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Introduction.
Physiological studies as to the nature of spores

have received considerable attention since the organism

Bacillus anthracis was first isolated and demonstrated to
have the ability to form spores. The greatest amount of
research thus far has concerned itself with a study of the
activities and properties of these spores.

The exact nature of the processes which take place
within the organism immediately before the formation of
the spore are not very definite at the present time.
Schreiber (17) states that an organiam which has the in-
herent property of forming spores may do so at any time;
in other words the number of rapid transfers without
sporulation does not affect its ability to form spores
later. Thus we can see that this ability is a definite
oriterion of the spore forming organisms.

In general a spore is considered as & condensed,
dehydrated protoplasmic mass consisting chiefly of
nuclear material. Investigators have analyzed the spores
chemically and report that they comsist chiefly of
proteins. Mellon and Anderson (16) studied the protein
of the spore and the protein of the vegetative stage
immunologically and state that the two proteins are
different. To date the exact nature or process of spore
formation is not explained, but the moving pictures by
Bayne-Jones (1) do give us a visible picture of the
formation of the spore. These pictures indicate that the
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actual process of spore formation is not a long-drawn
out process but a rapid one. It may require some time
to establish the proper conditions but the physiological
act takes place quickly. It appears that granules are
formed within the bacterium and immediately before the
spore is formed these granules migrate to the opposite
end from that in which the spore 1is formed,

Magoon (15) in same earlier work concludes that
spore formation is a normal process and the spore is a
result of the union of granules which are formed within
the organism. Thus we can readily see that the exact
process of spore formation is vague and not fully ex-
plained.

German investigators have done some work in studying
spore formation in bacteria, especlally of B. anthracis.
The views, as to the reason for spore formation, of these
early investigators are indicated by the two theories
advanced by Buckner (5) (6) and Turro (19). Buckner
states that the stimulus of the organism to form spores
comes when the nutrient material has become deficient
immediately surrounding the organism. Working with the
bacillus of anthrax he states that by the remnewal of this
nutrient material, in the local area, before the organism
has reached a certain point the organism can be held %o
countless generations of only vegetative cells.

Turro presents the view that spore formation of B.

anthracis is due to the accumulation of products of



metabolic activity.

Schreiber presents a view, partially in accord with
both of the above, in which he gives the impression that
the deficiency of nutrient material can not be a direct
cause but can be considered as the inciting cause of spore
formation. He also demonstrated that oxygen of the air
is a specific and necessary condition for spore formation
in the case of aerobic spore forming organisms,

The work which follows the above investigations is
limited more to the study of the reaction of the spore to
various physical and chemical factors. Work typical of
the above is on spores of the anaerobic organisms as the
clostridia group, since their importance in the food and
meat camning industry is indeed very great.

In more recent work Williams (20) (21) shows that
various concentrations of peptone do exert slightly
different influences and he recommends using a one per
cent peptone solution in studying the ratio of spores to

vegetative cells.

History of Cultures.
The four aerobic spore forming organisms used in this

study were Bacillus subtilis, Bacillus cereus, Bacillus

mesentericus and Bacillus megatherium. The oculture of

Bacillus cerus was very kindly furnished by Doctor L. F.

Rettger of Yale University and was isolated by him from
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a hay infusion, The other three ocultures were obtained
from the stock collection of the Department of Bacteriology
at Michigan State College having been isolated earlier

from soil and hay infusions., Each culture was plated out
by the loop dilution method and transfers made from well
isolated typical colonies. To insure pure cultures the
above transfers were identified according to Bergey's

manual of Determinative Bacteriology (2).

Method.

The study of spore formation necessitated using a
80l1id medium where the culture could be obtained in a
vegetative stage for subsequent inoculations into the
liquid medium containing various molalities of the salt
under study. It was also essential that a liquid medium
be used which of itself did not stimunlate spore formation.
Preliminary work confirmed the "spore cycle" of spore
forming organisms, as determined by Magoon (15). Thus
twenty-four hours were taken as the time for these
organismns to go from the spore stage through the vegetative
stage and back into the spore stage dgain, Eighteen to
twenty hours incubation was taken as the time for the
organisms to go into the spore stage if the inoculum was
in the vegetative stage. Application was therefore made
of the “spore cyele" in this study.

A variety of slanted mediums were inoculated with a
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culture of each one of the four organisms; these cultures
had been transferred previously at several twelve hour
intervals to insure all vegetative growth. Observations
for spores were made at intervals by making spore stains
of the smears made from the various mediums. Two of the
mediume studied proved interesting and useful; dextrose
agar stimulated each one of the four organisms to almost
100 per cent spore formation in about twenty hours, while
on the beef liver infusion agar introduced by Stafseth (18)
and further developed by Huddleson (13) the cultures
formed very few spores within the same time limit as the
dextrose agar. The liver infusion agar was therefore
adopted to maintain the cultures used in this work. Various
liquid mediums were similarly studied including plain bdbroth,
Dolloff's medium (8) Leifsons medium (14) and Hotchkiss
medium (12) consisting of one per cent Bacto-peptone. 0f
these the one per cent peptone medium used by Hotehkiss
in her work was adopted as it of itself did not stimulate
spore formation of the cultures studied within eighteen
hours. All mediums were sterilized by autoclaving for
. twenty minutes at fifteen pounds pressure. The solid
mediums were adjusted so final pH after autoclaving was
6.6. The pH of the distilled water used in making the
one per cent peptone medium was such that final pH of the
medium was near 6.6 after sterilization.

All glassware used was of Pyrex type, cleaned by
soaking in cleaning solution overnight, wrinsed in tap
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water followed by distilled water and sterilized in dry
heat at 180°C. for three hours.

The chloride salts, whose effect on spore formation
in the one per cent peptone medium were studied, can be
classed for convenience into four groups according to
valence. The monovalent salts used were NaCl, KC1l, NH.Cl,LiCl,
‘sodium lactate; the divalent salts were MgCle, MnCle 4HeO,
BaCleg, CoCle 6HeO, PbCle and NiClg; the tri-valent salts
were AlCls, CeCls, FeCls 6HgO and the tetra-valent salts
SnCle. All of the salts were Baker's analyzed products.

Stook solutions of a definite molality of these salts
were prepared in sterile distilled water and tested for
sterility. The desired amount of the salt solution was
added to five cubic centimeters of two per cent peptone
medium and made up to 10 c.0. with sterile distilled
water. Thus each tube contained 10 c.c. Qf one per cent
peptone containing a definite molality of the salt under
study.

In making a determination, a very small amount of
the aerobic spore formers used were transferred with a
needle from the liver infusion agar slant into 10 c.c.
of one per cent peptone medium and incubated for eighteen
to twenty hours at room temperature. One cubic centimeter
of each of these spore free cultures was added to a series
of tubes containing the desired molal concentration of
each salt, also to a tube containing 10 c.c. of one per

cent peptone which served as a control. These tubes were
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then incubated at room temperature for eighteen to

twenty hours after which the number of bacteria per cubic
centimeter and per cent spores present were determined by
using 3Breed's (3) (4) method for direct microseopic counts.
Ordinsry microscopic slides were marked off into one
square centimeter areas, using a diamond point. From each
of the tubes containing concentrations of the salt under
study 0.01 c.0. amounts of the uniform suspensions were
placed on the slide and spread evenly over a one square
centimeter area. These were allowed to air-dry and then
stained by Anjeszky's spore stain method (11l) which gives
a red spore and a blue sporangium.

Hydrogen ion determinations were made electrometric-
ally, using a Leeds and Northrup potentiometer in con-
junction with a saturated calomel cell and a quinhydrone
electrode,

Preliminary determinations were made with each salt
and each one of the four organisms to determine the range
of stimulation, if any, and the point of deorease due to
the toxicity of that molality of salt.

When this range was found "three molalities"™ were
selected to be used in the final study of the salt under
consideration., The three molalities selected were (a)
the one which gave maximum stimulation, (b) a molality
at the point between the maximum viability and no growth
due to toxic effect of the salt and (o) a molality at a
point lower than that of the maximum viability due to
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insufficient stimulation caused by the low salt conoehtra-
tion. Determinations were made in all cases employing
these "three molalities" and a control. Not less than
four separate determinations were made on each series of
molalities of each salt, before continuing to the mnext
salt, Each figure in the tablea, therefore, represents
the average of not less than four determinations. The
separate determinations paralleled each other very closely

with no wide variations.

Results.
I. Influence of monovalent cations in combination with
chlorine,

For convenience the salts under study were taken up
in groups according to valence. The monovalent salts were
studied first. The "three molalities"™ were selected by
preliminary determinations. Four series of molalities
plue controls were prepared and each gseries inoculated
with one of the four organisms,

Table I gives the influence of NaCl exerted on the
viability and sporulation on each one of the four aerobic
spore-forming organisms under consideration. These data
show that NaCl in.molél concentration 0.25 gave maximum
stimulation for viability and also maximum stimulation
for spore formation. The point or molal concentration
below the maximum showed & stimulation over the control
and an influence that definitely marks the molal concentra

tion 0.25 as maximum, The molality above the maximum
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definitely shows a decrease of stimulation due to the
approach of the point of toxicity of the NaCl. The pH
determinations were made electrometrically and come

within the range of 6.5 to 7.48.

2. Influence of pH

To determine the influence exerted by pH in a medium
otherwise favorable to viability and spore formation the
following experiment was performed. One per cent peptone
medium containing a molality of 0.256 of NaCl was pre-
pared and equal ambunts were ad justed to various pH's.
The pH's to which the medium was adjusted were 5.0, 5.5,
6.0, 6.5, 7.0 and 7.5 and -covered the pH range found in
the study of these saltas. The data in Table 2 show that
there is a slight variation in a favorable medium between
the four'organisms studied at the seme pH. It also shows
that each one of the organisms has a wide range of pH
before a noticeable effect is produced upon the formation
of spores. On this basis the pH of the medium, when
various molalities of salt were added, was considered
favorable if it ceme between the range of pH 5.0 and 7.5.

The influence of NH.Cl is shown by the data in
Table 3, The pH's throughout were lower than in the case
of NaCl but still well in the favorable range for growth
and sporulation. Table 4 demonstrates the influence
exorted by KCl. The pH's were slightly higher than with
NH4Cl and compare very favorably with those found with
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NaCl. In the case of both KH.Cl and KCl the maximum
point of spore formation was at a molality of 0.25 which
6oincides with that found for NaCl.

In recent years LiCl has found many applications
in bacteriology and thus makes it a very interesting salt
to study in this problem. The data in Table 5 show that
it exerted a similar influence as the other salts insofar
as exerting a stimulation of processes is concerned. 1Its
maximum point of spore formation wags at a lower molality
(0.125) than was the maximum for the other monovalent
salts (0.25).

The monovalent salts thus far studied were salts of
high dissociation econstants. It, therefore, seemed advis-
able to study the influence of a substance like sodium
lactate with a very low dissocis tion constant. The
influence of sodium lactate, as shown by the data in
Table 6, was identical to the other monovalent salts which
have the maximum point of stimulation at molality of 0.25.
The pH determinations also indicate that it was within

the favorable range.

3. Influence of di-valent cations in combination with
chlorine.
Following the study of the above monovalent salts
attention was turned to the di-valent salte as a group.
The data in Table 7 indicates that MgCle does not exert

a very noticeable stimulating effect on growth and
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reproduction of the organism as is evidenced by the count.
Although the pH's were within the favorable range for
spore formation MgClg did not stimulate the production

of spores. .

The influence exerted by Mn(Cle 4H.0 and BaCle, a8
shown by the data in Tables 8 and 9, are identical to
MgClg. Preliminary work did not indicate any molality,
of these di-valent salts under study, which stimulated
reproduction of the bacteria, and so the molalities of
galt used in the experiments were arbitrarily decided
upon,

The three more toxic di-valent salts chosen for
study were CoCles 6Hg0, PbCle and NiCleg. Although slight-
ly different molalities of salt were used in each case,
the influence exerted by them can be considered at the
game time., The toxicity of these three salts on the
bacteria was definitely shown by the great decrease in
numbers of organisms in the molalities of the salt as
compared to the numbers of organisms in the control tube.
Upon further studying the results in Tables 10, 11 and
12 we also find that the pH range was favorable and yet
in none of the di-valent salts did we have any stimu;ation
exerted on the or-anism to cause or allow it to form

spores.



14 I — IL | ' . — | ' . —t 1 1 1
T%4. = ,008°682° G Ti: - . 000°%02°9,82%, - 00% 09T 4 ,S%°4L, = '
e 1 4 a 1

'

- —
G619 4 2. - 000793318 , §°9, 60°3

008489 4, L0I3u00

-l2~

00G°08G'8, GO°0

T4, Q0°0 , 0027489 §,83L, 94°0
do i A | | S 1 i A S VNG S T T——
Uy Q3°% , 0027204 4 2Ls TL*P , 000 TOT 8., 24 92°C .oomampm.aa. $°9, T0°g , 008 0Gg 8, g3°0
1 - 1 W 1 1 | i A e 1
Sl T°3 ., 00¥ 882 G:GT%Z: T1°0C ,; 008 ¥L6 4y SL. 89P°0 , 009 123 4s G°9, 9°T . 009 180 4, g°0
[ [ ] 4§ ] [} g ) Y [} i .
R , ‘0°0 Jed , . °0°0 nmm‘ ., ‘0°0 aed, 1790 nom‘ﬁwpaawﬂoz
Hd ,sexods9,, ®BiIe30®8q ,HI pmmmmmm&rlllunopocn.mm .mcnmmmmrl.|HMopocp. .nmmmmw&rlﬁwlopodn .
umiJeyysIem g . snolIequesemw °g BNRI60 °f . BITIaque_°g L

‘umiveN PTubIT ® Ul
UOTBUIOF-810d g O0TqQOI8Y uo puB A3ITTABTA UO TDBN JO eouenTIuUl °T OTIqQBIL






-13-

0°y : 0007996 ¥ 0°9 ' oooqdmmwo ' 0°g§ , 000°0T2'¥ . 0°8 ,000°086 ¥:0°S
g’y ” 000°000°g ” 0°4 ” 000°028°9 ” g°g ” 000°03% ¢ ” 3°6 “ooc.OHN.m”m.m
3°P ” 000°030°g “ 0°9 ” 00070969 “ 0°g ” 000 °0T¥% 9 “ g°s ”ooo.ﬁbb.ﬁno.m
g°e w 000°¥%68 ¥ “ 0°g “ 0007029 g ” 0% w 0007086 g ” o°s “oooa¢H¢J¢”m.o
o°¢g “ 000 °0TO'¥ w 0°g ” 000°0T¥ 9 ” g°¢e “ 000°0%0"g ” 0°s ”ooo.o¢>am”0.b
o°‘¢g ” 000°0¢98°¢ “ 0°g “ 000°030°¢ ” g‘g m\doo.ﬁbb.ﬁ ” 0°4 ”ooo.oom.n“mub
” *0°0 nam_” ” *0°0 mom\“ “ *0°0 aed w. ” *0°0 nom.wmml
sexods 9 , ®BIIe308q , BeJ0d8 9 , wIIe308q , sexods ¢ , BIIE30®q ,B8I0dB_Y) , cmuowbwn.
auﬁnmsaamoa °q L snojasequesew °g | sneJe0 °g . SIII3qus° g
*TOBN JO (g3°0) L97T8TON wnmygdo
eys 98 uMIpeN PInbYT B ul uoiysmMIof oxodg uwo HA Jo eouwemTIUl °Y OTQBJ



~l4-

. 2 = ,000 ¥%0G 4.92°Z, = ,000 ¥19 O1.58 4, =

9, 1002068 9, Toxjuoo
I‘lrII

[ 1] 3 [}
Q2L - 100L 642 L.S3°L: -

3
0093006 .v'9, - ,000°988'd, G3L°0

'
3 ' '
' ' ' '
' s ' ) s s 1 . e
~G2°L: 2'0 004894 L ) ' ' : ,000°94T 9, G3°0
s ' [ | ' ' ' ' ) 1 ' —t
27 = 008862 L. @ 4. = ,00G ' v2G'6 .QL'L: GL'0 -ddd GGO L .V 9, = .ddo bdm g9, g°o
' s ' ' ) : s
1 B B | 9 Jed, ' 1048, od. , 1 BOJ0AB, o, 186 8 ,°0°0 Jo0d ,AQTTBIORN
' 9% ., BIIe108q, '  ©TJI030%®q, « % , w®lI030®q, s % , BII0308Q,
'

[} [} )

‘umTpeoN pINbIT
8 ujl uolysmIog exodg 07qoaey uwo pus LqITTQBTA UO TOX JO eouentIul °% 6TqQ8I

1°4 « - .000°040'G, O°L, - ,008'¢¥y¥'6: 2°4: - .000°06¥'9,98°'9, =~ .,009'04C'8, 103400
0°L + 1°0 ,008°006'%, 8°9, = ,008°293°8, 679, = .003°03076.82°9, T T .008°0T0°9, G3T°0
5975 . 8°0 ,0007068"3, 9°0, §3°0,000 65278,30°9, mdmnwmmmam«mqm+|mqmwunmam {000 %6 4, 83°0
8879 . = 004 TIT'C, 9°9, = .00079T.'8.9%°9, 3°0 ,008°g0079,9%°9, = .000°538 %, §°0

b.uouomm.# *0°0 .awnf.” L.oou&uF“ *0°0 ncwﬂ.r .ruoma.ﬂl.o.o|uoﬂr ”monommn *0°0 uoﬂﬂmﬂlﬂ%

) : ( S % , ®fIejosq, HA_, o , ®WjI0308q, HA , % 4 ®IIeqosq, HI , 9% , BII0308q,

umiJeysiew °qd , sSnojIejuesem °g BneJeo g | SITI3que_°g

‘umipenN PIubIT
® uj uworgsuxog oxodg ©1qoaey uwo pus LITTAVTA UO TOTHN FO eouentFul °¢ OTqQBJ



T - qaq.ll...jjmmn 9., ? G'q, 5 = ,000°09v'8,8'9: - .000'9L8'9, LOX3ucy

1}
A A A i A i
T°2 = 4000°.66" 9.T°L, G9°0 0007914 8,84 = 4000°086°9,0°9, 42°0 1000°G34°9, g0°0
— A i i | A 4
2L .+ P°1 .ooo.omm.o.m.b. T°T .ooo.Hbm.m.H.b. g8°T ,000 26T 9.,8°S, G°2 ,000°22T 4, G2°0
'y A | A i I ' o | A | A S
%4 = 000°¥82 ¥.:2°4, = 000°GTIT 2.T°4, - ,000°600 ¥%,0°g, - ,000°¢2g8°¢,; g°o
" “aonomu” *0°0 nomﬂmn nuonomw” *0°0 nomwmq “mouomu”‘.o.o uwn“mm “monomw” *0°0 non”mmmﬁdaos
, % 4 ®Igeso0®q, , ¢ , ®IIej08q, , % _, BII630®q, , % _,_ BJI0l9®q,
mmiaeysesew °g , Bnoldesuesewm ‘g snegeo °g Tr13que°’d

TMIPON PIUDIT ® Ul woiqsuIOX eJodg 0Jqoxey uo pusw L1JTTQETA UO 99808 WNTIPOR JO eoueuTIUI -°9 OTqQBT

~9°L, = 1000°880 4:99°4:s -~ 092 ¥96 &: S L. - ,000°208°4,82°4L:, = .00L 8%0°8, TOx3uoD
I 'l .| Y i 4 A A It I} A — A
9L, - ,000°20%°9, @°L, 3°2% ,000°03L 9, ¥°L, - ,000°02%°9, €°L. - ,000°0T6 9, go°o
A A 1 1 i A A R | — 1 A 1H|L.I||J|||1.—|I|Ill|q||l
9°L: 8°3 ,00L°820°9, G°L:, 8°L ,000°398°9, G°4L, 3T°T .093 ¥9T 9. ©°4, 9°T .004 TL9 4. 83T°0

i i 1 i i A 1 1 i 1 : §
9L, - .222°380°G, G°4L, = ,000°TS4 S.:ST°L, - ,009°¢62°9, 3%, - ,0G63°6LL S, g23°0

% .S.Spocp_ L% .Sn.....wocn. N _culoaoan. s % 4 ﬁopoan.

au«honuumwa g , 6Bunotaejuesewm °g , 8neJeo °g . S8T113que_°d N

‘myipeoN PIUbIT ® ul mopgvmIOy ex0od§ 0FJqOJOV UO pus L3TTTABTA UO TOVI FO €ouUeuTIUI °g OT1q8J






«l6b=

g22'¥32'6, 8°9, - ,222 Hmn ,89°9, - ,000°0Ts 1T, S°9, eee‘u0e6, Toxyuod

879, <= 999°0Ta'3.84°0. = .999'010'%, 9°9, - ,0292'003°2 .99°9, - .009°964°2,9310°0

L L Il ' ' 4

“owodoo¢.w.nn.o. - ,000°398 v,539°9, - ,000°19T°3 ,88°9, - _mmm L20° #. Gg30°0

9°9,

9°0, '30e 033 3, §°9, = .999°999°2,89°9, = .008'466 .9%°9. - ,009°3%9°C. 90°0
ju.udqq. *0°0 uoﬂ ”ucluoqm.rl.ol.mlho%h monoqm *0°0 noﬂ . nouomm. “0°0 aed,Lq1TeTON

|mr||p|mmmwvmmm. mm.&.aﬂnowwwn.mm.$ »n:mmmmwnwp.mm. .urnnnuummh»oap.
umiIoyiesew °q , snojIejuesem °q | sneJed °§ STTT2qus °g

‘m7ypeN PIubIT B U WoTjsmMIOJ oJodg 07QOIEY WO puws L3TTFASTA WO O2HP PTOUN JO 0OUGNTFUI °g OTQBI

§°L:i = ,008°4027IT. S°4, ,000°19G ' tL.9°4: = .008'9%¥2'1L.6°9: - .0GL 884 0L, TOIFUOD

1 i I i 1 L 1 L i 1 i 1

3L - ,000°GT8 OT.89°L, = (0GL 229 11.9 4, - ,006°T¥2 OT.T°4L: - ,000°824 8 , 830°0
1 1 e 3 3 1 b 1 1 1 1 : d

GG 4L, - ,000°096°0T.9G°4L, = ,000°90T "TT.9°4: - ,000°GL9°0T.G°L, - ,000°€T9 4 . GO°O
4 1 i i _ . 1 - 1 4 1 L

SG°L, = .008°428°0T: 9°4L: - .ddm qT9 OT.¥ - ,006°89T 6 ,2°4, - ,009°328°% « G2°0

i I I 1
Td ,coz0ds, o0 Iod, LI ,se3ods, 0°0 ¥od ,id ,8630d8 0°0 a1 ,8oqods, °0°0 I0d,X3TLBLON

81103090, % . SII030%d, ., % _,_®13e308q, , _% , STieyouq.

umiIeyjesewm g nojJejussew g | sneJeo °g 8TII3qus °g -,

‘umipey PIUbIT ® Ul uoryvWIOF @J0dg O07q0IeY uO pus L3ITTQABTA UO 3THIN Fo eduenTJul °4 ©€T1QBI



0"Z: = .ooc nuu4dA|mamuuuun1||daabuAHLHA||a¢m. ,008 806 °8:9 91 _ 000 L8O ©8,10a3u0)

A . [} A i 4

8°91 = 000" 629 °6 .m.o_ \500"990"0T 63" 9, - 08308 L. U9, - 1000°26¥% "9,90000 °0
A 1 i — i 1 [} v i A - T Y

§9°9: = 1000°649°% \3°9, = 0007649 , §°9, =~ 003 W0 a.F U, = LLiLLL'V. 1000°0
i i A " i S— i A S A - '

g9+ - 1008°29G°T i8°9: - ,000 L¥L & , G°9, -~ L.qq.ﬁaﬂ.m 9. = 100079073,  g00°0

: ,88J008 , 88008, °*0°0 hom“haﬂﬁﬁ.ﬁoﬁ

md_, ¢ , ®lIejomq, % 4 anmw|Wp. ' g . ®1J0308q, . % . g1aeo0wq.

mmiIeyjeden g . mﬂoanopncmoa - sneJeo °g . STTTIqUs °g

‘UnTpeN PINBTT 8 UT UOTIBWMIOJ exod§ O0TqOJeY WO pus LITTIQBTA UO O0PH9 3[DOD FO eoueniyul °*0OT OTqQe]

“8°'Z: - .922°'194'8.:99°4: - .,000'902'01.99°Z, -~ .000'36L OL.8°9: =~ 999 493 ©L, LoI3U0D

i ' A o\ A A A 1 A A '} A —
G3° 4. = 0007986 4 S°4: - .822°1289°8 . 94, - ,000°%¥8G°6 ,0°9, = ,000'630°11,92L0°0
. A i A 1 I : i i

A '} A - |
33°4L, - 00076989, 2°4L. - ,0007980°8 ,93°4, = .:000°9¢v 8 .¥°9, = ,000°660°8 ., 920°0

A A Y A A 'y A

1 1 1 1 1 - I
L, = 1999°9%0°9, 2°4, - ,999°90% G , 2°L, - ,000°0T% 9 ,0°g, - ,999°'889°¢ , GO°0

B “monomu“ “0°0 noﬂ H .uohommw “0°0 Jed, HA no.uomm_ *0°0 & ,80Jaods, X3 TLOLON
% , ®]I0308q, L% dﬁ.mhpocn.. . % IHnoaodn. . % 4 ®laegosq,

Esanmn»amﬂn *d _, BnotJequesem °g X sneJeo °g 81712908 °qd

‘umipeN pIubIT B ul uworgsWMIod exodg ©1qoIey uUO puw LTTTABTA UO 3TDBL Jo eomenTJul °6 OIqBIL



9G°L. =~ 1999 942 QT.G%°4: =~ 009 60% 9T, §°L. 1999°9%0 '2T.9¥°9: =~ 1000 393 9T: 10I3uUOD
gv°L: - ”anm.nno.mﬁ” R “ooo.nmmdnanm¢.>w ”nnnqwmn.ma”mn.o” - nomo.mmm.¢aﬁwoooo.o
VoL - “ooo.mmmdaﬂ” «.Nﬂ - mooo.emn.nﬁn o ”ooo.owm.aa” n.o“v - ”moo.onn.nan 1000°0
98 L = 999794 L+ €L = 1999558 4 E°L \9997388'8 ”mm.m” = 19997936 9 m 100°0
5 nonm o .uonomm,r *0°0 nom” ”monomm” “0°0 ncmnmﬂ._”w._”os
md , 9% dﬂumaodn_ ' % . ®BII0308Bq, % . W®IIS30BQ, . 9 , ®BII0q08BQq,
) : ; A
‘myipeN PINDTT ® UT WoppemIof exodg 07qoIey wo pus L4ITTABTA WO P[OIN JO eouwentyul °*IT OTqQ®I
T %'k =~ .000'309°3L.v°4: - 1999393 9L.9L L, . 999 08V LL.9v°9, - 1999 488 0T,L0I3UOD
¥°L. = 008 488 L.V L = 1000918 3T oT L, 995795876 .+ 80, = 1999°139"L 11000070
¥°hi - G85'LovOT.¥ L. = 1833°300°0T: T L, \ 000 5316 +3T°0, = 1999°523°4 300000
n.b”‘ TTIESe TR 8L, = .8287.33°0 .+ §°5, " 000 T8 . 6°G, = 10997633°C ,+ 100°0
803048, , 80008 , xed , ,80J0486, L1 TTBION
% 4 emnom.lwa.. % 4 B J.Podn. . . . 8]I840%8Qq, . % 4 BII0}08Qq
umjJeyssdew ‘g , BunojIejuesem °g sneJeo °d BI[T3qu8e_°‘Hg !
‘uMTpeN PTUbTT 8 UT UOTIBWIOL eJodg ©3qoqeV wo pus L9TTTQBTA UO 3[Dqd FO eouwenTjul °TT OTQBL



=]19=

4, Influence of tri-valent cations in combination with
chlorine.

Tables 13, 14, and 15 give the results of the influence
exerted by the three tri-valent salts: AlCls, CeCls, and
FeCls 6HgO. Here again, as in the case of the di-valent
salts, there waes no stimulation of bacteria to reproduce
or form spores although the reaction of the medium was

favorable.

5. 1Influence of a tetra-valent cation in combination with
chlorine,

Table 16 shows the influence exerted by SnCly on each
one of the four organisms. It is noted that this salt
does exert stimulating action on the organisms as far as
reproduction is concerned, and although the pH range en-
countered is within the optimum there were no spores

formed.
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Discussion.
The four organisms chosen to be used in this study
are representative of the aerobic spore farming group:

B, subtilis, B. cereus, B, mesentericus, and B, megatherium.

The influence exerted by the various salts was quite
constant as far as the four organisms are concernmed.
Slight individual variations were obtained which are ex-
plained by the fact that we were dealing with three different
species of bacteria that can be expected to exhibit such
8light variations one from the other.

The most common method to demonstrate the presence
of spores is the heat resistence of a culture. The great-
est amount of literature concerning spores deals with the
gpores after they are formed and their reactions to
various external factors. The problem herein presented
deals with the factors which induce the formation of the
spores. As such it seemed véry important to kmow the
correlation between numbers of organisms and per cent of
spores formed. Preliminary experiments showed a very
close correlation between the heat resistance method and
spore staining method of demonstrating the presence of
spores, 1t is for these reasons that the spore stein was
adopted as the criterion of the presence of spores.

Leifson (14) states that, in his experiments with
certain anaerobic organisms, he found a slightly acid
medium more favorable for sporulation than an alkaline

one, The results in this paper indicate that for the



-23-

four aerobic spore forming organisms there is a con-
siderable range of pH where sporulation can take place.
This is in part contrary to the work reported by Cook (7)
where he states that growth and spore formation of B.
subtilis was noted only at a pHi between 6.0 and 7.0.

A comparative wide range is herein reported and an
optimum is indicated in an acid medium.

The exact nature, of the influence as exhibited by
the salts ineluded in this study, is not clear. The
cations of the monovalent salts seem to correlate with
the theory of sporulation as expressed by Buckner. Since
at the optimum molality, 0.25 in the case of all mono-
valent salts studied except LiCl and at 0.125 in that
case, we do have an increase in number of organisms over
control and thus a "local" exhaustion of food material
may incite the organisms to form spores. Nevertheless
in some of the other salts as SnCl, (table 16) we again
have an optimum of bacterial viability at a definite
molality and the pH is within the optimal range, but
here no spores were formed. If the accumulation of
metabolic products were the essential factors causing
spore formation we would again expect SnCle to form spores
in molality of 0.00005. The results herein preseﬁted
confirm the results of Magoon (15) where he states that
neither insufficient food,.comparable to local exhaustion

of nutrients, nor the accumulation of metabolic productis
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cause spore formation.

Pitzgerald (10) having worked with aerogenes bacilli,
reports that NaCl did not exert any appreciable stimulation
of spore formation as compared to the spore formation
obtained in the peptone bouillon be used as & basal medium.
It is a known fact that the bouillon contains some NaCl;
this salt is no doutt responsible for the spore formation
in his controls. The NaCl added when he studied this salt
may have exerted a toxio effect due to presence of too
much salt. Thus the per centage of spores would be almost
the same as when no additional salt was added. In this
study NaCl as all other cations of monovalent chloride
salts gave a definite and consistent stimulation of spore
formation.

FProm a study of the data presented it is quite
evident that the cations of the salts studied fall into
two groups (a) the cations of the monovalent salts which
stimulate spore formation and (b) the cations of di, tri
and tetravalent salts which as a group do not stimulate
gspore formation. The formation of spores was most
abundant at the point of maximum viability of the organisms.
This fact indicates that spore formation is a normsal
physiological process which occurs under the most favor-
able conditions of growth and viability.

Falk (9) made a review of the literature up to 1923,
upon the theories proposed to explain the physiological
activity,exerted by the ions. He presents the view that



to better understand the roles played by electrolytes in
metabolic or physiologic processes of protoplasm there
must be advancement and application of colloidal chemistry.
The 1dea then presents itself that of the salts studied
the cations may fall into a series where the monovalent
ions are the most active precipitents or coagulants and
thus cause the organisms to form spores. If such is the
case the ions might fall into a series such as the
Hofmeister series but the action of the salts studied
does not definitely follow this or any other series. It
would be interesting indeed to study more ions keeping
in mind a definite series of activity which has been
applied in colloidal chemistry.

A comparison of the molality of the various salts
studied at the point of maximum stimulation with those
secured by Hotchkiss shows & remarkable agreement., In
her work & non-spore forming, gram negative ofganism,

Escherichia coli, was used; while in this work four gram

positive spore forming organisms were used. The remark-
able correlation, of the molality at which maximum
stimulation occurred, between the two groups of widely
different species would indicate that the stimulating
effect of the various cations upon bacterial viability
was not confined to any one species but was of general

physiological significance to bacteriology.
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Conclusions,
l. Cations of monovalent chloride salts as - NaCl, LiCl,
NH4Cl, KCl and sodium lactate - exerted a distinct
influvence of stimulation on aerobic spore formation in

a8 liquid medium.

2. Cations of divalent chloride selts as MgCle, MnCle 4H:O0,
BaClz, CoCle 6HgO, PbCle and NiClg; of trivalent chloride
salts as AlCls, CeCls and FeCls 6He0; and of a tetra-
valent chloride salts as 8SnCl,, had no influence on
stimulation of spore formation in aerobic'bacteria in a

liquid medium,

3. Spore formation was most abundant at the point of
maximum stimulation of viability. This would indicate
that spore formation is not due to a deficienoy of
nutrient materials or to an accumulation of metabdbolic
products as has been postulated in the past. It would
appear that it is a normal physiological process occurr-

ing under the most favorable conditions.

4, The pH of the medium studied did not materially
affect the formation of spores within a favorable growing
range pH 5.0 to pH 7.5. However, an acid reaction was

slightly more favorable for their production,

5. The determination of spores by staining compares
very favorably with the heat method as a means of determin-

ing the presence or absence of spores.
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6. The molal concentration of the different salts at
which maximum stimulation occurred for the four organisms

studied, B, cereus, B. subtilis, B. mesentericus, and

B. megatherium, correspond to a remarkable degree with

those for E. coli as previously determined by other
investigators. This work, therefore, confirms and
extends our knowledge of the physiological effect of
cations upon bacterial viability.

7. The results of this work would indicate that there

is a relationship between valence and spore formation.
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