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CHAPTER I
HISTWICAL

The gerus Hiorobacterium wes first proposed by Orla=Jensen in 1919.

His eultures were chiained from such diverse materials as pesteurized
milk, cheeses, butter, rotien beets md calf feeces. The species of this
genus were deseribed as @;rm poesitive, nonwmotile, nonwsporeforming rods
eonsiderably smaller then the true lactie mid besterie. PMysiologi-
cally these organﬁms wre‘chmaim*i@d by their ability to grow upon
the surfaee of agar slants, produstion of catalase and their pronounced
therral resistance. The gerus embodied f’éﬁr species, viz., ¥. lectiewm,

¥e flavum, ¥, ligquefacions and M. méemiem.

Yo lacticum wae deam‘-ibad as 8 small rod 0.3 by 1.0 pe At times it
appeared “ooccus~like.” This orgenism was able to survive heating to
80 C for 16 mins X flavum formed "olumsy rods™ 0.5 by 1.0 to 2.0 p
although it could attairn a length of 10.0 p, It was neerly a&s heat
rosistant as ¥u laotioum but its most distinctive characteristic was the
produetion of a yellow pigment when cultivated on & s0lid medium. ¥hen
stained with methylene bdlue it presented a grammlated upgexruwa. .0

ligusfeciens was morpholegically similar to K. lastiouwms It differed,

however, in being able to liguefy gelatin. M. mesentericun was charac~

terized by the formation of s mosentery-like growth on solid media. It
wes killed by heating to 70 C mementarily.
Orle~Jensen (1919) considered these organisms olesely sllied from

physiological standpoint to the Tetracocci.l The organisms of this genus

1nretracoccus” socording to Orle-Jensen refers to acideproducing
forms of Vieroccecus and Sarcinms, Ifueh of the smcid they produce is
scetic acld, and many liqusly gelatine They generally produce yellow,
orauge, or pink pigments.
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presented a physiolegical gradient with the saccharolytic aeid-former
@{w lecticum) at one extreme and the proteslytic gelatin liquefyer {_x_g.

liguefeolens) ot the other extreme.

The taxonamic position of this genus wss considered briefly by
Orla=Jensen (1521). He stated;

Mierobscterium i¢ to be underastood as merely a provisionsl
cellective neme for gram positive rods of size a little smaller
than ordinary bacteriae In biologicsl respects some of these
rods (Becillus acidophilus) ere clesely related to the trus
lactic anid bacteria, whereas others approaech the Tetracoccl or
the aerobie baeilli,

Ho further detailed investisstions were mede on this genus for 14
years,

Robertson (1927) encountered Mo lagtioum in his study of thermodurie
organisze isolated from hmm milke He reported that this baoterium
covld survive ip milk held at 6248 C for 4 to b days. It was fourd on
&ll plates of milk samples held at pesteurising temperatures and plated
hourly over & 7 hour helding period. _

Robertson's dste a.grem ‘well with those given by Orla=Jensen (1919)
for He lmtipm; I& eurious feature of Robertson's work wae the suggesw-

tion that M. lactioum and I.aehbwﬂlun thermophilus were identiesl. The

description of L. thermophilus by Ayers and Johnson (1824) leaves little

doubt that these organisms are distinetly differents L. thermophilus is

& thermophile with an optimm tempereture of 55«83 Cs In eddition, it
is auﬁalawnegstive. destroyed easily by heating to 80 C and incrph»logiv
eanlly distinet, It messuros 0.5 to 140 by 2.5 %o 6.0 a1 and hence is &
much larger organism than M. lseticume

A valuable contribution to praaeﬁt knowledge of ‘bhevgamm was made
by Witbern (1933). Her work confirmed and extended that of Orla~Jensen

{1912)e A major portion of her investigation dealt with the taxonomie



position of ¥, mesentericume After a detsiled morphological and

physiologiesl study she sllocated thie organien to the ganus ¥ycobacw

teriume?® She concluded that morphologically M. mesentericum resembled

a myecobacterium on the basis of the appummé of liquid eultures,
consistency of colonies on solid media, the formation of coeccus~like
elements, and the thresd-like structure of the cells. Physiologically

the ability of ¥, mesenterieum to use paraffin as a carbon source, and

its sensitivity to methylene blue supported this point of view,
Jensen (1932) made a morphologiecal study of the genus. His obsere

vations led him to the conclusion that N. mesentericum was a proactino-

myces snd hencs should be Proactinomyces mesentericus. le deseribed

the organise as s nop-asid-fast rod capsble of developing an extensive
myeelia composed of branching hyphae of somewhat verisble thickness.

This species was econsidered closely relsted to lycchacterium cosliscium

and Mycobacterium equi. Further recommendations by Jeneen were that

¥e lactioum and M. ligquefaciens be designated as Corynebasterium lacti-

eun and Corynebacterium liguefmciense C. lacticun was considered to be

similar to Co pseuvdodiphthericum exeept for the lower optimum tempera~

ture and acid production of the former. C. nquueiam wag considered

to be closely related to C. fimi. Jensen concluded:

The genus Viorobscterium cantot possibly stand ss defined
by Orla~Jenaen, since of 1ts four specics, one is a true Pro-
wﬁmmaa, one - flavum = an organism on the borderline
between obacterium and Cory hacterium, and lseticum and
liquefagiens dambtless eorynebacteria. A3 pointed oute « + «
Their fsoulty of producing lactic acid does not make them a
separats genuss

Zmis organism is classified as Hocardia meseuterica in the 6th
 edition of Bergay'u Manual (1948),
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DHIY (1933) lsolated organisme from the intestinal tract of men

and identified several of them aa M. lastiows,

Jensen (1934) suggested that ¥e flavum wes sctually s mycobace

terium and therefore should be designated as ¥yeobaoterium f“iam:‘m.

Orls~Jensen, Otte and Smog-Kjmer (1936) reported that ¥. lacticum
did not require “lactoflavin® or "miih-gbien“ for growth.

Hansen (1938) found that hyﬂr@mic soid or monoiodoacetate ine
hibited the regpiration of M, lactioum and suggested thet the mioro-
bacteria differed from the true lactic acid bacteris in eatalsse and
hemin eontent. |

In 1940 Orla=Jensen and Foulenborg reported M, laotieum hed an
optimum of pil 7e5 in milk and pi 7.0 in broth.

Speck (1943) found that 70 to 95 per cent of the acid formed by
He hctiem was lestic, He also presented data which indicated that
thie species producsd small amounts (0.0l per eent per 20 ml nedium)
of carbon dioxide from glucose. This worker teok lssue with the
taxonomic suggestions of Jemsen (1932, 1934), He folt thet to place

the mierobasteria inte the geners )ycobasterium or Corymebacterium on

a morphological basis would be & serious error, ie coencluded that the
micrcbacteris were closely related to both the propionibacteris and
the lectobacilli. The microbacteria were ssid to be physiologieally
related to the propionibascteria exvept for their more serobiec nature
and lactic aeid production, and to the lastobacilli except for their
eatalase production end sercbie growth, Speck felt that amy system

of clagsification should indicate a clowe relationship between the

geners dicrobagberium, Propionibacterium, and Lactobaei l:hauu3

"nm iuggactim hes beon followed in the 8th edition of Bergey's
¥anual (1948). ‘
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Orls=Jdensen (1943), in an attempt to show the mMe relation=
ships of the mierocbacteria to other groups, was yampm to dingram
vthair very olese relationship to the mrynebwﬁria' and setinomyess.
He was, however, well mware of the impliaaﬁand fiwvolved when he con~
cluded; , : .

Der Vollstindigkeit halber habe fch = mehr oder weniger

berechtigewsise » in unserem System auch die Mikrobakterien
und die Proplomibakterien angebracht. Ob es Flohtiz 1st,

Corynebakterien und ﬁﬁwaﬂn von den Yikrobakterien und

von Bme bl 1w entepringen tu lassen, muss dis
lehren.

$upor completeness sake I have more or less gualified the
¥icrobseterium and mmmmv«am in sar systems Wha‘khor or mt

it is correct to diagram G¢ acteriumm and Mﬁmgeu
from the microbacteria B, ‘idm the futurse miﬁa,




HETHODS OF CULTURE TS0LATION

Orla=Jonsen (1918) iselated micrcbasteria from raw and pastsurised
milk, cheese, cow feces and rotten beets. Robertson’s (1927) cultures
of ¥, lacticum were isolated from pesteurized milke. Orle-Jensen (1§31)
stated theb:

s « + o dactoria fourd in ineompletely sterilized

eveporated milk sesm tuv be not so oftsn hay and potato

baeilli as a weakly pewtonizing, nonescid forming, none

sporing rod bacterium. This orgsnism ig presumsbly ro-

lated to the group of microbacterie which are sble to

stand comperatively high btemperatures.

D)l (1933} iselat@d;i, lacticum from the intestince of edulls. The
malority of ﬁittern‘s (193%8) ealkﬁrea were also obtalined from heate
treated milie Spesk (1943) found microbacteria in raw and sasteurized
milk, milk stone and chesse. From these inmvestigations it would seem
probable that the microbacteris ars most often to ve found in milk as
cortaninants from wilkln; and pastewrizing equipments. Hince they ars
probably present in the iubtestinsl tract of cows, they are ceccasiosnally
introduced into milk from cow foces.

The heat rasistances of the microbacteria 1s generally used as a
bagls for their isolation. Orls-Jensen {191%) stated that coleniss of
Ko lscticu: eould be obitalned in pure culture by plating out high
temperature pastowrized rilke Hobortson (1927) fourd V. lacticum
regularly in »nilk held for extended periods at pasbeurising temperte
tures. In 19283, "itterun deseribed ia detail ihe methods used in iso-
lating nicrobaeteriss “he hested sampleg of »ilk at 80 € for 5 min.

and streaked decimsl dilutione on China blus-lactose agere Colonies

of Y. laotieu: rrew on this wmadiws alter 3 to 4 deys et 30 Co
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Sinee ¥, flavwm was urable to resist 80 € for 5 mine., isolations wers
mede on milk ssmples hested et 60 C for § min, or 76 C for 1 mine The
China blue in the medium sorved as ar indieator of the swall smount of
acid prodused by the micrcbacteris. Colonies outlined by yellow (aeid)
tones were exsmined miercscopicallys Small, thim, gras positive rods

were coneluded to be members of the genus Mierobacteriume These

methods were not always sm@eséﬂl and Tittern suggested alternstive
enrichment ymdms. These were as follows: For isolating I. lagti-
cum a milk semple m heated at 80 € for § mine and placed into an
agual smount of peptons-levulose Abroth plus calnim ecarbonates lsvuloae

is easily attacked by menmbers of the genua Eéiommﬁarim end hence is

the preferred carbon source. The mixture of heated milk sample and
broth was alleowed to atand § to 8 days at room m;mmmm The result-
ing sedipent was stresked on plates of Chins blue-lactose ezar and im-
| eubated at 30 C. PFor iselsting Ke flavum & milk sample was heated at
83 C for 5 mins and plaged into an egqual smount of pnybom#?tmlma
broth conteining esleiwn carbonate mﬂ § per cent méim chloride. XK.
flavun is oapable of growing in ‘sslt concentrations up to 10 per cent
hmo 5 per cent salt would exert an inhibitory effest on other types
of orgamisms which survived the hest treatment. The mixture wms
allowed to stand at room temperature for § to 8 days and the resulting
sediment streaked on China blue-lactose agar. Typloal eolonies of M.
flanw developed after S deys® ineubation at 30 C.

Speck (1943) obtained gicrobacteris from milk, nili: gtone and
cheesss Milk samples were heated at 8l.1 € for 30 mine or 71 C for 18
sec., and decimal dilutions plated :;ou"tﬂptéaﬁgluqomaameﬂb-
skimmilk agars The plates were incubsted at 30 C. Cheese ssmples

(1.0 g) were suspended in 2.0 ml of sterils water o&n‘bnining 0.1 g
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sodium citrates After complele trituration, 8.0 ml of water were added
and the mixture was heated at 81,1 C for 2 min. Isolationa were then
rade 28 for milk samples.

The Univereity of Yaryland cultures were isolated in the following
manners Samples of rew end pasteurited milk were obtained from the
Upiversity dairys, Five ml portions were pipetted into sterile test
tubes and heaﬁe& at 81‘6 for 30 mine or 73 ¢ for 18 see. The gamples
were cooled immediately in en ice bath and deeimal dilutione made. The
dilutions were plated on three different media. Nedium 1 was of the
following compositions

Frotm&mpeptana.;‘uu......;...-‘.mnu. 0.5 g
Bool=extractiscnsvsesssoncessannsnssess 003 ¢

Gluco@Bessesassssssrsnncsnssncanasvarss Uol £

Potassium phosphate (dibReiC)ececeseess Qod g
Fotassiun phosphate (monebasio)essveses Dol g
&gﬂrcﬁbgaq)¢‘odowusuaywabgm.'cvnooagfio 1.5 &
ﬁhtﬂfHtﬂ.aidbl.njnhtoini‘nejﬁttbiotcbulﬂglo ml
. pH 7.0
¥edivm #2 was denhydrated ﬁryphﬁme&glmosm”mﬁrmb#sumdlk agare
Hedium #8 had the following composition
Pepton@evessssnsssssasisenncsnssnarenes 5 g

Beef oRtracteicscesvovccsversasssvessrere Uad g
1o70ul080esunssnennsonesnosnnnrvsnssnsnns Usl &

Potassium phosphate (dibasic)escsncssss Usd g
Potaseiwm phosphate (monobasic)eesceses 0ol g
®ater L0sscacscsconcvnsscoansascensoaselleO ml
pH 740
After 3 days' incubation at 30 C colonies 1,0 mm or less in dise
meter were examined miemmagmicany. I @all, short, gram positive
rods were present, the colony was transferred to litmus milk ané incu-
bated at 30 C for § days. At ‘%his time one drop of the litmus milk
culture was placed on an eper slant of wedium #1, #2, or 5?3, and sgein

incubated at 30 Co When good growth appesred on the slant and mierow
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scopie examination showed thmt the culture was pure, it was placed in

the refrigerator for future s‘kuﬁy. Forty cultures were iaolatéd in the

above renner. Flve representatives of this collestion were included in

the more cemplote studies describsd in later sections, Other cultures

used in this study were obtained from the sources indicated in table I.
TABLE X

Source and designation of cultures

Culture Besigration Code Fumber gource of Cultures

¥e lucticwm | 1 3 Profes S Orlae=Jensen,

¥e lucticum 8 Bioghemical=Technicel

¥e flavum e - Institute,

¥o flavum 9 Copenhagen, Demmark

He laeticum 8180 Ameriean Type Culture

Me lacticum 8181 Collection,
Georgetown University,
Weshington, Ds C.

He lucticum 818 Dre Johanna Westerdi jk,

te laeticum 518 Centraslbureau voor

¥y flavum 531 Sohimmeleultures,

Yo flavem B3 Baarn, Netherlsnds

¥e laoticuwm CBed . Dre ¥ Le 3peeck,

Mo lactious S0m3 Fational Dmiry Researeh

¥e flsvum 342w51 laboratories, Incs,
. Baltimore, Warylend

He lactioum S Original isolations,

Me lactieum irus Iniversity of ¥arylasnd,

¥e lrptioum Sru2 College Park, lHaryland

¥a specles bkt

¥, zpecles IRibw=]

Becillus scidophilus? 758 ¥re. ¥» Rogosa,

Bacillus ascidophilus 780 Bureau sf Dairy Industry,
Department of Apgrieulture,
¥ashington, D. C.

1

Orle~Jensen (1919) believed that this species wae related to
Yo lacticum.



CHAPTER XIII

CULTORAL CHARACTERISTICS OF THE CERUS HICKOBACTERIUM

Orla~Jensen (1919) did not characterize the colomial morpholegy of

the gemue Microbscterium in his origiral deseription of these organisms,

Robertson (18927) deseribed the agar colonies of s lacticum as “dull.
grey or white, opague, raised centers (when not crowded), round, glisten-
ing, slow in developing." Wittern (1933) desaribed the colonies of M.
lseticun on mesteexitract peptone agar as "punctiform, glassy, translucent,
mn-ﬂmreueﬁt. round, convex, smooth, finely emorphous, l«D to 1.5 mm
in diemeter.”™ Colonies of ¥ flavun on dextrose ager mo deseribed as
"1le0 mm in diemeter, citro»n-yallw; round, even and finely amorphous.™
pHii1 (1933) deserided _!éf;.mi"o.atimm colenies ss white, yellow or greenish-
white in color and ring,;in@ from 2.0 to 1040 mm in dismeter. Jensen
(1934) stated that colonies of Y. flavum were . . . . narrow, convex,
smooth, glistening, opague, light yellow.” Speck (1943) steted that
colonies of mierebasteria found on tryptone-glucose-mestwextractesikimmilk
agar were
e« » + o VOry small and smooth, the surface eolonies round,

the subegurface ones lens~shaped. After 7 days' incubation at

80 C the eolonies averaged sbout G.7 mm in diemetsr « » ¢ »

Frequently the colonies would be hardly more than visible efter

3 dsys at 30 C on thiz medium.

Observations on the colonial morphology of the microbacteria used
in this study were mede on gtreak plate cultures grown on tryptone-meste-
extract-glucosewskimmillk agar and incubated 3 daye st 30 C.

The surfece oclonies of . lastieum were 0.26 to 0.50 mm in diemeter,
They were punctiform, glistening, smooth, conmvex, pesrl white or grey,

trenslucent, and finely amorphous. They way be desoribed as “dewwdrop"
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colonies. Culturass 0J3, 0J6, |, 30-8, 51§, 816, 8180, 780, 1P¥8, SRNMZ,
756 and 3PWb=9 were of this type. éulturss 342=51 and 3RMD were also of
this type but were creem or slightly yellow im color, Culture 3Ribel
wag 8lishtly different in that the caléﬁy:adge ecurled upward ané the
center eppearsed slishtly depresaed. Pletures of typical colonies are
shown irn figures 1 and 1 ae |

. The surface coloniss of, ¥, flavum averaged 2.0 mm in diemeter, '
They were glistening, smooth, convex, and eresm or eanary yellow., They
were algo generally round and possessed an even edges. Culturea 531, 534

»

0d8, end 0J9 were of this types The pigment varied fram the golor of
rieh eream (0J8) to a very bright eanary yellow (534); Thess colonies
are shown in figure 2,

The chief differenes between the colonies of ¥« lacticum unﬁ )
flavum appeared to be one of colors Cenerally the eolony diameter of
¥e lacticum everaged OS5 mwm, wheress that of M. flavun averaged 2.0 mm.
This was not, however, a vsr? distinguishing eharacturistic.

¥hen these organisms were grown under ansercbic conditions, (see
Chapter V for method used), they sppeared much the same as under eerobie
eonditionss The colonices took longer tﬂldevnlop (6 %o 7 days st 30 ¢)
and were generally smaller. Pignmentation was minimal.

Sub=surfsce colonies of microbacteria were usually lens-shaped.and
gnaller than the surface colonies. Several of the cultures isclated at
thie lsborstory also formed rourd sub-surface eolonies. “Lumpy" and
933 Pruse™ sub-surface forms were also seen. A glven culture would
generally form all of the above mentioned subwsurface types. In addition,
the orgeniams present in one colony form were morphologically identical

to those of another colony forme The location of the colony within the
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Surface colon!®® of Mlorcfcaotoriiai laetfoum (X fjJ)

XS.
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Fig* 2 Surface colonies of yicrobacterlua flarum (X $k)

34
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azar had ap effect on the eclony morphologye The submgurface colonies
between the glass-agar interface were generally “diffuse.” Those within
the sger were round, "lumpy,” or lens-ghaped. Thess colony forms sare
shown in figure 3. |
Yenstwaxtract=proteoge=poptone-clucese broth oultures of the organw
isms gonerally showsd verving degrees of turbidity from faint to heavy,
Yost of the oultures formod & stringy, viscid, sediment sfter & deys at
30 C. (Seo tsble I1).
Apar slant eultures of the abowe medium showed gend surface growth
efter 2 days ot 30 Ceo In the case of ¥, lacticum, the growth was
groeni gh-whi te, white or greve Dany oultures showed a translueent film
of growth over the surface of the slante e flavim zave quite heavy

growth which wag ueuelly eresm or canery yellows
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TABLE 11

Deseription of broth cultures of microbsoteria zrown 3 deys at 30 cot

Culbure 1oe

Desoription

OJ3
0J8
818
8180
6181
30=3
a2
173
IRyZ
NJ8
DJde
531
534
32«51
738
750
3RNE
KA D) )

I Dt

glight turbidity, visecous sediment

glisht turbidity, viscous sediment

even turbidity, viscous sediment

glizht turbidity, viscous sedinent

slight turbidity, viseous sadiment

nellicle, even turbidity, no gediment

oveon turbidity, viscous sedimont

gven turbidity, viscous sediment

even turbidity, viseous sediment

slight turbidity, very heavy viscous sedinent
pelliele, slight turbidity, very heavy sediment
evan turbidity, viseous sediment

ne turbidity, slight sowdery sediment

slight tuwrbidity, viscous sediment

even turbidity, powdery ssdimont

even turbidity, viscous gedimont

8light turbidity, viscous sediment

glight turbidity, viscous sedimont

even turbidity, viséaus sedinont

1

Grown in Yessteoxtracteprotscsespeptone~glucose broths



CHAPRTER IV

MORPHOLOGICAL CHARACTERISTICE OF THE GENUS NICROBACTHERIUM

OrlaeJonsen (1919) described the misrobacteria as “Gram-positive,
rodeghaped lactic seid bacteria o + + » caaaidu&nhly smaller than the
rod forms hitherto deseribed « « + « «" M. lacticum was found o cecur
mostly in the form of single rods 0.3 by 1.0 ne At times i€ was also
found to exhibit a eéaeu@wlika ApPpeArance, %han,ntainad with methylene
blue the cellz were highly gruaulahad and resembled extremely anall
streptococcie Mo flavum'was foumd to form rods 0.5 to 2¢G Bs At times
this species wag found tq form eells 10,0 u longe They were distinetly
graruleted when stained with methylene blue.

Robertson (1927) stated that Y. lsctioun was & rod 0.3 to 1.2 p.
Tt wes grem positive and cccured singly, in pairs or amﬁll irregular
clumps of 4 to 18 individual cellse It was nonwmotile and mon~gpore-
forminge

wittern (1933) desoribed Y. lactioum as

e » » ¢ oin kleines, dlimmes Qttbehmn, ohne Sporen, die Gr8sse

betript 0.3 x 1,0 po  Als auffallend und typisch keus war die

geringe Dieke bezelchnen aueh war stets oin schweches Lichie
brechiringsvermigen vorhanden, Die lLange des Bakteriums veriert

von 1=2 u. Bine typlsch lage war ieht 45 erkunnen, oft lazen
gie in ¥elifchen abor nie in Fetten.

L T a thin. small rod; without spores, the largest measuring
0e3 by 1.0 pe A slight ewelling, herdly typleal, was observed in some
ingtsncess The lenpgth of these organises varied from 1 to 2 pe A
typical arrangement was not observed, they often sgcur in alumpa but
never in chains.”
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She desoribed M. flavim as |

ein plumpes, Stibehen von der Grosse 0.5 x 1-2 n, karnn oft bis

zu 10 p leng werdens Sehr oft lagen die Stlbehem zu vieren

mit der lLangsseits nsbeneinander, oft mals auch in Hlufchen

sugsmmen, jedoch nie in Kitten.d

D11 (1938) Pound most of his strains to be small rods measuring
042 20 0ub by 1.0 %0 640 poe

- Jensen (1934) described Vo flavam as 'ﬂ e » « rodeshaved or
bluntly auaeaée, Oef to 08 by lebf to 3.5 u, multiplying by purely
snapping growth." Jézzﬂm a}se found this. species to " o s o exhibit a
very typiesl angular arrangement in steined preparations.” 0ld eultures
were found to eogta.in shorter cells up to 1.0 to 1.2 p t?:vkiak. #ilk
cultures were doﬁnitclyhclub&ahap;oé. #moﬁ coz:wl\ﬂcd that ke flavum
wes the e . . . loast sefd~fast of all mycobacteris,”

Spoek (1943) found that Newnanelempert stains of microbasteria
grown in »ilk " o « » may often be miula&ding a8 to their actuml more
pholoyy." Using this method he -tgm ¥hat the microbseteris resembled
small socel in groups becauee of their irreguler staininge Agar slant
cultures s';ained evenly ami were found to exhibit charecteristic angular
snd pellizede srrangements. Speck's cnltﬁms moasured U.4 to C¢b by
OeB %0 140 ne | |

The mar;:hokleg of the cultures used in thie study agreed well with |
the deseriptions of the preceeding investipstors. Small, thin cells
exhibiting sngular and pallisade errangements, espscially in prspare-
tibm from aoiid media, waﬁ rroq;zently soen. mém cells measured Q.6
to 0,7 by 140 to 1.7 ne This type of cell also showed a slight mluﬁg

at one end thue giving it a clubeshaped amppearance.

2". s o« o & plunp rod 0.6 by € p, may be 10 g leng in same instances.
The rods often lie in fours with thelr sides parallel %o one snother,
they of'ten occur in ¢lumps but never in chainse
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Wicrobasterium organisms which were guite plump (coecco~baeillary)

were also seen. They resembled microeocci superfieially but were very
similar to photograrhe in Orleedenssn's (19192) monograph, These cells
nesgured 0.7 to 144 u in ﬁiamétar, The most rodeshsped cells messured
140 to le4 pe As pointed out by ¥ittern (1933), maﬁy of the colls lay
side by sides
Al of the culturss used ia this investigetion were found to be
grem positive, non-motile, and nop-sporeformings They showed granula-
tion when stained with LSeffler's methylene blue and were non-scid-fast
‘when stained with Zishl-Heslsen's carbol fuchsin end decolorised with
seid sloohele A deseription of the shape, arrangements and tinctorial
charecteristics Qf the eul%urasvuaad in this study is presented in
table IITe
On the basis nf-cellygbrpheiegy the eultures have been srbitrarily
divided into 4 types; Type 1s Short, thin rods, which were regarded ss
the claeseical typewmorphelogy of Y« lacticum. Occasionally clubeshaped
eells were observed. Pictures of this Ltype are shewn in figure 4., This
type hae been desoribed by Orle~Jemsen (1919), Rabértuen {1927), *ittern
(1938), D11 (1938), and Speek (1943). Cultures 3RM2, 1PM3, 02, 30-3,
P19, B160 and 6181 are of this type. Angular and pallisade arrange-
ments were frequeatly noted im preparations made from euliures grown on
80lid medias They were q&ita.sgnll {0eb to Ce7 by le4 to E.l‘n) and
showed granulation when stained with &5§£fler‘a methylene blues The
granulation was more evident in cultures grown in milk and stained with
the ¥evmen-lampert staine Culture 7J3 wes very similer to tho orgenisms
in this group Wmi_ for its tendency te form definite clubeghaped rods.
Type 24 ﬁnaeuwhaefllary and wedge~shaped rods as deserided by Urla-

Jensen (1919) and:Jsmatn‘(lﬁﬁﬁlf The organisms superfieially resembled
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Vorphelopgy and tinctorial reactions of nenbers of

he oenus

Zle

Cierobasterise

- o iEid Tast |
Culture éram Stein varpholory dre (u) ”Pitaéiﬁﬁ &raﬂul@s
BJ3 Thin, long % short rodsg, dud to 2.1 - +
Bome club=ghaped
NWE Alunt, cocco=bacillary, - - +
ed ro=ghared
815 Long, {ilarentous Tad Lo 140 - +
thresd=like
Bls Blunt, coceo=bacillery, - - +
pedzo-ghapad
5180 Fhort, thin rods - - +
2181 Ehort, thin rods - - +
SOwmd Short, thin rods - - +
Kmd Shord, thin reds - - +
170 Shord, thin rods - - +
SR1P Short, thin rods Re7 to 241, - +
HJ8 hods, thiok and some Be8 to Z.8 - +
coccug=like
e jarge rodg - - +
631 large rods - - +
34 Alunt, coceo=bacillary, - - +
vad poeghared
KT | dlunt, eccceuselike, - - -
prad pa=shaned
738 Short, thin rods - - +
786G E.unt, eoeco-oaeillery, - - -
od o-chaped
gEvh Blunt, cocco=bacillary, - - -
od o= shaned
Siilowl Blunt, cocco=breillary, Me7 to (.8 - -
edgewahaped D to led
3P el Short, thin rods - - +




of type X orgauai#** (x tfo)
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micrococels In most instences the major axis of the cell was enly
slightly longer than the »inor exis. They ﬁnd dismeters ranging from
Bu7 to 144 pe Granulation was epparent im preparations made from milk
cultures, Cultures 3Ribel, 516, 634, 750, 342«51, ZRKE and 0J6 were of
this typee Pictures are shown in figure 6, Type 31 Rods of erdinary
bacterial dimensions. Cells of this type have bsen deseribed by Orlee
Jemsen (1918) and Wittern (1935). Yo flavum was representative of thin‘
morphologieal type. The above memtioned investigators stated that L,
flevum could grow to a length of 10 me Celle of M. flavum which were
this length were not encountered. It was difficult to distinguish |
between the smaller cells of this type and those of type 2. Cultures
0J8, 0J9, end 531 were representetive of type 5. They were 0.7 to 0.9
by led to 2.8 pe FPlotures of this type are shown in figure 8,

Type 43 long, thin filementous cells. This type has been deseribed by

Wittern (1933) as representative of I megentericum. Culture 513

(1sbeled :!_a lacticun) was of this typee It had an @smliy long,
thresd-like appearance and udifﬁwa& markedly from aii othsr eultures
used in this study. (Figure & o

Pheir the miarsbﬁctéfid were grown under m&«rubivé ‘eomli'hib‘tm, their
morphology was not sig;nif’iem‘cly altsred. The rode-sghaped gpnearmeo of
u@a of them was more éifﬁault to deteot and, in general, all were more
coccus-lilre. _

From what has been previcusly reported and on the basis of the

obgervations nade in thiz sivdy, the genus ¥ierobacterium may be deseri-

hed as followsg grm positive, granulated, non-motile, nonesporeforming,
non~acid-fast organisms oceuring ss thin reds (0.5 to 0.7 by ls4 to 2.1 m),

socco~basillary rods (0.7 %o 1.4 m diemeter), or rods of oréixmry bacterial



Fig* 5 Negative preparations of type / organisms* (X 970)






Fig* 7 Hagatire preparation of type 4 ©rganlema#

(X 970)
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dimersions (0eT t0 0ef by lo4 to 248 m)s They may or may not show
clubbing end exhibit characteristic angular end pallisade or side-by-

side errengewents when stained from preparations grown on solid medies



CHAPYER V
PHYSIOLOGICAL REACTIONS OF THE GENUS MICROBACTERIUN

‘fhe physielegiocal rmoﬁam of this genus ae reported by orla
Jensen (1910), Robertsen (1827), Wittern (195;5, Orla-densen (1943)
ard Speek (1943) barra swmarised in table IV. oris—mv (1918) found
that the mtcrabaeturia were weak seid~formers wnd generslly f&ilﬁ! to
surdle milk, Mu crgmim"gsﬁmny predw é«luﬁq seid from
sugars, Yesst extract was found to be a poor uitrp@ source, whereas
' easein peptone was Milfwg All of the ormlm ineluded in this
‘ sm. produced catalase and mt of them were able 'MZ:M@ nitrate to
nitrites M. lacticum end §.  m were npcrtodto be exceptionally
thermedurie. k. lsstiom was sble to survive 80 C for 15 mins and Yo
£lavws wes able o survive 75 C for 15 mims |

Rm‘oﬂ'(l'sﬂ) feund ﬁmﬁ ¥e lactioum

* » s e MRY OF mBY not ferment the pantom ud trissccharides

(ratfinose); usually fermemts the hexoses, dissccharides,

glusosides, ecomplex earbohydrates, and hexose and pentoss

slechols, and generally fails te ytilize the orgavis aelde and

anino ueid&) mmmrie um 1: vniltbico ’
He also found that litwus milk was mede seid and thet nitrate was
gmﬁlly not udmd. The lnttor Miag was in ﬂrm oppas:}.tim to
-‘ :th' mml'm of Orle=Jensen (1919). _

¥ittern (1953) slge found ossein pepto,nﬁ to be the best nitrogen
source for the mi#roﬂm‘ﬁnﬂfﬁuihcn potassiun nitrate, smmonium chloride,
ures, ssparegine, glyaémll, mﬁta'c peptone, Liebig's meat axtract m
vesein peptone were oompared. She alse reported that the microbasteris
.e’u&. not lproduea lipase, nemolysin or reductese snd thet ﬁey were none’

pethogenic for mics.
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TABLE IV

Physiologicsl characteristios of the ssm ¥ierobacteriun se described

by some ;téﬂqm‘mtigwou E

“Dvestipator

&mmtuiption of s;;uias

Orla=Jonsen
{(191%)

Weoak aoid fwwn gom&ly faihﬂ to wrdle milke
Catalase positive, ¥ost species able to reduce nitrate
to ndtrites Yo losticum found Yo ferment most oarbehy-

| drates inoludTng abhrehs M 2] ‘generally not
 physiclogzically sy sctive as U g«aﬁm; Both species

Mﬁmlly ﬁxm&wﬁg,

Robertson
(1527)

He loetiowm ™o 4 » » WAy or nay no% mt the pan‘ksa“
and trissccharides (raffinose}; usually ferments the

| hoxoses, diesecharides, glucosides, samplex carbohydrates,

and hexose snd pentose aloshols, and generally fails to

{utilive the organie acide and amino seids, Wippwric seid

iz availables® Litwua milk was made secid snd nitrste net
11y redyced, FExeeptionally thémudnﬁep :

Wittern
{1933)

 Found sasentially the same fermontative remctions for ¥.

lsctioum and ¥, flavam as did OrlseJemsen {1918)s The

- | spesiwe of thls zemus were nanepathogenic for miee; did

not grodwn hmam reductese or lipase,

B -ﬁmﬁ;ﬁ )
(1938)

Fis lastiewm and ﬁ. t‘lm were inhibited by potassiwm
eysnide and .

Y te end therefore amw fmm
1an soilll in ‘khnir hemin wnhnh

. OrlesJengen
- {1943)

{*me ni«mbnmin do not atiack thc pentoses, raffinose,

por inulin, Mamnitel is the only higher mlechel occase

{ionally fermented, J}. lagbtiocwm stiacked starch, glucow
ppurate.

sides (arbatin) end BY ¥o flavur attacked only

|mannitel, levulose, glusose and mamnase, The finel pi
_4in levulose broth was S.7,"

(1943)

| Small emounts of carbon diexide were prodused from

glucose by ¥, lasticum. Approximstely 75 per sent of

{the asid wmm milk by He scticun wes found
to ‘”A lastic seids
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The workers who have invegtigated this gcmin' sre in sgresment that
the micrebw%&ia do net,pmd'aée indole, ﬁyérogm" sulfide, nor do they
liquy gelatine They also agres that these bacteris are endowed with
unusual thermoduric sbilitys. Catalsse production and wesk meid forme-
tion are also gmaﬁlly r;ewted.

¥ost of the investigetions summarized in table IV were limited in
thelr soope since they did not combine a repressntative culture collec-
tion with extensive physiological determinations, Thirty~eight physioe
logical reactions werse determined for sush of the cultures used in this
study with the purposs of correlating them, if possible, into & useable
achane for identifying members of the genus.

¥ethods and Vedin

The incoculum for the physiclogiecal determinations consisbed of
4 day cultures (30 ) grown in a medium of the following compositions
Yorst extractescsssesossssevcccsnssslel £
- Proteose-peptontesvesssrssssncssenasleb g
Potassium phosphate (manobasic)eesss0.2 g
P@t&gainn 9&0#?%&%0'(dib‘ﬁi@)nc.o»otha 4
Vator L0evscssnesssenevronsosnesans 1000 ml
ﬁﬁ B8
Carbohydrate, alechol and glucoside fermentation was studied by
edding 1 per cemt of the substrate to & previously sterilized and
eooled cystine sgar base of the following compositiong

Tryptiﬁlﬁ.nnowctwvo»-ontc&».nubcu»ozgaﬁ &
Sodium chlorideessccrsansvsconesces 540 g
AEBTveecsrsvssavssnsssnsenssnescrans S.E'g
Gyatinou.aaa-,...oa....---a.-.-..-. (1% -3 &
Sﬁdiﬂm Bulffteecovnessansenvennenes Oub g
Pheno) redeesacessevsssssssvsnseses 0 0U7 8
Yiater tOscesosovonisecssvenssanseelD00.0 m}

pﬂ Tad
The test substrate was aterilized separately by Seits filtretion end

added aseptically to the cystine sgar base to give a final concentration
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of 1 par cemt. The oystine agar bese was sterilized by auteelaving 15
mine ‘at m-m.. Four ml emounts were plased in storile 18 wm —
test tubes and inoubsted 24 hours at 30 C to detest conteminstion, At
the end of thie time the tubes were inceulated with the eulbures to be
testeds Comtrols comsisting of mnmhm nedia m:sd 1mm=3.um media
without subetrate were used, mmtnga were mede after 4 mt 8 days
incubation at m Ce |

Gelatin liquatmmn wea ammmu ming . nadim of the leiu

Wﬁtim
ml&tim;«-qttﬁacmvnvtnuonoowc¢ocﬁ~noﬂmnﬁ g
-‘,P@‘Eﬁnﬂ«atttnovc&ntqﬁuan»qtu--uo«;;«'&n 0.8 £

mmtqtvtmcwqrﬁqtnatumcv-t@nuuu D3 g
Water toeessee bgﬁvﬁ«ll&»cthtmaua‘n»mﬁxﬁﬂaﬂ ml

PH 7.0
ymmg were made after 5, 8 and '14 days! 'zm@uﬁm st 30 Co The
: tuisn weore glmd in the remm alm with zmimulaw controls
m after 20 ninn %hoy were a’imm for evidence of 3.1qmrmtim.
‘ sydragm sulfide produstion was Mmmima using leed mtuta Agﬂ'
Rosdingt were. nada QM ¢ and § dayt* imubntim at 30 C.
~ Mathyl red and ?agaum§gsm~ resotions ag well as the Pinm) pH
asbermination wers mode ushng MaResVoPs mediume A% the end of 8 days®
. inevbetion st aé é'. one drop ar the culture was added to one drop éf
E D406 per gent Wmhano m&yl red and the resstion mmm
| m Voges=Proakauer mct wag nede by mmg 2 ml of 40 per cant potas-
. nyamnao amzmg ms m cent orestine w 2ml of the 8 day
A, Gn%m Mn&ﬁ mo mm m m:xm M {;ase Mdiﬁoa of thix rmgm
The finsl FB wae éo%armim using o mcm pﬁ wetor (Mode) G)e
| inrlnla prudmttm was msm by growing the uultm'aa m a1l per
m solutien of t:ryptim&a for 8 éayl at 30 c. A%t the end pf thcls time,
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8 few drops of Kovac! s.res;gﬁmt were added and the color obaerved,
Catalese production was determined by sdding 1,0 ml of 3,0 per cent
hydrogen peroxide to a 4 day slant culture of the teast orgmism. Evoluw
tion of gas was teken as evidence of a pos{ﬂée catalase test.
¥itrate reduction was determined in a medimm of the follawing
compoaitions | |
Yoast axtract...;;.g...;;......«..u,..l«ﬂ &
Protecge=peptonGesessssascosscsosreesssled g
GlucoBBeesossesorssscrsanssensrsssesnsOnl g
Potaasium nitreatoecsevescesscscsssunaelel g
Wator tosesvesssencssvesesararcoescel00 ml
PR 7.0
After 8 deys' incubation at ‘&0 C the prasence af nitrate ﬁn the mediwm
was tested by a@diﬁiéﬁ_@z&‘ 0+5 m1 each of sulfenilic spid and @ -mephthye
lanine u’ desoribed in leaflot V of the "janual of ¥ethods for Mure
Culture Study" (1944). |
litnus milk was prepared by edding litmue powder to fresh skimmilk
until the desired shede of lavender was abtniuﬁd.l m: meodivm waa
sterilized in the autoclave 10 min at 121 C, The tubes were imrediately
eooled in cold waber, Readinzs were mede after 4, 8 snd 15 days' incu-
bation at 30 C.
heid produetion in skimilk was determined after 7 days' inoubation
at 30 C. Twenty ml of skimmilk eulture were titrated with 0.1 § sodium
hydroxide to the phenolphthalien (1.0 per cent squegus-slcoholie) end=
pointe The seidity was cnleulsted as lmctic scid from the formula

nl x normality x 0,09 x 100
grams ssmple

per cent lactic acid @

Growth in 10 per cent salt broth wae deternined in a medium of the

following compositien:
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The hest-resistance of the oultare# was determined in a medim of
tﬁe‘fellawing composition:
Yoagtmgxtractoccessecosnronssesncssncnnasled g
Proteosse-popionfecerssssccerccscsinsnsesdsb
GlucoBBavsvesssevvsensssnn-snesaroncssnslel g
Potsseium phosphste (monobasie)eseesvssdDe? g
Potaseiwn phosphate (dibasic)ecceescsensOel g
Vator LOsecensessosnsasssvscnsonesecesel00.0 ml
pH 6.6
Five ml awounts of this medium were placed in 50 ml screwstop vials eof
uniform diemeter and sterilized 16 min at 121 C. One drop of a 4 day
eulture grown in the same medium was aéldorl to 8 viel and then heated to
85 € for 2} mine Two minutes were necessary to heat the medim to the
desired temporature. Immediately nftc;r heating, the vials were cooled
in an ice hath to 30 Oy After cooling they were inoubated 7 dayea at
80 C &d the prpsmé or absence of growth was mmud.
The results of thasa» deterninations sre Mmariud in teble V.
The culﬁtres used in this study showed several physiologicsl chere
acteristics in common (see table V). Nome of the cultures studied were
shle to produce indole, hydrogen eulfide or liguefy gelatin, In eddition,
none of the cultures fermented rhamnese, inulin, a@saital or sorbitole
Glucose, palaetese, fructose and Mnoné '«ra farmteé and mﬁhsﬂ was

produced by all cultures studieds “

Physiological Characteristics of Microbseterium lacticume:

Consideration of the famaxrtatién resctions of M. lactieoum reveals
thet they failed to ferment ﬁw penteses, erabinose, and xyiwm Culture
618 wag found to be the exception. In eddition to fermenting arabinose
and xylose this culture was morphologiecally distinet in‘that it produced
filementous thread-like cells instesd of the ¢typleal small, thin type of

- rods The hexoses, dextrose, galactose, levulose and mennose were fermented
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with the prodkction of aeid by all the Y. lacticus strains tested, Acid
production from galectose was wesks Rhamnose was not fermented. With
the exception of melibiose, mast of the dissecharides were fermented,
Culture 8181 was unsble to ﬁmnt u:y of tﬁe dtmuch&riﬁaa. The mejority
;sf' streins of Y. lecticum were umable te fme;it Itho %13«@&&&6@3, melie
zitose and mffixmsé. The polﬁneahmﬁaa, inulin, glyc@gan, dextrin and
starch, were selestively attackeds Some straine produced seid from glyeo-
gen while none fermented irulinms Starch was hydrolyzed with the produc-
tilon of scid by all but one strain of . laoticum. Aecid was produced
slowly (15 days at 30 C) by eultures 0J3, 0J6, 518, 30«3 snd Se2, Asid
produetion by these strains was weake Culture 8181 failed to produce
ecid from starch in 15 days &t 30 Cs The remainder of the sirains of M.
lactioun were able %o produce 6cid from sterch in 4 to 8 days at 30 Ce.
Glycersl, mdonitol, duleitel and sorbitol were not fermented by eny of
the ¥+ lactioun streins used in khs.s'ﬁwéy.f ‘#ﬁaat_ gtrains wers able to
produce seid from ;#ennitol» Cultures 513 and 1PMS were the excentions.
Aesculin was not split by any of the g:q lacticum strains except IP¥be9
and aeld was preduced from saliein by eultures S5-2, 1FMS, SR¥Z srd 3PAD-D,.

Yo lacticum gensrally produced from 0,20 to 0440 per cent acid
(caloulated as lactie) fram skimmilks Cultures 0J5, 516, 8160, 3-2, 1PN3
and 3RA2 produced a weak curd in sldmwilk. Cultures 0J&, 513 and 8181
produced negligible amounts of acid from skimmilks The reactions in
litmus milk correlated well with theose produced in skimmilks. Host of the
eultures of ¥. lacticum produced an seid reaction in 4 days at 30 Ce

Fitrate reduction was variable, O5ix of the ten sirains of !'s lacti~
cun tested gave a positive test for nih‘itn. |

The final pH was found to remge from 5.10 to 8.10, This finding

correlated well with the methylered teste Fight of ten strains of
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Caltuwres 0J8, OJ9 and 5351 were sble to grow in 10 per sent salt
brothe The bulk of growth appwéﬂ a8 a viscous sediment in the bottom
of the tube,.

Rone of the strairs ﬁf‘§? flavum used in this egtudy were able to
gurvive 85 C for 2% mine in yosst extracteproteoss-peptone~glucose=~

phoarhate broth (pH 6.8).

Physiologieal Characterigtics of Other Mlerohacterium=like cultures;
Cultures 758 and 750 (B meidophilus) were not as sotive physiolow
gically as ¥e lacticum, %9;3! were able to produse seid from &wxﬁrm and
eulture 738 produced acid from st;weh; Poth 738 and 750 were unable to
attack the dissccharides and to this oxbent were similar to the Ye flavus
cultures. Strains 738 and 750 also producod aeid from mammitol. FHo
acid was formed in skimmilk and the reaction of litmuwe milk remained
mnehanged efter 8 deys at 30 C, Their asercbie growbth and catalase pro=
duetion iéﬁicat& that they are not to Te ﬁwugh;: of eg gimilar to

Lagtobeelllus scidophilus. Vany of their phyziologiecal reactions, viz.,

growth at 30 C and fermentation of mermitel, further suppert this view.
Cultures 3RYE aml 3RVbw1 were found to be simliler in their reections
to cultures 34231 and 534, A1l of ithese eultures were of morphologiesl
iype 2, The physiological resetions of these cultures, es well as 6%
and 342-81, are suffieiently different from those of M. lacticum and K.

flavan to place them in an intermediate group (Mierobseterium species).

The outstanding eharmmiatiqi of this intermediate group wors acid
production from arabinoge, xylose, raffincse and glyeerol and their
morphological similaritys “ |

Teble VI shows the physiolégieai differentiation of these cultures

from ¥e lacticus and ¥. flavum besed upon the fermentation of arabinose,
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xyloge, raffinose, glycerol and starch, It ean’be seen that ', lacticum
dosa not produce scid from pentoses but does produce acid from starch
{with the exception of eculiure 8181). e flawum cannot ferment pentosss
or starchs The intermediate growp (including %42~51 and 534) is sharply
differentisted by asideproduction from the pontoses ns well es from
glycerol and raffinocse., Culture 513 (lsbeled Me lacticun) was not cone
gidered to be morphologically or physiologlieally related to other organ=
isms sncountered in this sgtuly.

The aignifieanee of these findings is discussed in terms of the
identification of these orgavisms as well as the natural relationships

of this genues te other gensre in snother aection,
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CHAPTER VI

VITAYIE REQUINKEWERTS OF THE GRNUS MICROBACTERIUM

Orle-Jensen, Otte and Snog-Kjeer (1988) comcluded their studies on
the vitamin reguirements of Z strains of Y. lactieum with the following
stetemont,

Im gegensatz zu den echten ¥MilchaBurebakterien einen
gedeihen die uneechton Nilchsllurebakterien -« die Colimund
Asrogenesbakterien ~- gleich gut in kohlenbshandelter und
in nicht kohlenbehandelter ¥ilch; wes damit fbereinstimmt
dass diese Bekterien sieh in rein synthetischen KihilBaung
entwiekeln kannens %n flhulicher %alse werhalt sieh Nierow
bacterium lscticume o

In 1843 Orls~Jensen reliterated his belief that ! He 1se:tiem doos not
require "lactoflavin™ or %ilk-bios " for growth, A search of the
literature disclosed no other expsrimental date on ths vitemin requiree
monts of mewbers of this genus.
In & previous seetion it wag shown that a medium of the following
composition would support good growth §f the mierobasterie:
Yeast sxtrach.. l&!‘!*’h'.l-‘tl.!ittc wesesssasessslsO g
?PO“E’BGSG‘WP%HO.Q.; ssvesaseassvssessescnounessaled &
GluCO8Bessessnassnssassavuresssnsvrensssssnsssssilal o
Potessium phosphate (RONObRALG)seeesscnsssrrceslel g
Potasaium phosphate (A158516)esssssccsrnnscsssslel
?Iat" %Gﬂ!"“"“.l..'!i.CQ)..Q‘.'QOQ" O#Ol'lgglg ml
pH 3@.6
The organimms used #&z inocula for the experiments reported in this
end following seections were grown in this ysnamm&, proteo e

peptone, glucose medium (abbreviated Y.E.»? .P.). The preparation of the

leme colt end aerogones group of "pseudo~lsctic acid™ bacteris
are just the opposite of the true lactic acid bagteria ~= they grow
equally well in charceal ireated milk or non~treated milk; thias means
that these organisms oan grow in e purely synthetie medium, this is
also true for Vierobacterium lscticum.”
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inoculum was carried out as follews:s Fifteen ml centrifuge tudes cone
taining § ml Y.H.P.Ps ware inocculated from stock slants with s straight
wire needle and incubated 4 days st 30 Cs The eells tqsm then centris
fuged, the supernstant disearded, and the s edimented colls washed with |
5 ml of 0.85 per .aau« »Spu@! The suspension was sgain eentrifuged,
the supernatant disearded, ﬁ,& the sedimented a,ﬂpwu resuspended in & ml
of 0.85 per cent salines fne loopful (inside diameter & mm) of this
suspension served s the inoculur for 10 ml of test mediume

Several strains of microbacteria were tested fur growth on a
mediwm of the following ctmpositionms

Casein hydrolveats, salt Taiamine hydrochlerides.»100.0 4
free, iw&ﬁﬁu.ﬂ.nwowﬁﬂmtvarmftcwwné.ﬁ\. Rivoflavinsssceierinnsneal00.0 7
ﬂu.gﬁgt Qamr_no-oy.....aaw.-&l_r.bHoO g Jcotinle .ﬂpﬁttta&ttt:dguﬁ\q
Sodiwm escetate, Gipisisvisceiiled g Pyridexime hydrochloride,l00.04
Mi&%ﬂﬁwaw@i‘tnoacttis?tw.ﬁvt&&ltﬂt@ﬂ.:ﬂA ?Q’N&Hg Wﬂnﬂggﬂﬁtoowgﬁa\a
. l=tryptophanSeiesssesivivesses0s01l g Para~smino-benzoic aeid.«100.07
- ASPAraginessesencessivesninens0el25 g 1oInositolesevnarnseacesdl0004
: Choline QWH&H&.&&Q.-Q-vt..c.‘r.n¢o9iag‘m”ﬁw.ﬂg»gomcw-uﬁosvnyyttawgoﬁ\a
Guanine hydrochloridessscacesesle® mg Folic aoidYVesses .wtta-.noonﬁcﬁ\\
Adenine sulfatoessss rft,otttt.wiu._v@,ﬁﬁ, ‘Blotingecesnvsssisnensens awanﬁ\a
XonthlinOecisnvossvivivncnnseselal mg  Salt A% siisvisverovereassesled ml
ﬂ.ﬁ!ﬁwut;-o.,.bas.!Qo..incct.n-.tttiu.c@,3&@ .mﬁw&.Wm..uotnott&riito-taoqleom ml
: ‘Wabter tossessnessnonsncesssi00D ml -

pH 848 % 0,2

~ “Cesein hydrolysste obteined from Die Ms Le Speck, Mational Dairy
Research laboratories, BSaltimore, Marylend. mo-mmﬁpgm a3 Lot #8.

, «a.ﬁagao, folie acid desipgnated as "Folvite." Obtained from Dr.
Berjamin Carey, lederle laboratories, Pearl River, New York.

4Containy monsbasic potassium phosphate 25 g, dibasie potmssim
phosphate 26 g, borie meid 25 mg, potassium iodide 2.5 mg, water 250 ml.

bgonteins magnesivn ugwwyg « THyO 10 g, sodium chleride 0.5 g,
ferrous sulfste « THgO 0«6 g, mangsnous sulfate . 4H,0 0.5 g, oopper
sulfate . BHg0 25 mg, zino sulfate 2.5 mg, water 250 =l.
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The sbove mediun was prop#rﬂd in the coneentrations indicated and
sterilized by filtration through s Jena 1G§ euf 3 glass filters The
mediun was dispensed sseptieﬁlty Into sterile test tubes® in 10 m
emountse This medlum supported the growth (visidle turbidity) of .
lacticun (cultures NJ3, F=3) but not ¥. flavum (culture 0J8), GOrowth
was discerneble in 3 days at 30 Cs The same cultures alse grew when
the mediwm wss sterilised by autoclaving 123 min. st 121 C, |

Omission of glutamine and sodiwnm acetete did not alter the smount
of growth obtained and hence these substenees were sliminated from
further considerstion. Caseln hydrolysate in 0,6 per cent consentration
was found to be as saticfsetory as 1.0 per cente Consequently, the
former concentration wes used thrﬁugho@t the rsmninéer of these experi=
mentse |

Compsrisen of the amount of scid formed in the lasbementioned
-madiam (by eisctramct&idvﬁitratién to pH 848) with.aéditioaa of Oel per

i eert liver axtra§€ (Wilcén'ﬁ fra#tién i}, papﬁénizédbmilk or an iquéaus

A

| extract of oarrots {elso in C.) per cent conecentration) showed mo
1
? significent differences.

' 8411 glassware used in these experiments wes prepared ss followss
The test tubes end flasks were washed in tep water with triesodium
phosphate (6 g per liter) and "Orwus® (1 nl per 5 liters). They were.
then rinsed 10 tiumes in distilled water and dried in en oven at 110 C.
The tubes and flasks were then plugged with geutewcovered cottom, '
autoclaved 16 min. and held 12 hours at 110 ¢ before usze, The pipettes
were thoroughly rinsed with tap water and immersed in concentrated
sulfuriec acid (eontaining 1 g sodium nitrate per liter) for %0 min.
They ware thoroughly washed, dried and treated as the test tubes and
flaskse.
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The constituents of the medium were them arbitrarily divided into

four groups as followsy

Group A Group 3 - Sroup C Bagal Substances

Thiamine « 7C1  4=Inositol ~ Adenire ., Camein hydrolysete

Riboflavin Choline chloride Guawine . xwi Glusose

Ficotinie Acid Parse~smino~benzoie Uraeil dl-tryptophane

dealeium - acid Xenthine l=cygtine
pantothenate Asparagine .

Pyridoxins , HC1 Balte A and B

Biotin

Folie asid

The substances csontainad in grouwpe A, B, and C were gterilized
individually through a Jens 165 suf 3§ 2lass filter and stored under
refrigerations The diutryg;toyhaas, leeystine and ssparsagive were
trested in like manner. Cmsein hydrolysate, glucose and selt solu=
tione ware sterilized individuslly by eutoelaving 15 min. st 121 C.

The substances mer tost were added asentieally in proper coneentrae
tions to a szterile flask and dispensed in 10 ml amounts in sterile
test tubes. In this way anmy combination of ﬂwm and accessory sube

;’ ) “
Y sbences eould easily be prevared without resorting to lsborious and time=-

\
b
¢

| ocensuming filtretions sand at the smmo time avoiding unknown chemical

\ ‘resetions introduced by sutoolaving them in oombination.
'\ For prelimimary work the typs eulture ¥ laetioun (0J3) wes studied.
.:“.;‘\ézgr medis were prepared, viz. (1) basal substances only, (2) #1 plus
gm;gup A, (3) #2 plus growp B, and (&) ;5@3 plus group Ce It was found
*b’:mt culture OJ3 would grow in media #2, #3, and {4 bdut not 1 and thus

1t was comcluded that the required growth faetors for thlas organiss were
present in group A. The zrowth in medis #2, #3 and J4 apveared to be of
the seme dersity. To determine which of the vitamine in group i were
needed, soven media were .l pr-epaxo& eagh .e-f; whioch was ﬁufiaien‘h in one
vitarin of group A« The resulis of this og%;eriment are presented in

Teble VII.
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TABLE VII

Refont of elimination of individual vitemins from group 1 on the growth
of Kierobaeterium lacticum (0. J4 #8)

Fasal vodiws ¥ roup I

Substances Eliminated | "o VellU¥H ' HOQUAT ' biLEe L ©
Individually 1 3 B
%o Omission ! 1m0 Good * | 17,4 17.1
o | arowtn |
Less Thismin 1 1 | sy | 12,3 | doed
Eydrochloride ' Growth
less Riboflavin 16,5 | 15.6 1.8 |  18.5
Less Pyridoxine 16,1 13.9 14,8 15.6
Hydrochloride ’ '
Less Fieotinic Aeid 4.5 | Good | 181 | 15.4
: Growth

. Less d~Caleliwm Fo drowth

' Pantothenate

. Less Folic Aeid 15,7 18,5 13.9 16.6

. Less Biotin 10.8 12,6 | 15,8 10.8

\\ * Growthl observed, bgt cultures not titrated.
%\ The data pmmﬁ in this teble indicate thet M. lm#iew (043)

i‘.\ was unable to grow in the sbsence of decaleiun pméth«mmto. FThen this
temin was sdded %o the medium good growth resulteds Tn addition the
results indicabe that eulturs OJ5 was sble to groew through four ser;&l
{loop) trengfers when each vitawmin of group A, other than desalcium
pertothensts, wes eliminated.

To deterwine the &wm‘bﬁ&liﬁy of decaloium pantc thenate for ether
strains of ¥ lactiewm, 14 strains were tested against rraded amounts of
this vitenine The results of ﬁh:lu experinent are presented in Table VIII.
Growth wa# much heavier in the .mbes eontaining 0.1 /°/ nl of desaleium

peantothenate than in those contsining 0401 £/wl of this vitemine It canm
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initietion of growth, thiemine plus de-cslcium pantothenate gave more

growth than d=ealeium pantethenate alone.

TABLE IX
Regponse of ¥icrobscterium lseticum to thiamine « HCl and dwealcium
pantothenate
Composition
of Yedin ; Per Cent Iicht Absorption
2 2l 21 81815 e |nle
SHEHHHHEHEBHEE
Besal Only 0 |o Jo jo jo Jojo (o Jo jo jo 13 ¢
Basal + 1.0 /A/m1 o Jo {o [0 o jo jo |lo o jo Is %1 §
gwgmﬁm « HC1
Basal + 1.0 A/ml - {2 |0 Ro |7 |5 |6 fo p1 jo fo {8 Is b
d=taleivm , 1 ,
pantothonate
Bagal + 1.0 A/m1 k7 |o ke bo 44 47 |0 Bo jo §7 40 35
esch of Thiamin _ v
, Hydrochloride
! ard defalciwe

,f ;wggggwﬁ

3

{ It was desirsble to know whether or not dletryptophane, asparsgine,
\

/w;awﬁ,«mg and salts A and B were neceasary for the zrowth of M« lacticum.
muwm_ﬁ&amu strains were iested in two media. Ons medium contained the
wwmgﬁagaﬁ& substances, the other did nots Teble X shows the results
of w%,»u %ﬁ»&gw. It ean be seen that these compounds did not apprew
ciably affect the amount of growth and they were omitted from the test
mediume . | | |

Experience had shown that Os2 per cent each .ow mono and dibasic
potaseium phosphate ndded to M.ww._. PePe gave good growth. Hence those

galts were m.gw.s&ea in the ,wm%a mediwn as buffer selts. The toest nedium
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f%l mediwm) at this point hed the following composition:

' c‘ﬂﬁiﬁ hydrolyaaw, spltwfree, vitemin-{rotscesrssseeslel g

. GIQQOEQ, e’bﬁt!t‘tnti.»ﬁbt‘t‘.oté'n*‘00’000‘0‘:'9‘0'**.1#9 £
Pobtassiws p’hosyhata (mmbasio).uu.“....u..uu.m{hﬁ E
Potassiwm phosphate (dibagic)esecassrssacsvessnsnerseeled g
Thismine wmhleriﬁ’ﬁdm‘itokwvtttttOlloit.‘tl"*wﬁmﬁaﬁ
decaleium: gantothmtm«.un.uuu".nnnu..."m@ao ft
Water “Sﬂomuna.vnnvuturscﬁtouotvvanutuwnovmnsnaa'-a#m’z}iﬁ ml

pH 3¢B

TABIE X

Influence of leasparegine, lecystine, letryptophene and salte on the
growth of . lacticum

Calture ‘ﬁmﬁmu Ca “Compound s

Designation Included - Omitted
0J3 187 21
0J6 - 18 ' 6
pue 4B 41
BRES ’ 43 ' 36
SBM8 | 40 | 15
1l 68 - 56
1P 50 - 89
8180 : 40 26
8181 8 0
e | 6 a2
20-3 B ' 29
758 34 | 28
513 | 3 R | ; 80
516 | 0 . 11

*:l=Asparagine, l<cystime,l=tryptophane and salts, plus basal medium.

Tper cent 1ight sbsorbtion after 4 deys at 30 C.
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The response of 4 strains of !y lacticum to graded amounts of d-
calciun pantothenate in the above medium is shown in table XI. Curves
drewn with these data are shown in figures 8a, 8b, and 8c. These
resﬁlta appear to establish the essentiality of decalcium pantothenste

for ¥e lacticum.

BT T TABLE XI T
{Response- of “icrobacterium lacticum to graded asmounts of d«ealciﬁm
: ; pantothenate i :
Per Cent Light Aﬁaorption
. w N 8 .
Yediwm o b :
- 3 § |'» z
1, Basal + 1,04/ml Thiamin . HC1 0 0 0 0
% deCalcium pantcthenate
2. 1 + 0,901 £/ml d=Calciun 0 0 0 0
pantothenate '
3. 1+ 0.01 #/ml d=Caleium 0 0 R 3
pantothenate ;
4401 +:0405 £/ml d=Caloium 1 25 B
' pantothenate e kg
5¢ 1 + 041 #/71 d=Caleium 25 35 k1 40
psntothenate
8s 1 + 045 #/ml d=~Calcium 31 45 ks
pantothenate
7¢ 1 + 1,0 A/m1 d=Caleium 35 47 ke 45
pantothenate

All of the cultures used in this study were then tested for growth
through 5 serial (loop) transfers at 48 hour intervals (30 C) in the
sbove mediume The results of this experiment are nresented in table XII.
It can he seen that only the cultures designated as ¥« lacticum grew,

(Culture 738 designated as B. acidophilus also grew through 5 transfers),
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P flanag, and other microbacleria described in Chapter ¥, did not grow
through & serial transfere and evidently havs more complex nutritional
requirements. It was found that eddition of G4l per eent carrot or

liver extraet to this medium would support the growth of M. flawvun.

TABLE XII

Growth of members of the genmus lMicrobacterium in basgal medium through
five gerial trausiers

Culture ‘ 3&&15@“&;
Designation ist —Znd ord 4%h Bth

0J3
06
13
516
8180
(8181)
30-3
Sw=2
1Py
3FHb=
oJ8
oJ9
631
534
%2351
738
780
SRMS
Flom]

g
+ +
+ +
+ 4+

+ + o ++%+*¢§+ + +
+r++ e
c*,“’*“*’

A+t

GQ¢+0¢4’Q++'*%’++§#Q+Q*

Legend: '
+ z growth (visidlie turbidity) in 48 hours %0 C.
0O = uo growth

Cultures which grew through 6 gaﬂeul trﬁnafor: in the above experi=
mant were tested for growth in the ths media shown in table XIIT.
MM‘ results showed thaf, with the exception of culture §1%, all of the
strains of Ee Imoticum which would grew in the basal medium required

d=calcium pantothenate for irdtletion of growth,
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TABLE XITT

Effect of dwealeium pentothenste snd thiamine or the growth of 9 strains
of M. lectiowm

tedin

1. Basal, No Vitemins ¢ {2310 0|0 4} o

)
20 #1 + 10 #/nl Thianmine {0 2510 ] 0 l0}! 0 |0 |o o
8

},

Se #1 + 1.0 f/nl d=Ca pants B8 |22 16 | 50 taz 33 |3

Pantoic lactone (£, /- dihydroxy, 54 dimethyl butyrolactone) and
feslenine are the wmmﬁiwémazpartt of pantothenic meids, To determine
whether Y. lagticum could use either moiety alene or in eombination, an
experiment was devised where these substances were inocluded ssparately
and in combinationm in place of d~caleium pantothenmste, The results
prosented in table XIV show that I, lacticun camnot uss these ecmpounds

in place of decaleium pantothenamte.

TABLE X1V

Effect of substituting pantolic lesctone and Seslanine for d-caleium
pantothenste on the growth of & streins of g{. lactioum

redln . .Cuftnr Qo:i znation

le Basal + 1.0 A/ml | | | |
Thismine + Pantoic lae- {0 %0 |0 [0 fo o Jo D 0
tone (no d-Ca pent)

2. Basal + 1.0 /ml <
Thismine +PB alenine o {gg {0 {92 1o v} o P Q
{ro d-Ca pant)

5. Besal + 1.0 #/ml | |
Thiamine + Pentoic lace fo 2z {0 o e 1o lo b 0
tore and /g‘glmim’
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A smamary of the preparation and eomposition of the final medium
usad in this study is ziver as follows: A solution of vitaminefree
hydrolyzed casein, neutralized to pH 6.8 (with 0.1 ¥ sediwm hydrexide),
and golutions o7 glucose and phosshate sslis were parenared and steri=-
lized individually by sutoclavizng 1§ min, #t 121 €y The d=caleium
pentothenate and thisnin hydrochloride were sterilised individually by
filtration through a Jena 165 euf nglasm filters Appropriate volumes
of these ingredients were wixed together and addaé to sterile test
tubss ir 10 »l amounts so thet the final eoncentrsiions were ms listed
or page 4%,

The r esults presented indicets that unler the deseribed conditions
d=caleium pantothenats was a mutritionel requirement for most strains

of e luncticum used in this studye Furthor evidence was presented that

whereas d-calelum pantothenate was essential for initiation of growth,
thiemin bydrochloride was, in many instances, stimulatory. The stipue
lation by thiamin hydrochloride was observed to be nonelinesr fror
G.Gl;ﬁﬁml to 0Gal /21, From table XI it ean be séan that the optimum
eoncentration of decaleium pantothemnate Ffor 4 atrains of 'y lacticum
wes approximetely Ol #fmle The minimum lies betwsen 201 and 0,02//ml
of decalelun pantotheneate.

Total growth of s lacticwm in the wedium listed on page 40 wes less
then in Ye%.Ps or in a medivm which had all the group & growth factors
added, which indicated that sn additional feetor or factors sre reguired
for maximum growthe In eddition, visible turbidity appesrs ir TeBePels
in 2 days at 30 Ce Visible Surbisity in the medium presented on page 49

5

eppears in 35 te 4 days at 30 C.
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Cultures 03, 513, 0100, 80«3, Ded, 1PHS, N2, 738 and 3™hed
wore stuiled since they were the only ones whivh srew in Zhe cusein
hydrelysste medium deseribed in ebapier VIs The ineeulum wes prepered
;’ml the manner smployed In the inwsstigstions on vitemin requirewenta,

“hen oulinres f=2, FUW, w and B180 were tested for zrewth in
the wedium listed in Sable XV, it was found that they would all grow
dhrough fiwe serial trmf'wm If rivoflavin, ;zyri&exigé, rieotinie
seid (la07per nl) and rolie eeld and blotin (Oulpper ml) were sdded
0 this nmedlun, grewth sppesred in 2 days at 350 C and was mush heavier
at the erd of 4 deys then in the medium givon in tadle XV, Omissios of
degsleiue pantothenste and thismine ﬁydﬁahlwﬁa froas this medium
regulted in no growth of any of the straing testeds

Te determine wholher any emino aecids ware essential for the growth

of Yo lastieun, they wers arbitrarily divided into three groups as

followes

Group 1 Growp 2 - froup 8

1 (3) glutemie soid 1 iug tyrosine emino acetic asid
dlwraline 1 {+} histidine - dl-agpartiec aeld
1 (=} leveoine ' dldhreonine . 1 {+) lymive
dlefgoloucine dlwpheonylalanine dlwperine
dlmrmethioni ne 1 {m) rreline dlwot slanine
1 {+) argloize £ welarine
dletryptochane o
leeyating

Cultuwre 3542 was ussd sn &n “indicator armim,” and it wes sasumed
that seet of the remsining me would have similer reculrements,

Yher the groups of esive seids were tested sin:ly or in combination
it was found that ,&;ymg;, 1 emine acide would support fg,fwhh of I's lmeticum
whereas groupe £ or ¥ slone would note If sreupe € and § were sombined,
growkh was obtained, Thess results are mw&s@ in table AVIe TG was

eoneluded that the smino asids pressent in group 1 were sufflaisnt 4o
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| support growth, #hareas groups 2 azzd 3 did not contain adeguate smiro
soids or else some of them were iﬁhibitory for Ve lacticum. It should
be noted thet inorganic nitrogen (0.6 per cent emmonium ehloride) would
not serve es a nitrogen scurce for ¥ lacticum.

Further experiments showed that sny mino sclds from zZroup 1 or
from groups 2 plus 3 could be eliminated without materially sltering
- the amount of growth. In all csses, however, the growth was peorer

then when nineteen amino scides were emplcyed,

TABLE XVI

Growth of ¥. lacticum (3RM2) with mino acids (l}rmapn 1, 2 and 8) and
in 0«8 per cent ermonium chloride

Serial | Growp ¥ ﬁrroug 3 Greup ] Croupal Oroupq§ Groupp OB per oert
Tronsferd 1+2} 2+35/ 1+  mycl
1st + 0 0 + 4 + 0
Znd + +° R N A
grd + + e +
4th + + + +
Sth + + + +

*Bach medlum contalned: 1 per cent glueose
0«37 per oent potassium phosphate (dibasis)
0s13 por cect potassium phosphete (monobasic)
100 Zeach of decaleiun pantothenate and thimmine
Anine scid groups 1,2,3 aingly or in combinstion
pH 7D 4 041
It wag found possible m "‘amin" some strains to grow in a wvery
simple synthetic mediume This was scoomplBhed by npaatedly subwgulbur~
ing the organisma in a maﬁim contuiaing only groups 2 plus 5 and dra?-
ping out one mﬂm mid frm %h@ae groups after every f:}ma mxb—aul*mmsa
Thus, 1M3, 0«)‘3, 8180, and W&an could be made to grow :tn & modium
containing BOO mg phenylelanire per 100 m1 as the mly nitrogen source.

Growth was visible bul poor after 6 deys at 30 Cs The organisms listed
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would prow on oontinued transfers in this medium.

Méitiom of Osb mgm per 100 ml each of adenine gulfate, guenine
hydrochlorids, uracil and xembthine 4o groups 2 plus 8 had no signifie
sant offect on growth. '

From these studies it app@ra« #a i.f the following aoﬁwluaima may
be mede regarding the growth of ¥, lacticum in a shemioally defined
nedlas (1) inorganie nitrogen ss amwoniumn chloride will not satisfy
the nitrogen requirements for s lactiewm, {2) 2 mixturs of 19 amine
acids and 2 vi‘bami.m summ"&s ‘good grwhh of stro.imr =2, SR¥2, 8180,

ws, (5) dwonleium Methunam is uhmlmly necessery for the
growth of ;ﬁ, lse ticun in paynthetic medium, (4) there appears to be no
essential amino aeid for ¥« lasticun; grmiz is proportionsl to the
anount and veriety of emino ssids present, snd (5) the purinss, adenine,
xanthine, snd ruanine snd the pyrimtdire uwreeil deo not inerease the
growth of Y. lachicum,



CHAPTER VIII

DISCUSEION AND SUMARY

Horphology and Physiology:
In general, the microbagterie form emall, round, mmeoth, convex,
surface colonies of 025 %0 2.0 nmm in diameter after 2.3 days at 30 C,

¥iorobacterivm laeticum usnally forms white colonies which may be des~

oribed es “dew drop.” Hicrobseterimm flevim and some Mierocbasterium
species form colonieg whieh are pigmented citron or canary yellow
although eame are white.

¥ierobacteriwm lacticum mey be considered to be a small, thin,

(OB t0 047 by 1ad %o 2.0 p), grem positive, nomemokile, nonesporing
rods Then stained preparations are gmwu{d from solid media, they
exhibit a charasteristie anguler and side-~by-aide afrmg&enm The cslls
of some eultures sre very slightly swollen ziving them s slight but

definite elnh-ah@pa. ¥ierobsgterium flavum is usually lerger then

vioercbecteriwe lacticum (07 to 0.9 by 1a4 to 2.5 p)e Both spovies are

found to contein grasules whem stained with Loeffler's mothylens blus.

The Miorcbasterium species group of organisme was always fownd to be

coecombaoillary or wedge-shaped. They differ greatly from the classical

morphology of Viercbagterium lscticum and Micrcbecteriwmm flavum. Several

eulbures of these latter speeles wers found to sontain cocco~bacillary or
wedge~shaped cells; and conssquently, ome cannct im all instances ideatify
these organisms on their morphologioal eppearsnce. In mest cases, however,

szfiembﬁeturim lﬁuﬁm& was of the elassical _marpﬁelagy s degeribed above,

Some of the organiems designeted as ¥icrobseterimm species had an

sppoarance very simller to mierccoccie However, they were found to be

biochemicelly distinet from Hierccoccus epidermidis, Mieroeoccus flavus,
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Aercbic, facultatively amsercbics
Optimun tempersture 30 €.

{3) Eiarohmﬁrim flavame Gram positive, nonesporing, none

mxw,. short rods (0.7 to 0,9 by led to 2.6 p). Non-acid fest.
Sramilated when stained with methylene blues May eppser cocco-becile
lary or wedge~shaped. |

Fora small suwrface colonles about 2._5 mn in diemeter, Culu#iﬂa
smooth, round, convex, glistening, citrom or canary yellow.

Catalane positive.

Litrug »ilk unchanged.

Gelatin not ‘quwi"im.

Indole not formed,

Hydroger sulfide not formeds

Agid from dextrose, rmtosc;‘ mannose, and mannitels. Mo agié“‘ fram
arabinose, rhemnoge, xylose, maltose, reffinoss, dextrin, starch or
glyeaioh

Asrcbie, facultatively mmzm.

Optiman temperature 30 Ce o

Vitemin end Amine hcid Requirementss

% has been found that decaloium pamtothenate is absolutely necege

sary fer.tha growth of Microbectorium lectioum., Purther, it can

utilize neither partoic lactone or S=alanine alons or in ecembination

and thue is similar to the laetic wid{ beacteria, propionic aeid bacterie

and cortain strains of Corynebacteriwm diphtherise (Porter, 1946). The
amount of dwcaleium M‘koﬁhmtm meuafy for growth is alas of the
game order of megnitude =g is required by the above mentioned organisms,
The exmot function of dwcaleium pantothenate (or pantothenic aeid) in

the netabolism of bmeteria or higher orgarisms is as yet uninowns



€5

It may possibly funetion in several metabolic processes (Mollwain and
Hughes, 19443 Sevag and Green, 1944).
It is of interest to note that most of the straine which ere of

similar physiolopy and identified ms Wicrobacteriwm lecticum require

d=galeimm pantothenate.

¥iorobacteriuwm lactioun has been found able teo grdw in a symthetie

medive eamposed of 19 amino aeids end 2 vitaming, The amount of prowth
decreasos with a deorsage in tho amount of variety of amino scids used.
There are evidentally no eszential amine scids. 'The lactic acid baoe
terie also require a variety of smino seids for optimum growth (viz,.
alanine, arginine, aspartic ascid, cystine, glutemie acid, histidins,

leucine or isoleueine, lysine, methiomine, phenylslanine, serine,

threonine, tryptophune, tyrosine and valine). ¥iorobacterium lsetieum
doas uot eppear to be nutritionally es festlidious as same of the laetioe
~ acid bacteria. Under the conditions used, adenins, xaenthine, guanine,

and uracil do not stimulate Wicrobecterium lsetioume This speeiesliu

unable to use 0.6 per cent smwroniwm chloride as s sole source of
nitrogens

Microbagterium flavum and Mierobaeterium species were found unsble

to grow in s synthetie medium which supported the growth of Wiercbae-
terium lactioums ‘

Taxonomys
The microbecteria are unﬁo&btnﬁly.olasely allied to the lacto-

baeilli and propiomibasterine The microbacteria do not sesm to be
biochemlics ly related to the diphtheroid group since they sre more
active fermentatively and have lower optimum tempersturess Sinee they
possoss catslese they are probably more elosely related to the propionis

baeteria than the lactobacillie The only points of difference are the



types of fermentation products and oxyzen relationshipse The latiar
property is dependent (at least in the cese of microserophilic orzenisms)
on the cherical composition of the mediwm and hence ia not too important
as & taxonomic ceriterion.

Undoubtebly other spesies of microbscteria remain to be deseribed.

In this work only three species have boen gtudieds Since Yigrobscterium

maegenterioun has been proven to be a ryeobscterium (Fitterm, 1933), and

18 now claseified as Hocardia messnteriecs, and since %ierobacterium

liguefaciens is gquite difficult to isolate, and perhaps nonexistant,

the sbove three species are the only mierohacteria known todaya

They sre differentiasted blochemieally and seem tobfmrm & {irm base
for the germse In the light of oresect knowledge, it would be foolish
to sbendon the genus on the grounds that it 1s s "miscellaneous collecw
tion of gram positive rods®. One need only %think of the mierocoeci or

the genus Facterium to realize that the genus Microbacterium is fairly

well defined,
From the deta presented, the fellowing key has been construeted
which may 8id in the identification of the microbacteria,
I+ Acld from glycerol and raffinose
As Acid from arabinose and xzylose

1, ¥icrobacterimm species

TI. %o aecid from glycerol and raffincse
Ae Lcid from rnaltose and starch

2¢ Vilershapterium lactieun

Be No ecid from maltose and starch

3 Yierobacteriu flanm

This key differs somewhat from that in the 6th edition of Jergey's

¥anual (1948)e The latter differentietes Vicrobacteriun lacticum From




¥ierobacterium flavun on the basis of gterch fermentation and hoake

resistances, “hile the key presenied in this stuly retains starch fere
mentation as & distinguishing charaeteristie betweoen these specises,
heaterogigtance has not beon employed for reasons piven earlior in this
chapters The key is similar %o that given by Orla=-Jemsen (1818) in
thet maltose 1s employsd as & second differential characteristic,.

Wittern (1933} and Speek (1943) have reportad that Xicrobacteriwn flewvum

nay fermort raltese end the latter investigator has recommended that it

not e used for differential purpossss Fone of the atraizs of Wioroe

A————_

bastorius flavus used in this stwly were adble %o ferment maltose.

Bergey's Yanual (1938} uses the fermentation of starch and mamltose as
differantinl charecteristics betweon these Ywo species. In addition,
the key pregented in thils study employs ylyecerol and raffinoze formsntaw
tion to differentiate thess gpocles from the orzaniams indiestsd as

Yierobacterium specless It should be undersgtosd thet “iercbaebterim

zpacics is morpholeziecally distinet from ¥Vecardia mesasnterica.
L‘l— Y

The Sth edition of Bergey's Vanual (1929) placed Y erobactsrium as

the gsecond zenus in the family Becteriacese. In the 8%h edition (1948)

this genuz has been transferred o the femily Lactcbacteriacese and is

the second penus of the tride Jsctobacillese. Yiorobacterium licuefacions

hag been placed in an apoendix to the genus,
The duta in the preceedin; sections msy be of aid in identifying

Yiercobaeteriw lscticum, “ferobaclteriumm fleavem and certain other organiams

possessing morphological and physiological properties which ally them to

thest gpecioss
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