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/UEIMARY. Lot! levels of alcohols have been found t o  i n h i b l  t 
the process of spore germination. The extent of gemination 

I s dependent upon the conceatration of alco~iol present i n  the 
erminaling filedim. This inhibition i s  reversible since 

removal of the alcohol frorn the 'spore envirowent allows 
germination t o  proceed. 

The dl;infcctant action of alcohols- i s  both bactericidal and fungicidal. 

Alcohols are reported t o  be e f f e c t i v e  only against  vegctati vg or non-sporing 

cells ( I ) .  The lack of a sporicldal action for a l c o h ~ l s  was established i n  

early studies on the use of alcohols as disjnfectants (2 ,3 ) .  Later studies 

have shoxn that  certain alcohols, i .e. , 2-phenylethanol ( 4 ) ,  chlorocresol (51, 

and p-hj~droxybenzoic acid esters (51, can conpletely inhibi t  the process o f  

spore germination. The i n h i b l  t i  on caused by these iilcohols was found t o  he , 

reversible since rcrnoval of the a1 cohols frm the germinating nedirrm a1 lwted 

spore gemination i o  proceed. Thc f i n d i n g  t h a t  such alcohols can exert 

an inhibi tory effect on the Gevelopmznt o f  bacterial spores to  vegetative 

cells suggested t h a t  a general excimination of the effect  of alcohols on spore 
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g e m i n a t i o n  should be  undertaken. Thls paper r e p o r t s  on the r e s u l t s  o f  such 

an I n v e s t l g a t i  on. 

- MATERIALS AND METHODS* 

Tryp t i case  Soy Broth (Baltimore Biologica l  Lab.). T ryp t i case  Soy Agar 

(8al t imore  Biological  Lab. ) and Tam Sporul a t i o n  Agar (DIFcO) were the 

nutr ient  media used i n  t h i s  i n v e s t i g a t i o n .  The a lcoho l s  and ketone used I 

I 
i 

sere of a n a l y t i c a l  grade: acetone (F i she r  Chern.), e thanol  ( F i s h e r  Chem) , . . . 
i 

methanol (Fisher  ~ h & .  ) , iso-amyl alcohol  ( F i s h e r  Chem.) , n-propanol 
- 

i 
i 

(Ffsher  them. ) , 2-propanol (F i she r  Chm. ) , n-butanol (Ma1 1 i nckl3odt) , phenol 
i 
i 

(Ma1 1 inckrod t )  , and n-octanol (I+atheson, Coleman and Be1 l ). i 
Spores o f  B a c i l l u s  subtilis var. n i g c r  and B a c i l l u s  puin?lus were 

i 
I 
I 

prepared from vege ta t ive  c e l l s  by an a c t i v e  c u l t u r e  technique. A suspension I 
o f  the  appropr ja t e  s p o r e  s tock  was hea t  shocked a t  8 0 ' ~  f o r  1 5  min. and then 

f 
t 

i plated on Tan agar (DIFCO). After incuba t ion  a t  4 2 ' ~  f o r  24-48 hr. the plates i 
were washed w i t h  s t e r i l e ,  chi1 l e d ,  de ionized water .  The r e s u l t i n g  suspension ! 

i 
i 

was heat shocked, p l a t e d  on Tam agar and incubated a t  4 2 ' ~  f o r  4 hr .  Inocula f . . . . 
t .  

I 
f r o n  t h e  4 hr. plates were slqabbed o n t o  ' f r e sh  Tam a g a r  p l a t e s  and re incubated  

f o r  2.5 hr. Inocula fr@m these plates were used t o  swab 30-40 Tam agar p l a t e s .  
i 

The plates were i n c u b a t e d - a t  4 2 ' ~  for a t  l e a s t  24 hr. o r  u n t i l  s p o r u l a t i o n  

was complete, The spores  were washed from the p l a t e s ,  insonated ,  and washed I i 

a& least  f i v e  times w i t h  sterile,  ch i  7 7  ed, de ionized ,wa te r .  Af te r  each 

c c n t r i  fuga l ion  the upper layer of  vegetat ive  d e b r i s  was r i n s e d  o f f  and discarded, i [ 

Following t h e  f i n a l  washing t h e  spores were suspended i n  95% ethanol  a t  a 
9 . concen t ra t ion  o f  3 x 10 spores/ml, 

* 
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.The germina.tion studies were accomplished by .pi petting the ethanol 

. suspension of  spores fnto calibrated Bausch and Lomb Spectronlc 20 tubes and 

removing the ethanol under vacuum. Flve ml. o f  Trypticase Soy Broth (4% w/v),  

containing the appropriate additive a t  varying concentrations, was then added 

t o  the tubes containing the spores. Insonation of these tubes for  20 seconds 

I n  an ultrasonic b a t h  (Turco Products .Inc., 20 zimps, 250 volts) resulted i n  

the complete suspension o f  these spores i n  the germinating medium. The 
0 spore suspensions were then incubated a t  34 C. Periodically the cultures were . 

shaken and optical density determinations were made using a Bausch and Lmb 

7 - Soectronic 20. A spore concentraion of 9 x 10 spores/ml yielded an i n i t i a l  

optical density (625 mp) of 0.65. The spore concentrations used i n  these 
' 7 germination studies varied between 8 - 11 x 10 spores/ml. 

The j n h i b i  tion of spore germinafion was shown t o  be reversible by 

removing t h e  i n h i b i t i n g  additlve fra? the spore envi rormnt via Mi 11 ipore 

filtration ( f i l t e r  HA, 0.45 U) and re-suspending the spores i n  geminating 

media f ree  o f  inhibiting additive. The re-suspended spores proceeded to  

germinate. 

RESULTS 

The process o f  spoye germination can be Pollo~led by observing the 

changes i n  optical density fo r  a spore suspension as a function o f  time 

( 5 ,G) .  Figure 1 i l lus t ra tes  the d a t a  obtained when spores o f  Bacillus 

subtilis vale. ni jer  were exposed to  geminating media in tlie absence and 

presence o f  ethanol. Increasing the level of alcol~ol i n  the gerininating 

media caused a decrease in the extent o f  spore gemination. Such a result . 

was observed for a l l  the additives studied and presented i n  th is  investigation. 



Figure 1 also presents the germination data f o r  Bacillus pumilus spores. It 

is o f  i n t e res t  t o  note tha t  the  extent of germination f o r  both species i s  

nearly identical,  a t  a given ethanol concentration, while the shape o f  the 

gemination curve fo r  each species is d i f ferent .  The pumilus spores showed 

a lag prior  t o  the i n i t i a t i o n  of germination when i n  the  presence of alcohol. 

A plot  of the extent of germination as a function of alcohol concentra- 

tion i s  presented i n  Figure 2. From such data i t  was possible t o  obtain an 

extrapolated value for  the level of ..a given alcohol required t o  completely 
- 

i n h i b i t  germination. Figure 3 i 1 lus t ra tes  the re1 ationship between the 

alcohol concentration required f o r  the to ta l  i n h i b i d i o n  of spore germination . 

and t h e  alcohol molecular weight. Analogs of n-propanol were used t o  study 

botb ' the ef fec t  of a lcohol~s t ruc ture  and the  e f f e c t  of functional subs t i tuent  

on the extent of germination. 2-propanol was found t o  be a l e s s  e f fec t ive  

lnh ib i  tor of spore germination than was n-propanol . Acetone, the ketone 

analog of 2-propanol, was found t o  be a l e s s  e f fec t ive  inhib i tor  of spore : 

germination than 2-propanol. Th i s  data i s  a l so  presented i n  Figure 3. 

The spore suspensions containing the vari ous alcohol concentrations, f o r  

example see Figure 1, were s e r i a l l y  di luted and plated on Trypticase Soy Agar, 

The colony counts obtained from the  various spore suspensions were essent ial  l y  

the same regardless o f  the alcohol, or the concentration of the alcohol,  t o  

which the  spores had been exposed. Apparently, the inhibi t ion of spore 

germination by alcohols could be reversed by the e f fec t ive  renioval of the 

alcohol from the spore environment by the s e r i a l  d i lu t ion  procedure. The 



r eve r s ib i l i t y  of the inhib i t ton  of spore germination by alcohols I s  

f 1 I us t r a t ed  i n . .  Fi gure 4; The non-gemi nated spores were - removed from the 
. .  . 

alcoh.01 envi ronnent .by f4i 11 ipore f i  1 t r a t jon  a n d .  re-suspended i n  Trypticase 

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

DXSCUSSIO?4 . . 

The e f f e c t  of alcohols on spores has not been extensively s tudied,  

- perhaps due t o .  the ear ly  work (2,3) which establ ished the  non-sporicidal 

action of alcohols. Hov:ever, s o w  studies  on the e f f e c t  of alcohols on the 

development of dormant spores t o  vegetative c e l l s  have been undertaken. 

Such stud1 c-s have shoivn t ha t  cer ta in  a lcohols ,  i .e. , 2-pl~enyl~thano7 ( 4 ) ,  

chl orocresol (5) , nixed e s t e r s  of p-hydroxybenzoi c acid (5), ethanol ( 7 )  , and 

n-octanol (7),  can i n h i b i t  the process of spore germination. This investiga- 

t ion  es tab l i shes  tha t  renarkably 1u.f concentrations of a wide variety of 

alcohols,  a l i  phztic as we1 1 as s r m a t i c ,  can to t a l  1y i n h r ' b i  t spore cjermi nation. 
t 

This inhib i t ion  appzars t o  be ccnpletcly reversible .  
f The a c t i v i t y  o f  thc zilcohols i n  inh ib i t ing  spore germination increases 
f 

as t h e i r  s ~ l e c u l a r  weights and chain lengths incrcese (Figure 3 ) .  This same 
i 

relat ionship is observed f o r  the action of alcohols as bacter ial  dis infec-  i 
I 
I 

tants  (1) .  I t  i s  of i n t e r e s t  t ha t  primary alcohols a re  more ef fec t ive  

bacter ial  disinTcctants than are  secondary alcohols ( I  ) and in * th is  study a 

primary alcohol, n-propanol , was more ef fec t ive  than a secondary a1 coho1 , 

2-propano1 , i n  i nh ib i t ing  the spore gem? nation process, Such tori-el ations 

between the e f f e c t  of a lcot~ol  on bacter ial  vegetative c e l l s  and bacter ial  - 
I 



spores suggest t h a t  the mecl~anism of alcohol inac t iva t ion  nay be s imi lar  

fo r  both systems. A basic d i f f e rence  i s  t h a t  the inact ivat ion o f  vegetative 

' c e l l s  is  non-revarsi ble ,  while the inhibi t ion o f  sporc germination by 

alcohols appears t o .  be ,cornpl s t e l y  reversible.  . . . .  

The a l iphat ic  alcohols have been found t o  i n h i b i t  spore germination a t  

remarkably low concentrations in th i s  study. ' Curran and Knaysi ( 7 )  reported 

- nearly eonplete inhibition of II, subtilis sporc geminat ion by ethanol a t  

10 percont - (v lV)  and par t ia l  inhibition by octyl alcohol a t  0.1 percent (v / i ) .  . 

- Complete inhibition o f  B, subti1 i s  spore germination was observed a t  2 percent 

.ethanol and 0.003 percent n-octanol i n  t h i s  study. The differences between the  

work.of Curran and Knaysi ( 7 )  and th i s  investigation i n  defining the  concentra- 
8 

tfons of alcohol required t o  inh ib i t  getxiination a r e  probably due t o  the dl 'ffer- 

cficcs' i n  methods i!secl t o  s tudy  sporc gerininatiorr . Thg coficentration of n-octanol 

(0.003 percent) required t o  coaplelcly i n h i  b i t  gcmi  nation is an upper 1 imi t , 
-is. . 

since further study to more precisely define the level of n-octanol needed f o r  

inhm'bi t i  on vas not undertaken. Suctl a study together w i t h  an investigation 

of even hjgher molecular \.;eight alcbhols could prove most i ntercs t i  ng and may; 

be o f  value t o  the food industry as a means of control 1 ing the spore foi-ming 

bacteria.. In t h i s  rcgctad, tke observation tha t  - B. pitn1i1us - spores responded 

t o  treatment w i t h  ethanol i n  pract ical ly  the same manner as d i d  spores o f  B, 

s t ~ b t i l f s  (Fi9ur-e 1 )  i s  of i n t e r e s t ,  The f c c t  t h a t  two species o f  spores could -- 
be i n h i b i t e d  by aicohol suggests tha t  the inh ib i t io r  of spore germination by 

aPcohois niay have general appi r'cabil i ty.  A study t o  determine the eapaci ty  

o f  alcohols t o  PunctJcn as sporos ta t ic  agents could have very pract ical  

implications, - ., - 



Speculation as t o  the mechanism for  the inhibition o f  gemination by 

alcohols must account for  tso observations: (1) the 1cvt levels o f  alcohol 

required for  complete inhibit io:~,  and ( 2 )  the revers ibi l i ty  of the inhibition. 

. Such considerations strongly suggest that  the alcohols are functlonlng by 

Inhibili  ng enz)me(s) required for  germination (8). The inhibition o f  l y t i c  

enzymes by alcohols has been reported (9,lO). Pepsin, for example, i s  a 

proteolytic enzyme ~ h i c h  i s  inhibited by al iphatic alcohols (11). Both the 

inhibition of spore germination by alcohols and the inhibition o f  pepsin . . 

ac t iv i ty  by alcohols showed that  the degree of inhibition increased w i t h  the 

size of the alcohol molecule. Bo th  inhibitions were compl etcly r e \ r c~s i l~ l e .  

tlhile such a direct effect o f  alcohol on an enzyme ~ e d i a t e d  germination process . 

i s  consistent w i t h  the  level of alcohol required fo r  inhibi t ? o n  and the 

revers ibi l i ty  of  such inhibition, other interpretations nay be postulated. 

For exsrnple, the alcohols may be functi uning by altei-i ng the spore mernbrane- 

coat structur-e whi.ch, i n  t u r n ,  may affect  t h o  gerii~inating enzyme(s), Such a 

mechanism aould d%cribe a direct ef fect  o f  the  alcohol on the spore msrnbrane- 

coat Structure, and an indirect e f fec t  on the enzyioe(s) required for germina- 

ti on. 
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LEGENDS FOR FIGURES 

I 

Figure 1. Effect of Various Concentrations of Ethanol on the Gemination of 
i 

Spore Suspension of B. s u b t i l i s  and B. purnilus - - I 
1 ; 

Figure 2. Inhibition of Spore Germination by Various Alcohols. The arrcws 
indicate the extrapol ated alcohol concentration required f o r  700% 

Znhibi t ion of spore gemination. A1 1 additives were investigated 

i n  such a nianner t o  deternine the dependence of the  inhib i t ion  o f  

spore gemination on a1 coho1 concentration. 

. - 
Figure 3. Dependence of  the . inhibi t ion of spore gemination on alcohol 

molecular .wci gh t. 

FIgvre 4. Reversibi l i t y  of the alcohol induced inhibi t ion of spore gemination. 
Spores were suspended i n  Trypticzse Soy Broth w i t h  (a) no ztiditive . 
and (b) 0.5% n-propznol . After 70 minutes spore suspension £3 was 

- passed through a f:il1 ipore f i l t e r  2nd re-suspended i n  Trypticase 

Soy Brotll coataining: (c) 0t5% n-pi-opanol and ( d )  no addit ive. 
. t  
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