
Introduction

Aggregatibacter actinomycetemcomitans, a small 

non-motile gram-negative coccobacillus, is highly as-

sociated with localized aggressive periodontitis (LAP)1). 

Although the pathogenic mechanism of A. actino-

mycetemcomitans is not known, it does produce sev-

eral potential virulence factors capable of facilitating 

colonization, destroying host tissue, inhibiting tissue 

repair, and interfering with host defense. These viru-

lence factors were included cytotoxic factors, chemo-

tactic inhibitor, collagenases, lipopolysaccharide(LPS), 

and cytolethal distending toxin (CDT)1).

The CDT activity was first described for cell extracts 

of Camphylobacter spp. and E. coli clinical isolates. 

CDTs are present in a large spectrum of gram-neg-

ative bacterial species, all known as potential mucosal 

pathogens in man and animals2-7). The term CDT was 

coined for activity that induced progressive cell dis-

tension and eventual cytotoxicity on cultured cells8).
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Statistical analysis in Sweden indicated that 86% 

(43 of 50 strains) of A. actinomycetemcomitans from 

patients with periodontitis expressed a cytotoxic ac-

tivity, and those strains were all positive for the three 

cdt gene9). Another report from the Republic Singapore 

revealed that among the 106 subgingival plaque sam-

ples, 13 sites (12%) were positive for the bacteria with 

the cdt genotype of A. actinomycetemcomitans. This 

may indicate a relatively low occurrence of CDT-pro-

ducing strains. However, 10 of the 13 positive sites 

were obtained from patients diagnosed with aggressive 

periodontitis (77%), suggesting the strong association 

between CDT production and this severe type of pe-

riodontitis10). Epidemiological studies indicated a high 

frequency of CDT-positive A. actinomycetemcomitans 

in patients with periodontitis, suggesting its role in 

the onset and/or exacerbation of periodontitis, but the 

molecular pathophysiology of CDT in the disease still 

remains obscure.

The CDT gene of A. actinomycetemcomitans is com-

posed of five open reading frames (ORFs): orf1, orf2, 

cdtA, cdtB, and cdtC8). The orf1 and orf2 located up-

stream of the cdtA gene are probably transcribed to-

gether with the three cdt genes. Still, it is not known 

whether orf1 and orf2 are actually translated in vivo. 

A growing amount of evidence supports a model of CDT 

intoxication by which CdtB delivery into the cells is 

mediated by CdtA and CdtC11-13). Once inside the cell, 

CdtB can translocate to the nucleus and induce DNA 

lesions, then will activate DNA damage response cas-

cades and cause cell cycle arrest12-14). Very limited data 

are available about the function of CdtA and especially 

of CdtC. Many studies find that both CdtA and CdtC 

are capable of binding to the cellular membrane and 

some suggested that they might share the same re-

ceptor15-18). Reports indicating that antibodies raised 

against CdtC were protective against CDT toxicity cor-

roborated these findings. Also, crystal structure of the 

CDT holotoxin from Haemophilus ducreyi revealed that 

the N terminus of CdtC created a steric block that 

seems to be a self-regulatory mechanism for CDT, 

possibly to prevent indiscriminate DNase activity.

Therefore, the aim of this study was to generate 

active recombinant CdtC proteins from A. actino-

mycetemcomitans, through gene cloning and protein 

expression. In fllowing study, the recombinant CdtC 

proteins was utilized used to generate anti-CdtC an-

tibody and investigate the function of Cdt C protein in 

the bacterial pathogenesis

Materials and Methods

1. Bacterial strains and culture conditions

A. actinomycetemcomitans Y4 (ATCC 29522) was 

cultured in Brain heart infusion (BHI) broth at 37ﾟC 

in anaerobic chamber containing 85% N2, 10% H2, and 

5% CO2
19). Growth was monitored by optical density at 

600nm, with all batch cultures having an initial O.D. 

600nm of approximately 0.01 after sub-culturing from 

overnight growth. For the expression of recombinant 

CdtC subunit, Escherichia coli strain, BL21 (DE3), was 

cultured in Luria-Bertari (LB) medium at 37°C with 

shaking at 200 rpm2).

2. PCR amplification of cdtC gene

The extracted genomic DNA was used as templates 

for amplifying cdtC gene. The specific oligonucleotide 

primer for cdtC gene was designed synthesized as de-

scribed in Table 1. PCR was performed in 50μl re-

action mixtures containing DNA template, Taq DNA 

polymerase, each deoxyribonucleotide triphosphate 

(dNTP), primers, 10×PCR buffer. The genomic DNA 

was denatured by 4 min incubation at 95ﾟC and then 

cdtC gene was amplified for 20 cycles of PCR reaction 

(denaturation at 95ﾟC for 30 s, annealing at 50ﾟC for 
30 s, extension at 72ﾟC for 30 s). Then, the PCR 

products was extended for 5 min at 72ﾟC and stored at 
4ﾟC. The PCR products were visualized by gel electro-

phoresis on 1% agarose gel followed by staining with 

ethidium bromide and illumination with UV light.
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3. Cloning of cdtC gene

Amplified PCR products were ligated into pGM-T 

vector. The ligation mixtures were transformed into E. 

coli TOP10 competent cells. The transformants were 

cultured on LB agar containing ampicillin. The result-

ing ampicillin resistant bacteria were selected from LB 

agar and screened by checking the plasmid from each 

bacterial colony. The plasmids containing expected in-

sert size were then sequenced to confirm its integrity 

by Xenotech (Korea, Sungnam). The DNA sequence of 

cloned cdtC gene was analyzed by comparing with the 

previously known sequences. The known sequence 

from A. actinomycetemcomitans Y4 (GenBank 

GI9955924) was used as standard to generate sequence 

alignment between two genes.

4. Subcloning of cdtC gene 

The gene fragments of cdtC were prepared by di-

gesting with restriction enzyme XhoⅠ, and BamHⅠ. 

The digested fragments were then subcloned to the 

corresponding sites of pET28a expression vector. The 

ligation mixtures were transformed into E. coli TOP10 

competent cells. The transformants were cultured on 

LB agar containing kanamycin. The resulting kanamy-

cin resistant bacteria were selected from LB agar and 

then transformed into E. coli BL21 (DE3) competent 

cells. 

5. Expression of recombinant CdtC protein 

The transformed BL21 (DE3) bacterial colonies were 

inoculated and cultured into 5ml LB broth containing 

50ug/ml kanamycine and incubated at 37ﾟC for over-

night with shaking at 200rpm. When all batch cul-

tures have an initial O.D. 600nm of approximately 

0.5, they were transferred into the 500 ml LB broth 

containing 50ug/ml kanamycine and grown at 37ﾟC 

with vigorously shaking until an optical density of 0.8 

was reached. In order to induce expression of His6- 

tagged recombinant CdtC protein, isopropyl-b-D- 

thiogalactopyranoside (IPTG) was added to a final 

concentration 1mM and further cultured for 4 h at 37ﾟC. 

6. Isolation of recombinant CdtC protein

Induced bacteria were harvested using cen-

trifugation at 6,000rpm for 10min, and then the pellet 

was suspended in phosphate buffer saline (PBS: 

137mM NaCl, 2.7mM KCl, 8.1mM Na2HPO4, and 1.5mM 

KH2PO4, pH 7.3). The suspended bacteria were soni-

cated for 30 s bursts on ice. The sonicated samples 

were centrifuged at 13,000rpm for 10min and then the 

supernatant was collected as the soluble fractions. The 

remaining pellets were washed with PBS containing 

0.01% Triton X-100 and then re-suspended in PBS to 

obtain the inclusion body. 

7. SDS-PAGE and Western blots analysis of 

CdtC protein

The fractions containing recombinant protein 

(His6-tagged protein) were dialyzed and then resolved 

by SDS-PAGE. Recombinant CdtC proteins were mixed 

with 100μl of gel loading buffer and heated in a boil-

ing water bath for 5 min. The samples were applied to 

10~20% polyacrylamide gel. After electrophoresis, 

protein bands were transferred to a nitrocellulose 

membrane. The membrane was blocked with 3% BSA in 

Table 1 Oligonucleotides primers used to amplify cdtC gene

sequence

cdtC f Cgggatcc ACT ACT TAT CCT GAT GTA GAG

cdtC r Ccgctcgag TTA GCT ACC CTG ATT TCT CCC

 The underline sequences are the location of restriction enzyme sites.-
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TBS containing 0.1% Tween-20 (TBST) buffer for 1h at 

room temperature with shaking. The blocked mem-

brane was incubated with Ni-NTA tagged with AP 

(alkaline phosphate) and then washed in TBST. The 

membrane was treated with BCIP/NBT to induce de-

veloping reaction and incubated in the dark. The 

membrane was rinsed with H2O to stop the developing 

reaction. 

Results

1. PCR products of cdtC gene

The gene for CdtC was amplified by PCR using the 

genomic DNA. By used primer, PCR reaction yielded 

483 bp of the cdtC gene (Fig. 1). The PCR band was 

observed at the expected position (around 500 bp) of 

the cdtC gene. 

2. Cloning into T vector of cdtC gene

The T-cdtC, were transformed into E. coli TOP10 

plasmids were prepared from ampicillin-resistant col-

onies and separated in agarose gel (Fig. 2). In an 

agarose gel of plasmids from the transformed bacteria, 

the first and fourth lane bands are higher than the 

others because it includes insert DNA. The first and 

fourth lane showed the corresponding size of T vector 

plus cdtC gene, while others were not.

Figure 1. PCR amplification of the cdtC gene of A. actino-

mycetemcomitans Y4

The gene for cdtC was amplified by PCR using the genomic DNA. 

The PCR band (Lane 1) was observed on 500 bp position of the 

amplified cdtC gene. 

Figure 2. Screening of plasmids cloned with cdtC gene

The genes encoding CdtC were cloned into T vector and the 

bacterial transformants were screened for the presence of insert 

DNA. Arrow indicated the position of plasmids with insert DNA.
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3. Sequence6 analysis of cloned genes.

The representative sequence alignment was shown 

in Fig. 3. In this 483bp sequence, there was no miss 

match at all.

4. Subcloning into pET28 expression vector.

The bacteria containing the expected cdtC gene were 

screened by kanamycin-resistancy and the isolated 

plasmids were separated in agarose gel (Fig. 4). Two 

colonies containing pET-cdtC plasmid were obtained 

(lanes 2 and 5).

Figure 3. Sequence alignment between cloned cdtC and the corresponding region in reported cdtC gene

The sequence of the cloned cdtC gene was compared with that of the known cdtC gene (GenBank 

GI9955924).

Figure 4. Screening of plasmids of cdtC cloned in pET28

The pET-cdtC plasmid was transformed in BL21 (DE3) bacterial 

strains, and their transformants were screened for the presence 

of the cdtC gene. Arrow (5.9kbp) indicated the position of plas-

mids with insert DNA.
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5. Expression and isolation of recombinant CdtC 

After isolation of recombinant CdtC protein, the 

fractions prepared during the isolation procedure were 

analyzed by SDS-PAGE (Fig. 5). CdtC band (20kDa) 

was clearly shown in the SDS-PAGE gel. Western 

blotting with anti- His6-tagged antibody also con-

firmed that, this band was the His6-tagged CdtC pro-

tein (Fig. 6). The expression level of the recombinant 

CdtC was about 2% of total bacterial proteins.

Discussion

A. actinomycetemcomitans has served as a model 

system for studying the contribution of pathogenic 

bacterial species and their products to the initiation 

and progression of oral infectious disease. This bacte-

rium has a strong historical association with localized 

aggressive periodontitis (LAP)1). 

In this study, cdtC genes from A. actino-

mycetemcomitans were cloned and sequenced. 

Sequence analyses of the cloned cdtC gene showed 

that the nucleotides sequence of cloned genes had 

perfect homology to the sequences previously reported 

from A. actinomycetemcomitans Y4. Recombinant CdtC 

proteins were expressed and purified. These recombi-

nant CdtC proteins are inactive form, thus these 

should be changed to active form by refolding. Diverse 

conditons were tested to opitimize the expression and 

purification of functional CdtC protein in E. coli 

system. The lab condition of procedure for the purifi-

cation of functionally active recombinant CdtC protein 

is established.

The various cell populations in the periodontium respond 

differently to the CDT of A. actinomycetemcomitans. 

Gingival fibroblast and periodontal ligament cells be-

come distended and dually arrested in G1 and G2/M20), 

oral epithelial cells become distended and arrested 

solely in G2/M21). whereas T-lymphocytes do not un-

Figure 5. SDS-PAGE of recombinant CdtC

Insoluble fractions (Lane 3) contained the recombinant CdtC 

protein.

Figure 6. Western blot of His6-tagged CdtC protein

The colored region on Lane 1 indicated the presence of 

His6-tagged CdtC protein.
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dergo morphological changes but are arrested in G2/M 

and become rapidly apoptotic22,23). These differences in 

response to the toxin may reflect different roles of 

the cells in the pathogenesis of localized aggressive 

periodontitis (LAP), in which A. actinomycetemcomitans 

is highly implicated. Although it remains unclear if 

there is an association between the presence of CDT 

and the occurrence of this disease several hypotheses 

have been raised con concerning the putative role of 

the toxin in the pathogenesis of the disease10). By in-

ducing growth arrest in periodontal fibroblasts and 

oral epithelial cells, the toxin may interfere with the 

normal periodontal connective tissue remodeling equi-

librium or may facilitate the invasion and multi-

plication of A. actinomycetemcomitans in the deeper 

periodontal tissues21).

Alternatively, growth inhibited T-lymphocytes in 

the periodontal environment may result in impaired 

local immunity to bacterial challenge22,23). The pro-

liferation and turnover rate of the periodontal con-

nective tissues in adolescents is higher than in adults. 

Therefore, potential inhibition of proliferation may be 

more detrimental in young than in adult periodontal 

tissues, mirroring the nature of aggressive perio-

dontitis2).

In consideration of signification of CDT in cell cy-

cle, active recombinant CdtC protein will serve to in-

vestigate the pathological process of A. actino-

mycetemcomitans in periodontal disease. In the future 

study, the anti-CdtC antibody will be generated to 

examine the role of CdtC proteins in the host recog-

nition and enzyme activity of CDT. Also, Recombinant 

CDT toxin is good vaccine material and antibody 

against CDT can be used for neutralization or for a 

detection kit.
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