sangte obtalned wivh Lhe orange-peex tucket a2t a depth of 22 meters,
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TABLE 1
SIZE AND SHAFE OF ISOLATES!
' Culture $lze Shape Fhotomicrograph
Number “microns
BS1 0.5-0.7 x 2.,5<5 rounded
BS2 0.5-0,7 x 2.5-3  rounded Plate I, fig. 3°
- BS3 0,5<0.7 x 2.5<4  rounded Plate I, fig. 13
BS4 0.5-0,7 x 2,0~3  ta.ers Plate I, fig. 22
ROl €.5+0.7 x 2,55 rounded Plate II, figo 1
¥02 0.4=0.5 x 6,0-20 roinded Plate II, fig. 3%
PO 0 .4-0,6 x 6.0-20 rounded Plate II, fig, LY
b o 0.4=0.6 x 2,5-6  rounded Plate II. fig. 2
1 Measuremant.3 were made on l-cay-o.d to 2~Jay-oid cultures which
. had teen grown on peiri plates co:tai:ing a sea water 1 per cent

agar bhase plus 0.CY per cent each of teef extract, yeast extract,
aad trypton:. Cultures wer: incu:ated at 109 C, to 15° ¢, Tre-
parations vere madc vy placirg a ‘mali piece of agar on & glass
slide and covering with a cover siip. A binocular, oil-immersion,
phase microscope ejquipped with a calibrated micrometer wes used,

Flate I, figures 2 and 3 demonstrate involution forms and
micrccysis. respectively.

3 Plicte I, iagure 1 shows involutio. forms,

b rlate II, rigures 3 and L shcw habit patterns obtained from im-
pression smears of young cultures. Filaments are also present.




CHAWACTPRI”A”ION OF THF. ISOLATES

Cytolog! cal and MOLpho]ogjcal Inveatipatlona

Vegetative Cell

Variation in sizu 0" the vegetative cell among individuals cf
u.clone is apparently a functicn of the condttioas of growth, 7The age
of a culiure, the concené?atiou of srbstrates,iahd the consistercy of
whe subsirate are somo of“thé factore which tovern slze range,

Younz cultures usually showed 2 prﬂdominancc of IOﬂg, slender
roda and occsalonal fagaments‘ "lex‘bility wan markﬂdo However, soms
cultures showad a conaidgrabln proporuior. of short roda and coc»oidal
eloments at the earliq#t,étugns of developmeat. Bizarre forms were
present in agod cultufesjhndFCOu;d e cortusid with typizal hicrocysts.
rlawe I, figure 2 demonﬁtfétes invol:. tior. forns in contrast t& miéro-
cystc shown in figures 3:andﬁho |

The effect of nutrient conccntrution and substrate consistency
on ‘regetative cell morwhéiog§ is aisgusved by Stanier (3947). An un-
Zavorable medium favored the dGV(lo;nvnt af shortcr cells which are

r

aug,eatlva of « small nonmotlle Gr‘n—re~atlve, true bacterium. A
L pur cent apar base permitted the cevelormeat of longer cell forms and
also of rilamants, whéredg a;2 per cont &rar base favored tho develop-
men®, of shortar ceils¢

Censequently, prio% 1o meatrrement of vegecative cells, the
conditions of growth should be dafined. Measvrements of the eight

jsolales (mee Table 1) we%e made fron young, cultures which had baen

Jroun on pletes conta-ning the Sua Vuter (ytophaga Azar medium.

. Best Available Copy
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TABLE 1
SIZF. AND SHATE OF ISOLATES

3

§A ) Culture __?Eiii_. Shape Fhotomicrograph

v Nwnber microns

& BS1 0.5-0.7 x 2.5-6 rounded
BS2 0.5-0.7 x 2.5-3 rounded Plate I, fig. 32
RS3 0.5-0.7 x 2,5+4 rounded Plate I, fig. 13
BSh 0.5-0,7 x 2,0-3  ta.ers Plate I, fig. 2°
FOL 0.5+0.7 x 2,5-6 rounded Plate II, fig, 1
FO2 0.4=0.5 x 6,020 rornded Plate II, fig. 3%
P03 0 L=0,6 x 6,0-20 rounded Flate II, fig, LY
o4 0,4=0.6 x 2,5-6 ro:nded Plate II. fig. 2

Measuremencs were made on l-cay-o.d to 2-lay-oid cultures which
had teen grown on peiri plates co:taiiing a sea water 1 per cent
agar bhase plus 0.CC ver cent each of Leef extract, yeast extract,
aad tryptona., Cultures wer: inci.atad at 109 C, to 15° ¢, Ire-
parations vere made vy placirg a <mali piece of agar on & glass
slide and covering with a cover siip. A binocular, oil-immersion,
phase microscope eguipped with a calibrated micrometer wes used.

Plate I, figures 2 and 3 demonstirote involution forms and
micrceysis. respectively.

3 rPicte I, fizure 1 shows involutio. forms.

L Flate II, rigures 3 and 4 shcw habit patterns obtained from im-
pression smears of young cultures. Filaments are also present,
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Flexibility, Motility anl Swarming

Deproes o leciollity of e vegetative cells are seea in
youny cultures., The photomicrographs shown in TIlate IV, figures 1 and 3
demonstrate the numerous "S", "y, snl “loop" configurations which may
be present.
. The rate of foward movew . uss medasured., Some cells were
obserived tc move at an average rite . 0 microns per minute. Stuanier
(1940) ceseiited myxobhac:erial moticn =u 2 slow, even gliding in one
c¢irection witl none ol tihe ravid dirc . .onal changes associated with

the motility <f the flagellatod orpe

i ]

5.

Typical masa svarming «8. ° scrved for all cultures, Flate IIT
:::’monstra*ce:‘ this characseris.ic, I Les 1 and 2 were taken ar,':x'o:'.ima'oely
1 hour aper.. This s-or: period exc. .c.s vhe possibility of oubuard
colonial grewth as a cavse of cowonis movement. Fizure 3 demonutrel.es

a typical myxovacterial odge; fijute , “hows ~he pathways formed in the

agar bty san igar-ciges.er.

vicrocysts «né Fruiting odies

Cenflicting opinion: wii:l :1.se concernins the presence or
zbsence of nicrocysts could be die to tneir recemtliaace to riang Jerms.
Comparison cf Plate I, figure 2 <11} lave I, figure 4 and with Flale IV,
figure L skows the diferencc beiwee:. ring forme and microcysts, ~espective-
ly. The later photomicrographe shcu..! be compared to Speyer's .983)

picture of the microcysts of Spo-ocytophaga myrococcoides. Conlirmution

of microcyst formation should show an increase in numbers with age, and,

if possible, germination of the micrccyst. The ability to form these




structurce is greatly retarded vith sge of the cultvre aid by eérihlf
trancler on artificial medin. 4
Microcyuts were formed by cultures T02, P03, ané by all of the

Becufort Sea isolntesn,

rultipiication, Gram Roaction, nad Crenulation

Yultirlticatlon de “racsverse by conslriction, Thus, the
itviding end of the daughter =-ils ray bevtnperod (sce Plate I,
figure 2).

411 of the isclatesz wnre Cranm-negative, Granulation was
stserved in the electron wicreccize (soe Plgtc IVQ {iguras 1 2ad 3).

»

~~e

Biochemical 9ndvtlygiolonical-Chg?acterizoglon .

Ricchem.cai ond rhysislegical chornctardzotion of mombers of
~ ‘v \ N

the order Yyrobactariales has 1rzec far behind norpholopical studies.
iniz seetion of the investipation represerts an attempb wo rzeegnine

Jifferentlal bicchemleal and phvslological charactars of the lsolabes.

Tabla 2 Llists tie compoalie results,

e

Nitrate neduction

The irsolates were érovn i 2 sea vater 0.2 pec cent ager téase
which contained 0.1 per cort Vﬁol plua eytophzga supplemant, Culiurces
were incubated ot 10° C, ‘to 150 C. Yor 8 days, The standard test fox
nitrite was ussc. Txeopt for cultures BS2 cnd 351, all of the iuvolates

reduced nltrate to nitrite.

| 2\
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OFENFRAL CHARACTERISTICS OF THE ISOLATES!

Test

s et i e e Tl T S wervf’ww:rwv’ﬁ”@im %

TABLL 2

B3l BS2 BS3 BS4 POL P02 PO3 POL

Nitrate reduction
Gelatin liquefaction
Starch hydrolysis
Cellulose degradation
Chitin degradation
tzar liquefuction
Cavalzse

Cylockromes

radi test

fnaerobic growth

. » + + + +* + +
. - - - * + T+ +
. w - - + - - +
- - - - - - -

- - - - + + + +
- - - - - - - +
. +> + + + - - +
+ + + v. - +

+ + - - +

- - - - - - o -

1 Relative growth:

-, no growth;y +, growth,
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CGelatin liquefaction

Liquefaction of zelatin was observed in a medium which con-
tained 15 grams of gelatin per 100 ml, sea water., Cultures were
incubated for B8 days ¢t 10° C. to 15° C, The four PO isolates liquefied
gelatin; the BS isolates did not.

Starch Hydrolysis

Hydrolysis ¢ etarch was tested in a medium which contained:
semi-solid agar, inorganic saits, an amiro acld supplement of aprroxi-
mately 22 commercial éniro acids, a v:=tamin supplement of approximately

12 commercial B vitamins, cytophega suprlement, and soluble starch.

Culvures were incubated et 10¢ C. to 15° C, for 10 days. Iodine was

4

used as the test agent Culturee POL ané MOl were positive; the other

cultures were negative.

S Cellulose Utilization

The agar anc starch were omitted from the starch hydrolysis J
f . test medium listed abcve, and cellulcse was added in the form of filter
§ g paper or as a preparation obtsined from the mats produced by Acetobacter

xylinum (Dickerman and Starr, 1951). All cultures were negative.

Chitin chradation

The medium ucad for thie test contained the 3ea “ater Cytophaga
Agar tase supplemented with a suspension of chitin prepared from squid-

pens. Dissolution of the suspended chitin was obscrved for the PO

cultures only.
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Agar Liquefaction
Culture IOk liquefied agar readily on all media containing
agar.

Sodium Chloride Tolerance

Tris test was performed in z liquid basal medium similar to
that used for starch hydrolysie. Increasing concentrations of NiCl

wera added to the agar-free medium, Table 3 lists the results.

. Carbchyarate Utilizat..on

This teat wis performed in a complete mediim supplemented with

appreximatesly 0.1 per zent of the sugars listed in Table L. Utilization

1fig of the sugars was testad for ty quantitative measurenent of the amount

disappearing, accordini to the methoc of Saifer et ai (19L1),

Catalase

Catalase was determined by ~he addition of 3 per cent hydrogen

paroxide to a streak plate of the organism, and by the addition of a
guspension of the orguaism to the percxide, All of the isoclates were

. - catalase positive excupt for cultures F(2 and TC3,

Cytochromes
Cytochromes were determinec with a hand spactrophotometer.
A strong cytochroie ¢ ;and was observed with cultures FOl, POL, BS1,

y BS3, and BS4. No banc could be detected for cultures PO2 and PO3,

’nl’”-
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TABLE 3
RELATIVE GROVTH IN THE FRESENCE OF NaCl

4 NaCl RSl BS2 BS3 BSh Fol Po2l Po3l oy

S

K

¥ . \‘ 0 - - o L ) - - - +d

&%; Onl - bad + * - - - +4

ot o.L + + ++ v - - - ++e

2

% g 1.0 ++ + ++ s - ~ - *ed

s. §

% . 2,5 ++ ++ R T Y + + *ee

’ 4.0 s " e+ * + ++e
6.0 ‘e - = +n ~ - - +
8.3 - - - - - - - L )
1 F02 and PO3: 0.2 per cent agar added to medium,

[
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TAR.E 4
UTILIZATION OF CARBOHYDRATFSL

. Sugar BS1 BS2 BS3 | BSk POl | PO2 PO3 | POL
£ - No sugar /- |50/~ |14/~ |14/~ |S0/- |50/~ |50/~ |1k/-
iR Arabinose 5/86 | s/0 | 8/1 | 8/su|au2 |26/2 2601 | e/su
i 4 50/35 50,/0
. Xylose /0 |s0/0 | 8/3 | 8/0 |2u/2 |26/3 |26/1 | 5/11
ik Glucose 5/91 | 10/8 | 8/82| 8/72 |2u/15 | 26/8 |26/0 | 8/19
ik 50/L2 50/54
Fructose 5/80 | 50/0 | 5/5 | 8/3 |au/o |26/2 |26/0 | 8/65
g 14,/50 | 1L/52 | 50/12
Galactose s/12| s/8 | s/67 | 8/3L |2u/0 | 2672 |26/0 | 6/66
E 50/77 50/9
f Lactose s/91 |s0/0 | 8/87 | 8/64 [50/0 |26/0 |26/0 | 8/74
.  Cellobiose 5/92 |s0/0 | B/o | 8/72 | 24/52 | 26/0 |26/0 | 6/%92
f Sucrose 5/86 | 8/3 |10/0 | 8/32 |21/0 [26/2 | 26/0 | 8/77
: 1 Nusbers indicate: days incubation/per cent sugar utilised,
|

IR
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Cytochrome Oxidase

Cytochrome oxidase was determined according to the method of
Keilin (1929). A positive reaction was noted for cultures BSl, BS3,
BSL, and PO, Cultures PO2 and PO3 were negative,

Anaerobic Growth

Cultures were grown on complete media., Brewer anaerobe Jars
were used t> obtain and meintain anacrobic conditions. The air was
replaced by hydrogen and 5 per cent carbon dioxide. Anaerobiosis was
determined using a methylene blue, alkali, and glucose indicator,
Aerobic controls grew well within 5 days. No anaerobic growth was
evident under the corditions of the experiments, Cultures which were
incubated anaerobically for € days and which showed no signs of growth
were subsequently incubated under aerobic conditions, Growth was
evident in 5 days.

Nutritional Studies

The availatle literature which dealt with the nutritional

requirenents of members of the order Myxobacteriales revealed no

distinctive characteristice common to the group as a whole., Apparently,
heterogeneity of nutritional requirements is concurrent with their varied
habitats and universal distribution as it is with other bacterial orders,
An attempt was made in this part of the investigation to determine the
minimal nutritive requirements of the isolates,

A syhthetic inorganic base was developed which supported
growth of all of the isclates upon the addition of cytophaga supplement

-17-




and carbohydrate, Th: synthetic inorganic base ccntained: (grams per
100 ml, solution) Nall, 2,5; k€1, 0 1; K2HPO) < 38,0, 0.08; MgSO)«THp0, 0.0L;
(NHh)QSOh, 0.001; and FeCl3°6950, C.0001. The complete medium had a final
PH of 7.2 to 7.k All experiments to be described were done in this
pH range,
- The isolate: fell within four well-defined categories,
Cultures POl and POL were tie least fastidious of the eight
isolutes. The former liquefied agar, whereas the latter did not,
Table 5 sumnarizes th: natrit.ve reqi.rements of these isolates, Their

mininel rcquirements ,ere satisfied t:r an inorganic vase plus a carbo-

hydrate or by a synth:tic ture of amino acids in a nitrogen-free
inorganic basc

Cultures PO: and P03 did nc. grow in licuid media waich wore
rotated, and they gre. poorly in liquid media which were incubated une
disturted. Growth wa: sahanced by tlc addition of a semi-solid agar to
a synthetic medium. lable 6 summarizes the nutritional requirements of
these isolates. It s:ould be ncted ‘hat the minimal requirenents

. correspond to those ol the previous group except for the effect of a

gemi-solid substrate on zrowth,
The growth requirements for cultures BS3 and BS4 were similar,
. They could be grown o: a synthetic medium containing: amino acids,
carbohydrate, and thiamin., Table 8 summarizes the results of several

experiments which were: designed to show the requirement for thiamin,

Cultures BSl and BS2 toth had a thiamin requirement which

. T TP R R SR i b o

RS, R 3 TR AP TP TR R Y
4
H
>

could be demonstrated in a complete medium containing: carbohydrate,
cytophaga supplement, amino acids, and vitamin supplement minus thiamin,

s, (Vew
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TABLE S
NUTRITIONAL REQUIRYMENTS OF CULTURES POl AND POk

. Additions to the Basal Medium! Relative Growth
j20) POl
1. No additions - -
b 2, (Nnh)zsoh, 0,00C1 per cent _ - -
: . 3. (NH))2S0y, O.1 per cent - -
E" | 4o Glucose or lactose, 0,1 %o 0.5 per cent - -
S 5, 2414 - .
6. 3+ L : .2
7. Anmino acid supjlement, 2,1 »1/100 ml3 - -
8. Amino acid suprlement, 1.0 ml/100 ml - ol
9. L+17 - +e5
10, L+8 . +5
. 11, Vitamin supplement, 1.0 m1/100 m3 - -
12, 2+4+7+11 . G
1

Basal medium, grams/100 ml: 2.5, NaCl; 0,1, KCl; 0.C8, KaHPO), « 3H20;
0.0L, MgS0;,+7H,0; and 0,0001, FeCl3e6Hp0.

High concentratiors of inorganic nitrogen plus a carbohydrate
supported growth,

3 Amino acid and vitamin supplements (see Table 7).

b High concentrations of amino acids supported growth alone.

5 In the presence of carbohydrates, low concentrations of amino
acids supported better growth than high concentrations,

6 vitamins did not cnharnce growth.

-19-




TABLE 6
NUTRITIONAL REQUIREMENTS OF CULTURES FO2 AND PO3

. Additions to the Basal Mediumt Relative Growth
- l, No additions -
2. Casein hydrolysate, 0,CO5 per cent 2
3. Casein hydrolysute, 0.Cl per cent ++
) L. Casein hydrolysate, 0.Ci per cent +
5. Vitamin supplemcnt, 1.0 m1/100 ml® -
b, 2 +5 o3
. 7. Glucosc, 0,5 per cent -
8., Amino acid supplement, 0.1 ml/100 ml5 - LJ
9. 7 +8 +- '
10. 9 + cytophaga sipplement, 1.0 mi/100 ml U
b

Basal medium, gram:/100 ml: 2,5, HaCl; 0.1, KCl; 0.08, KyHPOy«3Hp0;
0.0L, MgSO),+THz0; 3.0001, PeCl3e61120; 0,001, (NH)),80,; and
0.2, agar.

Growth occurred in the inorganic base in the presence of casein
hydrolysatn,

3 vitamin supplement did not enhance growth.

L Cytophsga suppleme-t enhanced growth in th: presence of glucose
and amino acids,

5 Amino acid and vitamin supplements (see Table 7).

«20e
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TABLE 7

AMINO ACID SUPILEMENT AND VITAMIN SUPPLEMENT

per cent per cent

lL-arginine-iCl 0.03 Thiamin.HC1 0.05 x 10-3
L-gsraragine 0.03 Niacin 0.1 x 10=3
L-histidine-HC1 0.0l Ca pantothenate 0.05 x 10-3
DL-alpha alanine 0,05 Riboflavin 0.01 x 10~3
L-hydroxyproline 0.0006 Pyridoxine-HCl 0,02 x 10-3
lL-leucine 0,005 Pyridoxamine<HCl 0,01 x 10~3
DL-lysire-HJL 0.01 p-Amino-bengoic acid 0.01 x 10-3
DL-methioniae 0,006 Bistin 0.2 x 10
DL-phenylalanine 0.00L Choline+HC1 1.0 x 10-3
L-proline 0.0k 1-Inosatol 1.0 x10°3
SL-serine 0.01 Folic acid 0.1 x 106
DL-threonins 0.01 Vitamin B-12 0.05 x 106
L-tyrosine 0.0CYL

L-tryptophaie 0.005

DL-valine 0.005

JOL-isoleucine 0.%5

L-glutamic acid 0.05

Qlycine 0.0%

Stock solutions of the émino
acid supplement were mace in
concentrated form anc used at
the rate of 5 m1/100 ml solu-
tion to achieve the fin:l per
cent of each indicated abcve,

Stock solutions of the vitamin
supplement were made in con-
centrated form and used at the
rate of 1.0 ml/100 ml solution
to achieve the final per cent
of each indicated above,




TABLT. 8
NUTRITIONAL REQUIREMFNTS OF CULTURES BS3 AND BShL

Additions to the Basal Mediuml Relative Growth
1, No additions -
2. Amino acid suprlement, 0,1 to 0,5 ml/1C0 m16 -
3. Vitamin supplement, 1.0 ml/100 m® -
L. Olucose or lactose, 0,5 per cent -
5. Cytophaga supplement, 1.0 m1/100 ml +-
6, 2+ 3 s
7. 2+ 3+ ++
8. 2+3+L4+5 +u-2
9. 7 minas thiamir -3
10, L + thiamin, 0,1 mg/100 ml ol
11, 10 + amino acic supplement, 0.5 ml/100 ml +5
1 pasal medium, grans/100 ml solution: 2.5, NaCl; 0.1, KC1;
0,08, KydPO},+3H;0; 0.0k, MgSOyeTH,05 0,001, (NH))250,
and 0,0001, FeCl3¢GHzO.
2 Addition of cytoplaga supplement to the complete medium enhanced
growth,
3 A medium deficient in thiamin would not support growth.
L Thianin supported growth in the presence of a carbohydrate,
5 Amino acids enhanced the thiamin effect.
6

Amino acid and vitamin supplements (see Table 7).
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Addition of thiamin to this medium, which did nat support growth, gave
growth, Culture BS1 did not require the cytophaga supplement, whereas
culture 52 required the presence of cytophaga supplement, Table 9

summarizes these results,

Enzymatic Activity

A voluminous literature exists on the nature of carbohydrate
utilization by bacteria. yeasts, plants, and mammalian tissues. Path-
ways for glucose degradation'have been established and accepted. The
purpose of this part of the investigation was to gain an insight into
the problem of carbohydrate utilization by studying the enzyme systems

of several of the isolates,

Organians

The organisms used were selected fror the eight isolates

described in previous sections: BS3, BSL, and FOl.

Fedia Used

The following basal medium was used for growth of maes cultures:
NaCl, 2.5 per cent; KyHF0)+3Hp0, 0,08 per cent; MgSO)-7Hz0, C.OL per cent;
(nuh)gsoh, 0.001 per cent; F0013-6H20, 0,0001 per cent; yeast extract,
beef extract, and tryptone, 0,05 per cent each; amino acid supplement,
0.1 m1/100 ml; and vitamin supplement, 0.5 ml/100 ml. One-tenth per cent
glucose or fructose was added to the basal medium.




TABLE 9

NUTRITIONAL REQUIREMENTS OF CULTURES BS1 AND BS2

Additions to the Basal Medium! Relative Growth
. BS1 BS2
. 1. No additions - -
2, Qlucose or lactuss, 0,5 per cent - -
3. Amino acid supp.oment, 0.1 r1/1C0 m® . -
L. Vitamin supplement, 1.0 ml/100 m1® - -
S. Cytophaga supploment, 1.0 ml/10C ml - -
6. 2+ 3+ - -
7. 2+43+4+5 o2 N
8. 7 minus thiamin <3 -
9. 2+ 3+5+ thivan 0,1 mg/100 ml ol .
10. Thiamin, 0.1 mg/100 ml; lactose, O.l1 per cent;
amino acid supplement, 0.5 ml/100 ml +5 -
11, 5+ 10 . +

1 Basal medinn, -ams/100 ml solution: 2.5, naCl; 0.1, KC1;
0008’ KZHmh' 3“ 0; 000-‘4, H}Tﬂh'"‘zO; o.ml, (Nﬂh)ZSOhi
and 0,0001, FeClI35H20.

A complete medium supported growth of both isolates.
3 In the absence of thiamin, the complete medium did not support growth.

L Thiamin could be supplemented for the cytophaga supplement.

5 Culture BS2 required cytophaga supplement in addition to thiamin as
shown in Addition no. 11,

6 Amino acid and vitamin supp.ements (see Table 7).
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Enzyme Freparation

Cells were harvested and washed in phosphate buffer (pH 6.8;
M/20). Extracts were prepared by grinding equal parts of cells and
levigated alumina. The mixturs was suspended in five parts of phosphate
buffer and spun down in the Sorvell centrifuge for 30 minutes at

10,000 rpm. The supernatant wis used immediately or frozen prior to use.

Determination of Enzyne Systems

Hexokinese end fructokinase were determined according to the
method of Klein (155°). FPhospiohexcseisomerase was determined according
to the method of Ree {193L) ani Meyerhof (1933). FPhosphofructokinase
and aldolase were determined a:cording to the method of Sibley and
Lehninger (19L9). Glucose-6-prosphate dehydrogenase and 6-phosphogluconic
acid dehydrogenase were determined according to the method of Warburg
et al (1935, 1937).

Results and Discussicn of Fniymne Systems

The ensyme systems aid the isolates which were tested are
listed in Tsble 10,

An active tystem whi:zh catalyzed the reaction glucose (@) to
glucose-8-phiosphate (G-6-P) in the presence of adenosinetriphosphate
(ATP) was fcund in bcth glucose and fructose grown cells of the three
cuitures tested, Tabtlie L lists the quantitaiive data which represents
glucose and fructose utilication by these cultures. In addition, the
enzyme system which .atalysed the reaction fructose (F) to fructose-l1-
phospnate (F-1-P) in the presence of ATP was tested for in glucose and

fructose grewn cells of cultures RSl and roL,

. :5-
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TABLE 10

EN2YME SYSTEMS INVESTIGATED

Substrate Productt Enzyme Cultures Tested
ot Q-6-F Glucokinase! BSL Pol BS3
r P61 Frustokinase' BSL POk
G-6-P F-6- Phosphohexoseiscmerase BS4 Pol BS3
F-6-P F-1,%.% Phosphofructokinase BSL POk
F-1,6-P  TFS Aldolase BS, POl  BS3
a-6-P 6-pomd G-6- dehydrogenase BSL POL BS3
6-FCGA pyrumate  Splitting enzyme’ BSL POl Ps. lp.a
6-FoA (rentze) 6-FGk dehydrogenase BSY

1 g glucose

2 G-6-F: glucose—b—>hosphate

3 fructose

b pbers fructoses.&-phosphate

5 TR triose phosyihate

6 6-FGAs 6-phosphhogluconic acid

7

Glucokinase and fmuictokinase:

cell-extracts were tested.

Ps. sp.: Pseuimmoias saccherophila used as a control.

Splitting enzymex;

Fntner and Doudoroff (1952)

w:?(.)-

both glucose and fructose grown
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Evaluation of the results (see Table 11) indicated that several
hexokinases may exist which differed mainly in their affinities for G
and F, The investiga.ions of Klein (1953) showed similar evidence for

different hexokinases in Pseucomonas putrefaciens.

The next se:ies o” reactions which were investigated were those
involved in the conve:rsion of G-6-P to triosephosphates (TF). The three
enzyme systems implic.ited were ph~.phohexoseisomerase, phosphofructokinase,
and aldolase, They catalyzed the respective reactions: G-6-P to
F-6-P to F-1,6-P to T°, Y%nzyme preparations which were tested gave
positive evidence for the precence of these systems. Thus, the glycolytic
enzyme systems as estiblished for yeast, some bacteria, and mammalian
tissue were present in all of the isolates tested. The steps involved
the conversion of glu:ose and fructose to triose phosphates,

The observation that aerated cultures gave increased cell
yields suggested the >0ssibility of an alternate oxidative mechaniasm
operating in carbohydrate utiiigzation.

The ensyme 3ystem which catalyzes the reaction, G-6-P to
6-phosphogluconic acii (6-FGA), was studied. Culture BSL was selected
for study of the specificity of this reaction which was followed in the
Beckman spectrophotomster (see Figure 1). The addition of triphospho-
pyridine nucleotide (I'PN) to thre reaction mixture which contained the
enzyme preparation, G-5-F, ani buffer gave the calculated change in
optical density. Substitution of diphosphopyridine nucleotide (DFN)
for TPN was ineffective. However, if TPN wss added to the reaction
mixture which contained the inecctive DFN, a change in optical density was
observed, Thus, the specificity of TFN for this entyme system was

established.
=27~




TABLE 11
GLUCOKINASY. AND FRUCTOKINASE ACTIVITY OF POl AND BSk

Substratel Fructose? Glucose] Fructoseh ()Il.ucosc5
grown rown grown grown
PobL FOL BSL BSL
Glucose, initial. 26.5 28,0 28.3 34,0
Glucose, final 13.3 7.0 $.3 6.3
Fructose, initial 31,0 26,5 22,0 33.0
Fructose, final 31.0 20,3 10,0 21.8

g

Substrate: numbers ars micrograms per ml.

Fructose grown FO4: strong glucokinase activity and no
fructokinase activity.

Glucose grown POL: st-ong glucokinase activity and weak
fructokinase activity,

Fructose grovn BSl: strong glucokinase activity and strong
fructokinase ictivity.

Glucose grown BSL: strong glucokinase activity and weak
fructokinase activity.

'28«»




FIGURY 1

SFECIFICITY OF ‘TFN FOR G-6-F DIHYDROGENASE, OF CULTURE BSk
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Beckman quartz~cuvettes were used. The reaction mixture contained
in a total volume of 3.0 ml: 2 3 m of Tris (hydroxymethyl)
aminomethane buffer (M/20, pH 8.0), 0.1 ml of G=6-P (4.5 micromoles),
0.5 ml enzyme preraration, and O.1 ml (100 micromoles) of TFN,

DPN was substituted for TPN as described in note 1. Ro change in
optical density wes noted,

TPN was added to the reaction mixture, described in note 2, at the
time indicated.
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The next reaction studied was the step which involved the sube
strate 0-IFGA (see Figure 2). It was shown to be DPN specific by
methods similar to tle 0-5-P di:hydrogenase reaction,

An attempt was made to datermine the end product or products
of the DPN specific €-PGA dehydrogenase system. In order to avoid the
addition of stoichionetriz amounts of DPN to the reaction mixture which
would enable identification o’ the procuct of the reaction, the reaction
was coupled to a numter of other systems which included: alcohol
dehydrogenase, methylene blue, and ycllow enzyme. Peatose could not
be detected., The anaerobic sniit of 6-PGA to pyruvate did not work.

A control which included Pseudomonas ssccharophila gave a positive

pyruvate test as expected.

In summary, the isolates tested bad a glycolytic system which
operated in the utilization of glucose and fructose to triosephosphates.
In addition, culture BSL possctsed an oxidative mechanism which involved
a TPN svecific glucose-(-phosphate dehydrogenase and a DPN specific
system vhich acted cr 6-FGA. The product of the latter reaction has
not been identified,

POV
P o,
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FICURE 2
SFECIFICITY OF DEN FOR €-FJA DEHYDROGENASLE OF CULTURE BSk
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. Becknan quartzecuve:tes were 1sed. T reaction mixture contained
in a total volume o’ 3.0 pd: 2.6 ml of Tris (hydroymethyl)
aminomethane buffer (M/C, pH 8.0), 0,1 rl of 6-70A (4.5 micromcles),
0,2 nl enzyme prepa:-ation, end 9.1 ml (1CO micrograms) of DPN.

o

TPN va3 substitutec for DPN 13 descriized in note 1. No change in
. optical density was notecd.

3 prN (0.05 ml, 50 micrograms o one-half the zmount used for curve 1)

was udded to the reuaction mixsure described in note 2 at the time
indicated.
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SUMMARY
The over-all objective of this invest.igation was to attain a

general understanding of the marine members of the order Myxobacteriales.

The approach to this problem necessitated the :.solation and characteri-
zation of representative species.

Samples were collected from the Port Orchard and fort Madison
Bay regions of 'achington by a variety of oceanographic techniques.
Other samrles included aged sea water from the Beaufort Sea which is
located north of Alaszka. The samples of muds, sea water, sediments,
cores, and plankton tows were plated on a variaty of media designed for
the purpose. In addition, enrichment media were inoculated prior to
plating. A large number of samrles and isolation media were used in
order to obtain as wide a variety of representative myxobacteria as
possible. Myxobacteria were isolated from the bay samples by direct
plating; the aged Beaufort Sea samples reqdires initial enrichment
techniques prior to plating.

Myxobacteria were isolated fom most of the samples, FEight
tyres were selected for characterizatiosa of properties. They were
ropreséntative of the myxcbacteria observed during the course of this
study. They were chosen on the bauis of general properties which in-
cluded: colonial characteristics and rigmentetion, microscopic cellular
differences, action on agar, and by the preserce or absence cf micrccysts.

Characterisation of the eight isolates was based on studies
which included: cytological and morphclogical investigations, bio-
chemical and physiological differentiation, nutritive requirements, and

ensymatic activity.

-32-




o I ,EL; :,"»'.’:.‘ ARy i ‘ . .‘ :. .

LI o TN

Po—

Cytological and morphologizal investigations showed typical

myxobacterial characteristics for all of the isolates. In general, they

were slender, Gram-negative rods which possessed a considersble degree
of flexibility and gliding motility. Colonial swarming was evident.
Microcysts were present in some.

Biochemical and physiological differentiation was based on
such tests as: presence or absence -f catalase, cytochromes, and
cytochrome oxidase; reduction of nitrates to nitrites; action on chitin,
cellulose, starch, gelatin, agar, an: eight sugurs; tolerance to sodium
chloride; and anaerotic growth. One species liquefied agar, none used
cellulose, and all were aerobic, Tha other characters differed with the
species.

Minimal nutritive requirer=nts of the isolates ranged from
those species which could be grown cn a mineral ritrogen base plus a
carbohydrate to those species which, in addition required amino acids and
thiamin, and to those species which required chemically undefined growth
factors.

Fnzymatic studies on three of the isolates showed a typical
glycolytic scheme.  n addition, an oxidative system was present. The
oxidative scheme of one of the isolates involved a triphosphopyridine
nucleotide~-specific glucose-6-phosplate dehydrogenase and a diphospho-
pyridine nucleotide-upecific system which acted on 6-rhosphogluconic
acid., The end product of the lattexr reaction was not determined.

On the basi.s of these differential characters, five different
species were recogni:ed among the eight isolates studied. Taxonomic

positions for these iupecies are reccrmended. The three marine members
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of the genus Cytophagi which had beer described previously are considered
also. Fending furthe: investigation of fruiting body formation by
freshly isolated strains, the eight riyxobacteria studied can be classi-
fied in the following manner (Breed ¢t al, 15L8):

Family I, Cj;tophagaceae
Qenus I. Cytophaga

Diagnosis: Flexible, sometimes pointed rodes, showing a creeping
motility. No fruiting bodies or spores(microcysts)
formed,

I, From soil.
1I. From sea water,
A. Lliquefies agar.
1, Starch utilize:.
a. Cellulose ttilized,eve.eovee..)y Cytophaga
krzemieniewskae
te Cellulese :ot utilized.eesse..2. Culture POL

2. Starch aot uti:ized.
a, Nitrates reduced.
1) Gelati:. liquefied.. 000000'30 Cytoph&ga
diffluens
b. Nitrates nct rediced.
1) Qelatir. not liquefied.....i. Cytophaga
sensitiva
B. Aga: not liqu.fied .oco.o.o.oo.ooo.ooOSo Culture FO1

Family V. My xococcaceae
Genus IV. Spcrocytophage

Diagnosis: Microcysts formed lcosely in masses of slime among the
vege.ative cells, Iruiting bodies absent.

IO Camaﬂe negativeoniu.ruO.Q..-votovccoootoolo Cllltures POZ
and PO3
I1. Catalase positive. )
A. Nit.?lto" !'Oducede. :o...ooc"ooooocou.2. C\ﬂ.tux‘ﬁs BSB
and BSY
B. Nitr-ates not reduccdeceecceccccesreccelo Cultures BSl
and BS2
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PHOTOMICROGRAY HS

Plate 1
Three days old. Impreassion mount, Stained
with basic fuchsin, Note involution forms and
micrecysts. 1600x.
Ttree days old, Impress.on mount, Staired with

basic fuchsin. Note involution ‘orms anc cells
in the process of division by constriction.

Three days old., Impression mour.. Staired with
basic fuchsin. Reund Dodlz2s are microcysts.

Three days old, Impression moun:. Stained with
crystal violet, Showz microcyst:. 1600x.

Slate I1I

Four days old. Impression mount, Stained with
basic fuchsin. Shows slenier vegetative cells,

Four days old. Impression mount Stained with
basiz fuchsin., Shows regevative cells, 1500x.
Four days old. Impression mount. Stained with
crystal violet, Shows typical lLibit pattern.

Two days old, IJmpreesion mount., Stained with
basic fuchsin. Show. hati’ patt:rn. 16C0x,

Plate Il

Culture FO3. Two days old. A co.ony ecge, Fictures

were laken 1 hour aperi, directl: from petri
plate. Note swarming. 1lix.

Seven days old, A tyricsl colory edge., 160x,

Egure l, Culture BS3.
Figure 2. Culture Bsy_.

1600x.,
Fgure 3« Culture BS2,

16C0x .,
Figure L Culture PC3.
Fgure 1, Culture PCl.

1500x..
FPigure ¢, Culture PClL.
g}_gure 3. Culture P02,

1500x .
Figure L. Culture PC3.
f_gu_.ru 1l and 2.
Fgure 3. Culture IC2.
Figure L. Culture ICh.

Two days old, WNote rathwass forred ty this agar
digester. 160x.
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Yy e i conpa o i

PHOTOMICROGRAFHS (continued)

Culture PQ}..,

mure 2,

Culture POY4.

Figure 3.

Culture FO2,

Figure L.

Culture ro3,

Plate 1V

Three days old,
6000*.

Three days old.
6000x.,

Three days old,

6000x,

Three days old,
crystal violet.

Flectron photomicrograph.

Flectron photomicrograph.

Flectron photomicrograph.

Impression mount. Stained with
Shows microcysts. 1500x,
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