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DISSOCIATION AND LIFE CYCLE OF BACILLUS SUBTILIS
INTRODUCTION

Bs subtilis is one of the oldest known bacterial organisms,
having been described by Ehremberg as early as 1838, It was later more
ageurately described and placed in its present classification by Coim
in 1872, It has served as the hasis of many innsﬂgutiam, and it is
douhtful if any other aerobic sporeforming organism is now as well
known as this. -

The presence of dissociative forms in cultures of B, subtilis
has been recorded by many investigators, the most ox.haustiﬁ work on
this subject hes.ag that of Soule (1928). He worked with a number of
different strains of B, subtilis, isolated from various sources, and
found that individuals giving rise to at least three different colomy
types could be isolated: the 5 or normal type, the R or resistant typi,
and the P or phantom typee He found the chief differences, among
these three, to be in motility, colony formation and antigenic strength.
He also found many intermediate colony formations but did not study
the variation in cell morphology which may have accompanied these
B Seistornaiionn. o reperte et 113tis wariation i plgwied
ogiecal chamchrutiét and states that there is no difference at all
in the Gram ;taining reaction. The formation of secondary colonies
he considers quite common, but finds the secondary growth to be char=~
acteristically either R or S, He says nothing of variation in
physiological characteristics of strains isolated from this secondary

growth, nor does he report the .resence of a. filterable phase in any
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of tht. strains of B, subtilis that he studied.
L8hnis and Smith (1916) report considerable evidence i#dic;

ating the presence of a definite 1life cycle in B, subtilis, They
| specifically mention the presence of specialiged reproducﬁve bodies
termed gonidia and they also state that the smallest of these readily
pass through a Chamberland filter thus introducing a filterable phase
in the life cyclee '

; Dre E'nuu (1929) noticed the transformation of rod to strep~
tococcus taking place repeatedly in B, subtilis, and further found
~ gonsiderable evidence that there was a filterable virus produced in ‘
one stage of the life cycle of B. subtilis. She found considerable
otidonée that this virus was Jcithar identical with or closely similar
to the virus of encephalitis in rabbits, ‘ The work of Tang and Cast=
aneda (1928). however, does not confirm the presence of the virus foru.

The present investigation deals with incitants to the

dissociation reaction, and with the variations in colonmy morpho logy,
®oll morphology, physiologieal characteristics, methods of reproduction,
and antigenic properties of B, subtilis. The matter of a filtersble
phase has also been investigated, and when the various findings have
been correllated they show the apparent presence of a definite life
eyele.

INVESTIGATION
Source of Organisms

Three strains of B. subtilis were used in this investigation,
-One strain was obtained frow the Department of Bacteriology and Immun



.thy of the University of Minnesota, another from the Department of ‘
m and Bacteriology of South Dakota Stuto College, and still another
from the Americen Type Culture Collection (/243). Preliminary study
showed all three strains to be identical in mrphélogical and physio=
logical characteristics, 4ll of them produced characteristic luxuriant
RS sedonies on agave When stained iy Grum's asthed Shey retalned
the stain, and appeared as long slender rods cceuring as extremely long
thht Physiologically they produced acid in dextrose and sucrose,
' m wilk without producing uid, liquefied gelatin and hydrol~
gﬁ. attrth. All strains were wmoderately motiles

Factors Inducing Dissociation

- For 'the purpose of determining the physical and chemigal
environmental conditions necessary to induce the dissociation reaction
~ experiuents were conducted which would reveal the influence ofs (1)
tb consistency of the mdiu;, (2) the volume of the medium, (3)
the reaction of the wedivm, (4) aseitic fluid, (5) carbohydrates and
glycerol, (6) aging broth cultures, and (7) surface tension depressants
sm the dissociation reaction., The results obtuined from these
experiments were in such close agroement with those reported by Soule
(1928) that it is not necessary to record them fully here. It was
found, however, that it is not necessary to add traces of chemical
poisons, or in any other way to modify the environment by extreme
methods, in order to imecite rapid. dissoeiation, In fact, dissociation
was induced by all the above methods, HNot only were typical R amnd §

forus produced in abundance, but there were alse aumercus interwediste



golony types. Freliminary examination of cells isolated from the
different coiony types revealed variations in rell morphology corresp=
onding with the several colony types. The S colonies were chamtarizéd
by extremely long chains of slender rods; the R type colonies by larger
rods appearing singly, in pairs, and in short chains., Some of the
:swxau colonies yielded cells of various form varying from long
spirals fo short cocci~bacilli which could easily have been mistaken
for ttnptaeocgi. In general it was found that any set of environmental
2 conditions which tended to inmcrease the rate of reproduction, or to
prolong the period of reproduction, also brough_t about actiu dissoe~
&ttinn. Unusual forms were produced in some instances, but as they
im obvious responses to a peculiar environment, and as they could not
ho mhtmtly repeated at will, tnoy were considered of no great
significance in relation to any definite life cyale.

Morphological Variation in Colonies and Cells

In an attempt to determine whether or not there existed
any correlation between colony variation and cell variation, and
whether or not there was a definite sequence to the appearance of
certain forms, the following experiment was conducted: serial trans-
fers were made in flasks, each containing 250¢c. of Difco nutrient
-broth, Parallel serial transfers were made in the same manner except
that 4% 0. Ps glycerol had been added to the broth. Loop transfers
Were made every 24 hrs. to the next flask in each series. After 24
hrs. incubation a loop of the broth was transferred to an agar slante
Transfers from the glyeerol broth were made to 4% C. P. glycerol
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At the same time that transfers were made from the broth cultures to
agar, streak plates and pour plates were made, and also a giant colony
m was inoculated. In all cases of transfer from glycerol broth
th organisms were phcod on glycerol agare All subcultures were ine
W at 37°C. for 24 hrs. and then left at room tomperature until
observations were completed.

- m'th on agar slants was obemad macroscopically and
mm&.ly every six hours for sixty hours, or until the morpho—
logy of the cells had become constant, Both Gram stain and Congo red
wﬁ.\m stain were made at each of the :Q hour intervals. The Congo
red negative stain was found to be admirably suited to this kind of
work because it revealed internal changes in the cells, and living and
m:«m could be easily distinguished. At the same time that the
slant cultures were examined microscopically, streak plates were made
%o see if any possible variation in the cells would give rise to
morphologically different colonics. These plates were incubated at
37°C, for 24 hrs., observed, and then reincubated at room temperature
for further suceessive observations ;t the end of 48 hrs., 72 hrs.,
and one week. This technique was continued until the organisms had
been passed tarwgh ten flasks, each containing 250c¢c. of broth. Both
colony and cell morphology had become constant before transferring was

Variations in Colony end Cell Morphology

Acgompanying photographs show the worphological changes in
both colony and in the individual cells. The changes appeared in the



-

order given below, but it is not wished to infer that all colonies
were identical in the various steges of development. No attempt has
been made to study all the various colonies moticed; attention has
been paid only to that general tremnd of development which has been
noted again and again, and which is capable of reproduction under the
same given environmental conditions,

When an agar pour plate is made of the normal or 8 form of
B subtilis, the bacteria, which are in extremely long chains, ‘3ive
rise to a series of small colonies alangltl_'re entire length of the
chain, While the colonies are young and not fully developed the orige
inal position of the chains is quite readily traced, This is clearly
shown in Fig. L. '

Fige 1. B, subtilis, Type S colonies om glycerol

agar af'ter twelve hours. The colonies have developed

from long chains of organisms. %36,
Plain nutrient agar gave rise to the same type of growth after incub-
ation for a like period.

Zhe worpholegy of the cells from a twelve hour sgar slant,



inoculated with the S type of B. subtilis, corresponds exactly with
the description as given by Soule (1928). The slender rods and long
¢hain habit of growth is characteristic. (Figs. 2 & 3).

T

Figs. 2 & 3. B, subtilis, Characteristic long chain
habit of growth of type 5 from glycerol agar after
twelve hours. Gram and Congo red negative stain. X1250.
The colonies shown in Fig. 1, develop into typical amoeboid
¢olonies by continued multiplication of the individual cells. (Fige 4).

Development on plain nutrient agar is similar but not as rapid,

Fige 4. B, subtilis. Type § amoeboid colonies on
glycerol agar after twenty~four hours, X36.




After the organisms had been grown in a 250cce volume of
glycerol broth, and then subeculiured on glycercl agar, the morphology
differs from that noted abvove. There is a téndeucy for the formation
of a dense matlike "nucleus" in the colonys While ihe colony is young,
many rhigoidal outgrowths are present, radiating out from the colony.
(Figs 5)e M"thq colony develops further the "nucleus" spreads out

end finally nearly envelops all of the rhizoidal outgrowth, (F;i.g. 6)e

Figse 5 & 6, B, subtilis. Twenty-four and fourly-eight
hour growths on glycerol agar showing transformation %o
& dense matlike colony. X36,

The same eoloay transformation was noted on a medium free
from glycerol, but nons of the growth was as luxuriant, and the trans-
formaticns took place much more slowly.

Cells from a twenty~four hour colony on glyceroli agar
appeared perfectly mormal when stained by Gram's methed, but when
stained with the Congo red negative stain some deterioration could

.be noted, (Fige 7). As the colony becaue older, more and more



deterioration of the cells could be noted and many of the cells had
formed endospores within fourty-eight hours. . The formation of endo=
tm occured much earlier on media free from glycerol,

Figs 7. B, subtilis, Cells from rhizoidal colony on
glycerol agar after twenty-four hours. Slight deter-
ioration of the cells is noticeable. Congo red nega=~
%ive staine X1250,

The tendency for the formation of demse matlike colonics
beeame wore proncunced after the organisms had been passed through
two 250ecs volumes of glyeerol broth and then subcultured on glye-
erol agar, The typical colony is quite dense, circular, and filawe-
entouss (Fig. 8).

This type of wariation did uot cceur as readily when the
organisms were grown in media free from glyserol, The type of colony
in Fig. 8 did not predominate over other types until the organisus
had been wnd through three 250cc. volumes of nutrient broth, and
then suveultured for 24 brs. on nutrient agars

Simultansously with the appearance of the filamentous type
Of colony shown in Fig. 8, thers coeured a conversion from the
filamentous type to the typieal R calonj. Evidently most of the

~ Gomversion took place in the individual cells while growa in broth,



@10
but occasionally conversion was noted on ager both in the presence,

and in the absence of glyeerol. (Fig. 9).

Fige 8¢ Be subtilis, Filamentous ¢olony on glycerol
agar after 24 hrs, The organisms had previously been
pasped through two 250ccs volumes of glycerol broth, %36.

P B

Fige % B, subtilis, Convergion from filamentous to
curled R colony on glycerol agar after thirty-six hours.
One side of the colony is still filamentiuse The organ=
isms had previously been passed through two 250cc.
voluses of glycerol brothe X36,



The wargin of the R colony has a characteristic stippled
appearance under reflected light. This is due to the growth of the
organisms in long parallel sirands which foru folds or curls in the
colony. (Fig. 10). '

Fig. 10. B, subtilis. Curled margin of typiecal R
colony on glycercl agar after thirty-six hourse X90.

Goincident with the transformation from filamentous to R
colonies, wariation occurs in the morphology of individual cells. The
appearance of enlarged, spiral cells was noteds 7They were strongly Gram
positive and did mot seem to deteriorate as quickly as the normal colls.
The same variation was met with on media free from glycerol, (Figss 11
& 12)e

Further incubation induced the formation of many of the enlare
ged, surled cells. The normal cells are considerably lysed but there
is little tendency for the formation of endospores on glycerol agare
(Fige 13). On wedia free from glycerol most of the cells have formed
endospores within thirty-six hours, and consequently there is a smalle
er proportion of spiral celis present and aiso a sualler number of the
lysed, deteriorated cells.
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Figse 11 & 12. B, subtilis. Appearance of spiral cells
in slant culture on glycerol agar after thirty hours.
The organisms had previously been pasped through twe
250¢cs volumes of glyeerol broth. Gram and Congo red
nogative stains. X1250.

wE

Fige 13. B. subtilis. Appearance of enlarged, spiral
eells and lysed normal cells om glycerol agar after
fourty~two hours. Gram stain., X1250,

After the organisms had been passed through three of the
250cc. volumes of glycerol broth and subsultured om glycerol agar,
very litile transformation ia colony morphology was notede. The cclo-
nies were all of the typical R type. (Pigse 14 & 15), The type of

¢olonies produced on media in the absence of glycerol was identieal,

excepting that the growth was not so profuse.



. Figse 14 & 15, B, subtilis. Typieal curléd R colo=
. nies on glycerol agar after four and tmty-!our hours
respectively. X90, X36.

The morphology of the cells, after passege through three
250ce. volumes of glycerol broth and subculture on glyeerol agar, also
differed considerably from the original S type. The individual cells
were comaiderably eunlarged and the long chain habit of growth had been
lost. In young cultures the cells occurred in singles, pairs, and very
short chains, and they were strongly Gram positive. (Fig. 16).

Following continued incubation, further morphological var=-
iation in cells was noted. The ¢alls became quite spiral and twisted
and there was a tendency for the individual cells to become shorte
Budding also occasionally occurred. (Figs. 17 & 18).

Incubation for longer periods of time yielded even greater
morphological variation in cells. The tendency for the cells to become
short rods increased and eventually the transformation from short rods
to cocci-bacilli was observed. (Fig. 19).

CUTH DAKOTA STATE COLLEGE LiB:iAK .
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- Fig, 16. B, subtilis, Emlarged cells oecurring gemer-
ally in pairs from glycercl agar after six hours, The
organisms had previously been passed through three
250cc, volumes of glycercl broth. Gram stain, X1250.

Figs. 17 & 18, B, subtilis, Short, spiral eells

with occasional budding, from glycerol agar after

thirty hours. The orgenisms had previously been

passed through three 250cc. volumes of glycerol

broth, Congo red nogative stains, X1250.

1> The Momtion from rods to cosei-bacilli continued
until the organisms wery closely resembled streptocogei in shorid
chaing. (Figs. 20 & 21). This traunsformation also took place to
Some extent on media free from glycerol, but was noi very aotiseable

8inge most of the cells formed endospores before the transformation.
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Fig. 19, B, subtilis, Formation of cocci=bacilli
on glyecerol agar after thirty-six hourss Congo red
negative stain, X1250,

Figs, 20 & 21, B. subtilis, Cocei~bacilli from
glycerol agar after they were fourty-two and
fourty~eight hours old respectively, Congo red
negative stain, X1250.

When the agar slant cultures were allowed to imcubate for
8ixty hours practically all of the vegetative cells became senescent,
but negative staining with Congo red made visible numerous spore=like
bodies contained within the old dead cells. These were at first cone
8idered to be fat globules bz,:«t as 211 attempts to dissolve thew with

fat solvents failed, and as they were unstained with Sudan I1I, it was
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sluded that they were in reality minute reproductive spores, and

} sermed gonidia, (Fig. 22).

Fig. 22+ B, subtilis, Dead cocei~bacilli with en=
glosed gonidia from glycerol agur after sixty hours,
Gongo red negetive stain. X1250.

Continued passage through glycercl broth and plain nutrient
broth with subsequent subculture on glycercl agar and plain autrient
w revealed pf;actioally no further worphological variation in the
cells, Streak plates prepared from these subcultures yielded only
typical R colonies which became very rugose upon aginge

Giant colony bottles inoculated with the normal 3 strain of
Be subtilis gave rise to typical amoeboid S colonies but these proved
1o be unstable, and after incubation for a few days they were irans=
formed o spreading, curled colonies which were typically Re This
m took place on both glycerol ager and plain nutrisut agare
The giant colony produced on nutrient agar is shown in Fige 23e

Pagsage of the organisms through two 250¢e. volumes of
nutrient broth and subsequent inoculation inte nutrient agar giant
solony bottles induced growth very similar to that of Fige 23, only
the growth was somewhat more >rugose and there was e slight tendency

for the eentral part of the colony to become raiseds (Fige 24)



17

Fige 23« Be subtilis, Typiesl R gisnt colony prod=
uced on nutrient agar after twenty-five doyse. Xle

Fig. 24, B, subtilis. Rugose giant colony with alightly
raised center produced on nutrient agar after twenty-
three days. The organisms had previously been passed
through two 250¢ce volumes of nutrient broths Xl.
Greater morphological variation in the giant colony was noted
after the orgaenisms had been passed through six of the 250ce. volumes

of nutrient broth and then transferred to a nutrient agar giant colony
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lee Thora were two distinet zones of growth which differed consid-
ly from each others The marginal growth was characteristically
m and non-adhprcut to the surface of ithe medium while the growth
% * the central portion was very homogeneous and extremely adherente
Gells from tho marginal growth were distinotly eosei-bacilli, while
i Mh from the adherent central portion were normal straight rods in
’lin and short chains. This was considered to be a further dissocia-
ﬁtl to a colony type quite different from either the R or 3 form and
~ was termed the O form, Upon subculture, the O form proved to be very
»‘ unstable, reverting to the R forme The gianf golony with two zones

~ of growth is shown in Fig. 25.

Fig. 25, B, subtilis. Giant colony with two zomes

of growth, produced on nutrient agar after twenty~

two days. The organisms had previously been passed

through six 250cc, volumes of nutrient brothe Xle

The adherent 0 colony type proved to be the elimax colony

type produced in nutrient agar giant colomy bottles. Tie marginal
fringe of R growth gompletely disappearcd after the organisus had
boen passed through all of the ten 250ce. volumes of nutrient broths

" The colonies were quite small in diameter but were extreouely raised.
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, £inal adherent colony type is shown in Fig. 26.

Fige 26, B. subtilis. Raised, adherent giant colony
produced on nutrient agar after twenily days. The
organisms had previocusly been passed through ten
250ces volumes of nutrient broths Xle.
The cells from the colony shown in Fige. 26 proved to be
~ _morphologically identical with cells isolated from the central port-
dom of the colony shown in Fige 25, They were unstable and reverted
‘back to the R forme
The giant colony produced on glycerol agar without previous

m: through glycerel broth was identical with the giant colony

produced on plain nutrient ager. However, after the organisms had been

pasged through two 250ce. volumes of glycerol broth and subcultured
in a glycerol agar giant colony bottle, a slightly different type of
morphology was noted. The colony was characterized by a rugose
surface and was concentrically ringeds (Fig. 27)e

The rugose nature of the surface of the giant colonies

became more apparent after the organisms had been passed through
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 g1gu'rol broth for & longer nperied of time. Also the center of the

golony become conaiderably reised. (Fige 28)s

Pig. 27« B. subtilis. Goncentrieally ringed, rugose
giant colony produced on glycerol sger after tuenty
days. The organisms had previously been paggsed thre
ough two 250ec., volumes of glycerol brothe Xl.

B subtilis, HRugose giant colony produced
enty-one days. The organisms
4 through four 250cce vo lumes

Fig. 28s
on glycerol agar after tw
had previcusly beeu passe
of glycerol broth, Xl.

The rugose nature of the surface of the eolony and the lead-

engy for the center 1o become raised bocame even more pronounged
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ywing continued passage of the organisms through glycerol brothe

presence of glycerol in the medium inhibited the formation of
spores and thus increased the period of reproduction, which accounts

 for the luxuriant vegetation noteds (Fig. 29)s

Fige 29, Bs subtilise Rugose giant colony with consid-
erably raised center produced on glycerol agar aiter seven~
toen dayse The organisms had previously been passed through
eight 250ccs volumes of glycerol brothe Xle
B The elimax type of vegetation produced on glyesrol agar,
differed from that shown in l‘iz. 29 only in that it was still wmore
rugese and considerably raised, The growth was not nearly as spread=
ing as had been noted before. (Fig. 30)e
These rugese giant colonies, produced on glycerol agar, are
interesting to study under higher magnifications because the surface
$opography is revealed more clearly. (Fige 31)e
The intensely wfinklad surface of the marginal growth
appeared comsiderably different from the typical R growth in younger

golonies. The nature of the surface is shown in Fig. 32
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Cells isolated from this rugose colony were guite short and
post of them had produced endosporess There was no great tendency for
$he production of gonidia in these rugese giant coloniese The morp-

" hology of the cells jsolated is shown in Fig. 33

Fig, 30s Be subtilis, Raised, rugose glant colony
produced on glycerol agar after fifteen days. The
organisms had previously been passed through ten
250¢e. volumes of glycerol broth. Xl.

Pige 3le B, subtilis, GRugose gisnt colony produced on
glycerol agar after four days. The topography of the
marginal growth is quite charscteristic end the central
part is comsiderably raised. The organisms had previcusly
been passed through seven 250cc. volumes of glycerol
broth, X36.



Fige 32. | Fige 33.

FPige 32« Be subtilise ¥rinkled surface of rugose giant
colony produced on glycerol agar after tem deys. X90.

Fig. 33« B. subtilis, Cells from rugose giant colony

showing the presence of endospores. Comgo red negative’

stain. L1250

After these gisut colonies had been allowed to imcubate for

a longer period of time it wae noticed that lytic areas were occasion=
ally produced. Microscopical e;gmination revenled these lytic areas to
be composed of an amorphous, slimy mass which was made up of the
Mtegratim products of the cells which had been affected by the
lytie prineiple. Daughter colonies could be seen arising from the
lysogenic areas (Fige 34).

' The cells isolated from the young daughter ¢clonies were
small cocei-baeilli and Gram negative. The cells from the lytiec area,
however, were obviously different from any observed thus far. Nest
of the cells wero senescent, straight rods of normal size. Occasion-

ally giant cells were found. These vere swollem, sausage shaped cells

and wore strongly Gram positive. (Figs. 35 & 36).



-

s ——

Figs. 35 & 36. B. subtilis. Giant cells obtained
MWW&WM‘lﬂWWQ@OﬂIW
glycerol agars Grem stains. X1250s

m.nufmwwmmmmawswm

with the Congo red negative stain, considerable information is gained
" a8 to the function of the enlarged cells, for the giant colls become
senescent and the stain penctrates the dead protoplasm, and the pres=
ence of gonidia in considerable numbers is revealeds (Fige 37)e



DX
-l

Fige 37« B, subtilis, Semescent giant cells with
enclosed gonidia, from lytie srea of rugose giani
colony produced on glycerol sgars Congo red nega=-
tive stain, X1250. .

Then cells isoluted from the daughter eccolonies, which arose
from the lytic area, are inoculated inte fresh agar, an eﬂtira;y
different type of coulouy worphclogy is exhibited, Casual exsaination
reveals no growih at all oa the surface of the medium, bui by refleec-
ted light, minute, bluish eolonies are fainily dstectable. Upon
continued incubation the growthbiQOEsa quite spreading and a brown=-
ish nucleus is produced in the colony. This phantom growth, as it was
termed, is shown in Fig. 38.

Fige 38, Be subtilis, Transparent margin of & phantom
colony on glycercl agar after twenty~four hourss XZ80.



Upon coulinued incubation, btae phaatom coluniea become alige
tly chromogenic sud have a 1ight brown azppearsacs by traasuitted Lighte

he colony alsc becomes denser and is wore readily noticeables (Fige 39)e

Fige 39. Be subiilis. iiargin of a pmmtou golouny ou
glycerol agar after thirty-six hourse The colony bad
become sligbdly raised and chronogenics X90»

Morphologically Uhe cells were determinsd to be characteris-

tieally small, Gram negetive, cvegi~bacilli, as is shown in Fige 4

Fige 40+ B. subtilise Small coeei~bacilli isolated

irom phentom colony on glyeerol agar aiter tairty~

six hours. OCongo red negative stain. X1250.
These cells were found to be morphologicslly identical with the cells
produced in the daughter golonies of the lytic aress Their physiol=

ogical charscteristics were studied and were found to agree very closely
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& the characteristics of norwal Be subtilis, differing frow the latier

'k‘ﬂnt they produced acid in glycerocl brotle |
Upon even further incubation of the phantowm colonies, they

w finely graoular end eveatually coarsely granuiare Ghromogenesis

bescame quite marked in the older colonies. (Figss 41 & 42).

‘Figs. 41 & 43, B. subtilis, Development of granular
colonies from phantom colonies on glycerol agar after
fourty~eight and seveunty=two hourse X90.
Upon subeulture on sgar and in broth the phantom type of
growth proved to be very unstable; it reverted to either the 5 or the
R form, and even to the filamentous intermediate form, thus completing

the cyclic development from S to R to P(phantom), and from P to the S
or R form againe

Demonstration of a Filterable Phase

I8hnis and Smith (1916) reported that the gonidia produced
in dissociative strains of bacteria were often small enocugh to pass
through a Chamberland filter. Accordingly an experiment wes conducted

to determine whether or not this phenomenon could be demonsirated in

gonidia-producing cultures of B, subtilis.
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Glyaarcl broth cultures of B, subtilis of varying ages were
examined microscopically for the presence of gonidie=producing colll;
Practically all broth cultures that had been incubated for a week or
longer yielded many of these gonidia=producing cells, These cultures
were then filtered through a sterile Berkefeld filter which had prev-
iously been checked with a 24 hr. broth culture of B, subtilis and had
been found to be absolutely effective in filtering out all normal
forms of living organisms. The filtrates from the old glycerol broth
cultures were collected under sterile conditions and were then tested
for sterility by plating out with ager, both by the pour plate method
and by the streak plate method. In every instance resultant growth
'u obtained and tha colonies were characteristically of the phantom
type. Conversion of the phantom colonies to S, R or intermediate
filamentous forms was very rapid, Fig. 43 shows the type of growth
obtained from an agar pour plate inoculated with the filtrate from

an old glycerol broth culiure of B. subtilis.

- . .
U ' - ’
" 4

Fig. 43. B. subtilis. S, R, P and intermediate
eolony forms on glycerol sgar inoculated with the
filtrate from a glycerol broth culture, after
four days. Xx18,



«29=

The results of these experiments led to the conclusion that
the minute reproductive bodies, termed gonidia, were intimately counn<-
oétad with a filterable phase in the life cycle of Be subtilis, Whether
small gonidia constituted the filterable phase, or whether these gene
idia gave rise to, or were produced from, a true virus which passed
through the ﬂ!.ttr, is beyond the scope of this investigation.

Antigenic Propéerties

Soule (1928) reports a difference in antigenic strength of
the R and 5 strains of B. mbtilig. He also reports a lessemed aggl-
atinative titer of the S antiserum for the R antigens In an attempt
to confirm his results and also to expand the information %o m&.zm
tlie antigenic properties of the O and P tdru, the following experi-
ments were conducted.

Young rabbits were injoctod intraperitoneally with sntigens
preparsd from the S, R, 0 and P forms, They were given three inocul=
ations on alternate days; 2¢c. of a saline suspension of the organisms
being injected at each inmoculation. After a period of nine days they
were bled by piercing the marginal vein of the ear and sufficient
| blood was withdrawn to perform the serological tests. The blood was
allowed to clot and then centrifugalized at high speed for ome half
hours The clear serum was then withdrawn with a sterils pipette and
kept in sterile tubes at 10°C. until used.

The sgglutinative titers cf the entiserums for the homolo-

gous antigens were then determined and the results tabulated. (Table 1).



From the results obtained it was clearly evident that the S
antigen was most strongly antigenic; the R and O antigens of equal stre-
ngth but both weaker than the S antigen; and, the P antigen the weakest
of alle '

In order to acquire nofe information about the antigenic
propertios of the four strains, as concerning agglutiain absorption
pover, a series of agglutinin absorption tests were performed. The S
antiserun was ahlerind by each of the different antigens and then the
resultant serus wes tested for agglutinative power with each of the
antigens. The results, which were obtained, sre presented in Table 2.

: A careful amalysis of tho results obtained from the agglutinin
uhlorption tostc led to the mmption that thn P antigen was coutained
4n the O and R antigens; that the R and O antigens are identical; and
that the P, O and R antigens are all contained in the 5 antigen. This
furnished comsiderable information as to the possible phylogenetic
relationships existing between the various forms. It is clearly evid-
ent that the R and 0 variants m equally removed from the normal 3
strain, and it is alse evident that the P variant is farther removed from
the S form than are the R and O forms. However, no explanation of
the conversion of the P form to the 5 and R forms can be gained from
. ¢his information. Some factor, as yet undetermined, must bring about
' this conversion and from the entigenic difference noted it must be one
of the strongest factors of the dissociative reaction, Additional
work must be dome on this phase of the life cycle before the conver~

sion is understood.



TABLE L
Agglutinative titers of antisera with homologous antigense

8 8 132000
S R 13 1000
s 0 1: 1000
3 4 13100

R R 1321000
0 0 151000
P 7 4 1:500



TABLE 2
Piters of § antiserum after absorption of egglutininass
Absorption Agglutinative

Antiserum antigen antigen Titer
s 8 8 No sggle
5 5 R No aggle
8 5 .0 No aggle
8 5 P No aggle
5 R 8 13500
&) R R No aggle
8 R 0 No aggle
8 R 4 Ko aggle
S 0 5 13500
8 0 R No aggle
3 0 o No aggls
s 0 P No aggle
S 4 ) 131000
8 P R 1:500
S 4 0 1:500
5 P P No aggle



. DISCUSSION

The findings of this anaﬁsaﬁm substantiate to a large
extent the findings of Soule (1928) in so far as the oceurrence of
the 5, R and P forms is concerned. In additionm the appearance of the
0 form was noted as one of tha cyclostages in' the dissociative devel=
opment of B, subtilis. Various other intermediate forms were also
noticed but none of them proved to be stable and wers not considered
of any great importanece. The dissociation of the R strain into adher-
ent and non-adherent substrains was nhnrv;d. This agrees well with
the findings of Lewis (1932) who records the same situatiom in the
dissociation of B. mycoides. Iiis observation on the instability of
the adherent form was also confirmed in this investigation.

The formation of spiral cells, and reproduction by budding
e fosid §6 Tabe placs e agar. Oskls of this iyye eve definitely
reported by lewis (1932) in his work on B, mycoides. The formation
of cocei~bacilli which proved to be quite stable, confirms the record-
ings of Hadley (1927) who reports that the formation of cocei-bagilli
is a Mt«rhﬁc of dissociating bacillus forms, The formation of
cocei~bacilli has been specifically reported for B. subtilis by Dr.
Evans (1929) and by Lohnis and Smith (1916). They are undoubtedly
identical with the C forms (Kokken-Formen) of Kulm as interpreted by
Hadley (1933). »

The action of autolysis on giant colonies on glycercl agar
was observeds The lytic area was found te be composed chiefly of
senescent and lysed cells but a few swollen rods containing reprod-

uctive bodies were noteds The reproductive bodies were termed gonidia,



These swollen rods were undoubtedly identical with ths gonidangia as
reported by LOnis end Smith (1923). Secondsry colonies arising from
the lytic area have been found to be maed of small, Gran negative
coscimbacilli. Repeated subculture of this type showed that the char-
acteristic colony morphology of this type was phnm in appearances’
These phantom colonies proved to be quite umstable and conversion
took place to the 5 and R forms. This also agreecs with the findings
of Soule (1928)e Cells isolated from the phantom colonies differed
from the mormal cells of Be subtilis, in their ability to ferment
glycerol broth with tae production of asid. This physislogical
adaptation, enabling the organism to utilize some constitutent of

the medium not usually attacked, has been reported by Lewis (1932)
for the secondary colonies of B. mycoides.

‘The appearance of typical phantom growth from filtrates of
old broth cultures, whose ¢ells showed tho presence of gonidia, offered
conclusive evidence that the production of phantom growth from gonidia
was intimately linked up with a filterable form of the organisme
Whether the actual filterable form was a true virus or just extremely
small gonidia was undetermineds Dr, Evans (1929) considered the filter-
able form to be a true virus either identical with or very similar to
the virus of emcephalitis. She found that normal B, subtilis could be
isolated from the brain tissue of rabbits inoculated intracerebrally
with the virus, Her work has not been confirmed as yet. Hadley (1933),
in his review of Kuhan's work, considers the filterable phase %o be
composed of the smallest gonidiz or mai.fm. L8hnis and Smith

(1916) also attach the filterable significance to the smaller gonidia,
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The reversion of the phantom type of growth to both $ and R
forms seems to supply the missing link in a fairly orderly life cyciq.
The 5 form has been found o be quite unstable mnd it might reascuably
be concluded that it representis a very transitery stage between the
P and the R forms of growth. ' In pathogenic species the greatiest |
virulence is attributed to the 5 form, with t.htm exseption of B.
anthracis. It is conceivable that the environmental conditioms of
the animal body would supply the necessary stimulus for the stabilig-
ation of the 5 form, ' ‘

Serological study has revealed comsiderable variance in anti~
genic strength of the various forms. This variation has been reported
by Soule (1928), Arkwright (1921), and Hadley (1927)., Such variance
of antigenic strength seems to be in close correlation with morpholog=
ical variation, both as to degree of variation from the normel and
as to possible phylogenetic relatiomships of the various forms. Any
attempted explanation of the appearance of the wvarious forms as being
due to contemination is out of the question after a study of the resulis
of the sgglutination and agglutinin absorption experiments.

- It has seemed the inevitable conclusion, from a study of the
results of this investigation, that there does exist a definite life
cycle for the organism Be subtilis. This conclusion was in accord
with the findings of LShnis and Smith (1916), Hadley (1927), and Dr.
Evans (1929). Any attempts to explain the comversions on the basis of
orthogenic varistion as presented by I;Olil {1932) or on the basis
of a dimorphism as presented by Kuhn and reviewed by Hadley (1933),
seem futile.



SUMMARY

A l. At least four distinot types of growsh have been obtained
by passing an § strain of Bs subtilis t&rﬁgh large volumes of broth,
either in the sbsemce or in the presence of glycerols The types hufa
been considered to be of the $ or normal form, the R or rough form,
the 0 or intermediate form, and the P or phantom form.

2+ It has been found that thers is an apparent orderliness
to the variation and a distinctly noticeable tendency for e definite
type of srowth to be nug'oruM by another distinect type of growth,
3« Variation oceurred not only in colony morphology;
variation ogcurred in cell morphology as wells
4. The presence of gonidia~producing, cocgi=-bacilli has been
definitely linked up with the R form of growih, |
S, The arising of secondary ¢vlounies frem lytic sreas has
been noticed and there seems to be considerable evidence that this
growth is produced by the gonidia of the parent cells. The sppear-
ance of a new physiovlogicel characier has been noted in the secondary
grouthe
6. The presence of a filterable siage in the life cycle of
the organisa has boen noted consistently and is evidently intimately
counected with both gonidia germination and phantom golony productions
It might even be & connecting phase.
7. The instability of the phantom type and subsequent
reversion io the & or R iypes comyletes the ecyclie development of the

disgociating organisus.
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8. The stimlus for dissociation is cvuonﬂx'meh greater
in large volumes of broth than on the surface of solid sulture nodig.
The actual morpho}.égical variation takes place at a very rapid rate
on solid wedia but the stimulus is undoubtedly received during the
rapid growth in the broths |

9« Close antigenic relationships h;u been noted for the
different strains, the difference in sntigenic power being comparable
with the degree of variation from the normals

‘10s The different stages of developwent hﬁa been inter-
preted as representative of cycloe~st.ges in a complete life ecycles

In conclusion, I wish to express my gratitude to Dr, W. P.
Larson, of the University of Minnesota, for the suggestion of this
problems I also wish to thenk Dre We L, Miller, lirs Ee A. Walker,
and Mr, N. M. Paulson, all of South Dakota 3tate College, for variocus

helpful suggestions and assistence in technique.
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