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STATEMENT OF THE PROBLEM

During a period of observation over several years, milk fron
a orsumery in the vioinity ‘o:t Blackgburg, Virginia, hus frequently
shown an abnormal fermentation in the form of rapid acid liquefac-

tion of the curd, Frevious work has indiceted Baeillus albolactis

The following invootiigntion was mnde of the milk supply in an
attempt to determine the prevalence and action of B, alholactis,

as well as fectors influencing its appearance and increase.

w
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HISTORY AND GERNERAL ASIECTS OF THE FROBLEM

Milk, the normel secretion of the mammary slands, i3 one of
the mosat conploto rood preparations elaboruted in nature, Among
1ts more important constituents are lactose, glycerides of oleic,

palmitic, myristic, end butyric acids, casein, lactalbumin end

lactoglobulin, énﬁ treces of other organic and inorganic compounds,

such as citrates and phosphotes (19). It is emphoteric in nature
rand nearly neutral, with a normel p H renge of 6.5 to 7.2, Thus,
‘a8 milk leaves the cow's udder it ia a very satisfactory medium
for the growth of many bacterial apecies, and in comsequence it
will undergo many changes. The processes producing these changes
are termed amilk fermentations, and these may be conaidered as
normal or abtnormal depending mainly on the regularity of their

oscurence (11},

Hormal fermentations of milk.

The commonest change ocourring in milk is the decomposition
of lactose to luctic acid, with a consequent comgulation of the
casein, This souring of milk is regularly found under usual
conditions, and is called the normal fermentation of milk (1),

Other changes such as the production of unusual flavora snd
odors, ropiness, sweet curdling, liquefaction of the curd, gus

production, etc., constitute the abnormal fermentations (11,15,23),




Originally belisved to be due to asomething in the casein,

gourin: of milk was proved %o be caused by nricroorcuniens by
tiie work of iasteur in 1857, when he deronstruted the existexnce
of orpapimns capable of producing luctic acid, and of Lister,
who isolated one of thess forrms in 1972, (1l1).

™a caln organiam dnvolved in the norral fermentzticn of

milk 18 jtreptococcus luctis. The type speclos repldly produces

only lactic 2cid from lactose und, since this lias no flaver cor
cdor, cives thit 15 called o "clean scur™ ~ili in the dairy in-
dustry., It produces up to one porcent scidity, or icre, in
=iliz, but its growth is scxmmat‘ inhitited above thio and the

lactcbueillius croup bo-in to yrow up, and to yroduce nciditlos

of over two and one halfl porcent, althouh tielr (rowth s ¢
aorn:l occurreuce, umd desirable in rany cheeses, it is con~
sidered undesirable in butter munufacture. The reln orionians
of this yroup ere Loctobucillus casei, L. bulsardcus, and L,
aseddophilus. They _roduce princip:lly lactie acid fron lage-

toes, (11,19},

Abnormnl fermentations.

There are many types of sboormal fermentations, and these
ray be caused by & sin:le speciss, or groups of nlcrooryailsns,

Escherichin coli and aerobacter aercrenes are two of the

corvoner causes of rassy fermentations and off-fluvors and odera,



They are almost always found in raw nilk, and coms from dust and

feces, Certain manbers of the gonus Clostridium, the anserobic
spore~formers, and some ncn-spofetoming yeasts, (Torulse), also
produce this ubnﬁml type of fermentation, (11,12).

' The genus Fseudcmonas, menbers of which produces a water-

soluble blus pigment, is responsible for blus milk, while members

of the genus Serratia produss “bloody milk", (11,12). Ropy or
slimy milk nay be caused by Alcaligenes viscosug, or highly cap-
sulated strains of Aerobacter serogenes, or S, lactis var, hol-
Aandicus, among others. {11,17). Sweet curdling, i.e. cosgula~
tion of milk by the production of the ensyms rennet by bactertia,
rather than by acid production, is encountered mainly in warm
'mthnr apd when milk must be held for considerable periods after
mt-urizcuon.‘ (11). The causative agents are gensrally members
of the asrobic, spore-forming group, Bacillus, e.g. B, cereus,
B, sudtilis, B, comgulans, otc. (15); although members of the
genus Proteus (11), and various yeasts and molds may cause this
trouble. {(23),.

Sources of contamination.
¥ilk, a» drawmn from the udder, normully contains bacteria.

Counted by the plate method the average is about 8600 organiems
per cc,, though counts have been reported of over 100,000 per ce,
Staphyloeci and miorococci are the commonest organisms found. (11,23),




From then 6n everything the milk comes infto contact with
serves as a further scurce of contaminatiou: air, the animal
coat, the milker, and probably the most important source of
bacteria in milk, all the dairy utensils such as milking machines,

coolers, milk cans, etc, (11).

Importance of Streptogoocus lactis,

S8tresptococous lactis, previously mentioned as one of the
commonest milk organisms, is undoubtedly bne of the most im-
portant for two roisgng. It produces only lactic acid in milk,
and 80 gives a 'cioah sour® milk that mey be used in all types
of dairy manufucture; and it is a very rapid growing organiam,
and the aeid 1t }tﬁduecs, though at first insufficient to taste,
will inhibit.tho growth of other orgesnisms. (11,23},

It is this latter factor which is of the utmost importance
in keeping down the growth of abnormal fermenters, particularly
when their relative numbers are low., Organisms oausing slimy
" milk, for example, or those such as Alcaligenes fecalis, and
certain Mioroecocei causing ditter milk, are relatively acid-
intolerant and will be held down by the acid production of 8,
lactis, {20). Members of the coli-aerogenes group, if not pres-
ent in too great a proportion, will also be inhibited by lactic
acid production. (li).

However, in certain abnormel fermentations, the rapid growih

and acid produotion of §, lactis will not be inhiditory (5); or




oertain unsound dairy prectices such ess overpestsurization ray

80 lower their numbers, or increase the relative numbers of
other hardier orgonisms that tho action of 3, lsctis will be

praectically worthless. (12,20),

The Importance of Baoillus alboluctis.

The type of abnormal fernentation with which this investie

gation has boen concerned is desgoridbed as acid ligquefoction of
the curd, In this, thore is a rapid production of scid from
lactose resulting in conculstion of the crselin, 1.6, curd formae-
tion. This is irvediately followed Ly preteclysis or liquefnc-~
tion, in which cassin, or ite insoludle derivetive, iz broken
down to water aoluble conpounds, This i3 renernlly accompunied
by bitter flavor developin: in the nilk, as well us bed odors,
due to some breardokn products of the casein, and pogsibvly fron
lactose as well, (11,23). 3treptococeus ligquefrciens, Bacillus

lateroaporus, pmejllus albuluctis, and certoin rembers of the
cenue Cloetridium are the organiasms comonly resgponsitle for this

abnormnl fermentation, (11,18), es well a3 certain Jurcina and
Torulae in cesocistive growth. (11,17,1C). Irevicus work (I1,.2)
has indicated Baolilus albolactis as the csuse of this particular
aboorral condition in the milk supply beins studied here,

In 1904, Fiugre, Ford, and ryor pointed out that milk heatoed
to tenmperaturss adove s C. showed excessive davelopment of spore-
boqrine: bacteria, ordinarily inhibited by the lactio-acid-producing

bacteria present in milk. (23).



Loeffler in 1937 first noted en organism in boiled milk which

acidified, coagulated, and peptonized it, and he proposed the

name pacillus 1sotis albus for 1t. This was changed by Lawrence
and Ford in 1916 to Bmoillus nlbolactus kitgula (13), ulthough the
following year Conn cluimed that this orgenimu was merely a lac~
tose~formenting variety of Baciilus csreus. (4), In the first

four editions of "Bergey's Manual of Determinative Bacterfolocy”
this organisn was listed as a separate spesies, B, albolactis
Migula, (1). In the fifth section, however, this hus beon changed
to Bacillus cereus var, nlbolactis Migula. (2), Sorieno slso lists
the organiem as a variety of B, cersus, (24).

As synonyms for B, elbolactis Lamncp and Yord list Dacillus
Asotis albus Losffler {(as does Bergey (1)), B, teres Neide, B,
gorragatus Migula, B, lsotis No. II Flugge, and B, bernensis
Lehmann and Neumenn, (15),

They were the £irst to indtcate the importance of Bacillus
albolactis in the liquefaction of pasteurized milk., They also
mention it as a contridutary factor to bitter milk occasionally
obtained when pasteurization is carried on between 60° and 65° ¢, (15).
The orgenism has alsc been widely reported in soil (4,24§, which
Berpgey's Manual lists as its habitat. (2),



Freah samples of both rew ond pasteurized milk wers collected

from the dairy over e period of two and & half montha, MNilk was
brought to the creamsry from two different sources, und these are
treated differently, and so were kept separate in the analyses
nmade, Xilk from source (A) is pasteurized and bottled, while that
from source (B) is pasteurized and put into milk cens for use in
a large eating establishment,

.In both cases the milk is brought in from the farnms in large
milk cans, poured into & weighing vat and then conveyed to a hold-
ing vat, ¥rom there it is passed through a preheacter into the
pasteurizer, where 1t 1s heated %o 144° P (62,20 C) and held for
thirty to thirty five minutes, and then held for another ten min~
utes at 135° r (57.2° C) befors being pessed through the cooler.
Milk (A) 48 then put into a bottling machine, and bottlsd in
quart, pint, and halr pint guantities, while milk (B) is passed
directly from the cooler into milk cans,

As far as posaidls samples from either source wore taken both
before and after pasteurization, and on the average af once a week
thes samples were taken from various points slong the line, Sampe
ling was done in nccordance with the methods outlined in "Standard
Kethods for the Examination of Dairy Products®. (26), Samples wers
held at 10° C in no ease for longer than two hours, and all dilu~-

tions were made at least in duplioate,




MLk use plated ln o youblse manner usiag standard trypionse

“glucosseextrutt wgur {(LC) 2t & P il of $u3 40 700, Wisrs dilutions
graater than 1:10 weprs made skiam uilk, sad not the powder, was
usad,

Total ecuais of the organiams wero made, and after & study of
the colonial charasteristics of Jasillus slbolactis had been made,
the numbers of thia crganism wore estimeted fros tha eolonies on
tha plates, parcentage of tho total flora calculsted, One hundred
cubic centimeter portions of each sample were incubateld at room
tezperature (219 %o 24° C.) end at 37° 2, and examined in twenty-
four and forty~eizht hours, and later if neoessery, to determine
the typs of fermentantion the milk would undergo,

Representative colonies were isclated from tize to time, and
the action on litmue milk noted, %o serve as a check on the pere
cantage counta, and sls0 to deternine the types of organiams

prasent,




RESULTS

Platea with 1esé than seventy colonies were not included in
these results beczuse it was felt that in such cases the approxi-
mate count of B, albolactis would be too inaccurate, On the other
hand plates with over three hundred and fifty coloniss were not
used because of possible inaccuracies of the count,

Tables 1 throupgh 6 are the results of samples taken fron
both sources, A and B, both raw and pasteurized, and from various
points in the line, Counts were made at least in duplicats, and
the average recorded, Dashes in the observations on the typs of
fermentation indieate no change from the preceding observation.
S8light liquefaction means that less than a tenth of the one hun~
dred co., sample was whey,

In Table 7 a oomparison is made between raw and pasteurized
sanples of milk from source A, types of fermentations and the pere

cent increeses of Bacillus albolactis noted, as well es the de-

ocrease in total numbera of organisms, Table 8 does the same
thing with milk from source B,
Table 9 shows the relation of type of fermentation to the

percentare of Bacillus albolactis in the sample. Cases showing

8light liquefaction were omitted, while those samples that cave
no curd ( end no liquefaction ) were included under "no lique~
faction”, The percentages of B, albolactis were roundsd ocut to

the nearest whole number,
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Table l-—-

3ourcs A-

-Raw milk from milk cans

Average Avera;e %
total organisms |B. albolactis |B. albolactis 3¢, Roam
PET Ce. por ¢c. Ter cc,. £4 hours 42 hours 24 hours 43 hours
520,500 30,000 5.7 gassy curd — curd —
113,000 6,000 5.1 gassy curd —— curd e
215,000 32,000 15.0 gassy curd slight lig- curd -——
yefaction
] gassy curd,
201,550 35,000 17.4 8light lig- - gassy curd s
uefaction

176,000 19,000 10.35 gassy curd S gassy curd ——
236,000 10,000 4.2 gnssy curd ——— curd ——
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Table 2-— Source A--Raw milk from holding vat

Average Average % 37° C. Roog
total organisms | B, albolactis | B. albolactis
per cc, yer cec. per cc. 24 hours 48 hours 24 hours 48 hours
118,500 12,500 10,5 curd slight liq~ gassy curd ——
; uefaction

185,800 20,500 11.36 cassy curd —— gassy curd -————
71,500 15,000 20,85 gaassy curd e . guasy curd ———
32,50 5,500 17.0 gassy curd ——— curd ————
206,500 13,500 7.0 gassy curd slight lig- Ko change alizht 1liq4

_ , gofaction uefaction
135,000 14,000 10.38 gassy curd 1/3 lique- gessy curd ———

Tied
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Pable S--Distribution of lijuzlaction ia relaticn to the
percent of B, eclboluctis of the tot:l count.
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1 = jasteurized milk

X = Raw milk




DISCUGSICN OF PusSULIS

The sarpies ¢ .2ilk fell inte four ruin clasczes, those that
eosgulated (porislly or with ges formestion), those that rapidly
ligquefied, those that showed o slight amount of whey, and those
in which there was no visible changs,

Thers were very few cases of really normal curds, mogt cases
of coagulation bafnz attendsd by gas productiocn. This was particu-
larly true e¢f the rew nilk semples, The fact that this was more
common in rew than in pesteurized milk, end from several trial
rung on violet red bile agar, eosiz methylens blue agar, and Endo'as
agar, that geve & rather hizh eocli-aerogenes counts (over 1,500 per
e¢, in some cases), this group is probably the czuze of this gas
produsction,

VYhen less than ore~tenth of the sample wes whey it was reﬁort-
ed as slight liquefaction, There are several possidble explunations

of this phenomenon. It might be due to partial inhibition of

Becillus albolactis so that maximum growth, and maximum activity,

was not obtained; or organiams that coagulate casein dy production
of the enzyme rennin give e tight curd that squeezed out whey in
some cases (e.g. B, cereus was found in several cases); or frequent-
ly gas-produsin; organisms may grow vigorously encugh to break the
curd and resuls in cho"oxproasion of aome whey,

Samples of milk showing no chenge, two even after forty-sight

hours of incubation at 37° C,, wers found, although only rarely.




The percentages of B, albolactia in these cases ranged from 5,3k,

in which case there was n0 change in twenty-four hours st either
room temperature, or 37° C, though both showed a normal ourd in
forty~eicht hours, to 53,36, which was lizuefied in twenty-four
hours at 37° ¢, btut showed no ohange after forty~eight hours at
room temperaturs, In three cases of this type a predominance of
Streptocoscus lactis verjety maltigenss was found, but outside of
theas sanples nc unusuel typas or numbers of microorganisms could
be found, |

The ocmparison of rew and pastourized milk shows that the
sumbers of organimms killed varied from 66,B% to 99,84, Although
there was no correlation between this and the percent inorease of
B. albolaotis, thers was a significant increeue in the relative
pumbers of this organiam after pasteurization, The organism in the
vegetative stage is normally more resistent than many migoroorganiens
(11), and in the spore form is able to ut&tm particularly high
temperatures, Thus, although their actual number decreases, since
Streptococous lactis, the main organism in milk is not a spore forme
‘Qr, the reletive numbers of B, albolactiis increase, In the cases

listed there were increases ranging from 16% to 1,820%, This in-

arease 1s mporiant when the milk 13 to be used 4in any sort of dairy
manufacture, for, althoush a few samples of raw milk showed a alight
liquefaction, for the most part they gave a normal curd, while jas~
teurized samples showed a significantly high number of cases of liqe

usfaction,




Although there were several samples that showed no liqueface
tion in twenty-four Ws at 37° C, when the ;ercentage of B,
albolactis ranged from 11% to £4%, all the samples that did liquefy
in this period had 11% or more B, albolactis present. Below this

‘percentage undoubtedly Streptocoocus lactis, or S, lactis wvariety
tardus, both of which have been uphtod from these samples, pro-

ducs enough ecid to be Mmht bnctoriontaﬂc. It 13 also inter-

esting to note that liquefaction ocourred riore rarely when samples
were incubated at room temperature, and then only when the percente
age of B, albolactis wes at least 16%,




SULMLARY ARD CONCLUJIQNS

1., The type of fermentation at room temperature and 37° C,
total bacterial count using the agar plate method, and relative
numbers of Bacillus slbolactis were determined in a number of
samples obtained from a local milk supply,

2., In almost all samples of both rew and pastourized milk,
from the time it sntered the creamery until it left, B, albolactis
was found to be present, Its percentage of the total count gener-
ally ranged from 2% to 21%,

3. The raw milk formed a gassy curd in rost cases, & normal
curd in sevoral cases, a slight amount of whey in a few, no change
at oll in e few, and liquefaction of the curd in two cases,

4, The pasteurized milk gave fermentations sinilar to those
of the ruw milk, although about one third of the samples liguefied,

5. A 16% to a 1,820% increase of the percentage of B, slbo-

1nctis of the total count occurred in pasteurization.

6. Liquefuction of the milk can be correlated with the numbers
of B, albolsctis in relation to the total count, proteolysis oscurr-

ing when its pomhtag- of all the organisms present wes over ll%.




PART 1X

A STUDY OF THE CRARACTERISTICS
AND CULTURAL VARIATIONS OF

BACILIUS ALBOLACTIS.




STATEMENT OF THR PROBLEM

In the first part of this thesis a study was made that
entailed mumercus observations of colonies of Bacillus albo-
lnotis. It was noted that when this organizm was isolated from
milk, and also when plated out in pure culture, two main types
of colonies formaed,

The purposs of this investisution was to make a detalled
study of these two varieties of B, albolactis tc deternine any
differences between them from the standpoint of morphology and
biochemical astivities, and to attempt to find a possible caussl

faotor, or factors, for this variation,




HISTORY AND GERNERAL ASFECTS OF THE FROBLEM

History

The question of the comstancy or variability of bacteria has
played an important pert in the study of these microorganisms,
At different times and in different countries, one or the other
dootrine has held sway-end been of importance in observations
made, interpretations drawn, and procedures used, (30),

Early notions of varisbility, and Sransmutability, of bace
teria were orystallized in their oxtreme possidbilitiea dy Napgell
in 1877, and again in 1882, in his theory of plecmorphiam, He
maintained that a¢ far as bacteria were concerned, thers was a
single cell type of extreme varladbility that was adble to change
its morphology, biochemical reactions, fermentative abilities,
and 80 forth. Thus he olaimed that a classification of bacterial
genere and species on the basis of morphology and biochemical
charact-riatxci was unfounded, (9). mmnp’, Kruse, Lankoster,
Bilbroth, and others, agreed with Naegsli's work on variebility,
although they d1dn't carry the ides of plsomorphism to the lengths
that he had gons, (23).

Abous this tini Cobn (1872,1876) pressnted a ¢lassification
of bacteria, based on stability of the morphology and physiology
of bucterial species. (&£5). Kooh in 1873, and many times after




30

that, lusisled on the dogue of monomorpuisin--g constaucy of fora
aud uniforidiiy of wetica. His followers 1u Germaqgy, anglend, and
tiuis counlry sdded rurther suppors to his theory. (SU). ‘Muis con=
eupt led e a sunsr view of bvacteriel constaney, and rapid proe-
gresd cugsued in the sutire ileld, purticuluarly in classification.
Migula, in 1897, racuzht oud & rether comprehensive clessification,
and this work was followed by Orla-Jensen (1909), Buchanan {1017,
1818}, Castelieni and Jhaluwrs (1919), and Bergey (1920,1923), and
others, The tendency hus besn towurds a more conplicated classie
ficution,'with the differences betwesn species teing split more and
more finoly; (9,10).

All thig tine, héﬁover,qovidence eontrary to the theory of
nonomorphicn hed been accumnlating. Léh¢anu and Neumann offered a
elassification of baétoria in their "Atlas and Grundriss der Beke
tericlogie” (1896}; but at tﬁd tiue ihay pointed cut that many so~
oelled species wlrojgpite of'ten only varieties of one spécies.
Helsser (190€), Massini (1207), Kowalerko {1910), Beerthlein and
Eisenberg (1912), and others, worked on cultural veriations of B,
coll. (9). DeXruir (1921), Webster (1925), and Hutt (1927), re-
ported on cultural and morphologic variations of the Pasteurella
group, (28); ariffith (1923), and Reimann (1925) on pneurococci}
Bagles (1928), Todd (1828) and others on the hemolytic atresptococcy;
and many workers on other species, particularly on the colon=-typhoid~-
dysentery group. (27). Topley and Wilson (27), Hadley (10), Lewis
(16), and others maintain that cultural variations mey probably be



geen in all basterial atreins if they are sutmitied to a grolonsed

examination under suitabls conditions.

Thus, today, in spite of various classifications in general
uss aped on the idea of eommmcy n’f_:bactorigl spscies, the ques-
tion, are the bacteria classifiadls, is still a dedbatable one,
Hadley (10), and iinsser and Bayne-Jones (30) claim that they exe
not, nor will bs until bacteriologiste know whal 'cwprius 8 bac-
terial species, The trend of the species concept of dacteria is
away from a restricted use of charscteriatics towards s concept
of statistical distribution adout 2 mean., And in the moantine, 1t
48 evident that the variadbility of bacteria is still unestimated in
1ts extent and significance, (30).

Types of variation. .
Salle (23), in a 1list of bacterial wvariations teken from

Thompson (1933), offers sixteen bacterial characters and the vari-
ations of these that have been obsaerved., Thess characters 1§cludo
oslluler morphology~--size, form, staining properties, spore forma-
tion, flagellation, amd capsulation} growth oz solid and liquid
medie; virulence, antipen snd toxin produstion; proteclytic and

fermentative powers, eto., with variations in all of them.

Cultural variation.
Culture) varistions may take several forms., The progeny of

a single cell, or a few cells, taken from one source may give
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widely different colony forms, One of the most common of thess
is the change froa smooth t;o rough eolonies. (30). The smooth or
8~type, colony is usuelly smocth, glistening, moist, soft, homo-
geneous, round, and entire, Tie Hetype, or rough colony is penere
ally somewhat larger, wrinkled, irregular, granulsr, broken or
fimbricte at the sdye, flattensd, transliucent., Two or more of
these 4uraromu may shew up, indicating a transition from one
form to the other, though the most atriking of these are size, m-
face, and density. (9).

The commonest ohange is from amooth to rough, and this may be
a gradual change over a poriod as long as several nonths, or a
shurp change with no intermedintes, Interusdiate forms are desig-
nated as "I* by Xoser and Styron (13,14), as "0" by Hedloy (23),
or, varying from trus smooth, 8, to trus rough, R, they are 5r,
SR, und &R sccording to Radley (9) and Dienst, (7). The change
from the smooth ool;my to the rough from through intermediates
_hes been reported by Koser and Styron (13,14), Dewson (6), Dienst
(7), Rdvmrds (8), and many others, Cases of direot passage from
8 to R with no intermedictes have also been raportad by lewis (16),
and Van Roekel (29), for example. Hadley (9}, however, mentions
the fact that intermediate forms are all highly unstable, and sug-
geats the paasibinty, because of this fact, and the great number
of organisms s hown to have intermediates, thet all 5 %0 R ochanges
pass through transitional forms,




Until the beginning of this century it was believed that the

change fron S to R was permanent, Pirtach, Dyar, Corbett, Phillips,

Zapnik, and others, in the last century, and White, Schutze,
Crowell, and othors in this esntury, working on many different
species maintained that the conversion from the rough form back to

the amooth was impossible, However, the work of Bordet and 3lees~

wyok in 1910, Baerthlein 1n 1918, Wreachoner in 1921, Lewia in 13534,
Koser and 3tyron in 1930, Badley in 1932, and many others, indicated

that with sufficiently long periods of observation rough forms could

be found going to smooth (1a many, just as easily as the reverse)
(10,23,28). Hadley indicates §h&t this reversion does not seem to
pasa through ihteimndiuto forms, and raises the guestion as to
whether this is really a reversion or further “progression®, (10).
Mucoid colonies, generally formed from wedgss, or sectors,
of smooth eolonias; are a third form that seem to be more common
than previcusly thought, (10). Certain workers (8) have attempted
to show that there was & direct oorrslation between M and R colon=-
ies, though most evidence sesms to point to thia as a distinct
colonial typs. Transition from R to M is partiocularly rare, the
change generally being from smooth to mucold, or mucoid to smooth,
The fourth main colonial type is the gonidial, or G typse.
This type is claimed to have been ssparated from parent cultures by
filtration, and are at first not visible in the subcultures, In

continued cultivation tiny “dew~drop” colonies form, with the cells




es minute coocus forng, uanclly gramenagabive regurdless of the

original source, These colonies revort, on further subculture,
back to the orl S:nul & form (23,10}, Het very muok is knoewn of
these, however, and reports ¢n then are reve. (30).
There are severeal other tyres of colonial vuriations possie
ble, The production of daughter coloniss very different from the
orizinal type in ar o0ld or dying culture, or within or on the
mother colony ls & rether coamon phenomencn, This has heen re-
portsd on as far back as 1588 by Gunther, And, of course, the
appeurance, sometines deolayed, of secondary colonles following
partizl or complote lysis of a mother coleny is not at all unusual,.(9).

Relation of Cultural to other Sypes of variation.

The question of correlation of ocultural variations with varia-
tions in other characteristios of microorganisms has long been a
point of contention among bacteriologists, and is still unanswered.
Hadley (10) in the same discussion of miorobic dissociztion claims
that each culture phase, when existing in a pure atate, is assooi-
ated with a definits group of charecters, and that when one phase
becomes transformed completely to another, some of these charmcters
are lost and others gained; and again, that each attridute of a
species may be transmitted to subsequent generations, independently.

(;‘hlrnctors most frequently correlating with colonial type in-
elude cell morphology, motility, posssssion of certain carbohy=
drates, antigenic struoture, and virulence, 3uch things as chrom-

ogenesis, hexzolysias, fermentations, and other physiological resc-




tions seem to be unrslated to colony phase, (23).
Virulence has been correlated with colony phase at least as

far back as 1911 when Preiss demonstrated that what is now called
the rough form of Bagillus suthragis wes viruleat, and the saooth
phase is avirulent. Deiruif in 1921 eorrelated virulence of B,
lepigepticum with smoothnesz, and also a diffused growth in broth,
while the avirulent form was rough, and granular in broth. Smoothe
ness has often bsen correlated with virulence; Griffith in 1923,
and Amoss in 1925, and others, with the pneunococci, and Topley
and Ay=ton in 1921, with Bgoterium pertrycke, for exanple, Althoush
here again, Todd in 1928 showed that hamolytie streptococci were
virulent in ‘e rough phase, and not the smooth, (28).

RBdwards (8) on the other hand, studied rough and smooth
variants of Shigells eguirulus and found no serological or bil-
chemical di!tmu. and equal virulense among the rough mucoid,
ancoth muoold, and smooth monmuucoid pheses. With Bagteriun
dyssateriae Sonne, in 1930 Koser and Styron reported no difference,
other than colony form, with the 8, I, and R strains. (14).

Thus, although many correlations can be made of other bec-
terial characteristics with cultural variation, it seems that each
charscteristic of a apecies is subject to independent transmiesi-
bility. (23).

Eagtors inciting yariatden.
An "ineiting® substance, or condition, is one that sets uwp

some physiological mechanism by whose activity ultimate changes




result, (9). Topley and %ilson {27}, Hdwards (8), Hadley (9),

and others mointain that when the "normel”™ form is the smooth
phase, the chunge vo the rough phuse is induced by unfuvoradle
conditione, Dawson puts this in a somewhat differsnd light when
he claims that the chemieal constitution of bacteria can be
ohanged by chanaing the medis and, with this, such thinge as en-
zyms production or»agglntinatioh mey be chanped, (16}, lewis (6)
in his work on the coliform group, states that ir sons cases at
least, variation ean ogcur spontanecusly and without regand to
suvironmant.,

However, many things will bring about variation in bacteria,
Growth a% a tanperature ahove the optimum; special food suoh as

iacdulcite, urea, 1ithium chloride, various sugars, and even a

leck of food, i.e. use of a minimum emount of nutriente antislpticsl

such as phenol, potessium dichromute, dyes, e.g, methyl violet,
melechite sreer, centian violet, ete,; unimal passsgs, growth
in porma)l serum, escitie fluid, blocd, ste,; and use of the pro-
ducts of growtlh, ore some of the more important wesns of proe
duaing verictione among daoterim. (9). Salle, however, ralses
the quesation ap to whether these chenges in environment merely
lead to temporary chenges in the orgenism, or whether they do
lend to permanert inheritable differences. (23).

¥arious erplanations of the phenomenon of veristion heve been

proposed, rnd *hevy irelude sych thinse ae fortuitoun verintion,




$.0, D&Iﬁiﬁiawa‘?hxlutiﬁ& in 2eipiaws o anviromssnial condle
tioas, or Lamercilicie.; mutaslon, in $ha aaazz of Telelag;
O Ladgaretic twrdatisn} or syslogany, peogfeazive ondogenatis
Ghitiges Lo tae sors o 2 Yile cysise (2d)e

Great confusiun has resultsd in botn systematics and applied
bastoriclogy froo trying to cospars cultures in 4i1ffrant phases,
The ldes of = *nuruul® bacteriel (jype, sul vuriaticns fiop this
ster to be untenchle slacy the fora of ths organism may vary not
only from cne medium tn the naxt but evez on the zan: modium, (9,10).
Although much sork has been done, thers iz etill & greet dealto
be dore before enough is Lknown to really expleis variation, ap
peciste its exten: and sipnificence, and detarine exeotly what

oomprives & becterizl apecles. (6,9,10,16,50),




EXVERIMENTAL

~ Comperison of 8 and R forme

Smooth and rough forms of Bacillus albolactis were isolated
from stock cultures of the Virginie Polytechnlc Instituts and
from plates of the milk from a looal creamery., These were trange
ferred to tubes of litmus milk, plated from this on standard
szyptons«glucose~axtract agar (26), and isolations from those
platss were replated and reisolated four more times, Isolations
from the fifth plate were grown on ordinary nutrient agar slants
and all the physiologiocal teats mentioned in Bergey's Manual (1,Z2),
and seversl others were run, Cellular morphology, including size,
form, spores, capsulation, and motility was alsc studied,

A great number of workers in the field of microbic dissoci~
ation, including DeXruif (1921), Mellon (1919), Webster (1925),
Aross (1923), and Jordan (1928), used single cell teehnique and
indicated that their results were the same as thoss obtained using
colony isolations, (9). In view of this, and because colony iso-
lations is very much aimpler, it ﬁaa used in this work. In all
this work coloniea were used only after a minimum of five isola-
tions to insure purit} of the strain,

Keither physiological or uorphclbgical differences could be
found betwesn thnso'tuo forms, The following deseription, there-

fore, serves for bhoth the smooth and rough strains,



Morphology

Size. 0.5 to 0,75 to 2.4 microns,

Spores. Central to subterminal., Owvoid,

Ends rounded; occur singly, in pairs, short chains, and occasion~
aily long chains,

Capaulated,

Actively motile at 30° C. and non-motile at 37° C. in twenty~four

hours,

Physiology
Starch not hydrolysed.

Litmus milk acid, reduced, and peptorized.

H. 8 not produced,

Indol not formed,

Nitrited not produced from nitrates.

Celatin, Crateriform liquefaction,

Ko pas produced from any earbohydrates.

Acid from daxtrid, dextroese, galactose, glycerol, lactose,
levulose, maltose, sucrose, trehalose.

Ko acid from adonitoi, aéaculin, arabinose, dulcitol, inos-
itol, inulin, mannitol, mannose, melegzitose, raffinoss,
rhamnose, sorbitol, xylose.

Optimum temperature 30o C.

Cultural characteristics

The cultural characieristics of these two forms are different,




of eourse, and it is on this basls thst they are sepursiod. In

nutrient broth Loth forms gave similur growth, & general turbidity,
& ring at the top, and & «slight amount of wedimert,

The amooth type 1in a nutrient sgar stal glver filiforem growth,
on natrient agar the GDLO!Q ia cireular, white, entire, raised to
convex, arooth, shiny, with the ceniter gensrally sunken, and
| occasionally nuclested. (Pigure 1, Plate I}, Microscopically the
appearance iz from coarsely granular in the center to inely
granular throughout the rost of the colony. (Fipuwre 2, Plate 1),
The edge is cometimes cleosr, generally entire, slthough cceousion-
ally notched. On continued incubation the internsl tppearsnce
may becoms curled. On & autrient ager clant the culture is white,
ralased, shiny, smooth, lobute, vith o very slight depression down
the center.

The rough type in & nutrient eger stsb zrows In a villous to
a rhizoid fashion. On nutrient sgar the colony Ls slightly spread-
ing, flat, groy-white, zmebold to rhizoid, rough and chiny., (Pigure
1, Plate II). Microseopically, perticularly when young, the col-
ony is finely fllamentous. (Fig.re 2, Flate I1). Gprsading is
in the form of rhizold-like growth stralipht suby or 1 a clockwise
direction, Of several t.mwmad‘ solooles observed only two were
aver sesn sro«ing in & counterclocksiss diresiloa, Iepleting of
these falled o fgim' this typs of growiis agaln. Ths srowth on a
nutrient agar slant is gray-ituﬁw » spreading, reugh, rhizold, and
shiny,
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Side View Surface View

Fig. 1. Natural Size, 96 hours old

Fig. 2. 100 x, 10 hours

Plate I - Smooth Colonies on Nutrient Agar



Fig. 1. Natural Size, 96 hours old

Fig. 2. 100x, 10 hours

Plate II - Rough Colonies on Nutrient Agar



Retio of & to R, nnd R to 3 rolonies

Plates made from either typs of colony almost always showed
several colonies of the other form, Continued replating and ree
isolation pf typical colonies failed to yield a strain that would
result in colonies of only one type on replating; in one case a
rough strain was replated seventeen tires, but smooth colonies
still showed up.
| To determine whether there was any consteacy in the ratio of
smooth to rough, or rough to smooth, strains, several plates were
made on tryptone-glucose-extract agar, nutrient agar, and nutrient
agar with starch. The results obtained in tweaty=four hours are
listed in Tables 1, 2, 3. Combining these results with those of
the same media listed in Table 4, gives an average of 3.2 amooth
¢olonies from the rough strains in a range from O% to 6,55. Rough
colonles averaged 7.2% of ths smooth strain in a range from 1.6%

to 12,9%. This fairly narrow range seems to indicate a constancy

in these ratios,

The sffact of the medinm,

Using trelve different dedia counts of the colonies were made
;ou»ifthcraﬁeafthamthandmu,gh colonies war the same
as that previously QMM

The foliowing ie a list of the media used, and their composi-
tien.



Kutrient agar
Beef extraot

Foaptone

hgar
Distilled water--1 liter

Tryptone plucose extruct ager

Beef extract

Tryptone

Glucose

Agar

Distilled water—-1 liter
Beef Luotose m |

Infusion from 450 g beef heart,

Froteose=paptone

Bacto (B.) lactose

B, ager

45 gns, per liter of distilled water,
Blood Agar Base

Infusion from 500 g fresh beef heart,

B. peptone
Ka Cl1

B. agar
45 gns. per liter of Aistilled water.

300 A
5.0 ﬁ
15.0 A

3.0 g
8.0 g
1.0 g

Sg
10 ¢

15 g

10 g
5¢
15 ¢



Brain Veal Agar
Infusion from E50 g celf brain .

Infusion from 300 g veal -

Na Hp #0g |

Ba Cl

B. peptons

59 maa.‘ per liter of distilled water,
Gorn New) Agar

Inmnion from 50 g corn meal

B. dextrose

B. agar

19 gms, per liter of distilled water,

oty

B. peptone

B. lasctose

Kp HPO4

Basic fushsin

Sod4iun sulphite

B, agar

Distilled water--l1 liter
levine's Zosin Methylens Blue Agar

B, peptone

B, lactose

a8

1.5 g
3.75 g
10 €
1

g2 g
18 &
10 g
10 €
3.8 ¢
05 ¢
2.8 g
15 g
10 €
10 e




K2 HFO4 2 g
B, eosin Y (DE-2) 0.4 ¢
B, methylene blue (DA=2) 0.065g
B. sgar 15 e
Distilled water-~l liter

Galactose whey agar
Whey from 1 liter of milk
B. peptone 4] F 4
d galectose, Difco 10 £
B. agar 1 g
65 gms, per liter of distilled water,

Lead icetate Agar
B. tryptone | 20 g
B, dextross 1 g
Lead Acetats Ce g
B. agar 15 g
Distilled water--1 liter

Melt Extract Agar
Technical maltose 12,75 ¢
Dextrin, Difco 2.75 g
Glycerol 2.3 g
B. peptone 0.78 g
B. ager ‘ . ‘ bt 8

Distilled water-~1 liter



HEitrate Agar.

B, Beef Itract i B
Be Peptons 5 ¢
Be apar 2 ¢

Distilled woterw-3. llte
The results obtained on sisht of these medic are listed in
Tuble L, s0d o comparison of ths twelve medis ic made In Table 7.
Tiw colonies obtained were Lypical on sane casos, in comparison
to those obtained on nutyient sgar, but in many cases they were
not. Desariptions of the variztions follow,
Butriant agar. Por description of colonies see sbove. (Also
Plates I and II)
Besf lagtoge acar. (Plate IV.) Smooth colonies were never
larger than 5 or 6 mms, in dlamter. The edzes were undulate
to auriculate.
Rough colonies were large, grey-white, spreading, with "hasy"
eodzes. The colonies were irregularly opaque to tranalucent.
Bleod agar baze. (Plute V) Colonies were the same as on
nutrient agar, though the color of the medium made them stand
out even more clearly. The edpges of the smooth colonies
were durk. The rough colonies typloally showed growth in a
dlockwise direction. After incubstion for 48 to 72 hours
moot of the mmooth colonies changed over to rough.
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FPig. 1. Rough Form, Natural Size

. TN
YR
Side View Surface View

Fig. 2. Smooth Form, Natural 5Size

Plate IV - 144 Hour Colonies on Beef lactose Agar




Rough Form, Natural Size

Fig. 2. Smooth Forms, Natural Size

Fig. 3. Smooth Form, Showing Sectoring,
Natural Size

Plate V - 144 Hour Colonies on Rlood Agar Base



Brain veal agar. (Plate III) Distinction between the two

types wasn't clearcut until after incubation for forty-
eight hours.

Smooth colonies were up to seven or eight mms. in diameter.
The edge was raised, and there were frequently two or three
raised, concentric rings. i

Rough colonies were quite large, up to forty-five and fifty
mms, in diameter in many cases.: The edge was either lacer-
ate, and finelylfilamentous for about three millimeters

around the colony, or was undulate‘with a clear zone of

from one to three millimeters around the colony. Micro-

scopically the centers of the colonies were coarsely gran-
ular, and the rest amorphous,

Corn meal agar. In 72 hours no colonies were over four
millimeters in diameter. All the colonies were myceloid,
and though this isn't typically rough, there certainly is
no resemblance to the smooth type.

Endo's agar. In 72 hours the colonies were still pinpoint
in size, and the rough form indistinguishable from the
smooth, After a week most of the colonies seemed to be
either rough or intermediates.

Levine's eosin methylene blue agar. (Figure 1, Plate VI)
Rough and smooth couldn't be distinguished on this medium,

i.e. the colonies all look rough, Colonies on plates



Fig. 1. Two rough forms, Natural Size

W

Fig. 2. Smooth Colony, Natural Size |

Plate III - 144 Hour Colonies on Brain Veal Agar




%

Smooth Strain Rough Strain

Fig. 1. 144 Hour Colonies on Eosin Methylene Blue Agar. 5x.

Fig. 2. 144 Hour Colony of Smooth Strain on Galactose Whey
Agar, Showing Sectoring. Natural Size.

Fig. 3. 144 Hour Colony of Smooth Strain Subjected to
97.59C., for 10 Minutes Showing Partial Lysis. On Nutrient
Agar. Natural Size.

Plate VI - Unusual Colonial Types of B. albolactis



made from the smooth strain, however, were not as finely

myceolid, and werse more deeply colored than colonies of

the rough strains.

Galactose whey azar. OSmooth colonles grew exceedingly well
on this medium; soue colonies were as large as forty milli-
meters in diameter at the end of a week., They were concen-
trically raised, lobate, with very fine, short mycelial-like
projsctions surrounding the colony, Sectoring was noted on
several of these colonies. (Figure 2, Plate VI).

Lead Acetate Acgar. OSmocth colonies were the same as on nutri-
ent egar, though they were somewhal c¢oarsely granular around
the edges.

Rough colonies had a large wrinkled nucleus, finely granular
around this, to irregular coarse granulation at the ed:o
(auriculate). They were flat colonies and up to eighteen
millimeters. Some regular rough forms were also pres;nt.
Malt extract azar (sh 4.7). No growth,

Hitrate azar.  Both forms show up clearly, colonies appoar
"ing the same a8 on nutrient agar.

Tryptone glucose extract agar. Colonies vere typlcal ard the

differences between the two forms sliow up very clearly.
Aa shown in Tables L and 7, the ratio of smooth to rough
colonies, from elther strain, will vary depsnding on the med-

fum used. Beef lactose ager comes the closest of any medium to




Yieiding veth strains in a pure form, Certain media, sush
u.MMhW,MMth, favor the growth of
the ik strein, plates of the R etrain giving no macoth colonlies,

while plates of the 5 srala gave adout twelve poresnt rough
M.‘Mmuum-aum\hcmymtmrmm
of the emosth type. -

Colonies varying from the \ypleal smooth and rough fores
were obeerved in several instanges. liyseloid forme were one
types smooth colonies with notohed edges, or cleared, translu~
oent ewdyss snother. ind sany forms evidently intersediate be-
twsen the typical smooth and rough colonies were noted,

& smooth end rough strain from the V., P. I.Meurﬁw.
and a smooth end rough strain Ssslated fros milk, &ll replated
five tizes and then grown on auteient agar slants {5 thres
days were used in this portion of the experiment, Iilutbons
of these four cultures were nade in sterile water and these
subjected 1o €0°, 70°, 800, %0°, dnd 97°, C. for Len alnutes,
MVMWomonblmdwbm. Countos waro nacy in
Wmtmm.mdmmmlhmuuodmtdshs.

 Thoss results indicate that the smooth form &s better able
to withatend heat than the reugh foru.
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Lengthened inoubation at 30° C. asene Lo favor eonversion

of the o form to the R forme. Table 5 indlortes the result of
lengthened incubation. Plates made of the hext-trested streins
of B. alboloctig were counted in twenty~four and seventy-two
hours, and a marked dogrezss in the mmbers of the amouth colonles
was noted.

Several psrtially l:imed colonies were observed ovn piates
of the smgoth stroin that had been heated at 90° C. and 97.5° C.
(Pigure 3, Plate VI),

ey ameabl gt Yo rough Pormaa of Do alboloetis isnlnted from
milk, and Lwo sbrelns of sach type lsolabtsd Lrom the Vo Po 1. stook
eulbures, after five replatings were tracaferred to storile milk,
and retransfercod on milh three tlqes. The cultures wers incubated
for one week and Lhen plated out using typtios glucnse extract ezar.

somnel percontuges of smooth and rouch eslonies froa the
opposite struin wers obtained; L.¢. zbout 35 snoeobtn eslonles
on plates aude Lfroa the rough stralns, and a little over L
rough colonies frok the smooth streins. The rosulis are recorded
in Table &,

Cpowth La milk evidently had ao effect o converalon of

eltier the mooth to the rough fowm, or vies verss.
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Ihe effect of p M

The various media used in the first part of this experiment
van the ratio of smooth to rough colonies, had a range in p H
values from 4.7 to 7.55. Table 7, indicating the p H values of
these media, as well as the carbohydrates present, shows that
there seems to be no correlation between either of these fac-
tors, and the favoring of the growth of either the rough or

smooth form,




Tahle 7==Sffaot of [l and cerbohydrates |

; on 5 upd I growth. |
‘ Tyoe fovored, Carbohydrate |
L Ledium O=-neithier favored ! in rediun ]
k.7 ¥alt extract lio srowth naltose, |
dextrin
6,0 Cora meal R Gorn nenl infusicn,
dextrose
6.4 Galactose whey $ milic whey,
galuctoge
.0 Lead acetate R Dextross
0.6 Nitrote R -
Ce7  MHutrient acar e} -
5.8 Beef lactooo G lactose
7.0 Srrptone=sluccse-extract 0 Glucose
7.1 Bosin mothylene blue R lactose
7.5 ZEndo's R Iactose
7.5 Brain veal G -
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Hork on the leolatlor of Jacillus albolagtis fron oili, and
studies of it In pure culture, indicate! the ;ressnce of two saln
colonial varfetles,

The colony of tho amooth type is round, white, entire, raisod
to convex, anooth, glistenlns, penorally with o sunten cender, snd
occasionally nuelested, and avera~e: five to soven milliroters in
dlasoter (ilate 1). The rough colonial form Ls flaw, sli-htly
sproading, acebold to rhisolid in shape, with lacorate: or elliated
odres, grey-whiite, rouh, clisteniny, and larzop thun tho sqooth
colonies (Flubo 11).

Lo morphological or physlological difforences coul: be found
between these two forms, although rother extensive studlics were
mado.

Fure cultures of either form, when plated out on nubrient azar,
or tryptone glucoss extrict ager, always yleld & certaln gmoll per-
contare of the oppoaite type., These percenbuces are falrl: constant
ori particular redia, thouph they wvarr from ono mediu to another,

Gortain nedia will favor one fop: over the other, but there
seuxs Lo be o indlcation of why this should be so. The co po-
sitlon and the p/! seas to howe nt «ffect on this,

The mediw: «will slpo have an effact on the ty;e of cvimles

£ (2% TSI vt TR ¥y
forneds Lyceloid colonies (Fisue T, #lac Vi) forn when thero

are bacteriostatle substances present, sush as cevlhyiens Dive in

908in nmethylene blue apar, for exa~mlej or poasibly D values ot Lho




lower limits of the orpaniem's tolerance, as in corn meal ager &t

a pd of 6.0,

Reported quite comwonly with many organiocs (23,30), and
generally resulting in variant forus, sectoring was noted on seve
eral oceasions (Finwe 3, Ilate V3 and Figure 2, Ilate Vile
Isolations, however, were never nade of theso forms. Partial lysis
of eclonies, dus to weak sirains of bacterioptace, has also been
comonly reported (9, 10, 30). This was observed only on plateo
of the suooth straln that had besn heated at 90° sad 97.5° C. for
ten ninutes(Figure 3, Plate Vi),

rithough interuediate forus were observed, anc & varving per-
centage of smooth forms will chanpe over to the roush type of
colony on continued incubatior, it does not ewen to be neceasary
for pussaze to be throush an tntermediate fora in chanzing fro . swoth
to rough, or rough to smooth. Mor is thare an: change of physio=
logical or morphologloal characteristice rolng fm gmooth Lo
rough and back arain to gnooth.

floth forms were capsulated, and their colonies glistening,
which would noke them mucold, as described with other orraniane
by xhmrds (8), Souls (25), and others. In no case were colonics
sesen which rnight be described as non~iucold, Fhantonm eolonles,
as notod by soule (25) with closely related forms (e.cs 3o gepreug)
wore not eeen} nor were gonidisl colonlesn ever obgerved.

The question as to which of these two raln forms aight be
considere; "normal®, and which tho variant, zeans to Le unangwerable,




The normal fom zmay be defiued as thab oae growing best on artdfi-
eial media, but this varies not anly from ons medium to another,

- but even on the same mediua, 'momm‘lmmaightbodﬁfmgiu
the aoet ocaslly isclated form, but thia varies fyon one ailk sam-
ple to the next. The mwotk Lype, however, soas .to be somewhat
nore cwmm in ailks Un the other hand, fros the standpoint of
stability, the rough fm‘cmww less easily than does the mwooth
" Thus nelther fore sey be considered more normal than the other,
and any eysten of clansification, or deseription, must take into ao=
oount the wide variatioc possible within this aingle speaies.




1, Jacillus slbolactiz exisis in two imain cultural forus

on golid media, one deseribed as a smooth form, the other as
a rough type.

2. Gmootli, rough, and intermediate [oras are sorphologi-
cally and physiologically identical.

3. The rough form is somewhat icore stable than the smooth,

but plating out pure strains of either the rough or suooth type

will yleld some colonies of the other type. On nuirient agar
and standard tryptone glucose extract agar the rouph type
yvields about 3% smooth type colonies, vhile the smooth forn
yields abiout 7% of the rough form.

L. Verious media, although ylelding both colonial Lypes,
may favor the growth of one or the other form, Thers seens
to be no correlation between this and either the composition

of the mediu:, or its pl.,
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