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Influence of Spermine and Related Substances on Susceptibility of 
Bacillus anthracis to Lys0zyme.z (27052) 

GEORGE (;. WRIGHT* 
The Sir Filliam D u n n  School o j  Pathology, University of Oxford 

In complex media certain strains of Bacillus 
anthracis become susceptible to the action o f  
lysozyme only when hicarhotlate is present 
during growth( 1 1 .  This requirement for hi- 
carbonate was not demonstrable in chemicall!- 
defined media: under these cotiditioiis the 
strains remained susceptible to lysozyme when 
bicarbonate was omitted. Investigation of the 
cause of this difference revealed that the yeast 
extract present in complex media contained a 
dialyzable factor that caused susceptible 
strains to become resistant. It was the activ- 
ity of this factor that was overcome by ad&- 
tion of bicarbonate to the growth medium ( 2  I .  

Identification of the factor in yeast arid elu- 
cidation of its action are of particular interest 
because of the possibility that related inechati- 
isms may be involved in the bicarboriate re- 
quirements for elaboration of capsular pol) - 
peptide and protective antigen by this organ- 
ism (3,4).  The present report presents evidence 
that spermine, spermidine, and certain dia- 
mines reproduce the effect of yeast extract in 
inducing resistance to lysozyme. 

$The author is indebted to Dr. H. H .  Johnston for 
helpful discussion. The work was carried out during 
tenure of a Secretary of the U. S. Army Research and 
Study Fellowship. 

* Permanent address : Fort Detrick, Frederick, Md. 

Methods. The basal medium contained 2% 
Difco vitamin-free casamino acids, O . M %  
llifco yeast extract, and 0.2% glucose. The 
small amount of yeast extract was sufficient 
to allow growth of the test organism in the 
absence of lysozyme but not in its presence. 
The medium was adjusted to pH 7.6 with so- 
dium hydroxide and sterilized by filtration. 
[Jltra-fine sintered glass filters were used for 
all sterilizing filtrations. Sterile sodium bi- 
carbonate solution was added to the basal me- 
dium in the concentrations indicated. 

The compounds tested were obtained from 
commercial sources, spermine and the dia- 
mines as hydrochlorides, spermidine as the 
phosphate, and agmatine and arcain as sul- 
phates. They were dissolved in water and ster- 
ilized by filtration. Titrations were carried out 
ill :%’’ x 6” tubes provided with aluminum 
caps. Serial 2-fold dilutions of the substances 
tested were prepared in a volume of 0.5 ml. 
To each tube were added 0.5 ml of 1-1000 so- 
lution of crystalline lysozyme (Armour Lab- 
oratories) and 1.0 ml of basal medium. Con- 
trols without lysozyme, without test substance, 
and without inoculum were included in each 
titration. 

The inoclum consisted of approximately 
100 spores of strain B of B. anthracis, added 
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as one chop of a suitably diluted stock sus- 
pension. Strain R is a typical lysozyme- 
susceptible culture (2)  . The tests were incu- 
bated at 37", and growth was recorded after 
40-48 hours. 

Results. Various diamines, polyamines, and 
related compounds were titrated for their ac- 
tivity in permitting growth of the B strain in 
the presence of 1-4000 lysozyme. Titrations 
were carried out in the presence of 2 concen- 
trations of sodium bicarbonate: 0.0005M and 
0.005M. In the complete absence of added bi- 
carbonate irregular results were obtained, pre- 
sumably because of variations in absorption 
of atmospheric carbon dioxide. Addition of 
0.0005M sodium bicarbonate obviated this 
difficulty and allowed relatively reproducible 
titrations, although this low concentration 
doubtless reduced the activity of the com- 
pounds somewhat. The results are summar- 
ized in Table I. 

TABLE I.  Activity of Diamines and Polyamines in 
Allowing Growth of B. anthrucis in Presence 01. 

1-4000 Lysozyme. 

Substance Concentration allowing growth 
(pmoles per liter) 

.0005MNaHC03 .005MNaHCO:: 

1-3 propanediamine 60 >2500 
Yutrescine 120 >a500 
Cadaverine 600 >2500 
Spermidine 6 > 500 > 500 Spermine 3 
Agmatine 400 
Arcain >SO0 - - 

It may be noted that spermine and spermi- 
dine were effective in very low concentrations., 
1-3 propanediamine and putrescine were also 
active but less so than the polyamines, andl 
cadaverine was less active than putrescine. Ag - 
matine, the monoguanidyl derivative of putre. 
scine, was less active than putrescine itself, and 
arcain, the diguanidyl derivative, was inactive 
at the concentrations tested. The activity of all 
the compounds was markedly inhibited in 
presence of 0.005M sodium bicarbonate. 

Discussion. The evidence suggests that sper- 
mine and spermidine are responsible for tht: 
activity of yeast extract in inducing lysozymc: 
resistance in B. anthracis. These substance:; 
are active in very low concentration, and their 
effect, like that of yeast extract, is antagonized 
by bicarbonate. Spermine was isolated from 

yeast extract (S) , and Saccharoniyces cere- 
visiae was shown to synthesize spermirie and 
spermidine (6).  Furthermore, none of the 
numerous growth factors, amino acids, and 
other substances that were tested possessed 
similar activity (2). 

Spermine and related substances are widely 
distributed in plant and animal tissues ( 7,8) 
and are essential or stimulatory factors for 
growth of Hemophilus parainfluenzae( 9) ,  
Neisseria perfZava( lo) ,  a mutant of Aspergil- 
lus nidulans (11) , Pasteureh tularensis (12), 
and Lacto baci2lus casei ( 13) . Putrescine, 1-3 
propanediamine, spermine, and spermidine are 
accumulated or interconverted by a variety of 
microorganisms (6) .  Gram negative bacteria 
evidently accumulated larger amounts of pu- 
trescine than gram positive organisms ( 14). 
The synthesis of spermidine from putrescine 
and methionine in E. coli has been elucidated 
(15) and oxidative degradation of the poly- 
amines by Pseudomoms aeruginosa and by 
Neisseria perflava has been investigated (16, 
17). 

Despite considerable knowledge of the bio- 
synthesis, interconversion, and degradation of 
spermine and related compounds, their es- 
sential metabolic functions remain unknown. 
Accordingly, no explanation for their effect 
on resistance to lysozyme in B. anthracis can 
be postulated with assurance. With respect to 
the relative activities of the various com- 
pounds, the present system is analogous to 
growth stimulation of P.  tularensis and L. 
casei, in that spermine and spermidine are sig- 
nificantly more active than the diamines. Re- 
cently it has been demonstrated that in Micro- 
coccus lysodeikticus, resistance to lysozyme is 
associated with an increased concentration of 
0-acetyl groups in the cell wall( 18). Should 
resistance in B. anthracis be explicable on a 
similar basis, tentative inferences could be 
made regarding the mode of action of sper- 
mine and related substances. 

A ready explanation is not available for the 
activity of bicarbonate in overcoming the 
effect of spermine and related compounds. No 
similar effect of bicarbonate with respect to 
the other biological activities of these sub- 
stances appears to have been recorded. In pre- 
liminary experiments, addition of bicarbonate 
to the growth medium did not suppress the ac- 



cuniulation o f  spt*ririitit~-like ac.ti\ ity i i i  cu1tut.c 
filtrates o f  R. r r r r t h i ~ ~ c . i . s .  Ho\ie\ ('I-. ihc 1)ossihiI- 
ity has not heel) tbxc*luc!(d (hat th(. acstiit- siilb- 
stance was initially prewit  ; t i  thv cw1tur.e as ai l  
inactive carbamyl coinyouid. 11 hich was h! - 
drolyzed during removal of bicarbonate pric )r  
to testing. Reaction of putrescine with carha- 
my1 phosphate has been deinonstrated i n  the 
presence of yeast and inold enz) mes 19) . I t  is 
perhaps significant that arcain. the diguaiiid! 1 
derivative of putrescine, was inactive in the 
present system; dicarhamyl derivatives of the 
active compounds have not let  heen tested. 

Sunzrnary. Speriiiine was active at a coiiceii- 
tratioii of 3 p iiioles per liter in alloijing 
groM th of a lysozj iiie-suscel)til)le strain o f  lj. 
anthl-acis in the presence of 1-4000 lysoz! iue. 
Spermidine. 1-3 propanediamine, putrescine. 
and cadaverine were respectively 1/2. 1 /20. 
1/40 and 1/200 as active as sperniine. The 
activity of all of the substances was overcoiiie 
hy  addition of 0.00.4M sodium bicarbonate to 
the niediuiii. 
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Multiplication of Echo 9 Virus in Suspensions of Human Leucocytes.* (27053) 

ROBERT R. BERG-: [Ititroduced by John P. Fox) 
Division 01 Epidr>miology. Pir hlic Hrv-drh Restlarch Institute of the City of New York, Inc. 

Isolation of ECHO virus type 9 from the 
serum of 10 of 18 children(1) indicates that 
viremia occurs commonly in human infection 
with this agent. In attempting to investigate 
a possible role of leucocytes during ECHO 9 
viremia, experiments were performed to de- 
termine whether human leucocytes in vitro 
were capable of supporting multiplication of 
the virus. A previous publication (2) reported 

the multiplication in vitro of measles virus in 
human and simian leucocytes. 

Materials and methods. Human blood cell 
suspensions were prepared by a modification 
o f  a previously described method (2). Venous 
blood was withdrawn from a healthy donor 
whose serum neutralized 100 TCDS0 of ECHO 
0 virus in 1:16 final dilution. Heparinized 
hlood was centrifuged at 1500 RPM for 10 

t Present address: Dept. of Pediatrics, Beth Israel taining 20% calf serum, penicillin and strepto- 
mycin. Final medium was adjusted to pH 7.4 Ilospital, Boston, Mass. 




