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EV{ 3 UMMARY. Low levels of alcchols have been found to inhibit
N % che process of spore gemmination. The extent of germination
Al 's dependent upon the concentration of alcchol present in the
N2 jerminating medium. This inhibition is reversible since
Nyi3 emoval of the alcohol from the 'spore environment allows

09 wiod oy Jermination to proceed.

The di%infectant action of alcohols is both bactericidal and fungi~idal.
A1c6hols are veported to be effective only against vegetative or non-sporing
cells (1). The lack of a sporicidal action for alcohols was established in
éar]y studies on the use of alcohols as disinfectants (2,3). Later stddies
have shown that certain alcohols, i.e., 2~ﬁhenyfethan01 (4), chlerocresol (5),
and p-hydroxybenzoic acid esters (5), can completely inhibit the process of
épore germination. The inhibition caused by the%e alcohols was found to be
reversible since removal of the alcohols from the germinating medium allowed
spore germination to proceed. The finding that such alcohols can exert
an inhibitory effect on the development of bacterial spores'to vegetative

cells suggcsted that a general examination of the effect of alcohols on spore
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germinatioﬁ should be unde%taken. This paper reports on the results of such

an investigation.

- “MATERIALS AND METHODS

Trypticase Soy Broth (Baltimore Biological Lab.), Trypticase Soy Agar
(Baltimoée_Bio]ogica] Lab.) and Tam Sgorulation Agar((DIFCO) were the
nutrient media used in this investigation. The alcohols and ketone used
were of analytical grade: acetone (Fisher chem;), ethanol (Fisher Chem), -
meth;nol (Fisher Cheﬁ.), iso-amyl alcéhol (Fisher Chem.),‘n-propanbl
(Fisher Chem.), 2-propanol (Fisher Chem.), n~bﬁt§n01‘(Mailinckvodt), phenol
(Mallinckrodt), and n-octanol (Matheson, Coleman and Bell).

Spores of Bacillus subtilis var. niger and Bacillus pumilus were

prepared from vegetative cells by an active culture technique. A suspension
of the appropriate spore stock was heat shocked at 8000 for 15 min. and ihen
plated on Tam agar (DIFCO). After incubation at 42°C for 24-48 hr. the plates
were washed with sterile, chilled, deionized water. }Thé resulting suépension
was heat shocked, plated on Tam agar and incubated at 42°C for 4 hr. Inocula
frpm the 4 hr. plates were swabbed onto fresh Tam agar plates and reincubated
for 2.5 hr. Inocula from these plates were used to sﬁab 30-40 Tam agar plates.
The plates were incubated at 42°C for at least 24 hr. of until sporulation

was complete. The spores were Qashed from the plates, insonated, and washed
at least five times with sterile, chiiled, deionized water. After each
centrifugation the upper layer of vegetative debris was rinsed off and discarded.-
Following the final washing the spdrés were suspended in 95% ethanol at a
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concentration of 3 x 107 spores/ml.
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-The germinétion stu&ies were accomplished by.pipetting the ethanol
. suspension'of‘§pores into calibrated Bausch and Lomb Spectronic 20 tubes and
removing the ethanol under vacuum. Five ml. of Trypticase Soy Broth (4% w/v),
containing the appropriate additive at varying concentrations, was then added
to the tubes containing thé spores. ‘Iﬁsonation of these tubes for 20 seconds
~in an ultrasonic bath (Turco Products Inc., 20 amps, 250.v01ts) resulted in
the complete suspension of these spores in the‘germinating medium. The |
spore suspensions wéré then incubated at 34°C; Periodically the cﬁltures were
shaken and optical density determinations were made using a Bausch and Lomb
: Svectronic 20. A spore concentraion of 9 x 107 spores/ml yielded an initial
optical density (625 mp) of 0.65. The spore concentfations used in these |
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~ germination studies varied between 8'« 11 x 16 spdres/m1.

The inhibition of spore germination_wa$ shown to be-reversib]e by
removing the inhibiting additive from the spore envirorment via Millipore
fi]tfation (filter HA, 0.45 u) and re-suspending the spores in germinating
mediavfree of inhibiting additive. The re-suspended spores proceeded to

germinate.

RESULTS

The process of spore germinatfon_can be followed by observing the
- changes 4n optical density for a spore suspension as a function of time
- (546). - Figure 1 illustrates the déta_obtained when spores of Bacillus
subtilis var. niger were exposed to'germinating media in the gpsence and
presence of ethanol. Increasing the level of alcohol in the germinating

media caused a decrease in the extent of spore germination. Such a result

was observed for all the additives studied and presented in this investigation.
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Figure 1 also presenté the germination data fbr Bacillus pumilus spores. It
is of interest to note that the extent of germfnation for both species 13.
nearly identical, at a given ethanol cohcentration, while the shape of the
germination curve for each species is different. The B. pumilus spores showed
a lag prior to the initiation of germination when in the presence of alcohol.
\ A blot of the extent of germination as a function of alcohol concentra-
o fion is presented in Figure 2. From such data it was pqssib]e‘to obtain-an
- éxtrapoiated value for the level of"é given a1c0h01 required to completely
'-'inhfbit éermination. Figure 3 i]]ustratés the relationship bétwéen'the
alcohol concgntration required foy_the total inhibi%idﬁ of spore germfnétion
and the a]cbho] molecular weight. ‘Ana1ogs of n-propanol were used to study
both the effect of alcohol structure and the effect of functional substituent
on the extent of germination. 2-propanol was found to be a less effective
inhjbitor of spore germination than was n-prdpano]. Acetone, the ketone
analog of 2-propanol, was found to be a less effective inhibitoerf spore
germination than 2-propanol. This data is also presented in Figure 3.

The spore suspensions containing the var%ous alcohol éoncentraiions, for
example see Figure 1, were séria]]y diluted and plated on Trypticase Soy Agar.
The colény counts obtained from the various spore suspensions were essentially
the same regardless of the aléohol, or the concentration of the alcohol, to
which tﬁe spores had been exposed. Apparently, the inhibition of spore
germination by alcohols could be reversed by the effective removal of the

~alcohol from the spore environment by the serial dilution procedure; The

- .

.
[OOSR

-




oroa - . e ’ '5_’
reversibility of the inhibition of spore germination by alcohols is

{1lustrated in-Figure 4. The non-germinated spores were removed from the

atcohol environment by Millipore filtration anrd re-suspended in Trypticase

Soy Broth free-of any inhibitory additive. The re-suspended spores showed

normal germination.

- DISCUSSION

The effect of alcohols on spores has not been extensively studied,

perhaps due to the éar1y work (2,3) which established the non-sporicidal

~action of alcohols. However, some studies on the effect of alcohols on the

&eVelopment of dormant sbofes to vegetative cells have been undertaken.
Such studies have shown that certain alcohols, i.e., 2~pheny1éthanol (4),
chlorocresol (5), mixed esters of p-hydroxybenzoic acid (5), ethanol (7), and

n-octanol (7), can irhibit the process of spore germinatibn. This investiga-

- tion establishes that remarkably low concentrations of a wide variety of

alcohols, aliphatic as well as arcmatic, can totally inhibit spore germination.

This inhibition appears to be completely reversible.

The activity of the alcoho]s in inhibiting spore germination increases
as their molecular weights and chain léngths increase (Figure 3). ‘fhis saﬁe
relationship is observed for the action of alcohols as bacterial disinfec-
tants (1). It is of interest that primary alcohols are more éffective '

bacterial disinfectants than are sccondary alcchols (1) and in-this study a

primary alcohol, n-propanol, was more effective thaﬁ a secondary a]coho],'

~2-propanol, in inhibiting the spore germination process. Such correlations

between the effect of alcohol on bacterial vegetative cells and bacterial .
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spores suggest that the mechan1sm of alcohol inactivation may be similar

for both systems. A basic difference is that the inactivation of vegetatxve
“cells is non-reversible, while the inhibition of spore germination by

alcohols appears to be 'completely reversible.: |

| The aliphatic alcohols have been found to inhibit spore gérmination at
remarkably Tow concentrations in this study. ' Curran and Knaysi (7) reported

- nearly complete 1nhibition of B. subtilis spore germination by ethanol at

10 percent - (v/v) and partial 1nh1b1t10n by octy] alcohol at 0.1 percent (v/v)
Comp]ete 1nh1b1t10n of B. sugglllg_spore cerm1nut1on was observed at 2 percent
~-ethanol and 0.003 percent n-octanol in this study. The differences between the
work - of Curran and Knaysi (7) and this investigation in defining the concentra-
tions of alcchol required to‘inhibit.germination are probab]} due to the differ-
‘ences‘fn methods used to study spore germination. The concentration of n-octanol
u(p.OOB percent) required to completely inhibit germination is an upper limit,
since further study to more preCiseiy defing the level of n-octanol needed for
inhibition was not undertaken. Such a study together with an inveétigation

of even higher molecular weight alcthols could prove most interesting and may.
be of value to the food industry as a means of controlling the spore forming
bactefia.‘ In this regard, the observation that B. pumilus spores responded

to treatment with ethanol in practically the same manner as did sbores of B.
subtilis (Figure 1) is of interest. The fact that two species of spores could
be inhibited b& alcohol suggests that fhe inhibitior of spore germination by
a]coho?s may have general applicability. A study to determine the capacity

of alcohols to function as sporostatic agents could have very practical

implications.
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Speculat&on as to the méchanism for the inhibition of germination by
alcohols must account for two observations: (1) the Tow levels of alcohol
required for compiete inhibition, and (2) the réversibility of fhe inhibitfcn.
Such considerations strongly suggest thaﬁ the alcohols are functioning by
inhibiting enzyme(s) required for germination (8). The inhibition of lytic
enzymes by alcohols has been reported (9,10). Pepsin, for example, is a
prbteo]ytic,enzyme which is inhibited by aliphatic alcohols (11). Both the
inhibition of spore germinaticn by alcohols and the inhibition 6f pepsin
activity by alcohols showed that the‘degree of Tnhibition\increased'with the
size of the alcohol mblecule. Both inhibitions were completely reversible.
th]e such a direct effect of alcohol on an enzyme mediated germination process
is consistent'with‘the level of alcohol required for inﬂibitﬁon and the
rever;ibi]ity of such inhibition, other interpretations may be postu]ated.

For example, the alcohols may be functioning by altering the spore membrane-
coat structure which, in turn, may affect the germinating enzyme(s). Such a
mechanism would d&cribe a direct effect of the alcohol on the spore membrane-
coat Structure; and an indirect effect on the enzyme(s) required for gérmina-

tion.
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LEGENDS FOR FIGURES

Effect of Various Concentrations of Ethanol on the Germination of

. Spore Suspension of B. subtilis and B. pumilus

Inhibition of Spore Germination by Various Alcohols. The arrows

indicate the extrapo]ated alcohol concentration required for 100%
inhibition of spore germination. All additives were investigated
in such a manner to determine the dependence of the inhibition of

spore germination on alcohol concentration.

Dependence of the inhibition of spore germinatfbn on alcohol
molecular weight. '

~

Reversfbi?ity of the alcohol induced inhibition of spore germination.
Spores were suspended in Trypticase Soy Broth with {a) no additive
and (b) 0.5% n-propanol. After 70 minutes spore Euspension B was
passed through a Millipere filter and re-suspended in Trypticase

Soy Broth coataining: (c) 0.5% n-propanol and (d) no additive.
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