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Abstract
AIM: In vivo induced genes are thought to play an important
role during infection of host. AlkA was identified as an in
vivo-induced gene by in vivo expression technology (IVET),
but its virulence in Shigella flexneri was not reported. The
purpose of this study was to identify the role of alkA gene in
the pathogenesis of S. flexneri.

METHODS: PCR was used to amplify alkA gene of S. flexneri
2a and fragment 028pKm. The fragment was then
transformed into 2457T05 strain, a S flexneri 2a strain
containing Red recombination system, which was constructed
with a recombinant suicide plasmid pXLkd46. By in vivo
homologous recombination, alkA mutants were obtained and
verified by PCR and sequencing. Intracellular survival assay
and virulence assay were used to test the intracellular survival
ability in HeLa cell model and the virulence in mice lung
infection model respectively.

RESULTS: Deletion mutant of S. flexneri 2a alkA was
successfully constructed by λ Red recombination system.
The mutant exhibited significant survival defects and much
significant virulence defects in mice infection assay.

CONCLUSION: AlkA gene plays an important role in the
infection of epithelial cells and is a virulent gene of Shigella spp.
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INTRODUCTION
Shigella spp. is a Gram-negative facultative pathogen, which
causes bacillary dysentery, a world endemic bloody diarrhea,
particularly in developing countries. The disease is caused by
invasion of the colorectal mucosa by Shigella spp., replicating
within epithelial cells and moving between cells. The
interaction between epithelial cells and Shigella spp. plays an

important role in the pathogenicity of Shigella spp.[1-3]. During
infection of epithelial cells, genes with inducible expression are
important for Shigella spp. to replicate and survive in the cells.
Hereby, these genes are generally thought to be related to the
virulence of Shigella spp.. Many methods could be used to isolate
in vivo expressed genes[4].Using in vivo expression technology
(IVET) to identify the virulence-related genes of pathogens is a
flourishing field in the world[5-11]. We have employed in vivo
expression technology with asd gene as a reporter to screen
S. flexneri 2a fusion gene library. The result indicated that alkA
gene is an in vivo-induced gene for Shigella flexneri 2a.
       AlkA gene or its homologous genes have been cloned from
many organisms, such as Escherichia coli, Helicobacter pylori,
Bacillus subtilis, Saccharomyces cerevisiae, human, etc[12-14].
They encode 3-methyladenine DNA glycosylase, whose
function is excising hypoxanthine, demethylating, and mainly
taking part in the repair of damaged DNA[15,16]. Up to now
researches on alkA have mainly focused on regulation of its
expression and its role in inducing repair after DNA alkylation
damage. As for its relation to bacterial pathogenesis, it is a
noteworthy issue. In this experiment, based on the sequence
of E.coli alkA, alkA gene of S. flexneri 2a 2457T was cloned.
Its mutant was constructed, and its role in pathogenesis was
analyzed by a HeLa cell model and a mice infection model.
This study perhaps would provide insights into the
pathogenicity of this pathogen.

MATERIALS AND METHODS
Materials
The strains and plasmids used in this study are listed in Table 1.
      HeLa cell line was maintained in our laboratory. BALB/c
mice were bought from the Laboratory Animal Center in the
Academy of Military Medical Sciences, Beijing. All mice used
in this study were female, specific pathogen free animals, with
an age of 7-8 weeks and weight of 18-22 g. DNA endonucleases,
DNA marker, T4 DNA ligase, T4 DNA polymerase, Ex Taq
DNA polymerase, and CIAP were purchased from Takara
Company. Newborn calf sera and RPMI1640 media were from
HyClone, and deoxycholate sodium from Sigma. Primers (P1,
P2, P3, and P4) were synthesized in our laboratory.

Methods
Culture and maintenance of strains and HeLa cells  Luria-
Bertani (LB) broth and agar plate were used for the growth of
S. flexneri and Escherichia coli strains at 37 . SOC culture
medium was applied to the restoration of bacteria after
electroporation. When appropriate, antibiotics were added in
media as follows: 100 µg ampicillin (Ap), 100 µg streptomycin
(Sm), 50 µg kanamycin (Km),  25 µg chloramphenicol (Cm),
and 25 µg naladixic acid (Nal) per ml. HeLa cells were
maintained in the RPMI-1640 medium supplemented with
10 % fetal bovine serum, 200 mM L-glutamine, 2 mg sodium
hydrogen carbonate per ml and 100 µg penicillin-streptomycin
per ml. The cells were cultured in 37.5 cm2 or 10 cm2 flasks at
37  in a humidified atmosphere of 5% CO2. Confluent
monolayers were split by treatment with sterile phosphate-
buffered saline (PBS) and trypsin-EDTA.



Genetic techniques  Plasmid DNA extraction was carried out
using a Qiagen plasmid kit. Digestion, ligation, transformation,
and other conventional methods of molecular biology were
performed as previously described[18].
DNA amplifications  For the amplification of S. flexneri 2a
alkA gene, PCR was performed in a standard 100 µl reaction
volume containing 2.5 mM Mg Cl2, 0.25 mM of each dNTP,
100 pmol of P1 and P2 primers, 10 µl boiled S. flexneri 2a
2457T, and 5 U Taq DNA polymerase. Reactions were allowed
to proceed in a Perkin-Elmer 2400 thermal cycler programmed
for 10 min at 94 , 30 cycles (for 45 s at 94 , for 40 s at
55 , for 3 min at 72 ) and an additional extension reaction
for 10 min at 72 . For the amplification of fragment 028pKm,
PCR was carried out in 100 µl reaction volume containing
2.5 mM MgCl2, 0.25 mM of each dNTP, 100 pmol of P3 and
P4 primers, 2 µl plasmid pMD028pKm (about 10 ng), and 5 U
Taq DNA polymerase. The program of this PCR was at 94 
for 10 min, 30 cycles (for 30 s at 94 , for 40 s at 58 , for
1.5 min at 72 ) and for 10 min at 72 .
Bacterial mating  The donor and recipient strains were grown
in LB medium containing appropriate antibiotics overnight.
The liquid cultures were then washed in PBS, mixed at 1:1
ratio, and spreaded on LB agar plates. The plates were
incubated at 37  for 6-8 h. After incubation, the conjugation
mixture was washed in PBS and spread onto LB agar plates
containing chloramphenicol (25 µg·mL-1) and naladixic acid
(25 µg·mL-1). The plates were incubated at 37  until
transconjugants were visible.
Disruption of S. flexneri 2a alkA gene  S. flexneri 2a 2457T05
was grown in 5 ml LB cultures with chloramphenicol, naladixic
acid and L-arabinose to an OD600=0.45 and then made
electrocompetent by concentrating 100-fold and washing
three times with ice-cold 10 % glycerol. The gel-purified
028pKm PCR products were digested with DpnI, repurified,
and suspended in elution buffer (10 mM Tris, pH 8.0).
Electroporation was done using a gene pulser® II with a pulse
controller plus and 0.1 cm chambers according to the
manufacturer’s instructions (Bio-RAD) using 40 µl of
competent cells and 100 ng of 028pKm fragments. The
parameters for electro- transformation were resistance 200Ω,
capacitance 25 µF, and voltage 2 500 V. Shocked cells were
added to 1 ml SOC culture, incubated for 1 h at 37 , and
then one-half was spread onto agar to select Kmr and Nalr

transformants. If none grew within 24 h, the remainder was
spread after standing overnight at room temperature.
Intracellular survival assay  HeLa cell infection assay was

routinely used to detect the intracellular replication or survival
ability of the mutant[19-21]. S. flexneri 2a 2457T, 2457T05,
mutant strain and E. coli MC1061 (noninvasive control) were
grown in an appropriate medium overnight. The liquid cultures
were then washed in PBS and resuspended in antibiotic-free
medium. Approximately 106 HeLa cells were cultured in a
10 cm2 flask. HeLa cells were washed three times in PBS prior
to incubation with about 108 CFU bacteria at 37  for 3 h.
The medium was removed from infected cells after 2.5 h, and
the cells were washed three times in PBS. Fresh medium
containing gentamicin (20 µg·mL-1) was added and the flasks
were incubated for 5 h to eliminate extracellular bacteria. After
that, the medium was replaced by RPMI1640 containing
gentamicin (20 µg·mL-1) and the infected cells were cultured
for another 40 h. The supernatants of culture were tested for
extracellular surviving bacteria by plating them on LB agar
plates. The monolayers were then washed three times in PBS
and lysed by addition of 0.1 % deoxycholate sodium to liberate
the intracellular bacteria. Dilutions of the lysates of HeLa cells
infected with bacteria were plated on LB agar plates and cultured
at 37  overnight. The CFU of the bacteria was then counted.
Competition assay  To test the mutant strains for alterations
in virulence relative to the wild type, a competition assay was
carried out by using a murine intranasal infection model[22-24]

with some modifications. The mutant or MC1061 (negative
control) or 2457T (positive control) and 2457T05 grown
overnight were mixed at 1:1 (v/v) ratio and washed in PBS.
After concentration of the mixture was adjusted by dilutions,
20 µl mixtures containing about 106 CFU in PBS was used to
introduce droplets into the nares of BALB/c mice that was
anesthetized. The number of bacteria in each inoculum was
determined by plating serial dilutions of the inoculum. After
24 h, the recovered bacteria from the lungs of mice were
counted, and then the number of mutant strains and 2457T
was counted. According to the method of Camilli et al.[25], the
competitive index of each mutant was obtained.
Bioinformatics analysis  The sequence of S. flexneri 2a alkA
gene was analyzed by BLAST (http://www.ncbi.nlm.nih.gov/
BLAST/). The identity and gene function were also analyzed
by NCBI.

Statistical analysis
Data from the intracellular survival assay were analyzed by
Dunnett t test, and P value less than 0.05 was considered as
statistically significant. Data from the competition assay were
analyzed by the sign test, and P value less than 0.0078 was

Table 1  Strains and plasmids

Strains and plasmids Characteristics Source (reference)

Strains
DH5α endA1 hsdR17(rk

-mk
+) supE44 thi-1 recA1 gyrA(Nalr) Our lab

RelA1  lacIZYA-argF) U169 deoR (φ80dlac  (lacZ)M15)
S17-1λpir thi-1 thr leu tonA lacY supE recA::RP4-2-Tc::Mu, Smr, λpir Guzman CA
MC1061 hsdR2 mcrB araD139  (ara ABC-leu)7679  lacX74 galU galK rpsL thi, Smr Our lab
2457T S. flexneri 2a wild type, Nalr Maurelli AT
2457T05 a derivative strain of 2457T, contained araBp-gam-bet-exo, Nalr This study
2457T028D  alkA, derivative strain of 2457T, Nalr, Kmr This study
Plasmids
pMD18-T a derivative constructed from pUC18, Apr TaKaRa
pXL275 a mobile and suicide plasmid, ori R6K, mob RK2, sacBR, Cmr Rui et al.[17]

pKD46 oriR101, repA101(ts), araBp-gam-bet-exo, Apr CGSCa

pXLkd46 pXL275 derivative, inserted a fragment containing araBp-gam-bet-exo, Cmr This study
pMDKm05 pMD18-T derivative, inserted Kmr gene, Kmr, Apr Our lab
pMD028 pMD18-T derivative, inserted alkA gene, Apr This study
pMD028pKm pMD18-T derivative, inserted a cassette (5’ alkA end-Kmr-3’alkA end), Kmr, Apr This study

aCGSC: E. coli Genetic Stock Center.
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considered as statistically significant. The Dunnet t test and
the sign test were performed using the SAS (Statistical Analysis
Systems Inc., USA) program.

RESULTS

Cloning and homologous analysis of S. flexneri 2a alkA gene
In our previous work, we identified S. flexneri 2a alkA as an
in vivo-induced gene, and obtained the partial sequence of
S. flexneri 2a alkA gene which had an alignment with other
bacteria. Based on the sequence of E. coli alkA, the primers,
P1 (CGAGGAACGATTTTGGTGAT) and P2 (CTCGCT-
GAAAGCGAATATGG) (Figure 3 B) were designed. Using
S. flexneri 2a 2457T chromosome DNA as a template, PCR
was performed and the PCR products were purified by agarose
gel electrophoresis, and ligated into plasmid pMD18-T to
produce plasmid pMD028 after the confirmation of EcoRV
and HindIII digestion analysis. The recombinant plasmid
pMD028 was subjected to DNA sequencing to obtain the
whole length DNA sequence of alkA. Its open read frame was
849 bp. In the upstream there was a promoter sequence
(AGCAAAGCGTAACGTCTGAATAACGTTTATGCT) and
the binding site (AAAGCAAA) of Ada protein which was a
regulator of alkA gene expression in E. coli. Based on the
sequence of S. flexneri 2a alkA, homologous analysis was
carried out on the NCBI website. The results are listed in Table
2. Interestingly, the sequence alignment revealed a Helix-

hairpin-Helix (HhH) motif common to DNA glycosylases.
E. coli alkA was identified as the helix-hairpin-helix DNA
glycosylase[26]. Very possibly, alkA protein from S. flexneri
2a belonged to an HhH-GPD super family. Its hallmark was
Helix-hairpin-Helix and Gly/Pro rich loop followed by a
conserved aspartate and its function was presumably involved
in DNA replication and repair.

Construction of S. flexneri 2a engineering strain
To delete alkA gene of S. flexneri 2a, construction of S. flexneri
2a engineering strain expressing gam, bet, and exo genes, was
required. The fragment (about 4 kb) containing gam, bet, and
exo genes was obtained by digestion of pKD46 plasmid with
Pvu I and Bstx I and ligated into the Sal I site of suicide plasmid
pXL275. Then the ligation products were then transformed
into S17-1λpir. The recombinant plasmid was confirmed by
BamHI digestion and known as pXLkd46. After bacterial
mating of the donor (S17-1λpir/pXLkd46) and recipient (2457T),
pXLkd46 plasmid was integrated into chromosome of S. flexneri
2a by homologous recombination. The process of pXLkd46
plasmid construction and chromosomal integration is showed
in Figure 1. The resulting strain was verified with antibiotic
selection and serum agglutination and designated as 2457T05.

Construction of deletion mutant of S. flexneri alkA gene
After 2457T05 was successfully constructed, the linear
targeting DNA, 028pKm, was required for disruption of S.

Table 2  BLAST analysis of S. flexneri 2a alkA gene

Bacteria Gene product Gene function   Identities (%)

Escherichia coli K12 3-methyl-adenine DNA glycosylase II DNA - replication, repair, restriction/modification           97 %
Escherichia coli O157:H7 3-methyl-adenine DNA glycosylase II Macromolecule synthesis, modification: DNA-

replication, repair, restriction/modification           97 %
Salmonella typhimurium 3-methyl-adenine DNA glycosylase II Unknown           74 %
Ralstonia solanacearum putative transcription regulator protein Miscellaneous; not classified regulator           38 %
Pseudomonas aeruginosa DNA-3-methyladenine glycosidase II Unknown           37 %
Xanthomonas axonopodis DNA methylation and regulatory protein Unknown           35 %
Mycobacterium bovis Methylated-DNA—protein-cysteine Adaptative response           34 %

methyltransferase
Mycobacterium tuberculosis alkA protein Unknown           34 %
Vibrio cholerae ada regulatory protein Unknown           32 %
Bacillus anthracis DNA-3-methyladenine glycosidase Unknown           32 %
Archaeoglobus fulgidus 3-methyladenine DNA glycosylase DNA repair at suboptimal and maybe           30 %

even mesophilic temperatures

Figure 1  Construction and chromosomal integration of pXLkd46 plasmid.
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flexneri 2a alkA gene with λ Red recombination system. To
obtain the fragment 028pKm,  recombinant plasmid
pMD028pKm was firstly to be constructed. Kmr gene
fragment was obtained from plasmid pMDKm05 digested
by HincI I and Sma I and inserted into the alkA gene of plasmid
pMD028 digested by EcoRV and StuI and dephosphorized
by CIAP. The ligation products were then transformed into
E. coli DH5α. The recombinant plasmids were isolated from
the transformants, confirmed by EcoR I digestion, and designated
as pMD028pKm (Figure 2). Using pMD028pKm as a PCR
template, P3 (TGTGCCAGTGAGGAAAGACC) and P4
(GAGAGAGCGT TTGCCCATTG) (Figure 3A) as primers,
PCR was carried out. In order to reduce the interference of
plasmid pMD028pKm, the second PCR was carried out at the
same experimental condition except that the template was the
first PCR products diluted by 1 000 times. The second PCR
products (028pKm) did not contain the template plasmid
pMD028pKm that would lead to false positive colonies in the
latter electroporation experiment. The 028pKm fragment was
a cassette, 5’ alkA end-Kmr-3’alkA end (Figure 3A). The
concentrated 028pKm was electroporated into S. flexneri 2a
engineering strain 2457T05. The alkA gene was then replaced
by kanamycin resistance gene through homologous recombination
mediated by λ Red system. The positive transformants were
selected on LB agar plates containing Km and Nal.

Figure 2  Construction of recombinant plasmid pMD028pkm.

Figure 3  Location of primers P1, P2, P3 and P4 in PCR prod-
ucts of alkA and 028pKm. A: 028pKm (about 1.4 kb); B: alkA
(about 1.7 kb).

       To verify the replacement of S. flexneri 2a alkA gene, PCR
and sequencing were used. PCR was performed in which
2457T05 (negative control), the transformant and pMD028pKm
plasmid (positive control) were used as templates. The reaction
conditions were the same as the amplification of S. flexneri
alkA gene, and the primers were also P1 and P2. The PCR
products from the transformant and pMD028pKm plasmid
were about 1.4 kb and 1.7 kb from 2457T05 respectively
(Figure 3, 4). Then the PCR products were sequenced and
analyzed by BLAST (data not shown). The result indicated
that alkA gene of S. flexneri 2a was replaced by Kmr gene.
Hereby, the deletion mutant of alkA gene was successfully
constructed and designated as 2457T028D.

Figure 4  Verification of alkA gene deletion of 2457T028D
mutant by PCR. 1: alkA PCR product (amplified from 2457T05),
2: 028pKm PCR product (amplified from 2457T028D), 3: 028Kkm
PCR product (amplified from pMD028pKm), 4: DL2000 Marker.

Figure 5  Comparison of HeLa cells infected by 2457T, 2457T05,
2457T028D and MC1061.

Functional analysis of deletion mutant of S. flexneri 2a alkA gene
In order to detect the role of alkA in the pathogenesis of S. flexneri,
intracellular survival assay and virulence assay were respectively
carried out in HeLa cells and BALB/c mice.
      Mutant 2457T028D was tested for its survival ability in
HeLa cells relative to the wild-type strain. Equal volume of
each strain (2457T, 2457T05, 2457T028D and MC1061) was
respectively used to infect the HeLa cell monolayer. Within
48 h, the integrity of the infected HeLa cell monolayer was
good and the configuration of HeLa cells had no significant
alterations relative to normal cells. But the growth rate of the
infected cells became slow. After 48 h, CFU of bacteria
recovered from HeLa cells was counted. The results of the
infection assay are summarized in Figure 5. Noticeably, CFU
levels of the mutant recovered from HeLa cells were five-fold
lower than that of the wild type (P<0.01), indicating that the
mutant had a lower capability of survival or replication. The
survival probability of 2457T and 2457T05 showed no
significant difference (Figure 5). In order to further confirm
the survival probability of the mutant, competition assay was
carried out with the HeLa cell infection model. A 1:1 (v/v)
mixture of S. flexneri 2a 2457T05 and the mutant or 2457T or
MC1061 was used to infect HeLa cells. The number of bacteria
in each inoculum was determined by plating serial dilutions of
the inoculum. After 48 h, recovered bacteria from HeLa cells
were counted, and the number of bacteria was counted
respectively. The experiment was separately repeated 3 times.
Therefore, the competitive index of each strain obtained is
shown in Table 3. The mutant 2457T028D whose survival
probability was significantly lower in the infection assay,
exhibited significant survival defects in this experiment
(P<0.0078). The data strongly indicated that the mutant was
much less able to survive in HeLa cells.
      The mutant was also tested in a mice lung infection model
for alterations in virulence relative to the wild-type parental
strain. Mice that were challenged only with S. flexneri 2457T
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showed early acute bronchiolitis at 24 h, followed by severe
pneumonia at 48 h. Five mice were used for each group in the
murine lung infection model. After 24 h, recovered bacteria
from the lungs of mice were counted, and the number of each
strain was counted. Then the competitive index of each strain
obtained is summarized in Table 3. The mutant also exhibited
significant colonization defects (P<0.0078). The data further
indicated that alkA gene was potentially related to the virulence
of S. flexneri 2a 2457T.

Table 3  Competitive analysis of different strains of S. flexneri 2a

Competitive index (CI)a

Strains
BALB/c mouse infection HeLa cells infection

2457T05 0.96±0.27          1.07±0.35
2457T028D 0.21±0.09b          0.25±0.11b

MC1061 0.03±0.02b          0.02±0.01b

aCompetitive index (CI) is the ratio of mutant CFU to wild-
type CFU after correcting the ratios for deviations of the in-
oculum ratio from a value of 1. bP<0.0078.

DISCUSSION
It has been reported that in vivo-induced gene played an
important role in the process of interaction between pathogen
and host[27]. In vivo-induced genes are those whose expression
is induced when pathogens infect their hosts. Their inducible
expression is a molecular-level genetic adaptive response to
special environments of host. Many virulent genes have been
identified by mutational analysis of in vivo-induced genes.
Heithoff et al.[28] used purA-lacZY as a reporter to identify in
vivo-induced genes of Salmonella typhimurim utilizing
macrophages or BALB/c mice as a model. They discovered
some in vivo-induced genes, including regulatory genes (phoP,
pmrB, cadC, etc.) and metabolic genes (recD, hemA, mgtA,
entF, etc.). Furthermore, insertion mutants of these genes were
constructed, and their virulence was detected. Seven of them
exhibited significant virulence defects. In an another research
on Pseudomonas aeruginosa, 22 genes were in vivo-induced
during infecting BALB/c mice, including np20, which has been
proved to be a virulence gene, and known as virulent factor
FptA[29]. In our previous study, we identified alkA as an in
vivo-induced gene. However, it is unknown if alkA gene is
related to the virulence of S. flexneri.
      In order to detect the role of alkA gene in the virulence of
S. flexneri 2a, it is required to construct the deletion mutant of
alkA gene. The mutant is conventionally constructed by twice
homologous recombination mediated by suicide plasmid.
Although the asd gene of S. flexneri 2a was successfully
disrupted in our previous study[30], the efficiency of this method
is very low and the experimental period is quite long. Recently,
a new method, which depends on Red recombination system
of λ phage, has been successfully established and used to speed
up the knockout of genes[31,32]. However, its application was
limited to E. coli[33-35]. It was not reported in other bacteria
except that the asd gene was deleted with λ Red system in our
laboratory[36]. In this study, the deletion mutant of S. flexneri
2a alkA gene was successfully constructed also with λ Red
system. Importantly, an engineering strain 2457T05 of S. flexneri
2a was constructed, and it was confirmed that the strain could
be used to study the function of S. flexneri 2a genes.
       After the mutant of S. flexneri 2a alkA gene was constructed,
intracellular survival and competition assays were carried out.
The results showed that alkA mutant of S. flexneri could exhibit
a low intracellular survival ability and a significant virulence
defect, indicating that alkA was a virulence-related gene in
S. flexneri 2a. However, it has not been reported before whether

alkA was associated with the virulence of pathogens. AlkA is
an expression-induced gene and its product, 3-methyladenine
DNA glycosylase II, is involved in the SOS-dependent adaptive
response. Expression of alkA is regulated by Ada protein. When
alkylation damages bacterial DNA, ada gene would be induced
by alkyl-DNA. The produced Ada finishes directly-repairing
damage of alkyl-DNA by transferring the methyl group from
alkyl-DNA to its cysteine residues. At the same time Ada loses
its activity. The methyl-Ada turns into a positive regulator of
alkA, aidB, alkB, and itself as well. Methyl-Ada could recognize
and bind onto the special region (AAAGCAAA) of alkA
promoter, start transcription of alkA, and further complete
repairing damage of other type alkylation, avoiding bacterial
death due to damage of DNA alkylation[37-40]. The base excision
repair could protect against the deleterious effects of DNA
alkyl lesions. However, the activities of alkA gene must be
balanced for optimal protection against the biological
consequences of damaged DNA bases because inappropriate
expression of this activity might have a detrimental
consequence[41]. During infection of host, Shigella spp.
probably suffers strong damage of alkyl in host. But alkylated
DNA activates the adaptive response of Shigella spp. to host.
Expression of alkA effectively repairs damage of DNA
alkylation so that the killing-effect resulted from DNA damage
could not carry out. Therefore, from this point of view, in vivo-
induced-expression of alkA provides a significant safeguard
for infection of Shigella spp. and is an essential gene for
exhibiting Shigella spp. virulence.
      Although there has been no report about the relationship
between alkA and virulence of pathogens, it is known that a
close relation lies between DNA methylation and bacterial
virulence. Heithoff et al.[42] discovered that DNA adenine
methylase (Dam) could regulate expression of at least 20 in
vivo-induced genes and that Dam- S. typhimurium as a live
vaccine had a protective role with no side-effect. S. typhimurium
with over-expressing Dam also exhibited a significant virulence
defect and a protective effect as an oral vaccine[43]. Similar
results have also been obtained in Yersinia pseudotuberculosis
and Vibrio cholerae[44]. Hereby, during infection expression
of Dam could induce the expression of in vivo-induced genes,
but its over-expression could also lead to damage of methylation
and attenuation of pathogens. Thus a suitable level of DNA
methylation might play a key role for pathogens to keep the
virulence. From this point of view, alkA may be a virulence-
related gene of pathogens. The hypothesis illustrating the
relationship between DNA methylation damage and alkA gene
is shown in Figure 6. Whether a regulatory relation exists
between alkA and dam remains to be further confirmed.
However, we believe that alkA is a new target for studying on
molecular pathogenesis mechanism of Shigella spp. and
construction of attenuated live vaccines.

Figure 6  Hypothesis illustrating the relationship between alkA
and damage of DNA methylation.
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