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Trehalase:  Induction in B a c i l l u s  c e r e u s  1,2 

The d isacchar ide  t rehalose  is a s torage sugar  in res t ing  
s tages a, and  when hydro lyzed  by  t reha lase  can serve as 
an energy  source for ge rmina t ion  in a n u m b e r  of microbia l  
sys tems  ~ 6. I t s  ut i l izat ion has  been  recorded in Bacillus 
anthracis, B.  polymyxa, B.  mycoides, and  B. maceransL 
and  var ious  Gram nega t ive  species can f e rmen t  it  s . We  
observed  t h a t  B. cereus can also f e rmen t  t rehalose,  as 
shown by  acid p roduc t ion  in a def ined m e d i u m  wi th  
t rehalose  as t he  sole ca rbon  source. This  ut i l izat ion was 
p r e v e n t e d  in our  sys t em b y  2% glucosamine hydro-  
chloride (w/v), an inh ib i to r  of t reha lase  ac t iv i ty  9. These 
observa t ions  have  led us to  expe r imen t s  which  d i rec t ly  
d e m o n s t r a t e  the  exis tence  of an inducible  t reha lase  in 
B. cereus. 

Experimental  procedure. Bacillus cereus was grown at  
30 ~ in a n u t r i e n t  b r o t h  wi th  or w i thou t  t rehalose.  V/hole 
cells were no t  used for enzyme  de t e rmina t ions  because 
our  assay for t reha lase  depends  upon  the  p roduc t ion  of 
glucose f rom the  t rehalose  subs t ra te ,  and  th is  glucose 
was ut i l ized by  in t ac t  organisms.  Therefore,  ceils were 
collected b y  centr i fugat ion,  washed  twice wi th  disti l led 
water ,  and  d i s rup ted  by  a modi f ica t ion  of t he  m e t h o d  
of LAMANIVA and  ~IALLETTE 10. To each 1 mt  of t he  
washed  pel le t  we added  1 ml  of wa te r  and 3 g of 0.2 m m  
glass homogeniz ing  beads  which  had  been washed  to  
neut ra l i ty .  The m ix tu r e  was ground  for 3 min a t  full 
speed in a micro SorvalI b lender  f i t t ed  wi th  a paraf f in  
plug to p r e v e n t  foaming.  The beads  and  b lender  were 
washed  several  t imes  wi th  water ,  t he  washings  being 
pooled and  cent r i fuged a t  12,000 • g for 30 min  to remove  
cell debris  and  in t ac t  cells. The decan ted  s u p e r n a t a n t  
was s a tu r a t ed  wi th  a m m o n i u m  sulfate.  Material  for 
assay was ob ta ined  by  cent r i fuging th is  l a t t e r  solut ion 
at  44,000 • g for 20 min,  d iscarding the  s u p e r n a t a n t  and  
resuspendi l lg  t he  pel le t  in water .  P ro te in  was  de t e rmined  
by  the  m e t h o d  of LowRY et al. ~. The t reha lase  assay 
was as descr ibed by  G u s s l x  and  WYAT'r ~, excep t  t h a t  
t he  pre- i l lcubat ion  of cell ex t r ac t  and  subs t r a t e  was 
carried out  for 120 rain. E n z y m e  ac t iv i ty  was  a l inear 
func t ion  of t ime  and  enzyme  concent ra t ion .  

Results and discussion. Trehalase  ac t iv i ty  could be 
d e m o n s t r a t e d  only  in m e d i u m  s u p p l e m e n t e d  wi th  t re-  
halose, ind ica t ing  the  inducible  na tu re  of th is  enzyme in 
B.  cereus. "When t rehalose,  a t  a f inal  congent ra t ion  of 1%, 
was added  to  6 h b r o t h  cultures,  low levels of t reha lase  
(Specific ac t iv i ty  -: 2.2 nmoles  glucose/min per  mg pro-  
tein) appeared  wi th in  30 min  and  t h e n  gradual ly  d e -  
creased over  a per iod of 6.5 h to  a specific ac t iv i ty  of 
0.99. The induc t ion  was t h e n  repea ted  unde r  d i f ferent  
condi t ions .  Repl ica te  250 ml flasks conta in ing  50 ml o f  
n u t r i e n t  b r o t h  were inocula ted  wi th  0.5 ml  of a 1 2 h  
b r o t h  cul ture  of B.  cereus. After  6 h of incubat ion  cells 
were col lected b y  asept ic  f i l t ra t ion  and  t r ans fe r red  to  
fresh b r o t h  conta in ing  2% t reha lose  (w/v). In  th is  
ins tance  the re  was a d r ama t i c  increase in b o t h  the  a m o u n t  
of enzyme  p roduced  and  the  per iod of t ime  over  which  
it was p roduced  (Table). Control  cells t r ans fe r red  to  f resh 
b r o t h  w i thou t  inducer  showed no t reha lase  act iv i ty .  The 
decline in ac t iv i ty  in cells induced  wi th  1% trehalose  was 
p robab ly  due to  deple t ion of the  inducer  and /o r  some 
essent ia l  fac tor  f rom the  m e d i u m  in which  cells had  
grown for 6 h. 

In  order  to  de t e rmine  if induc t ion  requi red  the  syn- 
thes is  of prote in ,  cells were grown in nu t r i en t  b ro th  and  
inducer  or in b ro th ,  inducer  and  200 ,ug/ml p u r o m y c i n  ~2. 
In  the  former  e x p e r i m e n t  induc t ion  occurred as usual 
(S.A. == 20.592), while in the  la t t e r  induc t ion  was  inhi-  

b i ted  by  pu romyc in  (S.A. = 0.326). There  was no signifi- 
can t  cell d e a t h  due to exposure  to  the  an t ib io t ic ;  t he  
viable counts  in incuba t ions  w i t h o u t  p u r o m y c i n  were 
1.36 • 10 s cells/ml and  in incuba t ions  w i th  t he  inh ib i to r  
were 1.25 • 10 s cells/ml. Thus,  the  presence  of t reha lase  
in induced  ceils requi red  the  syn thes i s  of new prote in .  

Conclusion. In  Bacillus cereus t he  d isacchar ide  t reha-  
lose can induce the  fo rma t ion  of i ts  hyd ro ly t i c  enzyme  
trehalase.  The induct ion  can be inh ib i ted  by  puromycin ,  
showing t h a t  t he  syn thes i s  of new pro te in  is required.  

Induction of trehalase activity in Bacillus cereus 

Time 
(h) 

Specific activity 
(nmoles glucose/min per mg protein) 
Without trehalose With 2% trehalose 

6 0.016 - 
6.5 - 2.532 
7 - 17.724 
8 - 23.724 
9 -- 12.4-95 

10 2.414 17.159 
1I 0.183 - 

Zusammen/assung.  Es wird  gezeigt, dass Bacillus cereus 
die Disacchar id  Trchalose f e rmen t i e ren  kalln. Die fiir 
diese F e r m e n t w i r k u n g  benSt ig te  Trehalase  wurde  durch  
das Subs t r a t  ermSglicht ,  w~ihrend P u r o m y c i n  den Vor- 
gang verh inder te .  Dies beweis t  die No twend igke i t  einer  
neueI1 Prote insyl l these .  
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