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ABSTRACT Objective: Microbial biofilms are coordinated, functional and highly structured community. Under the protection of
biofilms, bacteria can be free from the interference of external factors. Studies found that biofilms should be responsible for some chronic
and incurable diseases caused by pathogenic bacteria. Therefore, a pressing matter is searching for effective methods for the analysis of
bacterial biofilm. We investigate the construction and significance of quantitative analysis of microbial biofilm based on COMSTAT pro-
gram and aim to provide the method for qualitative and quantitative analysis, as well as theoretical basis of biofilm of pathogenic
microorganisms. Methods: According to confocal microscopy imaging combined with COMSTAT analysis, Staphylococcus sp. was
selected as the object of study. Features of Bio-volume, average thickness, average diffusion distance and etc. were determined to charac-
terize the growth process of biofilm and inhibition of kanamycin. Results: During the biofilm process of Staphylococcus sp., feature index
of bio-volume, average thickness and average diffusion distance are significantly increased, while the roughness coefficient and surface to
volume ratio showed a decreasing trend, indicated the maturation process of biofilm. Also, biofilm structure of Staphylococcus sp. was
inhibited by Kanamycin in both 10 wg/ml and 100 pg/ml treatment. Conclusion: The structural index of Staphylococcus sp. is well
characterized, and the occurrence, development, maturation and dissolution process of biofilm are well evaluated based on quantitative
analysis of COMSTAT program. There existed potential value on the study of theory mechanism of microbial biofilm formation, and
could provide theoretical basis for the research on microbial biofilm treatment.
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Fig.1 Step methods based on the COMSTAT analysis
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Fig.2 The biofilm 3D structure of Staphylococcus sp. within the growth of four days
AR | RIBHUAEMBIR 3D %4; B.2 R/5; C.3 X/F; D4 XI5
A. The biofilm structure (3D) of Staphylococcus sp. after one day's growth; B. two days; C. three days; D. four days
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Table 1 Index of biofilm structure based on COMSTAT analysis

UM IR A BUR TS AR
Features calculated by COMSTAT

aX

Implication

FRREYMWIERBEEER, SR ERENEE RN ERMEMBENRE

Represents the overall volume of the biofilm, and also provides an estimate of the biomass

EYE

Bio-volume

ERBEE
Substratum coverage
TR
Mean thickness
S

Fractal dimension

in the biofilm
R ERE TERREHRE

Reflects how efficiently the substratum is colonized by bacteria of the population

RSN EREMR RS 8 KN TT %
Provides a measure of the spatial size of the biofilm
ATEEREYRBELEREXAEENSHIS
Measures the structural complexity of biofilm
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Provides a measure of how much the thickness of the biofilm varies, and is an indicator of

Roughness coefficient

Ty RRE

biofilm heterogeneity
FREMHR P EFRRENMENZ BT RS

Measures the distances over which nutrients have to diffuse from the voids to bacteria

Average diffusion distance

within micro-colonies
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Reflects what fraction of the biofilm is exposed to the nutrient flow and indicates how the

Ty B STy R

Average diffusion distance

biofilm adapts to the environment
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Table 2 Biofilm features of Staphylococcus sp.
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BRI EME FHEE e
) ) Roughness Average diffusion  Surface to volume
Day Bio-volume Mean thickness
coefficient distance ratio

1 1.47+ 0.01 1.60+ 0.34 0.77+ 0.16 0.14+ 0.03 4.01+ 0.82

ARG 2 2.70% 0.25 3.26% 0.71 0.51% 0.07 0.21£ 0.01 3.00% 0.14

Staphylococcus sp. 3 6.73% 3.44 8.06x 0.42 0.11x 0.04 0.83% 0.30 0.96x 0.60

4 10.33+ 1.74 9.26+ 1.65 0.10x 0.06 3.41x 0.77 0.56x 0.33

3 FARB R EHKEAMENRIRERBINHER
Fig.3 Inhibitory effect of Kanamycin on biofilm growth of Staphylococcus sp.
AEFNURENEEKEREY R ERER (BB ; 2055 3D BGE, GNAEEE, TR );B.E#EEFREEE, MANLRE 10 pg/mL
HFBEREF—K, UBER; CINLRE 10 ngmLBFBBERIEFR—K, WRLER
A. Biofilm structure of Staphylococcus sp. after 4 days' growth(Negative control; 3D Structure on the left and planar structure on the right); B. Added with

10 10 pg/mL (final concentration) Kanamycin; C. 100 10 pwg/mL (final concentration) Kanamycin
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Fig4 COMSTAT analysis of biofilm structure of Staphylococcus sp. inhibited by Kanamycin
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A. Bio-volume; B. Average thickness; C. Average diffusion distance; D. Surface to volume ratio
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