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Purification and mode of action of a lytic enzyme from Bacillus cereus 

We have described earlier a lytic enzyme which is formed in ultraviolet-irradiated 
cultures of  Bacillus cereus 1. The enzyme is able to hydrolyze the isolated B. cereus cell 
wall 2. After induction by  ultraviolet irradiation, the enzyme act ivi ty great ly increases 
in the culture media, and we have a t tempted  the isolation of  the lyric enzyme. 

The lyric act ivi ty  is expressed in arbi t rary  units, I unit of  the enzyme is defined 
as the amount  which leads to a decrease of o.ooi unit of  absorbance in 2o min at 2o ° 
when present in 4 ml of  a cell-wall suspension having an initial absorbance of o.5. 
Details of  the test were described earlier 2. 

B. cereus was grown on a casamine medium 1, induced by  ultraviolet irradiation 
and harvested 9O-lOO rain after induction. The cells were resuspended in one-tenth 
of the original volume and sonicated a. The disintegrated cells were recombined with 
the supernatant  culture fluid and thus a crude extract  was obtained. 2.5 1 of the crude 
extract  were mixed with 2.8 1 of  acetone (--5 °) and centrifuged at o °. The precipitate 
was discarded, and the enzyme precipitated from the supernatant  by  further  ad- 
dition of  2.15 1 of  cold acetone. The precipitate was dissolved in 25o ml of o.oi M 
Tris-HC1 buffer (pH 7.8). This was Fract ion i. 

Fur ther  purification was achieved by  adding 15o ml of acetone to the solution 
obtained in the previous step. The precipitate of  the inactive proteins was removed by  
centrifugation, and the enzyme was precipitated from the supernatant  by  the addition 
of  a new portion of  15o ml of  acetone. The precipitate was dissolved in 25 ml of  o.oi  M 
Tris-HC1 buffer (pH 7.6) and dialyzed against the same buffer solution at 3-5 ° for 24 h 
(Fraction 2). 

DEAE-cellulose chromatography  was performed (Fig. I) applying 45 mg protein 
obtained in the previous step to the column. Elution was performed by  Tris-HC1 

Biochim. Biophys. Acta, 191 (1969) 200-202 



PRELIMINARY NOTES 201 

F 

O .  

o 

0," 

8 
c Q; 

0.1 

a /.\ 
/ \  

x 1 \ 4  I i i I I t J I I i I I 

b o o 

50 100 
Tube number (4mr per tube) 

o.~ ~, 

0.3 
I 

I 

0.2~ 
b- 

0.1 

Fig. i. DEAE-cellulose ch roma tog raphy  of the lytic enzyme. (a) Lytic act ivi ty of the eluted 
fractions. (b) Absorbance of the proteins and the concentra t ion  of the du r ing  buffer. The D E A E -  
cellulose column (1. 5 cm × 2o cm) was equil ibrated by o.oi  M Tris-HC1 buffer (pH 7.6). The 
column was loaded by  15 ml (45 mg) of lytic enzyme obtained in the second acetone fract ionat ion 
and then  washed with 50 ml of equilibrating buffer. The elution of the proteins  was achieved 
by increasing concentrat ions  of Tr is-HCl  buffer (pH 7.6). x - - x ,  lytic enzyme activity;  0 - - 0 ,  
absorbance at  28o m# of the fractions; O - - O ,  concentrat ion of Tris-HC1 buffer. 

buffer gradient at pH 7.6. Enzyme activity emerged together with the main protein 
peak when the buffer concentration reached o.I M. 

Yields and the specific activity of the enzyme during purification are shown in 
Table I. The specific activity increased in this case by a factor of 15. Further puri- 
fication steps did not result in any increase in specific activity, and the enzyme activity 
appears to be associated with only one protein fraction. 

Enzymes attacking the cell wall may split either the glycosidic bonds of the 
polysaccharide chains built up from glucosamine and muramic acid or the peptide 
bonds connecting the polysaccharide chains. 

The changes in amino groups and reducing sugar content were studied when the 

T A B L E  I 

Y I E L D  A N D  S P E C I F I C  A C T I V I T Y  O F  T H E  L Y T I C  E N Z Y M E  D U R I N G  P U R I F I C A T I O N  

Step Total Specific 
activity activity 
(uni ts)  (units/rag 
x IO -~ protein) 

X 1 0  - 3  

Crude ext rac t  57 ° I. I 
Fract ion I 5 °2 5-3 
Fract ion 2 405 9.0 
DEAE-cellulose ch roma tog raphy  245 169.o 
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T A B L E  I I  

C H A R A C T E R I Z A T I O N  OF T H E  E F F E C T  OF T H E  L Y T I C  E N Z Y M E  ON T H E  B .  cereus C E L L  W A L L  

R e a c t i o n  m i x t u r e  a:  4 ° mg of cell w a l l  were suspended  in i o  ml  of water ,  p H  was ad jus t ed  to 
7.8 by  N a O H  and  the  m i x t u r e  was i n c u b a t e d  wi th  i mg  of purif ied lyr ic  enzyme  a t  room tem-  
pera tu re .  Reac t ion  m i x t u r e  b: as Reac t ion  m i x t u r e  a bu t  w i t h o u t  lyr ic  enzyme.  Reac t ion  m i x t u r e  c : 
4 ° mg of cell wal l  suspended  in i o  ml  of i M HC1 and  boiled for 60 min. Samples  of i ml were 
t a k e n  from Reac t ion  m i x t u r e s  a and  b and  reac ted  w i t h  FDNBa;  subsequen t l y  the  D N P - p e p t i d e s  
were h y d r o l y z e d  by  6 M HC1 for 16 h. The D N P - a m i n o  acids were e x t r a c t e d  4 and  s epa ra t ed  by  
paper  c h r o m a t o g r a p h y  5. The spots  of the  s epa ra t ed  D N P - a m i n o  acids  were cut  ou t  and  eluted.  
The i r  q u a n t i t y  was  de t e rmined  by  the  absorp t ion  measured  a t  360 m/~. Samples  of o. 4 ml  were 
t a k e n  to  de t e rmine  the  reduc ing  groups  6. Reduc ing  groups  were expressed  in glucose equ iva len t .  

Reaction Time mmoles A62o m~ 
mixture (min) of 

glucose 
equivalent 
per g 
cell wall 

t~rnoles 
of DNP- 
alanine 
per g 
cell 
wall) 

a o 6. 4 o* I6.O 
60 82 o" 4.0 

b o 6. 4 O" 16.O 
6O 6. 4 O* 16.O 

C O O* 1 6 . O  

60 t .2 i .o  

" Reduc ing  groups  could  not  be detected.  

purified lytic enzyme acted on the purified cell-wall preparation of B. cereus. As it is 
shown in Table II, no increase could be detected in the amount of reducing sugars, 
whereas the free amino group of alanine increased up to io times the original amount, 
and no other free amino group appeared. 

The purified lytic enzyme seems to be associated with a single protein fraction. 
It  liberates the amino group of alanine from the bacterial cell wall. Accordingly, the 
enzyme appears to be an amidase, which splits the peptides connecting the poly- 
saccharide chains of the cell wall. 

The author wishes to thank Prof. F. B. Straub for his interest and helpful 
discussion. 
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