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Cytomorphological signs of bacterial infection agents were studied by atomic force micros-
copy. Analysis of the elastic mechanical characteristics of Staphylococcus spp. from the skin 
of patients with chronic dermatoses showed lower elasticity of S. aureus cell membrane in 
comparison with that of transitory fl ora representatives. Signifi cant differences in characte-
ristics of cell membrane relief and presence of fi mA pathogenicity factor were detected in 
E. coli isolated from the reproductive tract mucosa of clinically healthy women and patients 
with infl ammatory urogenital infections.
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Atomic force microscopy (AFM) is a method of scan-
ning probe microscopy widely used in microbiological 
studies [2]. This method allows computer-aided diag-
nosis in 3D mode and provides data on the biologi-
cal variety of microorganisms [6]. The morphology 
and functions of microorganisms under conditions of 
various abiotic and biotic exposures can be studied by 
AFM. The method is used for evaluation of morpho-
functional reaction of bacterial cells with various types 
of cell wall structure to antibiotics [3].

Studies of surface structure of infection agents 
by probe microscopy are now in the focus of interest. 
It was found that the surface formations of bacterial 
cells determine the type of their interactions with the 
host determining the development of pathological or 
immune processes [4].

Here we studied cytomorphological signs of 
agents of bacterial infections by AFM.

MATERIALS AND METHODS

The study was carried out on 45 E. coli strains iso-
lated from the reproductive tract mucosa of clinically 

healthy women (group 1) and patients with urogeni-
tal infections – endocervicitis, adnexitis (group 2), 
and on 35 strains of staphylococci of various species 
collected from the skin of patients with chronic der-
matoses: psoriasis, eczema, atopic dermatitis (group 
3) and from healthy subjects (group 4). Ten of these 
strains (28.5%) were representatives of S. aureus, 8 
(22.8%) were S. epidermidis strains, 12 (34.3%) were 
S. haemolyticus, and 5 (14.3%) strains were referred 
to S. hominis.

To detect microorganisms, the cervical discharge 
was analyzed by real-time PCR using Femofl or 16 test 
systems (DNA-Technologies). Cloned DNA specimens 
were analyzed by gel electrophoresis in 1.6% aga-
rose after EtBr staining. Staphylococcal genome DNA 
was isolated using Politub kit (Litekh) at Research 
Institute of Physicochemical Medicine (TU-9398-410-
172-53567-97) according to the instructions [1]. E. 
coli strains were cultured in solid nutrient media MPA 
(BioHold) and Endo (HiMedia Laboratories Pvt. Ltd) 
at 37oC.

Genetic determinants of pathogenicity factors of 
the isolated strains were studied. Primers and anneal-
ing temperature for E. coli were selected using Laser-
gene software. Primers for E. coli: fi mA (adhesins) – 
5’-TGG-CTG-CCG-CAC-TAT-TCG-CC-3’. Primer 

DOI 10.1007/s10517-016-3207-7



503

and probe oligonucleotides were synthesized by the 
amidophosphite method (Syntol). Primers for Staphy-
lococcus spp.: mecA – 5’-TCC-CAG-ATT-ACA-ACT-
TCA-CCA-GG-3’. Bacterial DNA was isolated by the 
standard method using a kit of reagents for DNA isola-
tion from biological samples (Proba GS; kit No. 1).

Morphometric signs of isolated strains were 
studied by AFM in the tapping mode using Solver 
P47-PRO scanning probe microscope (NT-MDT). We 
used gold-coated cantilevers, lot NSG10 (NT-MDT), 
with the following parameters: 95×30 μ, 17 N/m ri-
gidity, 10 nm needle curve radius, and 271 kHz reso-
nance frequency. For more detailed studies of gram-
positive and gram-negative microorganisms, two 
AFM modes: tapping and dissociation. The tapping 
mode was used to acquire 2D and 3D topographic im-
ages of bacteria and evaluate their linear parameters 
(length and width) of the cell. The resultant images 
were processed by Debug Nova 1.1.0.1.847 software 
(NT-MDT). The linear parameters of bacteria were 
measured in μ, roughness in nm. For more detailed 
visualization of bacterial ultrastructure, cantilever 
vibration amplitude was registered in the dissocia-
tion mode. The elastic viscous characteristics of the 
cell membrane were studied using Young’s modulus 
(membrane isometric compression modulus), charac-
terizing the cell deformability, higher values indicat-
ing lesser cell deformation [5].

The data were statistically processed by Statistica 
6.0 software.

RESULTS

AFM of gram-negative E. coli strains (n=25) isolated 
from the reproductive tract mucosa of group 2 patients 

with reproducible identifi cation of the morphological 
characteristics showed that the length of bacterial cells 
was 2.53±0.32 μ and width 1.22±0.21 μ (Fig. 1). The 
parameters of E. coli strains (n=20) isolated from the 
urogenital tract mucosa of clinically healthy women 
were different: cell length was 1.4 times less and was 
1.84±0.22 μ, width – 0.88±0.07 μ (p<0.05). Studies 
of the viscous-elastic characteristics of E. coli cell 
membrane showed that Young’s modulus in group 2 
was 2.4±0.3 MPa, adhesion strength of these bacteria 
was 20.6±3.1 nN; in group 1 strains these parameters 
were 1.4 times less (1.7±0.2 MPa and 13.9±1.7 nN, 
respectively; p<0.05).

Studies of the elastic mechanical characteristics 
of E. coli with genetic pathogenicity determinants 
were particularly interesting. Testing of E. coli strains 
isolated in groups 1 and 2 for fi mA (adhesins) gene 
showed that the incidence of this fragment was 88% 
(22 strains) and 10% (2 strains), respectively. These 
data indicated that elastic characteristics of the bac-
teria differed: the mean quadratic roughness of the 
surface was 40.00±0.18 nm in strains with fi mA gene 
and 20.00±0.09 nm in strains without it.

Cell diameters of the studied representatives of 
gram-positive Staphylococcus spp. (group 3) varied 
signifi cantly; for S. aureus cells, this parameter was 
2.03±0.08 μ (Fig. 2). In other staphylococci, repre-
sentatives of opportunistic microfl ora, this parameter 
was lower – from 1.10±0.03 μ in S. epidermidis to 
1.55±0.06 μ in S. haemolyticus (in group 4 – 0.95±
0.03 μ for S. haemolyticus; p<0.05).

The elasticity of S. aureus membranes was char-
acterized by Young’s modulus of 377.26±133.20 MPa, 
with adhesion strength of 29.9±20.1 nN. No S. aureus 
was detected in group 4.

Fig. 1. AFM images of E. coli acquired by scanning in the tapping mode, scanning area 2525 μ (a); by dissociation method, scanning 

area 2628 μ (b).
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Representatives of opportunistic bacteria, for ex-
ample, S. epidermidis, exhibited cell membrane elas-
ticity of 94.8±23.5 MPa, with 73.93±59.8 nN adhe-
sion strength. Young’s modulus of S. haemolyticus 
strains was higher than that of S. epidermidis and was 
211.0±171.7 MPa (p<0.05). Adhesion strength of S. 
haemolyticus and S. epidermidis virtually did not dif-
fer (160.13±2.7 nN; p>0.05). In group 4, S. haemo-
lyticus strains exhibited elastic properties (Young’s 
modulus 115±58 MPa; p<0.05).

Hence, S. haemolyticus and S. epidermidis ex-
hibited the highest adhesive characteristics, while S. 
aureus – the lowest ones.

The elastic mechanical characteristics were also 
studied in Staphylococcus spp. strains, for which the 
genetic pathogenicity determinants were studied. Of 
the coagulate-positive staphylococci in group 3, only 
4 S. epidermidis strains and 4 S. haemolyticus strains 
had mecA gene, coding for methycillin resistance – a 
fact signifi cant for analysis of hospital staphylococ-
cal population structure. S. epidermidis strains car-
rying mecA gene were less elastic (Young’s modulus 
216.7±64.0 MPa). S. haemolyticus cells were more 
elastic (Young’s modulus 333.0±67.4 MPa; p>0.05).

AFM demonstrated heterogeneity of morphologi-
cal signs of bacterial infection agents. Analysis of elas-

Fig. 2. AFM images of Staphylococcus spp. acquired by scanning in the tapping mode, scanning area 5565 μ (a), in 3D mode, scanning 

area 5565 μ (b).

tic mechanical characteristics of Staphylococcus spp. 
representatives isolated from patients with chronic 
dermatoses showed lower elasticity of S. aureus cell 
membranes in comparison with the transitory fl ora rep-
resentatives. S. epidermidis cells exhibited the highest 
elasticity. Differences in cell membrane relief and in 
the presence of fi mA pathogenicity factor in E. coli 
isolated from the reproductive tract mucosa of clini-
cally healthy women and patients with infl ammatory 
urogenital infections were detected.
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