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Inhibition by spermine of the action of a bacterial cell-wall lytic enzyme 

The cell-wall fraction of a Gram-negative marine bacterium z is subject to auto- 
degradation under suitable ionic conditions. This degradation is mediated by  an 
enzyme and is inhibited by  the polyamine, spermine, at a concentration of lO -3 M. 

The organism was grown with aeration for 18 h at 3 °o in sea water containing 
Difco peptone (I %, w/v). Cells were harvested, suspended in cold distilled water, 
and broken by shaking in a Mickle disintegrator for about 18 min with cooling in an 
ice bath  after 9 min. All manipulations in the preparation of the cell walls were 
performed in an ambient temperature of 4 ° . The cell-wall fraction was purified by  
centrifugation in distilled water alternately at 12,2oo × g for 30 min and IOOO × g 
for IO min. In general, 4 such cycles were sufficient to yield a cell-wall fraction of 
acceptable purity. Celt-wall fractions were autolysed at 35 ° in 0.05 M or 0.067 M 
phosphate buffer, pH 8. The extent of the breakdown was followed by measuring 
changes in absorbancy of the suspensions at 700 mtL. A preliminary qualitative 
analysis of soluble breakdown products was made after incubating the cell-wall 
fraction for 35 min in 0.05 M buffer and separating the soluble materials from the 
residual wall by centrifugation at 14,5oo × g for 45 min. The supernatant solution 
(lysate) was dialysed for 2 days at 4 ° against 3 changes of distilled water. The non- 
dialysable fraction was concentrated at about 3 °0 and freeze-dried. The dialysates 
were pooled, concentrated at about 3 °0 , inorganic phosphate was largely removed 
by crystallization in the cold and the supernatant solution was freeze-dried. Amino 
acids and amino sugars were identified in acid hydrolysates (6 N HC1 for 16 h at ioo °) 
by 2-dimensional paper chromatography in water-pyr id ine  (80:20, v/v) followed by 
butan-I -o l -ace t ic  ac id-water  (6:1:2, v/v/v) and reaction with ninhydrin, c~,e-Di- 
aminopimelic acid was located specifically by  paper chromatography in the solvent 
system of RHULAND et al. 2. Sugars and polyols which were released by  acid hydrolysis 
(2 N HC1 for 2 h at IOO °) were separated by  paper chromatography in the butanol-  
acetic acid solvent system and in propan-I -o l -NH 3 (15 N) -wa te r  (6 : 3 : I, v/v/v). Such 
chromatograms were sprayed with aniline phthalate for sugars and with a periodate-  
Schiff's base reagent 3 for polyols. The heptose present in the cell wall of this organism 1 
was detected by  the H2SO4-cysteine reaction of DISCHE 4. 

Fig. I shows lysis of the cell wall at pH 8 (properties of the system will be de- 
scribed in greater detail elsewhere) and it will be noted that  under these conditions 
spermine completely inhibited the lytic process. (On the other hand, spermine did 
not affect the degradation by  lysozyme of the cell wall of a species of Micrococcus). 
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Fig. i. Autolysis of the cell-wall fraction at  35 ° in 0.067 3 / /phospha te  buffer, pt-I 8. O, unt rea ted  
cell walls; 0 ,  heated cell-walls (io rain at  IOO°), × ,  cell walls + IO -s M spermine. 
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Table I lists materials released by acid hydrolysis from the cell-wall lysate and the 
cell-waU residue (or whole cell-wall fraction). It is noteworthy that whereas the 
"typical" cell-wall constituents, hexosamine and muramic acid, were released, 

T A B L E  I 

COMPOUNDS DET]~CTED IN ACID HYDROLYSATES OF THE CELL WALL AND 
ITS AUTO-DEGRADATION PRODUCTS 

Cell wall Lysate 
Type of compaund (whole and residue) Non-dialysable fraction Dialysale 

Amino  acids  Diaminopimel ic  acid + Norma l  pro te in  Alanine  
n o r m a l  pro te in  cons t i t uen t s  Aspar t ic  acid 
cons t i t uen t s  G lu tamic  acid 

Glycine 
Valine or Meth ionine  
Leucine  or isoleucine 

A m i n o  sugars  H e x o s a m i n e  + m u r a m i c  H e x o s a m i n e  + m u r a m i c  
acid * acid* 

Sugars  Glucose + hep tose  Trace  of hep tose  ? - -  
Polyols  Glycerol + unident i f ied  Unident i f ied  polyols Glycerol 

polyols 

* The  propor t ion  of m u r a m i c  acid to hexosami ne  was  judged  by  inspect ion  of c h r o m a t o g r a m s  
to be  g rea te r  in the  lysa te  t h a n  in t he  cell walls. 

diaminopimelic acid was not. It is also of interest that the dialysable fraction of the 
lysate consisted of peptides. "Fingerprints ''~ of this fraction separated about 30 pep- 
tides, suggesting that the breakdown of the crude cell wall is caused by an enzyme 
and not merely by spontaneous disintegration under appropriate physico-chemical 
conditions. The presence in the dialysable fraction of some hydrolysable compound(s) 
of glycerol probably signifies that the enzyme has degraded lipoprotein. A possible 
mechanism for the overall breakdown of the cell-wall material might involve enzymic 
removal of a lipoprotein "cement" followed by spontaneous release of other cell-wall 
constituents. The inhibition of such a process by spermine provides an interesting 
extension of MAGER'S findings that this substance increases the stability of bacterial 
cells and spheroplasts against osmotic damage 6-8. 
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