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HISTORY AKD REVIEJ OF LITERATURE

Pink pigment bacteris were isclated and studied as early as 1926 by
Snow and Fred, They can bs found in soil, water ( fresh, distilled, and
ses ), and in air. Pink Corynebacterjs snd pink cocel are often found in
the soil and alr; pink grem negsiive rods are found in water, The latter
are the subjects of this thesais.

Recently, Leifeon ( 1962 ) studied bacteris found in distilled watsr
and also msrine bucterim. Research ( e.g., leifsorn 1962 and Flannery 1956 )
has been done on both fresh snd salt water bacteria ( primarily the latter );
but very little attentlion hss bsen pald to classiflcation of these organisme,
especially the pink bacteris.

Formeriy, gram negative pink bacteria had been placed into seversl
genern, for example, Pseudomonas, Vibrio, FProteminobscter, send Cellulomonss.
Scme of the pink rods studied by the avthor were speciea of the above genera,
In reapect to these bactsria, the object of the thesis was to determine
whether they should remain as classified or whether they should be
reclassified.




The Genus Paeudomonas ( Bergey, 1943a ) is composed of gram negative
rods that are polsr monotrichous, lophotrichous or non motile. 3Some producs
a water soluble pigment which turns green upon being exposed to oxygen.
Glucose 1s oxidized; nitrates are reduced to nitrites and scmetimes to
pitrogen gss. The chromogenic species sre salt tolerant. According to
leifson ( 1963 ), the Genus Pseudomonss should be 1imited to pram negative
rods, motile by a polar monotrichous flagellum und ecapable of only oxidising
carbohydrates,

Cellulomonss { Bergey, 1948b ), as originally proposed, was based on a
single physicloglesl property, the digestion of cellulose. It included such
diverse types of bescteria as polar flagellate species; gram variable, non
motile rods; and peritrichous non spore forming gram negative rods,

The Genus Vibrio ( Bergey, 1948¢ ) is composed of gram negative rods
capable of fermenting several carbohydrates and possessing a polar monotrichous
flagellum. Protsminobscter ( Bergey, 19484 ) 1s composed of gram negative,

polar monotrichous rods which oxidize glucose.




MATERTALS ARD METHODS

CULTURES

The distilled water bascteria were acquired from Leifscn who isolated
them from samples withdrawn from disti’led water storage tanks. The storage
tank sazples were sent to him from wvarious points on the globe. The marine
micro-orgenisms were slso aoquired from leifson; thase sanples were collected
by him along the Atlantic Coast near Connecticut.

Cultures # 334, # 301, # 306, # 44, # 4B, snd # 215 are frow distilled
water. Cultures ¥, R, # 50, and # 75 aro of marine origin,

When in use, all stock cultures were transferred every twe to three
months, Cultures not in uvse were transferred every six meonths, “hen tests
were being run, the cultures ware transferred every one to tuo weeks,
Cultures not in immediate demand were incubated at 20° C. and then stored at
4% C.. Cultures in constant use were kept at 20° C,. In helping to estadlish
the identity and purity of the individual e¢ultures, cesrbohydrate tesis were
run three times over s period of a vear and a half,

Serratis marcescens and Pseudomonas geruginesa ( A.T.C.C. 14149 ) were
used as ocontrol orgsnisms. Pseudomonas rubescens, Cellulomonas rossieca,
Protaminobacter rubrum { A,T.C.C. 8457 ), and Vibrio rubleundus ( acquired




from Dr. Rudclph Hugh, George Washington University, Washington D.C. ) were
tested to see if they should be reclassified or not. Rhodogpirillum rubrum
was tasted to see if any pew facts could be sdded to our present knowledge
of this spirsl shaped orgsnism,
BASE MEDIA
Since marine organisms snd distilled water orgsnisms were the two types
used, two types of base medis were employed, Phosphste salts, psptone, and
Yeast extract were the basic constituents of the medium for the distilled
water organisms; the latter two plus artificisl sea water comprised the ses
water medium,
Distilled Water Medium ( 1X )
KHQPO/cvseesscacesannsnnsnessD. 0158
KoHPOfvoseasseesesccnnsearsss0.035%
Bacto = Casiton®..sveveiesineess0.2%
Yeast Extraot..ccececesconveess0.1%
4 PP R T S8 |
Sea Water Medium { 1X )
Bacto ~ Casltone.escneacscsacesDe?d
Yeast Extrectececcecscccreseeslul®
Artifieial Ses ‘Yater Corponents
BeClescesesa 3% CaClouesesssasell®
Fa280,.....0.37% BB, ... ..0.0026%

Tsble continued on Page Five.




KCL;......O-%(’% 5!'612....“-0.3{32%
KBP......G.OOQS% 15&?.........3.00035
35312- s .0.498% FGSOA.'?HZC‘“ I uocm%

Trie bufferiessscseccesacnass0.05%
PHesessesessessoncscvrcnraeeebt,l
The incubation temperaturs, unless otherwise stated, was twenty degrees
Centigrade ( 20° C. ).
Hydrogen ion concentrations in media were standardiszed by the application
of the Gillespile Methed, using brom thymol blue for distilled watsr media
( pH 7.0t.] ) and phencl red for sea media ( pH 7.5+.1 ).
TEMPERATURE TCIERAKCE
Thess tests were performed in broth at four different temperature levels,
4°C., 20°C,, 25°C. to 30°C,, and 37°C..
OMOTIC TCLERANCE
Both distilled water and sslt water bacteria were grown in distilled
water medium plus warying sodium chloride concentrations., All tubes were
macroscopically snd microscopically checked for growth, motility, and filsment
formation,
OXYGEKN TENSICK
A base broth was used as the medium. Tt wes heated to drive off the
oxygen. Once the broth cooled to 309C., the tubes wers immediately
inoculated; this was followed by a petrolatum seal and a rubber stopper, thus

reducing the oxygen tension,




Angerobic conditions were produced by inoubating stresked plates in e
carbon dioxide ( CO; ) atmosphere. The incubation chamber was evacuated to
a negative pressure ( - 15 lbs. ) and then filled with carbon dioxide to a
positive pressure ( 10 1bs, ). This cycle was completed three times. The
plates were incubated at room temperature for five days,

STAIES

The grsm stain ( Wucker's ), flagella stsin ( Leifson ), and capsule
stain ( India ink and methylene blue ) were performed with cultures grown
in broth st 20°C,, Cells, to be measured, were 24 to 4B hours old and
stained with methylens blue,

MOTTLITY

Motility uas determined in the sodium chloride solutions plus at all
four temperatures of the base broth medium., A loopful of the culture would
be placed on & slide and checked under high power at room texperature.
PIGMENTATION

Pignent production was cheoked at the four tesperature levels., Broth
and agar bases wers used.

CARBCHYIRATE TESTS

The base media for the carbohydrate tests were the two types first

mentioned, They are similer %o the Hugh -~ Leifson oxidative - fermentative

medivm, Different concentrations of indiecator and sgar were used.




The constituents of the base media for carbohydrate tests are:
Distilied Water Base ( 1X ) Sea Water Base { 1X )
Bacto ~ Casiton®eceeees0e2E  sovecrcenccencess0.28
Yenst Extracteeececeese0ud®  teceececesensoess0.18
KioP0secscensoocsesesdell58  cevsvrvreccscancocane
KoHPO sssaeconcnncees0s035%  coveveccscccccanccesne
Tris Bulferescsccesssecsnss  cacssocsvescncesD 058
Brom thymol blue,...0.0065%8 ..cevncescescsacsence
Phenol redecesscsccocensess +0.000504 to 0.00075%
AGEY BEBT.covencncsoessDed®  cevccccecnconessaed®
Artificial sea water for marire crgsniasms.

Carbchydrates were prepsred by dissolving in distilled water and
sterilizing by Seitz filtration. Sterile aclutions were kept at refrigerator
temperatures { 4°C. ) until needed.

Carbohydrste stoek sclutiona were prepared as 10X and 5X resulting in
finsl concentrations of the carbohydrate in the test media of 1% and .5%.
Carbohydrates, that were sparingly scluble in cold water, were heated and
then distributed in the soft agsr sclution { bese medis ). Onoe the solution
cooled, the agar helped to distribute the sparingly scluble sugsr.

Eaoh test was observed for oxidation, fermentation, and growth, All
organisms were oapable of growth in the base medium itself without the
production of amocid.




CTHER MEDIA

Production of indel, reduction of nitrate, pelatin liguefaction,
urease production, oitrate utilisation, hemolysis of blood and production
of catalase wsre alsc tested., The variocus medis were prepared using standard
coboentrations, omitting salts for distilled water orgsnisma and adding
artificial ses water for the msrine bacteria, Except for the ures snd
citrate tests, ro commercially prepsred powders were used.

Indol production waa tested for by the addition of 3% Bscto - tryptone
to the base medium. After a period of 48 hours incubation, a resgent vas
added directly to the culture, If the test wers positive for indol, a red
cclor would develop at the surface of the broth.

Reagent i

Paradimethylaminobenzaldehyde....e.ee2 grams
Ethyl aloohol ( 95% )eveessecsescesesd90 ml,
Hydrochloric seid ( concentrated )....40 ml,

Gelatin liquefasction wes tested for im a 128 geistin medium containing
«1% yesst extract and 0.2% Bacto Casitone. After a pericd of 8 to 10 days
inoubatlion, the tubes were checked for the presence or absence of
liquefaction,

Hemolysis of blood ( human ) was detected using the bssic methods as
outlined by Schaub ( 1958 ), The base media utilized was the major

difference,




¥itrate reduction wse tested for in base broth containing 0.1%
potassium nitrate ( KNO3 ). Following e period of 48 hours incubstion,
nitrites were tested for by the addition of four drops each of the following
reagents,

A, Sulphenilic acldecsccsccccccsseced grams

5K Acelle acidecesovcecorescnsesdiO0 ml,

B, Alpha - papthylamine acetate.,.2,5 grams

55 Acetic 8cidevecesssvvsceseness500 ml.
The formation of & red color indicated that nitrites were present,
Negative nitrite ( KO ) tests were proven to be negative by the addition
of zinc ( Zn ) dust which rescts by reducing any nitrates ( KOq } present
tc pitrites resulting in a red color and thus sssuring that the nitrate was
not utilized, If a red oolor does not develop, then the nitrate has been
reduced to nitrogen gas.

CUreane production and citrate utilization vere tested for in commereially
prepared preparations, Bacto urea broth concentrate and Simmons citrate agsr

were used. Proteus yulgesris ( uresse positive ) end Escherichis soli

( urease negative ) were used as control organimms for the urease test;
Aerobacter gerogenes ( eitrate positive ) and Escherichis goll ( oitrate
negative ) for the citrate test,

A positive ureass test would turn the medium from a neutral pH ( orangs )
to s basio pH ( red ) in 24 to 48 hours; s positive citrate test would turn
the blue green medium ( neutral p? ) to blue ( alksline pH ).




Bacto Urea Broth

Teast extract...0.01%
KHoPC e osensans0.91%
KoHPO/ o eusenseees0.95%
UPeBesecsosenanssans

Phenol rtd.-..c0.001%

Simmons Citrate Agar

MES0Lesvececcossesed0.02%
FHPCiececcasconaacasDelE
KolPOsescessesenanses0a1f
Sodium citratesese...0.2%
7Y 4 WP + Y.
AgBrecessescescscenenls 5%
Brom thymol blue,..0,008%

The catalase test was performed in the bsase broth medium.

Four drops

10

of 30% hydrogen peroxide ( Hy0, ) were added to approximetely four milliliters

of broth culture., Bubhle formation indicated a positive test,
MINIMAL MEDIUM
The minimsl salts medium { 1X ) occnsisted of
C8Closensncencnness e 005%
K830 e0ecocscanessss.028
MECL 2 6Holu s e v caeeaes0.028
KHPO)soasesconansnes0.02%
BH Clecaccecessnnsened0al®
It was supplemented with the fellowing
Sodium 800tEt8.cecessasesrenacncedldelP

Glﬂeaa.octGc»!t.u.&"t‘t‘tntltl..ﬂtnls

Acid hydrolyzed Casamino acida....0.2%
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A straight wire was used to ipoculate the initial 2 ml, of medium, If
macroscopic growth appesred, then agein, by means of s sirsight wire, a 5 ml.
tube was incculsted from the 2 ml. culture. If this 5 ml. culture was
positive, another 5 ml, culture would be incculated following the above
mentioned procedurs,

The marine bactoris were tested using the artificiel ses water broth
base instesd of the minimal salt medium mentioned sbove, The supplements
added remained the same as for the distilled wster baeteria.

SURVIVAL TESTS

All organisms under study were plsced into distilled water, distilled
vater plus minimal medium salts, demineralized water, well water
( Yorkville, Illinois ), and artificial ses water. A loopful of organisms
was inoculated into each sorew cap tube which contained 5 ml. of the liguid.
At verious time interwvels, the cultures would be checked for growth on their
respective bese media., The survival tubes were stored at room temperature.
MEASUREMENTS

Cells were measiured by means of a miorcmeter eyeplece calibrated by use
of a calibrated stage micrometer. The cells were groun at 20°C, for 24 to
48 hours depending on the culture. They were stained with methylene blue
and measured under oil immersion., For each culture, measurements wera taken
of ten different rods, the average value being used to cslculate the final

value irn microns.
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The wavelength and amplitude of a flagellum were messured using the
sbove procedure, Flagella stain ( Basic fuchsin ~ leifson ) was used to
stain the flagells.

SERCLOGY

A linited serological study wms conducted using several cultures as
antigens, The antiserum was produced in rabbits. The baasis for the cholce
of oerganisms as antigena was carbohydrate utilization., KNumber forty-four
( 44 ) 414 not produce z0id from any sugars; mumber forty-eight ( 48 )
produced acid from a few carbohydrates; Pseudomonss serugincsg produced
acid from s moderate mmber of earbohydrates.

Antigens were prepared from cells grown on the base medium for
distilled water orgsnisms { the marine organisms were not included ).
Prescription type bottles ( about 500 ml. wolume ), containing approximately
60 ml. of base medium plus one milliliter of inoculum, were incubated for
one veek for the somatic antigen and three days for the flagellar entigen.

The cells were collected in ,85% sodivm chloride solution. They wers
washed three times by centrifugation and then placed et refrigerator
temperatures ( 4°C. ) 4n 5 ml. amounts of the .25% scdium chloride solutiom,

Two types of antigens were produced, the somstic (0) antigen and the
flagellsr (H) antigen. Somatic antigens were prepared by boiling the washed
cells for two hours; the flagellsr sntigen was prepared by addition of five
tenths per cent ( 0.5% ) formeldehyde toc washed cells,
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After standing et refrigerstor temperature ( 4°C. ) for 24 hours, the
antigens were centrifuged., Two and one helf ml., ( 2.5 ml. ) of .85% EsCl
wvas again added to the tubes.

Twenty-five hundredths of a miliiliter ( .25 ml. ) of the two end one
half ml, ( 2.5 ml, ) suspension above was then diluted with .85% FaCl to a
volume of 5 ml,, Uming a Klett Summerson Colorimeter, readings ware taken
and compared to a previcusly prepsred standard curve, The antigen
concentraticns were one hundred million to ocne billion cells per milliliter,

Serum controls were rus in order to determine whether the rabbits to
be immunized already possessed antibodies agsinst the antigens to be injeoted,
Blood was withdrawn via the marginel ear vein; new nsedles { disposable 25
guage ) were used each time the vein would be tspped for blood or injected
with antigen.

The ear was swabbed with alcohol ( 70¥{ ) and shaved with a rasor.

Xylol was then placed on the vein to produce e cooling sensation and dilate
the vessel, Tube dilution tests for antibodies were negative.

Six rabbits weighing about 2.5 kilograms spiece were numbered one to
8ix and injected in the following menner. Rabbits one and two were injected
with antigens 44H ( organism 44, flageller antigen ) and 44 Q ( orgsnism 44,
somatic antigen ) respectively; rabbits three and four, 48H and 48 Q; rabbits

five and six, Pseudomonss asruginoss H and Pseudomonas seruginoss Q.
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The animals were irmmunized by injecticn of the antigen intc the marginal
ear vein on alternate days, Twenty~five hundredths miliiliter of antigen was
injected as doses one and two; five tenths milliliter as doses three and four;
one milliliter as doses five and six,

One tenth mililliter serum diluted in .35% NaCl ( 2 ml. ) was tested for
antibody uaing serial dilutions of 1:20, 1140, 1380 thru 1:10,240. Cne tenth
miililiter of the respective antigen was added to esch tube., All
sgglutinations were incubated in s water bath at 52°C. for twe hours followed
by overnight incubaticn at 37°C. for O agglutination, The tubes were grossly

exarined for agglutinstion,
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TABLE I
CARBCHYDRATES

Ineluding the control orgenism, the bacteris tested did oxidize
carbohydrates, that is, they utilized cerbohydrates in the presence of
oxygen., The fact, that they are not fermenters, means they cannot use
organic hydrogen acceptors; and, because they depend on oxygen as the final
hydrogen scceptor, they are oxidizers,

Protamincbacter rubrum, # 44, # 334, and ¥ibrio rubloundug did
not oxidize any of the sugars tested., Dulcitol, inulin, melezitose, and
sorbose were not oxidized by any of the micro-organisme tested, Adenitol,
erythrite, snd inositol were utilised by Serratis marcescens only, The
above facts sre menticned here becaugse they sre not recorded on the table,
TABLE 1T

TEMPERATURE TOLERANCE

All the organisms grew st 209C, and st room temperature ( 259C.
to 30°. ). Of those thet grew st 37°C., scme produced a much heavier
growth at this temperature than they did et 20°C, or room temperature.

Xo growth was visille at 4°C..

15
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STAIRS

All the bacteria were gram negative. Rhodospirillum yubrum was the
only organism which waz not rod shaped., Most of the organisms were polsr
monotrichous, Although all possessed capsules, the capsules were not as
large as those around Klebsiells preumonis.

Organisss # 334, # 301, # 44, snd # 48 sppeared quite frequently
in aggregates. The other organisms were observed primarily as single cells.
TABLE III

OSMOTIC TOLERAECE

These tests were run at 20°C.,. At the first sign of growth, the
organisms were cobserved under the microscope with the high power objective
lens. In general, an increass in osmotic pressure tended to decresse motility
and inerease chaln formation., Most filsmentous forms were observed at
concentrations preceding the salt concentration at which ne growth was
visible, Increasing the osmotic preasure also prolonged the incubation
time necessary to produce visible growth., Pigment production decreased
with increasing csmotic pressure. At times, macroscopie growth was not
visible; tut, detection with the mieroscope was possible,

In general, the distilled water organimms did not grow at
concentrations above one psr cent acdium chloride. The merine orgsnisms
that grew above four per cent sodium chloride nceded more time to produce
visible growth,
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TABLE 1V
OXYGKEN TEUSICH
A large number of the orgapnisms gre aercbic snd sre incapable of
existence at reduced oxygen tensions. XNine organisms were capable of growth
under reduced oxygen tension, four cof the nine were capable of growth under

anaeroble conditions. [Pseudomonas aeruginoss, Serratia marcescens,
Cellulomonns rogsica, and # 334 ( distilled water type ) can be considered

fuoultativa, The other organisms are sercbes, some capable of growing under
reduced oxygen tension.
PIGMENTATICN

Petri dish cultures gave the best conditions for determinstion of
plgaent color. At twenty depress Centigrade and roocm temperature, the pink
plgrent was produced,

The pink pigment would not appesr under the enserobic conditions
mentioned above; but, upon exposing the eultures to serobie conditions,
pigmentation began to appear. Kumber 334 tursed orange as did Serratias
marcescens; Cellulomonsg possics remained white. Pgeudomonss geruginces's
green water soluble pigment also begsn to appear. In each case when the
pignent was to appear, it did so in 24 to 4B hours after exposure to oxygen.
Continuvation of growth under sercbic conditions was not determined.

From the oamotic tolerance tests, one obaserves thst pigmentation
begins to gradually decrease ss the sodium chloride concentration increases,
Whether this decresse iz due to the ¥aCl incresse or whether it is due to the

decrease in growth is not knoun.
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Minimsl medium tests showed that the pink organisms needed more
time to produce pigment when supplemented with glucose and sodium acetate
than when supplemented with aoid hydralyzed Casamino acids. [Pgeuvdomonss
aeruginosa'’s pigment, on the other hand, could be observed only in the
Casamino acid supplement.

OTHER RBACTIOKS

Proteus yulgaris was urease positive; Escharichia goli urease

negative. Asrobsoter gsrogenes wes citrate positive; Egcherichia gell
gitrate negative. All the other orgsnisms studied were urease negative;

except for Cellulomonss rosgica, all other organisms were citrate negative,
Kone of the pink pigment bacteria produced indol,
TABLE V
MINIMAL MEDIA
All except thres of the organisms were capable of utilising
Casamino acids ( acid bydrolyzed ) as the sole scurce of energy and body
building protein. Quite a few utilized sodium acetate or gluccse as the
sole sources of energy and somstic protein., Micro-organisms that utilised
the Casamino scids produced much heavier growth in leas time than when they
grew in the presence of the other supplaments.
SURVIVAL TESTS
The results reported here are those recorded the last time previous
to the writing of this thesis. This means, that if a tube shows growth, the

bacteria bave survived for spproximaetely four months. The oultures needed
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longer incubation periods before growth appeared. Scme showed two different
pink colonies, a fast growing light pink one and a slow growing dark pink
colony. Many that did survive had their numbers greatly diminished.
TABLE VI
SIZE
The rods averaged two microns in length; one-~half micron ( 0.5 ) in
width, Flagella averaged wavelengths of one and a half ( 1.5 ) microns and
amplitudes of .44 to .62 microns.
TABLE VII
SEROLOGY
All the antigens produced antibody ( low titer ). Protaminobacter
flagellar antigen cross reacted with the flagellar antibody from Pseudcmonas
aeruginosa, # 44, and # 48. Protaminobacter scmatic antigen cross reacted
with somatic antibody from # 44 and # 48. Kumber 215 flegellar antigen
slightly croas reacted with flagellar esntibody from Pseudomonas aeruginosa;
# 334 somstic antigen cross reacted with somstie antibody from # 44 and # 48.
PIGMENT
The pigment cannot be found in the medium. If the cells are
grown in a broth medium, upon centrifugation, the cells plus their pigment
can be found on the bottom with a clear supernatant above. The pigments

exact location in the cell was not determined,




Attempts were mande to extract the pigment with chloroform,
petroleum ether, snd acetone; the Iatter was the only succesaful solvent,
U'sing petroleum ether and acetone ( rs%ic 1l : 1 ) =3 a solvent, the pigment

was chromstographed ( Lederer ). Chrematogrephy results wers inconclusive.
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TABLE IV

Pigmentation
Miscellanecus Tests Oxygen Tension (Pink Pigment)
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DISCUSSION

Oram negative rods can be divided into three msin groups bssed on how
they do or do not utilize carbobydrates., There are these which ferment,
oxlidise or do not sttack carbohydrates.

The first group csn be divided into polar and non poler { peritrichoua )
flagellates. Aercmonss and Yibrio comprise the poler flagellated genera; the
Fanmily BEntercbacteriascese comprises the non polar flagellates.

The second group ( oxidize cerbohydrates ) is divided into two main
groups, the polar and non polsr flasgellates, The poler flagellates can be
subdivided on the basis of pigment production., (Chromobacterium ( purple )
and Xanthomonag ( yellow ) producing s water inscluble pigment; Pseudomonag
and Agetomonss producing a water soluble pigment or none at allj
Photobacterium producing luminescent ( light producing )} pigments,

The non polar flagellates of the second group are also subdivided on
the basis of pigment solubility. Chromobscterium ( purple ) and
Flavobacterium ( yellow ) produce water insoluble pigments; Agrobscterium
and jpchromobscter produce a water scluble pigment or none at all,

Finally there is the non caerbohydrate utilizetion group whiech is divided
like the second group in respect to flagellation and pigmentation ( no

luminescent pigments ). Crganisms with polar flagella and water insoluble

28




pigments have not buen classified. 'ere 1s where the pink bacteris msy be
able to bs classified., 3Iowe bacteria produce no pigments and are polar
fisgellated., 1In the non polar, water inscluble pigment categery, no
organisms are classified; but, non pigment producers are found in the Genue
Alkaligenes.

Carbohydrate metabolism has always played an important role in the
classification of micro-organisnss.

Farmentation iz the utilization of a carbohydrate under asnserobic
conditions; oxidation requires oxygsn as the final hydrogen acceptor. The
neans of determining acid production resulting from carbohydrate breakdown
ia by being able to observe the cclor change of an indleator. The coler
change is initiated by the acid produced. What about the organisms that
do not produce excessive amcunts of acid? They must go unnoticed unless
they are tested in minimal medium and cmrbohydrate supplements. According
to Bisset ( 1952a ), many Pseudomopgde complete the oxidation of carbohydrates
and do not produce orgsnic acids,

For the pressnt, we must say that fermenters and oxidizers, in their
own respective enviromments, must produce acid in sufficient quantities to
overcome the phosphate buffer in the proocess of breaking down the carbohydrste.
If they do not, they will not be considered as oxidisers or fermenters.

On the basis of carbohydrate utilirzation, the pink organisms discussed

fall into the second and third groups, the oxidizers and non oxidigers
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respectively. Some produced so little acid that at times the observer is led
to beileve that the pigment iz somehow the crange yellow discoloration ( acid
ph of brom thymel blue ) which would appear in the upper most strata of the
tube and along the path of inoculation.

A few of the organisms ( # 306, # 44, and # 48 ) did not show positive
results in the carbochydrate base medium plus gluccse but wers capable of
glucose utilization for growth ( minimal medium ~ Table V ), 3ince the Hugh
Leifson method depends on aeld production, slow acld production, or
insuffiolent seid produotiopn, or scid utilization by the mioro-orpanism would
glive negative results.

The marine bacteria, under optimal eonditions, were capsble of producing
eeld from a wider variety of sugars. The tris buffer at the specified pi is
& weak buffer. This factor may have contributed toward the results,

In comparison to the Pgeudomonads, both fresh and salt water bacterias
required 24 to 48 hours more incubstion time for poesitive results, All the
tests were run at least in duplicate, some in triplicate; results were
consistent,

Flagellstion also pleys s major role in the classification of the grem
negative rods. Motlile and non motile forms csn be found in water. All those
whose flagella stain vorked, that were motile, were found to be monotrichous;

the spirillum, lophotrichoua,
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Uaing {lagellation as a ncrm, one would tend to say that the pink
monotrichous organisms should be kept in the Famlly Pseudomonadacease but
plsced into a new Cenus ( Rubricmonss ). This Genus could then represent
gram negative rods, motile by polar monotrichous flagellation, produeing a
pink to red pigment and incapable or capeble of produeing small amounts of
scid from oxidation of carbohydrates.

Sodium chloride tolerance iz of limited taxsnomic value in the
classification of an organism ( Leifson, 1963 ), It is the belief among
many taxanomists ( Leifson, 1963 ) that a bacterium should not be placed
intc a different gpecles merely becsuse it grows or does not grow in ses
water, In other words, if an organism fits s certain Genus { e.g.
Pssudomonss ), merely because it grows in sea water ( 4% sslt concentration ),
doss not mean that it should be classified differently.

Leifson ( 1963 ) conasidered s halophobe to be any organism that does
not grow in s 1% NaCl medium.

Flannery ( 1986 ) divides XaCl responaes into two groups.

I. Halophobes
A, Salt-gensitive organisms that grov only in media
containing less than 2K NaCl.
B, Halt-tolerant wmicro-orgenisms which grow best in
media containing less than 2% NaCl, but will grow

in media containing more than 2%.
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I1. Halophiles
A, PFacultative halophiles will grow in media
containing less thsn 2% EaCl but will grow
best in medis eontaining more than 2%.
B, Chiigate halophiles grow only in a medium
containing more than 2% KeCl,

Except for # 334, a1l the distilled water bmcteria ( cultures identified
by numbers ) tested, Protsminobacter rubrum, pius Vibrio rubieundus did not
grow in bass broth with sodium chloride concentrations sbove 1% and can thus
be considered halophohses.

The twe clasaified Pgeudomonads grew in 5% but not 683 Cellulomonas
rossics in 4%; tvo merine orgsnisma plus Serratis margesceng in 7%; two

marine organlems did nct grow at all, BRecsuse two marine micro-organisms
did not grow st all, it appears, that the test medium used base broth plus
EaCl ) did not possess the proper environment found in the artificisl ses
weter, Thus the merine miecro-organisms might be dependent on other factors
besides osmotie pressure { 4% ) from the ccean,

Classifioation of these organisma wes definitely not aided in any way
by this study; but the test, as insignificant se it is in clsasifiestion,
hes helped to group the organisms into two minor groups: those vhich do not
grow in 2% NaCl and those which do grow in 2% %aCl,
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The role which the other reactions play in classifying mioro-orgsniasms
is primerily that of differentisting genera of a family ( if all species in
a particular Genus have the same definitive trait or of differentiating specleq
of a ppecific GCenus, All the organisms were urease negative; moat did not
liquefy gelatin.

In general, the orgsnisms of the proposed Genus Rubriomonsg sre cltrate
end uresse negative; catalase and gelatin positive and negative; indol
negative; and non~hemolytie,

The survival tests showed that the orgarisms tested were capable of
existing in different water environmenta, ¥eter enviromments containing
small amounts of mineral supported 14fe the longest. Distilled water and
demineral ized water supported the least amcunt of 1ife. If these organisms
do land in the wvarious water enviromments, we can see that they are capsble
of surviving. Another thing one must remember is that the scurces of
nutrient sre replenished and of much greater magnitude in the natural state
than they are in the test tube.

The organisms are aerobic, some are cspable of growth at reduced oxygen
tensions. The optimal temperature is in the range of 25° C. to 30° C..

Serology was useful in that the antigenic relstionships were established.
Other than this, the rezults sre of little use,

Just how much importance should be placed on pigmentation. At present,

some genera ¢can be said to have been formed because of a pigment produced,
namely, Xanth 8, Flavobacterium, and Chromcbacterium.




Very little work has been done with bacterial pigments, The
determination of the sclubility and the observation of s coler change of a
pigment 1in s solvent have been the only techniques spplied. The following
is an outline of the classification of pigments ( Buchanan ).

CLASSIFICATICK OF PIGVMEKTS ( BUCHAKAK AKD FULLMER )

I, Ko color change in medium; the pigment is diffuse in protoplasm,
incorporated in granulsr giobulesz, found in cell wall, infiltrates
capsulor sheaths, and can be found intracellularly or cellularly.
A, Soluble in chloreform

1) Insoluble in alcchel
2) Soluble in slochal - { Carotineida )
s) Giving lipocyan resction
(1) Soluble in chloroform
(2) Scluble in aleohol
b) ¥ot giving lipoeyan resotion
(1) Change color with acids or bases
(2) Do not change color with seid or base
(a) Flucrescent
(b) Non-fluorescent
B. Insoluble in chloroform

1) vater soluble ( Anthooyanins )
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2) Yater inscluble
a) Soluble in alechol
b} Insoluble in sleohol
{1) Soluble in bases
(2) Inscluble in bases
11. Pigments producing color change in medium ( extracellular ).
A, Scluble in water
1) Pigment scluble in chloroform
2) Pigment insoluble in chloroform
a) Pigment changed by acid or base
b) Pigwent not changed by mcid or base
B. Inacluble in water
1) Pigment scluble in some one or more of the usual solvents,
exclusive of alkslies,
2) Pigments not soluble in some one or more of the usual
solventa, excluaive of alkelies.

The pink pigment has been produced steadily for the tuwe yesrs that the

organisms have been studied. It appears that the organisms do not mutate

wmuch in this reaspect.

Bhodospirilium rubrum is = spiral organism possessing bipolar

lophotrichous flagellation, oxidizing few sugurs, fermenting none. It is

capable of withstanding 1% NaCl, being motile at the same time, #With the
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increase in osmotic pressure, the spirals bscome very long. FExcept for the
fact that the organiam is not motile at 4° C., 1t is cspable of growth and
motility at all tsmperatures tested. This aeroblc organism is pink; the pink
pigment turns light green when boiled in water as was shoun when ths crganiasm
was bolled tc produce scmatic antigen.

Pgeudomonas rubescepg does nol produce a pink pigment; the crganism
appesring to be colorless { no pigment ) or white. (mly once did it appesr
that & pigment was produced, This was on an aged sgar slent; even then, it
was hard to distinguish., C(therwise, the orgsnism appeared to be a member of
the Genuas Pseudomonas ( Gessard ) and should not be reclassified,

Cellulomones rossica, eontrary to Kellerman and McBeth ( 1933 ), 1is
ineapable of utilizing cellulose., This monotrichous organism is capable
of oxidising only glucose, growing st reduced oxygen tensions, and not
capable of producing pigment. It should be placed in the Genus Pseudomonas.

Yibrio rubicundus is a pink rcd, polar monotrichous, and incspable of
oxidizing sugars or growing at reduced oxygen tensions. Other than the fact
that most Vibrios lose their curvature upon being cultured on artificial
media ( Blaset, 1952b ), contrary to Grotton ( 1942 ), the organism still
shows more tendencies towsrd the new Cenus proposed rather than the Genua
Tibrio.

Protaminobacter rubrum may also be placed into the new Genus. This
pink rod, contrary te Nen Dooren de Jong ( 1926 ), is incepsble of oxidizing

carbohydreates,




The marine orgsnisms were pink nen motile rods capable of oxidizing
carbohydrates. They should be piaced into a Genus other than Psendomonss.
The bacteris studied ars gram negative rods whieh produce a pink
pigwent, These polar monotrichous crgenisms are aerobie and do or do not
oxidize some sugars. The basis for establishing the new Genus is that the
proposed Cenus differs from the Genus Pgeudasonas in the type of pigmeni

produced. Pgeudomonag produces a blue-green water goluble pigment;
Rybriomonag produces a pink pigment attsched to the soma of the cell.




SUMMARY

It 18 the hope of the suthor that some knowledge has besen added to the
field taxenomy. Rbodospirillum rubrum, Cellulomonss rossics, Pseudomonss
asruginoss, 7ibrio rublcundug, Protamincbaoter rubrum, and other previcualy
unolassified pink pigment producing organisms were studied.

The author has concluded that certain pink pigment producing organisms
( five strains ) warrant the formation of a new Genus, Rubriomonas in the
Fanily Paet




CHARACTERISTICS OF TWE GENUS RUBRICMONAS

MORPROLOGY

Rod-shaped, 1,14 microns to 2,46 microna ( average 1,92 microns ) by
0.53 microns to 0,70 microne ( averape 0,62 microns ). Flagellation polar
monotrichous. Flagella have 2 to 3 curves with an average wavelength of
1,64 microns and an average amplitude of 0,51 miorons. Five streins are
to be included in the pew genus; # 306, # 44, # 48, # 215, and Vibrioc

rubleundus; also, possibly Protaminobscter rubrum ( A.T.C.C, 8437 ).
CULTURAL CHARACTFRISTICH

Coiocnies on ngar are smooth, edges entire, not tranalucent. Growth
on agar slsnts is moderste, swooth, pink to red, and rot translucent.
Growth in agar atab 1a confined primarily to the surface. Growth in broth
is moderate with pellicle formstion. ¥o growth in broth under anaercbic
conditions, Temperature relations, mesophilie; p!' relaticns, neutrophilie;

axygen relations, asrcbic; pigmentation, pink to red.




PHYSICLOGICAL CHARACTERISTICS
Pew carbohydrates are oxidized. The following tests sre uniformily

negatives oitrate, uresse, indole, gelstin, blocd hemolysis, Kitrate and

catslage variesble.

HABITAT

Found in water,




PHOTOMICROGRAPHS
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Figure 1. Photomierograph of distilled water organism #44.
Leifson flagella stain., X 1000,
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Figure 2, Photomicrograph of distilled water organism #48.
Leifson flagella stain, X 1000,
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Figure 3. Photomicrograph of distilled water organism # 306.
Leifson flagella stain. X 1500.

Figure 4. Photomicrogreph of distilled water crganism # 215.
Leifson flagella stain, X 1700.
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Flagells stain, X 1000,
flagella stain, X 1000,

Tigure 5. Photomicrograph of Yibrio rubicundus, leifson
Figure 6, Photomierograph of Cellulowonse rossics. leifscn
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Figure 7. Photomierogreph of Fseudomonas rubescens, Loifnq
flege?ls stein, X 1000,

Figure 8. Photemiercgraph of Pgeudomones geruginosg. lLeifson
flegella stein, X 2000,
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