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Co-expression of CdtA and CdtC subunits of cytolethal distending toxin from
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ABSTRACT
Purpose: Cytolethal distending toxin (CDT) is a family of heat-labile cytotoxins produced by several gram-negative

mucosa-associated pathogens, including Aggregatibacter actinomycetemcomitans. CDT is well known to be capable of
inducing growth arrest, morphological alterations, and eventually death in various cells. CDT belongs to a tripartite AB> toxin
(CdtB: the enzymatic A subunit; CdtA and CdtC: the heterodimeric B subunit). Previous studies proposed that CdtA and
CdtC together bind to a cell surface receptor and glycolipids act as a receptor for A. actinomycetemcomitans CDT (AaCDT).
In this study, recombinant CdtA and CdtC proteins of AaCDT were co-expressed in a bacterial expression system and tested
for their affinity for GM; ganglioside.

Methods: The genes for CdtA and CdtC from A. actinomycetemcomitans Y4 were utilized to construct the expression vectors,
pRSET-cdtA and pET28a-cdtC. Both CdtA and CdtC proteins were expressed in Escherichia coli BL21(DE3) and then
purified using hexahistidine (His6) tag. The identity of purified protein was confirmed by anti-His6 antibody and monoclonal
anti-CdtA antibody. Furthermore, the affinity of recombinant protein to GM, ganglioside was checked through ELISA.
Results: Recombinant CdtA and CdtC proteins were expressed as soluble proteins and reacted to anti-His6 and monoclonal
anti-CdtA antibodies. ELISA revealed that purified soluble CdtA-CdtC protein bound to GM; ganglioside, while CdtA alone
did not.

Conclusions: Co-expression of CdtA and CdtC proteins enhanced the solubility of the proteins in E. coli, leading to
convenient preparation of active CdtA-CdtC, a critical material for the study of AaCDT pathogenesis.

(J Korean Acad Periodontol 2009;39:231-237)
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genesis of localized aggressive periodontitis but also in

INTRODUCTION

several systemic diseases, such as endocarditis, men—

Periodontitis is an inflammatory disease in the sup— ingitis, and osteomylitis, This organism is able to pro—

porting tissues of the teeth caused by a composite of duce a variety of virulence factors that are involved in

microorganisms, Aggregatibacter actinomycetemcomitanshas the colonization of the oral cavity, the destruction and

been suspected to be one of the key pathogens in the
etiology of human periodontitis,
A, actinomycetemcomitans is a gram—negative coc—

cobacillus has been implicated not only in the patho—
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inhibition of regeneration of the periodontal tissues,
and interference with host defense mechansims, These
virulence factors include collagenases, endotoxin, leu—
kotoxin, and cytolethal distending toxin (CDT)D,

CDTs are a family of heat—labile proteinous cyto—
toxins produced by several gram—negative pathogens
associated with mucosal surfaces, including FKscherichia
coli, Campylobacter jejuni, Shigella species, Haemophilus
ducreyi, and A, actinomycetemcomitans, with the ca—

pacity to induce growth arrest, morphological alter—



Co—expression of CdtA and CdtC subunits of cytolethal
distending toxin from Aggregatibacter actinomycetemcomitans

ations, and eventually death in the affected cells2),

CDT is found and expressed in the majority of the A,
actinomycetemcomitans isolates, Leung et al,g) found
that A actinomycetemcomitanswas isolated from 67% of
aggressive periodontal diseased subjects and all but one
contained all three cdt genes, Ahmed et al,4) reported
that 43 of 50 strains of A, actinomycetemcomitans iso—
lated from periodontitis patients possessed all three cdt
genes and expressed a cytotoxic activity, Also, Fabris
et al,5) found that 34 of 40 A actinomycetemcomitans
detected all three cdt genes and 39 samples caused dis—
tension of Chinese hamster ovary cells,

The periodontium is composed of epithelial cells,
fibroblasts, cememtoblasts, and osteoblasts, These
various cell types respond differently to the CDT of A,
actinomycetemcomitans, Belibasakis et al,e) reported
CDT of A actinomycetemcomitans inhibits the pro—
liferation of gingival fibroblasts and periodontal liga—
ment cells without affecting their viability, and the
cell cycle arrest associated with this inhibition is a
combined Gl and G2/M phase arrest, In contrast,
Kanno et al,7> suggested that human periodontal liga—
ment fibroblasts are resistant to the cytotoxic effects
of the A, actinomycetemcomitans CDT,

Proliferation of human epithelial cell lines was rap—
idly inhibited by CDT"®. By inducing growth arrest in
oral epithelial cells, the toxin may interfere with the
normal periodontal connective tissue remodeling equi—
hbrium@, or may facilitate the invasion and multi—
plication of A actinomycetemcomitans in the deeper
periodontal tissueg), respectively,

A, actinomycetemcomitans up—regulates receptor
activator of NF—4B ligand (RANFL) expression in gin—
gival fibroblasts and periodontal ligament cells, and
that CDT is its component primarily responsible for
this event9>. CDT can also stimulate RANKL expression
in T—cellslo), RANKL expression activates osteoclasts
involved in bone resorption, RANKL expression in the
periodontium has been implicated in physiological

tooth eruption and orthodontic tooth movement, as
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well as in the pathological process of periodontitism_
CDT toxin is encoded by three different genes:
cdtA, cdtB, and cdtC and expression of all three cdt
genes is required in order to produce active CDTIZ),
CDT is suggested to be a unique tripartite ABy toxin
in which CdtB is the active A subunit, and CdtA and
CdtC constitute the heterodimeric B subunitzls’m'
Furthermore, it is generally agreed that the active sub—
unit, CdtB, enters the cell while CdtA and CdtC remain

associated with the cell surface'”

. The CdtB protein has
been shown to possess DNase activitylg) when introduced
into or expressed within eukaryotic cells, and there
seems to be a reasonable consensus that a functional
CdtB molecule is essential for expression of toxicity by
cpT? . The cellular responses to DNA damage lead to a
characteristic Gg/M cell cycle arrest, cellular distension,
nuclear enlargement observed in intoxicated cells15),
While progress in understanding the function of
CdtB has been made, there is still little known about
the precise roles of CdtA and CdtC in CDT function,
Mao and DiRienzo” demonstrated by immuno-—
fluorescence assay that only CdtA gene derived from
A, actinomycetemcomitans binds to the surfaces of
Chinese hamster ovary cells independently, A study by
Lee et al.w) with C jejuni showed both CdtA and CdtC
were able to bind specifically and independently to the
surface of HelLa cells, But, many studies find that
CdtA and CdtC together bind to the cellular mem—

14,17,18)
brane

. In the crystal structures of the A acti—
nomycetemcomitans holotoxing, CdtA and CdtC form
ricin—like lectin domains that may play a role in rec—
ognizing the cellular receptor that delivers the CdtB

14,19 . The cell surface re—

subunit into the target cells
ceptor for the CDT has not yet been identified,
However, there is evidence that £ coli CdtA—II and
CdtC—II bind N-linked fucose—containing complex
carbohydrates on the surfaces of HelLa Cellsm, Other
studies reported that glycosphingolipid GM; and GMs
may play an important role as the receptor of A ac—

tinomycetemcomitans les), In addition, cholester—
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ol-rich cytoplasmic membrane lipid rafts are also in—
volved in the delivery of CdtB into target ce1120>,

The goal of this study was to co—express CdtA and
CdtC subunits of CDT from A, actinomycetemcomitans
and to find whether purified CdtA—CdtC protein binds
to GM; ganglioside,

MATERIALS AND METHODS

1. Bacterial strains and culture condition

A actinomycetemcomitans Y4 (ATCC 43718) was
cultured in Brain Heart Infusion broth medium for 24
h at 37C in anaerobic chamber containing 85% Ns,
10% H,, and 5% COzZD, Growth was monitored by opti—
cal density (OD) at 600 nm, with all batch cultures
having an initial ODso of approximately 0,01 after
sub—culturing from overnight growth, For the co—ex—
pression of CdtA and CdtC subunit, Z coli BL21(DE3)
transformed with pRSET—cthZZ) and pETZSa—cdtCZ3)

was cultured in Luria—Bertari (LB) medium at 37T

with shaking at 200 rpm,

2. Co—expression of CdtA and CdtC subunits

E coli BL21(DE3) transformed with the pRSET—cdtA
and pET28a—cdtC plasmid was cultured into 5 ml of
LB broth containing 50 ug/ml for each of ampicillin
and kanamycine, At the following day, the bacteria
were freshly inoculated into the 500 ml LB broth con—
taining 50 ug/ml ampicillin/kanamycine and further
grown at 37C with vigorously shaking until ODgno
reached to 0,8 and then induced by 1 mM of iso—
propyl—8—D—thiogalactopyranoside (IPTG) for another
3 h at 30T

3. Purification of CdtA—CdtC protein

Induced bacteria were harvested by centrifugation,
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and the resulting pellet was resuspended in binding
buffer (20 mM Tris—HCl pH 8.0, 0.5 M NaCl, and 5
mM imidazole), The resuspended bacteria were dis—
rupted with an ultrasonic disruptorw, The sonicated
samples were centrifuged at 13000 rpm for 10 min and
then the supernatant was saved as the soluble
fractions, The soluble fractions were then loaded into
the nickel—chelated agarose (Ni-NTA, Qiagen). The
column was washed with binding buffer and eluted

with binding buffer containing 200 mM imidazole,

4, SDS—PAGE and western blot analysis of
purified CdtA—CdtC protein

The fractions containing recombinant protein
(His6—tagged protein) were dialyzed and then resolved
by sodium dodecyl sulfate polyacrylamide gel electro—
phoresis (SDS—PAGE), Recombinant CdtA—CdtC protein
were mixed with 100 ul of gel loading buffer and
heated in a boiling 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 TBS containing 0.1% Tween—20 (TBST)
buffer for 1h at room temperature with shaking, The
blocked membrane was incubated with anti—His6 anti—
body or monoclonal anti—CdtA antibody tagged with
AP (alkaline phosphatase) and then washed in TBST.
The membrane was treated with BCIP/NBT to induce
developing reaction and incubated in the dark, The

membrane was rinsed with HyO to stop the developing

reaction,

5. GM+ ELISA of purified CdtA—CdtC protein

GM; ganglioside was used to coat Enzyme-—Linked
ImmunoSorbent Assay (ELISA) plate at 37C for 2 h
and the coated plates was blocked by 1% skim milk,
After washed using PBS (pH 7.5), the plates were in—
cubated with purified CdtA—CdtC protein or CdtA in
PBS at 37T for 2 h, Then the plates were washed us—
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ing PBS and incubated with anti—His6 antibody or
monoclonal anti—CdtA antibody in PBS at 37T for 2
h, The plates were then washed with PBS, and further
incubated with anti—mouse IgG conjugated with alka—
line phosphatase in PBS (1:5000 dilution) at 37°C for 2
h and then applied with the substrate which is con—
verted by the enzyme to elicit a chromogenic signal,
The result was quantified using a spectrophotometer
for OD at 405 nm,

RESULTS

1. Purification of CdtA—CdtC protein

CdtA—CdtC protein was expressed in £ coli BL21(DES3)
transformd with pRSET—cdtA and pET28a—cdtC, and

FT W1 W2 W3 E1 E2 E3rCdtA
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then purified by Ni—NTA affinity column, Recombinant
CdtA and CdtC proteins were clearly shown in the ex—
pected locations of SDS—PAGE gel (Fig. 1).

Both CdtA and CdtC proteins were expressed as
His6—tagged fusion proteins which were confirmed by
anti—His6 antibody by Western blot, CdtA was shown
just below 25 kDa and CdtC around 20 kDa (Fig. 2).

Monoclonal anti—CdtA antibody also only detected
CdtA at 25kDa (Fig. 3).A protein at a higher band
around 35 kDa was also purified by Ni—NTA column
and responded to anti—His6 and anti—CdtA antibodies,

2. GM; ELISA of purified CdtA—CdtC protein

By using ELISA, purified CdtA—CdtC protein was
evaluated whether it bound to GM; ganglioside, The

(kDa)
50wy Wi

’ Figure 1, SDS-PAGE analysis of purified CdtA and CatC protein,
37+ - After expression of recombinant proteins from pRSET—cdtA and
pPETZ28a—cdlC, the transformed bacteria were sonicated and
n——— centrifuged. The supernatant was loaded onto Ni—NTA agarose
25-lu CdtA —wes column and Flow—through (FT) was saved. The sample—loaded col—
CdtC—> umn was washed three times (Wi~W3) and eluted (E1~E3) as de—
20-| scribed in Materials and Methods, rCatA indicated purified re—

combinant CdtA protein from pET—cdtA and served as control,

rCdtA—CdtC rCdtA

KDa
A i |
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20 | WS -} catc

Figure 2. Western blot analysis of purified CatA and CatC
protein using anti—His6 antibody. rCatA—CatC protein was
purified from E, coli transformed with both pRSET—cdA
and pET28a—cdltC, while rCatA from E. coli transformed
with pET—cdtA. Protein samples were electrophoresed in
SDS-PAGE gel, transferred to nitrocellulose membrane,
and detected by anti-His6 antibody,
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Figure 3 Western blot analysis of purified CatA and CdlC protein
using monoclonal anti—CatA antibody, Protein samples were puri—
fied by Ni-NTA column from bacterial lysates from E, coli trans—
formed with both pRSET—cdtA and pET28a—cdtC (rCatA—CattC),
and E coli transformed with pET—cdtA (rCatd) Samples were
separated in SDS—PAGE gel and then transferred to nitrocellulose
membrane, and detected by anti—CadtA antibody, Bands around
25 kDa was clearly shown but band at 20 kDa not shown,
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GM1 ELISA (anti-His Ab)

0.6
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Figure 4. GM, ELISA of purified CdtA—CdltC protein using
anti—His6 antibody, ELISA plate was coated with GM;
ganglioside and further incubated with diverse concen—
tration of CdtA and CatA—CdtC protein, After washing, the
remaining amount of CadtA and CdtA—CdalC protein was
quantified using anti—His6 antibody at ODqps,

peak OD4ps value of purified CdtA—CdtC protein was
measured around 0.5, CdtA showed to have lower
ODyos value than CdtA—CdtC protein at any dilution
(Fig. 4).

Monoclonal anti—CdtA antibody was also applied to
check GM; affinity of purified CdtA—CdtC protein and
CdtA, Recombinant CdtA—CdtC protein showed a higher
ODyg5 value than recombinant CdtA protein (Fig, 5).

DISCUSSION

The crystal structures of the CDT cytotoxin from
Aggregatibacter actinomycetemcomitansinclude a pro—
nounced groove between the CdtA and CdtC subunits

)

in the heterotoxin complexlg, A CDT groove mutant

exhibited diminished binding to cells%), This data
support the hypothesis that the groove formed be—
tween CdtA and CdtC are involved in the binding of
the toxin to target cells, Also, many studies reported
that CdtA and CdtC together bind to the cellular
membraneM’”'lg).

In this study, CdtA and CdtC subunits were ex—
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GM1 ELISA (mono-CdtA Ab)
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Figure 6, GM; ELISA of purified CAtA—CafC protein using
monoclonal anti—CatA antibody, ELISA plate was coated with
GM; ganglioside and further incubated with diverse concen—
tration of CdfA and CAtA—CafC protein, After washing, the
remaining amount of CatA and CatA—CatC protein was quan—
tified using monoclonal anti—CatA antibody at ODqs,

pressed as soluble proteins from £ coli transformed
with both cdtA— and cdtC—expressing vectors, while
each of CDT subunit expressed as an insoluble
protein, These expressed CDT subunits were purified
with Ni-NTA column and also responded to anti—His6
and anti—CdtA antibodies (Fig, 1-3). CdtA protein was
located at two different bands in SDS—PAGE and
Western blot (Fig, 1-3) and some studies also report

. 26,27
similar results )

. They reported that it was caused
by a covalent bond between cystein residue of CdtA
N—terminus and lipidm. Therefore, both of doublet
bands in Fig, 1-3 are supposed to contain CdtA
subunit,

The cell surface receptor for CDT has not been
clearly identified, However, it has been reported that
both CdtA and CdtC recognize N-linked fucose—con—
taining glycoproteinsm or gangliosides, such as GM;
and GMs™, in vitro, Therefore purified CdtA—CdtC
protein was evaluated whether it bound to GM; gan—
glioside through ELISA, Recombinant CdtA—CdtC pro—
tein had higher affinity to GM; ganglioside than CdtA
(Fig, 4 and 5), Either anti—His6 antibody or mono—

clonal anti—CdtA antibody showed similar results,
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The exact role of CdtA/CdtC heterodimer in CDT
toxicity is not yet clearly understood, and further
work is required to fully identify the role of
CdtA/CdtC heterodimer, especially in its mechanism of
host cell binding, Therefore, the soluble CdtA—CdtC
protein will serve to investigate the pathological
process of A, actinomycetemcomitans and also to be a
potential vaccine material, More interestingly, there is
a possibility of using CDT as a mucosal adjuvant

through
27,29)

its binding activity to cell surface re—
ceptor . Up to now, cholera toxin or enterotoxic £
coli toxin has been mainly utilized as a mucosal ad—
juvant but these toxins belong to ABs family, But CDT
belongs to AB; and its simple structure and/or lesser
toxicity fit to develop a new mucosal adjuvant,

In conclusion, CdtA and CdtC proteins were co—ex—
pressed as soluble protein and CdtA—CdtC protein
bound to GM; ganglioside, Further studies will be

necessary to characterize precisely CdtA—CdtC protein,
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