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Summary 

The influence of protamine on the adhesion of Pseudomonas aeruginosa to human buceal cells was investigated using 2 collection 
strains and 5 other strains isolated from the hospital environment. The serotype and pyocin type of the strains was established and 
their antibiotic sensitivity determined. For concentrations lower than 100/tg/ml there was a decrease in adhesion correlating with 
protamine concentration. Maximum inhibition was reached at about 100/~g/ml. 

Introduct ion  

Pseudomonas aeruginosa is well known for its 
extreme resistance to antibacterials. The harbour- 
hag of plasmids does not explain totally the phe- 
nomenon as the permeability of the bacteria seems 
to be a determinant factor (CuUman et al., 1987; 
Kubesch et al., 1987), the outer membrane acting 
as a barrier (Leive, 1974; Russel, 1986). 

In a study of factors which could modify the 
outer membrane permeability and therefore pro- 
mote the penetration of antibacterials, we showed 
that Pseudomonas aeruginosa is much more sensi- 
tive to the action of chloroxylenol when the strain 
is grown in brain heart infusion broth (BHI; Difco) 
rather than in tryptic soy broth (TSB; Difco) 
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(Deny et al., 1984; Devleeschouwer et al., 1986). 
We then investigated under the same conditions 
the sensitivity of this organism to other anti- 
bacterial agents and antibiotics. Although some 
antibiotics are more effective on the bacteria cul- 
tured in brain heart infusion, in contrast the 
bactericidal action of polymyxin B is greater when 
the cells are grown in TSB. This latter antibiotic is 
lethal to Pseudomonas aeruginosa only when fixed 
to the KDO residues of the lipopolysaccharides 
(Peterson et al., 1985). It seems that an ingredient 
of the BHI is fixed either at the same site as 
polymyxin B or in the immediate vicinity. 

This fact led us to investigate molecules which, 
when added to the TSB, could restore the brain 
heart sensitive conditions. This medium being rich 
in basic proteins we took first molecules of this 
type such as protamine and poly-lysine. These 
substances added to TSB make Pseudomonas 
aeruginosa sensitive to chloroxylenol as when 
grown in BHI (Boussard et al., 1986). The ad- 
dition of protamine also sensitises Pseudomonas 
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aeruginosa to antibiotics such as sulphadimetho- 
xin, cefotaxime, carbenicillin, ticarcillin and 
piperacillin. Moreover, the addition of protamine 
makes the organism resistant to the bactericidal 
action of polymyxin B (Boussard and Dony, 1988). 

It therefore seemed interesting to investigate 
the influence of protamine on the adhesion of 
Pseudomonas aeruginosa to human buccal cells. 
Indeed, the adhesion of a bacteria to the host cell 
is the first step leading to the colonization of the 
organisms and infection. 

Material and Methods 

We used two collection strains of Pseudomonas 
aeruginosa namely ATCC 15442 and ATCC 27853, 
and five 0 :12 (HABS) strains from the hospital 
environment. They were collected in sink traps of 
an intensive care unit of the Academic Hospital 
Erasme (ULB) and listed as the following: S137, 
S143, S156, S173 and S190. 

The strains were grown in TSB (Difco) for 16 h 
at 37°C. T h e  homogeneized culture was then 
centrifuged at 1500 × g for 10 rain. The cells were 
suspended in PBS (pH 7.2) and washed 3 times in 
the same conditions. The last suspension was di- 
luted in PBS to obtain a cell concentration of 
10Vna. 

Human epithelial buccal cells were harvested 
by swabbing the inner part of the cheeks of healthy, 

non-smoking donors. The first suspension of 10 
ml in PBS was centrifuged at 1000 × g for 10 min. 
After the third washing, one drop of erythrosine B 
(C145430, 0.4% in PBS pH 7.2) was added to 4 
drops of the cell suspension. The number of living 
cells was estimated with a toma cell and the 
suspension diluted to 105 cells/ml. 

250/tl  of the suspension of the human buccal 
cells were mixed with the same volume of the 
bacterial suspension. At this mixture 50 /tl of a 
solution of protamine in PBS was added to obtain 
final concentrations of protamine of 0, 25, 50, 75, 
100, 250 and 500 #g/ml.  Contact was allowed for 
2 h at 35°C under agitation at 100 rpm. The 
mixture was then centrifuged for 10 rain at 1000 
rpm. After the third washing two drops of 
erythrosine B were added to each vial and 3 
additional washings were performed under the 
same conditions. The final clot was suspended in 
500 #1 of PBS at pH 7.2. This suspension was 
spread out on slides and dried for one night at 
room temperature. After counterstaining with 
Methylene blue, the slides were examined under 
immersion. The adherence was expressed as the 
mean value of the adherent bacteria by counting 
50 living epithelial cells. The mean value obtained 
without protamine was taken in these experiments 
as 100% adhesion. 

In addition to the adhesion experiments, we 
determined the serotype (HABS) and pyocin type 
(Gillies and Govan) of all the strains and investi- 

T A B L E  1 

Sero and pyocin types and antibiotic susceptibility of the strains 

Stra ins  Serotype  Pyocin  type  
(HANS) 

Ant ib io t i c  suscept ib i l i ty  

I M P  A N  C A Z  C L  G M  N O R  P I P  N N  

A T C C  15442 1 U T / f  S S S - S S S S 
A T C C  27853 6 3 / e  S S S - S S S S 
S 137 12 4 5 / h  - S R S R S R R 
S 143 12 4 5 / h  - S S S R S R R 
S 156 12 4 5 / h  - S R S R S R R 
S 173 12 4 5 / h  S S S - R R R R 
S 190 12 45/13 I S S - R S S R 

I M P  = Imipenem;  A N  z A m i k a c i n ;  C A Z  = Cef taz id in ;  C L  = Col imic in ;  G M  = Gen t amic in ;  N O R  = Nor f loxac in ;  P IP  ~ Piperac i l l in ;  

N N  = Tobramyc in ;  S = sensi t ive;  I = in te rmedia te ;  R = resis tant .  



TABLE 2 

Adhesion percentage of the Pseudomonas aeruginosa strains according to the protamine concentration 
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Strains Protamine concentration (/tg/ml) 

25 50 75 100 250 500 

ATCC 27853 

ATCC 15442 

S 137 

S 143 

S 156 

S 173 

S 190 

6 2 3 
7 8 9 

74 46 24 13 
12 13 14 

109 72 45 23 
10 8 11 

76 57 49 27 
7 7 9 

13 13 12 

81 100 64 lO 
12 12 9 

89 73 25 20 
13 12 14 

102 26 17 12 
83 16 

17 12 17 

gated the antibiotic susceptibility by the classical 
antibiogram method of Bauer and Kirby using 
Rosco tablets. 

were for all the strains tested equal to or greater 
than 80%. The presence of protamine never led to 
an increase of the adherence of the strains. 

Results 

Table 1 shows the sero and pyocin patterns of 
the Pseudomonas  aeruginosa strains as well as 
their antibiotic susceptibility. It is to be noted that 
the studied 0 : 1 2  strains exhibit a regular resis- 
tance to gentamicin and tobramycin and with 
some this resistance extends to piperacillin. 

As the adhesion is being investigated, the re- 
suits of Table 2 show a concentration-dependent 
action of the protamine. Indeed for the concentra- 
tions lower than 100/~g/ml  there is a decrease of 
adhesion correlated with the protarnine concentra- 
tion. The maximum inhibition is reached at about 
100 p g / m l  and a further increase in protamine 
concentration does not improve the phenomenon. 

The maximum values of inhibition recorded 

Discussion 

In a previous work we showed that protamine 
probably modified the structure of the lipopoly- 
saccharides of the outer membrane of Pseudo-  

monas  aeruginosa (Boussard and Dony, 1988). In- 
deed the sensitivity to antibacterials such as anti- 
biotics and disinfectants is modified in the pres- 
ence of protamine by increasing the permeability 
probably by promoting the hydrophobic pathway. 
This promoting effect could result in the attach- 
ment of the molecule by means of electrostatic 
bonds between the negative charges of the outer 
membrane and the positive ones of this basic 
molecule. As a consequence the neutralization of 
some external negative charges and a possible 
reorganization of the outer membrane could pro- 
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mote the passage of  some molecules such as phe- 
nols, some fl-lactam antibiotics and partly reject 
antibiotics such as polymyxin B. 

As external structures of  the bacteria are in- 
volved in the adhesion, it was predictable that 
protamine could interfere with the adhesive sites. 
This action is concentration dependent and seems 
to reach a saturation level at 100 # g / m l  of pro- 
tamine. This interference acts either at the bacterial 
level or at the surface of  the epithelial cell. We 
already recorded the same action of protamine on 
the adhesion of  Escherichia coli 07 : K I ( L ) N M  on 
human urinary cells (Ibwala et al., unpublished 
results). 

We now intend to study the interference of  
protamine in the adhesion of other bacteria such 
as cocci and try to develop the possible ther- 
apeutic use of  these observations. 
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