
4033

Abstract. – OBJECTIVE: To evaluate the ef-
fect of dltA-deficient mutant on the bacterial 
growth and biofilm formation by P. micra ATCC 
33270. Parvimonas micra contributes to ma-
ny human polymicrobial infections and is com-
mon in dental plaque biofilms of patients with 
periodontal and endodontic conditions. Lipote-
ichoic acid (LTA) performs several functions in 
gram-positive bacteria, including maintenance 
of cationic homeostasis and modulation of au-
tolytic activities. The activation of dltA gene ex-
pression protects LTA expressing gram-posi-
tive bacteria from innate immune anti-microbi-
al defense. 

MATERIALS AND METHODS: Deficient mu-
tant of the dltA gene was created from P. mi-
cra ATCC 33270 by homologous recombina-
tion. Colony-forming units (CFUs) and turbid-
ity helped estimate the growth of P. micra. 
Crystal violet staining, Confocal Scanning La-
ser Microscopy (CSLM) and Scanning Electron 
Microscopy (SEM) evaluated biofilm mass and 
structure. 

RESULTS: P. micra ATCC 33270 with dltA-de-
ficient mutant was successfully established. 
CFUs of the wild-type strains were significant-
ly higher than that of the dltA-deficient mutant 
strains after 24 h, 48 h, 72 h and 7 d culture (all p 
< 0.05). The growth rate of dltA-deficient mutant 
strains was significantly lower than their wild-
type counterparts. Furthermore, crystal violet 
staining showed that the dltA mutant formed 
significantly less biofilm as compared to wild-
type strains. The dltA-deficient mutant synthe-
sized a thin and incomplete biofilm after incuba-
tion for 48 h. With increasing incubation time, all 
biofilm units were seen to shrink, and this struc-
ture almost disappeared after 7 days of culture 
as observed by CSLM and SEM. 

CONCLUSIONS: The dltA gene is associated 
with bacterial growth and biofilm formation by 
P. micra ATCC 33270.
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BHI: brain heart infusion; CFUs: Colony-forming units; 
CSLM: Confocal Scanning Laser Microscopy; LTA: 
Lipoteichoic acid; SEM: Scanning Electron Microscopy.

Introduction

Parvimonas micra (also referred to as Pepto-
streptococcus micros and Micromonas micros), 
was previously reported to have both smooth and 
rough morphotypes in subgingival plaques, and is 
an important anaerobic Gram-positive oral cavity 
colonizer in human subjects1-5. Previous research-
es6-8 indicated that P. micra is one of the most 
frequently isolated bacteria in dento-alveolar in-
fections of endodontic origin; it is closely associ-
ated with additional oral polymicrobial anaerobic 
infections, and primarily as soft-tissue abscess-
es2. Moreover, in the setting of acute apical ab-
scesses, known to be serious endodontic diseases 
that emanate from pulpal infection with oppor-
tunistic oral microorganisms, previous studies9,10 
confirmed that infection with P. micra was one 
of the most common opportunistic infections iso-
lated from infected patients. Thus, there is urgent 
clinical research need to study the pathogenicity 
of P. micra and its related characteristics.

The cell wall of Gram-positive bacteria con-
sists of different types of anionic molecules and 
other essential units that contribute to biofilm 
formation on periodontal surfaces. Biofilms are 
highly structured microbial communities, which 
form a complex biological substrate of self-pro-
duced extracellular matrix comprised of exopoly-
saccharides and lipoteichoic acid (LTA), which is 
a major constituent of biofilms11,12. The formation 
of the biofilm provides mechanical stability and 
cohesiveness to promote the development of a 
highly acidic microenvironment, which is critical 
for the pathogenesis of dental caries and other 
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periodontal conditions including gingivitis and 
periodontitis and subsequent cardiovascular dis-
ease development and progression in susceptible 
subjects11-13. 

LTA is also considered a virulence factor dis-
playing an important role in infections and in 
post-infectious sequelae caused by Gram-posi-
tive bacteria14,15. LTA is an amphiphilic polymer 
consisting of polyglycerol phosphate and a gly-
colipid anchor inserted into the cell membrane 
that is mostly replaced with D-alanine at the C-2 
position of glycerol14,15. Based on its derivation 
and chemical structures, LTA was divided into 
five different types: Type I, II, III, IV and V. The 
exact function of each type remains largely un-
clear16,17. Previous studies found that mutants of 
the LTA gene would lead to significant morpho-
logical and physiological defects and attenuated 
virulence18,19. In addition, resistance to cationic 
anti-microbial peptides by Gram-positive cocci 
was enhanced by structural modification of the 
LTA backbone20-22. Thus, it is important to ex-
plore the precise functions of LTA to identify 
improved solutions to the clinical eradication of 
pathogenic oral microorganisms.

In addition to the functions of LTA, Reich-
mann et al23 showed that LTA polymers are 
modified with D-alanine residues and under con-
dition where D-alanine is lacking, this can lead 
to increased susceptibility to cationic anti-micro-
bial peptides. Four proteins, referred to as DltA 
through Dlt-D, are essential for the incorporation 
of D-alanine into cell wall polymers like LTA. It 
has been established that DltA transfers D-alanine 
residues in the cytoplasm of the cell onto the car-
rier protein DltC. Proteins required for d-alanine 
incorporation into LTA and other teichoic acids 
are encoded in the dlt operon23. The activation of 
the dlt operon and specifically activation of dltA 
gene expression affords LTA expressing gram 
positive bacteria protection from anti-microbial 
peptide attack and innate immune anti-microbial 
defenses such as neutrophil extracellular traps24. 
Thus, in the present research, we established a 
dltA-deficient mutant of P. micra by homologous 
recombination to analyze the contribution of dltA 
to its growth, biofilm mass, and structure.

 

Materials and Methods

Bacterial Strains and Growth Conditions
P. micra ATCC 33270 was obtained from 

American Type Culture Collection (ATCC, 

Manassas, VA, USA), and cultivated in brain heart 
infusion (BHI) broth (Oxoid Ltd., Basingstoke, 
Hampshire, England, UK) without agitation at 
37°C at GeneScience AG300 anaerobic incuba-
tor (N2: 80%; CO2: 10%; H2:10%) (GeneScience 
Pharmaceuticals Co., Ltd., Changchun, China). 
Escherichia coli DH5 and TOP10 (Invitrogen, 
Carlsbad, CA, USA) were grown aerobically in 
Luria-Bertani broth (Oxoid Ltd., Basingstoke, 
Hampshire, England, UK) at 37°C. 

Construction of the 
dltA-Deficient Mutant 

The inactivation of the dltA gene (GenBank 
accession No. NZ_DS483518.1; PEPMIC_
RS05520 in the P. micra genome) was confirmed 
by the method of Cieslewicz et al25 with the 
following modifications. Genomic DNA from 
P. micra clone ATCC 33270 was prepared by 
DNeasy Tissue kit (Qiagen, Hilden, Germany). 
The upstream and downstream arms of the 
dltA gene were amplified from the P. micra 
ATCC33270 genomic DNA with primers Δdl-
tA – Forward (F)1- Kpn I and ΔdltA – Reverse 
(R)1- Pst I and Sma I, and primers ΔdltA -F2-Pst 
I and Sma I and ΔdltA – R2- Hind III, respec-
tively. According to the method of Higuchi et 
al26, overlap extension PCR was used to create 
a PCR product lacking a portion of dltA, and 
this product was then cloned into the pUC18 
cloning vector (TaKaRa, Otsu, Shiga, Japan) by 
digestion and ligation, referring to the method 
of Schäfer et al27. The digestion mixtures (100 
μl) were mixed using 30 μl of the dltA gene 
fragment (or pUC18 cloning vector), 5 μl Hind 
III and 5 μl Kpn I, 10 μl of 10 × buffer, and 50 
μl ddH20. This mixture was incubated for 2 
h 30 min at 37°C. The ligation mixtures were 
set up in a 10 μl reaction volume containing 7 
μl of the digested dltA gene fragment, 1 μl of 
digested pUC18 cloning vector, 1 μl of T4 DNA 
ligase (TaKaRa, Otsu, Shiga, Japan); 1 μl of 10 × 
buffer was kept overnight at 16°C. The resulting 
plasmid, pUC18-ΔdltA, was transformed into 
the E. coli DH5α strain and screened with Am-
picillin (Sigma-Aldrich, St. Louis, MO, USA) 
at a concentration of 100 μg/ml, and verified 
by Colony PCR and sequenced with the Primer 
ΔdltA -F1-Kpn I and ΔdltA-R2-Hind III. The 
Gm cassette, amplified from pBBR1MCS-5 with 
primer GM-F-Pst I and GM-R-Sma I, was di-
gested with Pst I and Sma I, and ligated with 
pUC18-ΔdltA, which was cleaved by the same 
restriction enzymes via T4 DNA ligase (reaction 
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volume as mentioned above). The resulting plas-
mid, pUC18-ΔdltA-Gm, was transformed into E. 
coli TOP10 strain and screened with ampicillin 
at the same concentration above. The flowchart 
for the derivation of the plasmid pUC18-ΔdltA-
Gm is shown in Figure 1. 

The constructed strain was then verified by 
colony PCR and sequenced with the primer Δdl-
tA-F1-Kpn I and ΔdltA-R2-Hind III. The extract-
ed plasmid, pUC18-ΔdltA-Gm, was transformed 
into P. micra ATCC 33270 by electroporation. 
According to the electroporation experiment of 
Fiedler and Wirth28, electrocompetent P. micra 
was prepared. Electroporation was performed 
in a Gene Pulser apparatus (Bio-Rad, Hercules, 
CA, USA), while the parameters were set at 2.5 
kV and 5.7 ms. The pulsed cells were transferred 
to the BHI medium with no antibiotics and in-
cubated anaerobically without shaking at 37°C 
overnight. The overnight culture was then diluted 
with sterile-water and spread on an agar plate of 

BHI with Garamycin (Sigma-Aldrich 50 μg/ml, 
St. Louis, MO, USA) to select the transformants. 
Single colonies were picked up and cultured with 
non-antibiotic liquid BHI medium. In order to 
differentiate the true deletion mutants and wild-
type revertants, chromosomal DNA of previous 
single colonies was also isolated for running 
the conformation PCR and sequencing with the 
primer ΔdltA -F1-Kpn I and ΔdltA -R2-Hind III. 
The dltA deletion mutant was designated P. micra 
33270 ΔdltA. For the construction of the pUC18-
ΔdltA-Gm suicide plasmid, restriction enzyme 
sites, such as Kpn I, Pst I, Sma I and Hind III, 
were considered while designing the primers, and 
all the restriction enzymes were purchased from 
TaKaRa (Otsu, Shiga, Japan).

Growth Assays of P. micra 
In order to obtain the growth difference of 

the wild-type strains and dltA-deficient mu-
tant strains, over-night growth cultures of both 

Figure 1. Construction of the pUC18-ΔdltA-Gm suicide plasmid.
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strains were used to adjust the bacterial sus-
pension to 0.05 at OD660nm in BHI medium. We 
collected samples from both the wild-type and 
mutant cultures at every 6 hours from 0 to 72 
hours. At each time point, 50 μl of the cultures 
were sampled, to determine the growth condi-
tion of each strain using the BioscreenTM auto-
mated turbidImeter (LabSystems Diagnostics 
Oy, Helsinki, Finland)29. In order to determine 
the bacterial number by colony forming unit 
(CFU)/ml, viable bacteria were determined us-
ing BHI agar plates.

Biofilm Formation Assays

Quantification of the Mass of Biofilm by 
Crystal Violet Staining

Overnight cultures of P. micra ATCC 33270 
and its mutant were diluted with sterilized BHI 
broth to an OD660 of 0.5 respectively, 200 μl ali-
quots of which were added into each well of 96 
well cell culture plates (Costar 3599, Corning, 
NY, USA), and incubated for 24 h, 48 h, 72 h 
and 7 days, respectively. The mass of each bio-
film, isolated form different incubation time, was 
qualified by Crystal violet staining as previously 
described30. 

Analysis of Biofilm Structure via Confo-
cal Scanning Laser Microscopy (CSLM) 
and Scanning Electron Microscopy (SEM)

The CSLM experiment was conducted as fol-
lows: 200 μl diluted strain cultures (P. micra and 
its mutant, OD660 = 0.5) and sterile cover slips 
were transformed into each well of 6 well cell 
culture plates, and incubated for 24, 48, and 72 h 
and for 7 days, respectively. Cover glasses, sam-
pled from different culture periods, were gently 
washed in 1 ml phosphate buffered saline (PBS) 
solution. According to the operation manual, cov-
er slips were stained with 10 µL SYTO® 9 and 
propidium iodide (PI) (mix with 1:1) dye mixture 
at room temperature in the dark for 15 minutes, 
according to the LIVE/DEAD® BacLightTM Bac-
terial Viability Kits (Invitrogen, Carlsbad, CA, 
USA) instructions. The biofilms were examined 
under a ZEISS LSM 700 microscope (Carl Zeiss 
MicroImaging, Gottingen, Germany). The height 
of the biofilm was analyzed with ISA-2 software 
that was developed by the Biofilm Structure and 
Function Research Group at the Center for Bio-
film Engineering at Montana State University as 
previously described31,32. 

Biofilms of P. micra and its mutant, formed at 
different incubation periods (48 h, and 72 h and 
then at 7 days), were also analyzed by SEM as fol-
lows: strains were cultured with sterilized cover 
slips as mentioned above in each well of 96 well 
cell culture plates. The biofilms formed on the 
cover slips were then washed with distilled PBS 
solution gently and fixed with 5% glutaraldehyde 
and 3% formaldehyde solution for 4 hours. After 
being dehydrated through a graded ethanol series 
(80%, 90% and 95%) for 3 hours, the cover slips 
were kept at a vacuum dryer overnight; after that, 
sputter coated with gold via ESC-101 SEM sam-
ple coating system (Elionix, Tokyo, Japan). The 
biofilms were then examined and photographed at 
× 500 and ×2500 magnification under an electron 
microscope (S4800, Hitachi, Tokyo, Japan).

Statistical Analysis
All the statistical tests were performed in SPSS 

20.0 software (SPSS Inc., Chicago, IL, USA). Da-
ta are shown as mean±standard deviation from at 
least three independent experiments performed in 
triplicate. Statistical significance was evaluated 
by the Student’s t-test or one-way analysis of vari-
ance (ANOVA) followed by a Dunnett’s multiple 
comparison test. p-value < 0.05 was considered 
statistically significant. 

Results

Successful Construction of dltA-Deficient 
Mutant Strains 

The 301 bp dltA gene left arm and 479 bp right 
arm fragments were successfully amplified from 
chromosome DNA of P. micra ATCC 33270 with 
primers ΔdltA-F1-Kpn I and ΔdltA-R1-Pst I and 
Sma I, and primers ΔdltA-F2-Hind III and Δdl-
tA-R2-Pst I and Sma I, respectively (Figure 2A). 
These two DNA fragments were then connect-
ed by the PCR-based overlap extension method 
(Figure 2B), and the resultant 780 bp fragment 
was cloned into plasmid pUC18 (about 2686 bp) 
via enzyme digestion (restriction enzyme Kpn 
I and Hind III) and ligation (T4 DNA ligase) to 
generate a pUC18-ΔdltA vector. Colony PCR and 
enzyme digestion verification (digested with Kpn 
I and Hind III) were done for the screening of 
positive clone, (Figure 2C). Based on this vector, 
a constitutively expressed gentamycin resistant 
gene (amplified from plasmid pBBR1MCS-5, 
about 857 bp) was inserted into the sequence of 
dltA gene in pUC18-ΔdltA vector to generate the 
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suicide plasmid pUC18-ΔdltA-Gm for the follow-
ing homologous recombination. The successfully 
constructed pUC18-ΔdltA-Gm plasmid was con-
firmed by colony PCR. Five out of 10 selected col-
onies showed the desired dltA-Gm gene fragment 
by DNA gel electrophoresis analysis. Enzyme 
digestion verification was also conducted with 
Pst I and Sma I (Figure 2D). Additionally, the 
pUC18-ΔdltA-Gm plasmid was finally confirmed 
until the DNA sequencing analysis was finished. 

In order to make dltA-deficient mutant of P. 
micra ATCC 33270, the suicide plasmid pUC18-
ΔdltA-Gm was transformed into the wild type 
strain by electroporation. Incubated for 5 days 

on gentamycin selective plate, about 58 posi-
tive colonies were obtained. These may be the 
mutants, because the wild type stain is genta-
mycin sensitive and the suicide plasmid cannot 
replicate in P. micra. The verification work was 
conducted as follows: chromosomal DNA was 
extracted from 5 of these colonies and 6 wild 
type strains for PCR amplification of dltA-Gm 
and dltA fragments with primer dltA-F and 
dltA-R, respectively (Figure 3A). According to 
the agarose gel electrophoresis results (Figure 
3A), dltA-deficient mutants have a strong band 
between 1500 bp and 2000 bp (dltA-Gm frag-
ment is 1637 bp), while the wild type strains’ 

Figure 2. Construction of the pUC18-ΔdltA-Gm suicide plasmid. (A) The amplification results of the dltA-left arm (310bp), 
the dltA-right arm (479 bp) and the Gm gene fragment (857 bp) from genomic DNA of wild-type Parvimonas micra and 
pBBR1MCS-5 plasmid DNA, respectively; (B) The dltA-left arm and dltA-right arm fragments were connected by the PCR-
based overlap extension method. (C) Construction of pUC18-ΔdltA plasmid. The resultant 780 bp fragment (Figure 2B) was 
cloned into plasmid pUC18 (about 2686 bp). (D) Construction of the pUC18-ΔdltA-Gm suicide plasmid. A constitutively 
expressed gentamycin resistant gene (amplified from plasmid pBBR1MCS-5, about 857 bp) inserted into the sequence of dltA 
gene in pUC18-ΔdltA vector (about 3466) to generate the suicide plasmid pUC18-ΔdltA-Gm.
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bands are around 1500 bp (dltA gene fragment is 
1533 bp). This suggests that, as for the mutant, 
the original dltA gene was successfully replaced 
with the constructed gene combination dltA-Gm 

via homologous recombination as shown in Fig-
ure 3B. DltA-deficient mutant strains were final-
ly confirmed until the DNA sequencing analysis 
was finished.

Figure 3. Successful establishment of P. micra (ATCC 33270) with dltA-deficient mutant. (A) Agarose gel electrophoresis 
results showed that dltA-deficient mutants have a strong band between 1500 bp and 2000 bp (dltA-Gm fragment is 1637 bp), 
while bands in the wild-type strains are around 1500 bp (dltA gene fragment is 1533 bp). The mutant strains are shown in wells 
1, 3, 5, 7, and 11 and the wild-type strains in wells 2 ,4, 6, 8, 9, and 10. (B) Homologous recombination occurred between dltA 
homolog-flanking sequences in the pUC18-ΔdltA-Gm suicide plasmid and chromosomal DNA of P. micra.
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Effect of dltA-Deficient Mutant on the 
Growth of P. micra ATCC 33270

The effect of dltA-deficient mutant on the growth 
of P. micra ATCC 33270 was studied by flat colony 
counting method. The result suggests that the CFUs 
of the wild-type strains are significantly higher than 
that of dltA-deficient mutant strains at four different 
sampling periods (Figure 4A) (all p < 0.05), which 
means the growth of P. micra will be affected ap-

parently by the deficient of dltA gene in the biofilms. 
According to the growth curve (Figure 4B) the 
growth rates of the wild-type strains are significant-
ly higher than the dltA-deficient ones. 

Effect of dltA-Deficient Mutant on the 
Mass of Biofilm of P. micra ATCC 33270

The mass of each biofilm was measured by 
crystal violet staining to evaluate the effect of 

Figure 4. Effect of the dltA-deficient mutant on the growth of P. micra ATCC 33270. (A) Flat colony counting results of 
the P. micra wild-type and the dltA mutant; (B) Growth curve test of the P. micra wild-type and the dltA mutant at different 
incubation times. Data are shown as mean±standard deviation (SD) from at least three independent experiments performed in 
triplicate; *p < 0.05 vs. mutant.
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dltA-deficient mutant on biofilm formation of P. 
micra ATCC 33270. The results suggested that 
the mass of biofilms produced by P. micra wild 
type was similar to the mutant’s at 24 h, but sig-
nificantly larger than the latter at 48 h, 72 h and 7 
days, respectively (Figure 5), confirming that dl-
tA gene deficient can significantly affect the bio-
film formation ability of P. micra to some extent.

Effect of dltA-Deficient Mutant on 
Biofilm Architecture of P. micra ATCC 
33270

The differences of biofilm architectures be-
tween the wild type and dltA-deficient mutant of 
P. micra ATCC 33270 were measured by CSLM 
and SEM. According to the CSLM analysis re-
sults, biofilm height of wild type was significant-
ly higher than that of the dltA-deficient mutant at 
each sampling time (all p < 0.05; Figure 6). 

In addition, the SEM analysis reflects that the 
dltA-deficient mutant cannot form complete bio-
film at any detection time. The wild type strain 
can form the thick and completed biofilm after 
48 hours of incubation (Figure 7). With the incu-
bation time increasing, all the biofilm units will 
combine together into a whole networked struc-
ture at 72 hours, and this structure becomes even 
rigorous and complexed when the culture time 
reached 7 days. However, for the dltA-deficient 
mutant, the strain can form a thin and incomplete 

biofilm after incubation for 48 hours. With the 
incubation time increasing, all the biofilm units 
didn’t show the trend of combination but actually 
they were shrinking. This kind of structure al-
most disappeared after 7 days of culture. 

Discussion

Previous studies33-35 showed that DltA pro-
tein, significantly encoded by dltA gene, is a 
D-alanine-D-alanyl carrier protein ligase, which 
belongs to the adenylate-forming family and is 
assumed to undergo major structural rearrange-
ments during the LTA production reaction cycle, 
that are driven by small changes in electrostatic 
interactions introduced by substrate binding and 
product formation. The deficient of this gene 
may directly affect the production of LTA, while 
strains either lacking LTA or with defects in LTA 
backbone synthesis have severe growth defects, 
according to the result of Garufi et al36. This may 
be the reason why the growth rates of dltA-defi-
cient mutant strains were significantly lower than 
the wild type counterpart, observed in the present 
work. 

As Gross et al37 mentioned before, the deficient 
of dltA gene will cause the lacing of D-alanine 
esters of the strain, which will, in turn, affect 
the pattern of surface-bound proteins. The al-

Figure 5. Effect of the dltA-deficient mutant on biofilm mass of P. micra. Quantification of the biofilm mass was determined 
by crystal violet staining at 24, 48, and 72 h and at 7 d. Data are shown as mean±  SD from at least three independent 
experiments performed in triplicate; *p < 0.05 vs. mutant.
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Figure 6. Effect of the dltA-deficient mutant on biofilm height of P. micra ATCC 33270. The biofilm height was determined 
by confocal scanning laser microscopy at 24, 48, and 72 h and at 7 d. CLSM images were acquired with a 60-oil immersion 
objective. Data are shown as mean ± SD from at least three independent experiments performed in triplicate. *p<0.05 vs. 
mutant.
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tered surface-bound proteins, especially autolytic 
enzymes, may affect the initial binding ability 
of the P. micra to polystyrene plates and thus a 
decrease in the biofilm formation after adher-
ence, which contributed to the attenuation of the 
biofilm production by the mutant together.

These characteristics resemble those previous-
ly reported in dlt-inactivated strains of oral bacte-
ria. According to the previous work of Fabretti et 
al38 on the biofilm formation related dlt operon of 
Enterococcus faecalis 12030, dlt deletion mutant 
produced about 50% less biofilm than the wild 
type. The dltA gene is one of the important genes 
of dlt operon, which encodes the D-alanine and 
ligates it to the D-alanyl carrier protein (Dcp). 
Thus, disruption of dltA gene will definitely elim-
inate D-alanylation of LTA31, which affects the 
net surface charge of the bacteria, thereby mod-
ulating electrostatic interactions between cells 
and inanimate surface. This might partly explain 
the reason for observed differences in the biofilm 
architecture between P. micra wild-type and the 
dltA-deficient mutant.

Meanwhile, according to prior study by Gross 
et al37 on the net charge of teichoic acid in Staph-

ylococcus aureus, the charge of teichoic acids 
plays a vital role in the interaction between bac-
teria and surfaces, which in turn affects the initial 
step of biofilm formation and biofilm structure of 
P. micra. The strong negative charge of the mu-
tant, acquired from the deficient of the dltA gene 
in present study, leads to the pronounced increase 
in the repulsive forces, thus greatly affecting the 
adherence of P. micra ATCC 33270 and its bio-
film formation ability. Because of the attenuation 
of the bacterial growth and initial adherence, 
difference of net surface charge and change of 
surface-associated proteins patterns, the biofilm 
formation capability of P. micra ATCC 33270 
is significantly decreased by the dltA deficient 
mutant.

Conclusions

P. micra ATCC 33270 with dltA-deficient mu-
tant were successfully constructed by homolo-
gous recombination. In addition, dltA-deficient 
mutant attenuated the bacterial growth and bio-
film formation by P. micra ATCC 33270. 

Figure 7. Effect of the dltA-deficient mutant on biofilm structure derived from P. micra ATCC 33270. The P. micra wild-type 
and the dltA mutant were cultured anaerobically on cover slips in 96-well plates for 48, and 72 h and for 7 d. Biofilm structures 
were observed by scanning electron microscopy.
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