
Effect of Quaternary Ammonium Salts and Amine Oxides 
on the Surface Hydrophobicity of Enterobacter cloacae 

V. MAJTÁN and Ľ. MAJTÁNOVÁ 

Institute of Preventive and Clinical Medicine, SK-833 01 Bratislava 
e-mail: majtan@upkm.sk 

Received 27 January 1999 

The effect of quaternary ammonium salts (QAS) and amine oxides (АО) on the surface hy
drophobicity of a clinical isolate of Enterobacter cloacae was studied. The surface hydrophobicity 
was evaluated by the method of bacterial adherence to hydrocarbon - xylene and on the basis of 
salt aggregation test of ammonium sulfate. The efficacy of amphiphilic compounds tested depended 
on the length of the carbon chain in their molecule. A strong inhibition of adherence of the studied 
strain to xylene was caused by ATDBr (QAS with the carbon chain) in the whole concentration 
range. At highest concentration tested, 50 fig c m - 1 , it decreased the adherence to 18.1 % against 
the control. The amine oxide TMABr with the side carbon chain inhibited the adherence, but 
not so strong as ATDBr. Both types of amphiphilic compounds without carbon chain (TMABr and 
TMANO) were ineffective in the influencing of the surface hydrophobicity of tested strain, or caused 
moderate stimulation (TMABr, P < 0.05) or inhibition (TMANO) of adherence, respectively, which 
was statistically insignificant. 

Amphiphilic compounds to which the quaternary 
ammonium salts (QAS) and amine oxides (АО) be
long have an antimicrobial effect by damaging the cy
toplasmic membrane whereas the condition for their 
effect is the presence of the alkyl chain and polar head 
in their molecule. In the homologous series of QAS 
the antimicrobial activity increases with the prolong
ing alkyl substituent up to the certain length and de
creases with its further elongation [1]. This so-called 
"cut-off" effect was explained by Devínsky et al. [2] as 
the consequence of membrane perturbation and was 
observed in studies of antimicrobial efficiency of ho
mologous series of QAS on Pseudomonas aeruginosa 
and Salmonella typhimurium isolated from patients 
with hospital infections [1, 3]. Another demonstration 
of the membrane integrity damage is the inhibition 
of respiration and interference with biosynthetic pro
cesses of the bacterial cell [4—6]. Disinfectant sub
stances based on QAS and АО are widely used in 
both hygienic and epidemiologic practice. In addition 
it was found that the compounds of this type signifi
cantly influence the production of virulence factors of 
the gram-negative bacteria [5, 6]. 

Recently we tested the antimicrobial activity of 
compounds with long alkyl chain as well as their ana
logues lacking the alkyl chain on Pseudomonas aeru
ginosa. Only those compounds with long alkyl chain 
in their molecule showed antimicrobial efficacy [5]. 
Therefore we were interested in the influence of this 
type amphiphilic compounds on the surface hydropho
bicity of an opportunistic nosocomial pathogen Ente

robacter cloacae. The surface hydrophobicity of bacte
ria is the primary modulator of adhesion for hydropho
bic organisms, which is an important factor of their 
virulence. 

E X P E R I M E N T A L 

Enterobacter cloacae 6297 strain was isolated from 
clinical material of a patient suffering from nosocomial 
infection and in the previous screening it exhibited a 
high cell-surface hydrophobicity. The cultivation and 
bacterial hydrophobicity determination were done in 
the synthetic medium Davis [7]. 

The chromatographically pure quaternary ammo
nium salts (see structure formulas) (1-methyldodecyl)-
trimethylammonium bromide (ATDBr) and tetra-
methylammonium bromide (TMABr) as well as the 
amine oxides (l-methyldodecyl)dimethylamine oxide 
(ATDNO) and trimethylamine oxide (TMANO) were 
laboratory preparations. 

Surface hydrophobicity of bacterial cells treated 
with concentrations of QAS and АО (p/(/ig c m - 1 ) : 
6.25; 12.5; 25; 50) and untreated cells (controls) was 
assessed according to the two techniques: bacterial ad
hesion to hydrocarbons (BATH) and the salt aggrega
tion test (SAT). 

Bacterial adhesion to hydrocarbon (xylene) was 
performed as originally proposed by Rosenberg et 
al [8]. Bacteria were harvested after 24 h incuba
tion, washed twice and resuspended in phosphate-
urea-magnesium buffer, pH 7.0 (16.9 g K2HPO4, 7.3 
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g KH2PO4, 1.8 g urea, 0.2 g MgS04 -7H20, distilled 
water to 1 dm3). The cells were resuspended in BATH 
buffer to an absorbance of A400 = 1.0 in a total vol
ume of 10 cm3 x 1 cm3; xylene was added to each test 
tube containing 4 cm3 of bacterial suspension. The 
tubes were then shaken for 60 s on a vortex mixer 
and afterwards left for 30 min at room temperature. 
After the samples were separated into two layers, the 
aqueous layer was removed and the absorbance at Л = 
400 nm was measured. The results were expressed as 
fractions of OD (optical density) of the aqueous layer 
with reference to the cell suspension without xylene. 
The exposed strain was considered hydrophobic when 
it exhibited a fraction of adsorption to hydrocarbon 
^ 35 %. 

Salt aggregation test was performed according to 
the method described by Blanco et al. [9] with am
monium sulfate solutions (c/(mol d m - 3 ) : 0.2, 0.4, 0.6, 
0.8, 1.0, 1.4, 2.0) in 0.2 M phosphate buffer, pH 6.8. 
25 /ig c m - 1 of the bacterial cell suspension and 25 /xg 
cm" 1 of an ammonium sulfate solution were mixed on 
a glass slide and the results were scored after 2 min. 
The exposed strain was considered hydrophobic when 
it aggregated at lower ammonium sulfate concentra
tions than 1.4 mol d m - 3 . 

Microsoft Excel software was used to perform Stu
dent's í-tests. P values of less than 0.05 were defined 
as statistically significant differences. 

RESULTS A N D DISCUSSION 

The data in Table 1 show that the substances stud
ied in a number of tested concentrations influenced the 
surface hydrophobicity of E. cloacae. A strong inhibi
tion of adherence of the studied strain to xylene was 
caused by ATDBr (see formulas) in the whole concen
tration range (P < 0.05). The highest concentration 
tested, 50 /xg cm - 3 , decreased the adherence to 18.1 % 
compared to the control. On the other hand, TMABr 
was ineffective or caused a moderate stimulation of ad
herence. The amine oxide ATDNO with the side car
bon chain inhibited the adherence, but not so strong as 
ATDBr. However, the results of adherence inhibition 
were statistically significant (P < 0.05). The concen
tration of 50 /ig c m - 3 evoked an inhibition of 62.1 %. 
TMANO was ineffective or caused a very poor inhi
bition, which was statistically insignificant. It caused 
a stimulation at a concentration of 50 /ig cm - 3 . The 
values of E. cloacae cells adherence on xylene were 
in correlation with the results of the salt-aggregative 
ability of the tested strain in SAT test. 

The influence of the surface hydrophobicity, which 
represents an adherence marker as an important viru
lence factor of E. cloacae, depends on the length of the 
carbon chain in the molecule of quaternary ammonium 
salts as well as of amine oxides. This fact was espe
cially expressive in the case of both quaternary ammo-

Table 1. Effect of Q AS and АО on the Surface Hydrophobicity of Enterobacter cloacae 

Compound 

ATDBr 

TMABr 

ATDNO 

TMANO 

P 

fig c m - 3 

0 
6.25 
12.5 
25 
50 

0 
6.25 
12.5 
25 
50 

0 
6.25 
12.5 
25 
50 

0 
6.25 
12.5 
25 
50 

Adherence to 
xylene 

(mean ± S D ) / % a 

(63.1 ± 1.7)/100 
(50.2 ± 2.8)b/79.5 
(37.2 ± 2.3)6/58.9 
(20.9 ± 2.0)6/33.1 
(11.4 ± 0.2)b/18.1 

(64.5 ± 0.3)/100 
(66.0 ± 3.5)/102.3 

(71.0 ± 1.5)Ь/П0.0 
(70.3 ± 1.0)6/108.9 
(71.3 ± 0.4)ь/1Ю.О 

(68.9 ± 1.0)/100 
(67.5 ± 2.4)b/98.0 
(59.8 ± 5.0)6/86.6 
(60.2 ± 4.0)6/87.2 
(42.9 ± 1.6)b/62.1 

(71.3 ± 2.2)/100 
(69.7 ± 0.7)/97.7 
(71.1 ± 1.9)/99.7 
(65.5 ± 4.6J/91.8 

(75.4 ± 0.2)b/105.7 

SAT 

c/(mol c m - 3 ) 

0.8 
1.0 
1.0 
1.4 
1.4 

0.8 
0.8 
0.8 
0.8 
1.0 

0.8 
1.0 
1.0 
1.4 
1.4 

0.8 
0.6 
1.0 
0.8 
0.6 

a) Percentage of inhibition of adherence compared with control; b) P < 0.05 compared with the hydrophobicity in the corresponding 
control. 
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Structural formulas 

nium salts, ATDBr and TMABr. These findings are in 
agreement with our previous results concerning the ef
fect of amphiphilic compounds on the virulence factors 
of P. aeruginosa [5] and the biological properties of S. 
typhimurium [6]. It is known that the bacterial adher
ence as a phenomenon contributing to the develop
ment of infection is associated with the hydrophobic
ity of the bacterial surface [10]. In the interpretation of 
bacterial adherence, the term hydrophobicity is often 
used because it has been observed that bacterial ad
herence increased with increasing bacterial hydropho
bicity and decreased with decreasing hydrophobicity 
[11—13]. It has been observed that the presence of 
surface appendages, such as fimbriae and/or pili or 
fibrils, renders microbial cells more hydrophobic and 
more adhesive than nonfimbriate cells [14—16]. This 
is because fimbriae are proteins consisting mainly of 
amino acids with a nonpolar group, so fimbriate bac
teria should therefore have a lower negative surface 
charge than the nonfimbriate bacteria [14]. This is 
probably due to displacement of water from the in
teracting surfaces of procaryotic-eucaryotic cells and 
the formation of an adhesive bond through a gain 
entropy [14]. Our findings indicate that amphiphilic 
compounds Q AS and АО, mainly those with long car
bon chain, are able to interfere with the membrane 
integrity and perhaps also with the synthesis or ex
pression of surface appendages. The results attained 
in the submitted paper extend the fact known from 
extensive research of both organic ammonium salts 
and amine oxides that for their efficacy, the length of 
the aliphatic chain, which has a fundamental effect on 
the hydrophilic-lipophilic balance of the molecule, is 
decisive. The influence of both QAS and АО with the 
long carbon chain on the surface hydrophobicity can 
interfere with the biological properties of E. cloacae. 
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