EXPERIMENTAL AND THERAPEUTIC MEDICINE 14: 4405-4410, 2017

Preliminary screening of type IV secretion system in
divergent geographic sources of Clostridium difficile
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Abstract. In the present study, different geographical sources
and sequence types (STs) of Clostridium difficile were
preliminarily screened to investigate the distribution profiles
of three core genes, VirB4, VirB6 and VirD4, of the type IV
secretion system (T4SS). A total of 37 C. difficile strains from
different sources were screened, inoculated and prepared for
genome extraction. C. difficile toxins A and B were subjected
to identification and multilocus sequence typing (MLST)
analysis. The T4SS gene then underwent polymerase chain
reaction amplification and sequencing analysis. Of the 37
strains, 25 were toxin A- and toxin B-positive, and 12 were
toxin A-negative and toxin B-positive. MLST detected 11
strains with ST37, 10 with ST2, 6 with ST35, 7 with ST3, 1
with ST54, 1 with ST1 and 1 with ST119. The detection rates of
VirB4, VirB6 and VirD4 were all 100% in colonies exhibiting
T4SS. Single nucleotide polymorphisms (SNPs) were detected
in a minority of strains. C. difficile strains with identical STs
shared the same SNP loci for T4SS, and those with different
STs had different SNP loci. The results of the present study
may provide evidence for subsequent identification of T4SS
distribution, epidemiological investigations, polymorphism
analyses and research into the association between T4SS,
cytotoxicity and enterotoxication in C. difficile.
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Introduction

Clostridium difficile is a gram-positive anaerobic gemma
bacillus that becomes well established in human colons, leading
to diarrhea and inflammation in infected patients (1). It has been
estimated that ~30% of antibiotic-associated diarrhea and 90%
of pseudomembranous enteritis result from C. difficile infection
(CDI). CDI is prevalent around the globe; it has been reported
that €3.4 billion is allocated to the diagnosis and treatment of
CDI annually in the UK (1). In the United States, ~300,000 cases
of CDI are diagnosed every year, with an overall medical cost
of $1.1 billion (2). However, the pathogenesis and prevalence of
CDI in China is poorly understood due to a lack of molecular
and genetic data sources.

Pathogenic C. difficile strains produce multiple toxins (1,2).
The most well characterized are C. difficile toxins A and B,
which may induce diarrhea and inflammatory diseases (3).
These potent toxins have been the focus of various investiga-
tions (2,3). However, the specific secretion procedures and
relative contributions of C. difficile toxins A and B remain
to be elucidated, and this information is important to deter-
mine the mechanism underlying CDI (3,4). In a previous
study by the present group (5), the existence of the type IV
secretion system (T4SS) in C. difficile was identified, and
was revealed to be potentially associated with the virulence
of C. difficile. TASS is a secretion system that is associated
with the bacteria-binding mechanism (4). It is capable of
transferring toxins or proteins to the host cells by forming
an injector connecting to extracellular structures, directly
leading to infectious diseases (6). T4SS is associated with
the virulence of Helicobacter pylori, Bordetella pertussis,
Legionella pneumophila, Coxiella burnetii, Escherichia coli
and Bartonella (6-9). The T4SS was previously identified in
the genome-wide sequencing of multiple C. difficile strains (9).
However, the distribution of T4SS in C. difficile colonies is
poorly understood due to a lack of epidemiological and
experimental data. In the present study, different sources and
sequencing types of C. difficile were preliminarily screened
to investigate the distribution profiles of three core genes of
T4SS, including VirB4 m VirB6 and VirD4, in C. difficile
colonies. The aim of the present study was to provide evidence
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for elucidating and establishing the molecular polymorphism
that results in T4SS in C. difficile.

Materials and methods

Materials

Sampling source. A total of 37 C. difficile strains of different
sources were obtained from patients treated at the Department
of Infectious diseases of different hospitals, 33 of which were
verified for subsequent experiment. Written informed consent
was obtained from all patients for inclusion in the present
study. One strain, BJO8, was isolated in Beijing (Department
of Clinical Laboratory, China-Japan Friendship Hospital;
Beijing, China), 13 were isolated in Guangdong Institute of
Microbiology in Guangzhou in the 1980s, 13 were isolated in
Shanghai Institute of Microbiology (Shanghai, China) between
2007 and 2011, 6 in Shandong Institute of Microbiology (Jinan,
China) between 2010 and 2012, 2 strains (UK1 and USI) were
donated by Dr Feng Hanping from University of Maryland
in the United States, and ATCC9689 and CD630 strains
were purchased from the American Type Culture Collection
(Manassas, VA, USA).

Reagents and instruments. Cycloserine-cefoxitin-fructose-egg
yolk agar substrate and additive (CCFA) medium, brain heart
infusion (BHI) agar, egg yolk emulsion and a BioMerieux
kit were supplied by Oxoid (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). Proline paper was supplied by Remel,
Inc. (San Diego, CA, USA), goat blood was obtained from
Beijing Laboratory Biology Technology Co., Ltd (Beijing,
China) and bacterial genomic DNA was purified from
bacterial cultures using a QlAamp DNA extraction mini kit
(Qiagen, Inc., Valencia, CA, USA) strictly according to the
manufacturer's instructions. Polymerase chain reaction (PCR)
primers and product sequences were provided by Shanghai
Sangon Biotech Co., Ltd. (Shanghai, China), DNA polymerase
was from Toyobo Co., Ltd. (Osaka, Japan) and markers were
obtained from Takara Bio, Inc. (Otsu, Japan).

Bacterial culture and genome extraction. C. difficile strains
of different sources were inoculated in CCFA culture medium
in an anaerobic environment at 37°C for 48 h. Single flat,
yellow ground-glass like colonies with a horse dung smell
and gram-positive bacillus were selected and inoculated in
BHI culture medium under anaerobic conditions at 37°C for
24 h. All cultured strains were verified strictly according to
the manufacturers' instructions (REF203001; apiR20A system,
BioMerieux, Inc., St. Louis, MO, USA). The verified strains
were inoculated on a BHI blood disk in a streak pattern at 37°C
for 48 h. The genomic DNA of 37 strains was analyzed using a
DP320 bacterial genomic DNA extraction kit (DP320; Qiagen
GmbH; Hilden Germany), dissolved in Tris-EDTA buffer
solution and stored at -20°C for subsequent use. The present
study was approved by the Ethics Committee of The Affiliated
Hospital of Binzhou Medical University (Binzhou, China).

Identification and multilocus sequence typing (MLST) of
toxins A and B. The tcdA gene, which encodes enterotoxin
A (9), was amplified according to the protocol described by
Lemme et al (10). The tcdB gene, which encodes cytotoxin
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B, was amplified according to the protocol described by
Kato er al (11). The products were cultured on 1% agarose
gel at 37°C for 24 h, subjected to 100 V electrophoresis for
20-30 min and finally observed using a gel imaging system
(ChemiDoc MP Imaging System; Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) to verify the expression of toxins A and B.
According to the protocol by Griffiths et al (12), 7 housekeeping
genes including adenosine kinase, ATP synthase subunit alpha,
1-deoxy-D-xylulose 5-phosphate reductoisomerase, serine
hydroxymethyltransferase, recA, superoxide dismutase and
triosephosphateisomerase were subject to PCR amplification
as follows: 94°C for 5 min, 94°C for 30 sec, 53°C for 30 sec,
72°C for 30 sec for 35 cycles and 72°C for 10 min. DNA poly-
merase (20-80 ng/ul; 3 ul) was used (Takara Bio, Inc.). DNA
sample was collected from the strains. The amplified products
were delivered for sequencing (Shanghai Bioengineering Co.,
Ltd., Shanghai, China) and analyzed using Chromas software
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
sequence obtained was subsequently submitted to a database
(http://pubmlst.org/cdifficile). The allele of toxins A and B
was obtained and sequence typing of strains was verified, as
illustrated in Table I.

PCR amplification and sequencing of T4SS gene. TASS was
detected in the C. difficile 630 strain containing three core
genes; VirB4, VirB6 and VirD4. DNA sample was collected
from the strains. DNA polymerase (20-80 ng/ul; 3 ul) was
used (Takara Bio, Inc.). In the present study, the sequences
of VirB4, VirB6 and VirD4 in C. difficile 630 were used as
templates. To avoid false-positive or false-negative results,
three pairs of primers were designed for each core gene, as
illustrated in Table II.

The PCR reaction system (30 ul) underwent 35 cycles of
95°C for 3 min, 94°C for 30 sec, 55°C for 30 sec, 72°C for
120 sec, and extension at 72°C for 7 min. PCR products
were subject to 1.5% agarose gel electrophoresis and positive
results were verified for sequencing. The sequencing results
were analyzed using Segman version 7.1 software (Beijing
Genomics Institute, Beijing, China).

Results

PCR analysis. Of the 37 strains, 25 (67.6%) were identified to
be positive for toxin A and toxin B. The remaining 12 (32.4%)
were negative for toxin A and positive for toxin B. MLST
detected 7 types of stains including 11 strains with sequence
type (ST) 37, 10 strains with ST2, 6 strains with ST35, 7 strains
with ST3, 1 strain with ST54, 1 strain with ST1 and 1 strain
with ST119, respectively (Table III).

PCR outcomes of VirB4, VirB6 and VirD4 of 37 strains
are presented in Fig. 1. Strains of the same ST shared similar
outcomes. Positive results were observed in three core genes
of 11 ST37 strains and 7 ST3 strains. A positive result was also
noted in ST119 strains. Negative outcomes were observed in
3 core genes of the ATCC9689 strain, however positive results
were detected in the other 3 standard strains. A total of 10 ST2
stains were observed to be weakly positive and 3 core genes of
6 ST35 stains were positive. However, double bands located at
the target gene and at 2,000 bp were noted in the VirD4-F2R?2
strain. This requires further verification in subsequent
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Table I. Toxins A and B primer and MLST of 7 housekeeping genes.

Toxin Gene Direction Sequence (5'-3") Fragment size (bp)
tcdA tedA F AGATTCCTATATTTACATGACAATAT 369
R GTATCAGGCATAAAGTAATATA CTTT
tcdB NK104 F GTGTAGCAATGAAAGTCCAAGTTTACGC 204
NKI105 R CACTTAGCTCTTTGATTGCTGCACCT
Adk F TTACTTGGACCTCCAGGTGC 635
R TTTCCACTTCCTAAGGCTGC
MSLT atpA F TGATGATTTAAGTAAACAAGCTG 674
R AATCATGAGTGAAGTCTTCTCC
dxr F GCTACTTTCCATTCTATCTG 525
R CCAACTCTTTGTGCTATAAA
glyA F ATAGCTGATGAGGTTGGAGC 625
R TTCTAGCCTTAGATTCTTCATC
recA F CAGTAATGAAATTGGGAGAAGC 705
R ATTCAGCTTGCTTAAATGGTG
sodA F CCAGTTGTCAATGTATTCATTTC 585
R ATAACTTCATTTGCTTTTACACC
tpi F ATGAGAAAACCTATAATTGCAG 640
R TTGAAGGTTTAACACTTCCACC

ted, Clostridium difficile toxin; F, forward; R, reverse; Adk, adenosine kinase; MSLT, multilocus sequence typing; azpA, ATP synthase subunit
alpha; dxr, 1-deoxy-D-xylulose 5-phosphate reductoisomerase; glyA, serine hydroxymethyltransferase; soda , superoxide dismutase; #pi,
triosephosphate isomerase.

Table II. Primer sequences of three core genes of T4SS.

Gene Primer Direction Sequence (5'-3") Fragment size (bp)
VirB6 Primer 1 F CTACTGGGCGGTATTCAAGC 288
R CCATACAGCAATCCACATCTTG
Primer 2 F GGAGAGCTTGTCATGATACTCTTTG 317
R ACCGCATATCCAAGTATCGT
Primer 3 F GATGTGGATTGCTGTATGGTT 304
R TGGAATGGCTGAAATGGATG
VirB4 Primer 1 F CGGTAGAAGATACCATTCCCT 257
R TTTATCCGGTATCTGAATTGCC
Primer 2 F GCGGATAATTTAGAACAGGCA 442
R CCGATGGAAGAATGTCCATA
Primer 3 F CCATTTACCACAGAGGAGCTTT 359
R CTACCGCCTACTACAAGCTCAA
VirD4 Primer 1 F GAGTATGGCTCGGCAAGATG 431
R GCTTTTTCTCCCTCTCCTTTAG
Primer 2 F TGCAAGATAAGGCAAAGTTTC 760
R ACTTCTGAAGCGTCTATCATATC
Primer 3 F TCTTGCTAACGCAAACAGAAC 1,300
R AGTCCTCAAGGAGCTTGTAAT

F, forward; R, reverse.

studies analyzing T4SS function. Based on the preliminary  VirB6-F2R2 and VirD4-FI1RI1 primers with the highest posi-
PCR outcomes, 14 representative strains of different sources  tive rate were chosen for subsequent PCR. Following one
and ST were selected for repeat PCR analysis. VirB4-FIR1, cycle of PCR analysis, the results of 7 strains including ST6
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Table III. Polymerase chain reaction results of multilocus sequence typing of VirB4, VirB6 and VirD4 of 37 strains of

Clostridium difficile.
VirB4 VirB6 VirD4
Toxin
No Strain genotyping ST FIRl F2R2 F3R3 FIRI F2R2 F3R3 FIRl F2R2 F3R3
1 CD630 A+B+ 54 + + + + + + + + +
2 UK1 A+B+ 1 + + + + + + + + -
3 ATCC9689 A+B+ 3 - - - - - - - - i
4 BJO8 A-B+ 37 + + + + + + + + -
5 US1 A-B+ 37 + + + + + + + + +
6 GZ15 A-B+ 119 + + + - + + +? + +
7 GZ1 A+B+ 35 + + + + - + + - -
8 GZ2 A-B+ 37 + + + + + + + + +
9 GZ3 A-B+ 37 +° + + + +° + +° + +
10 GZ5 A+B+ 2 4 - -1+ -+ -/[+° - -/+° -1+ -+
11 GZ6 A-B+ 37 +° + + + +° + +° + +
12 GZ7 A+B+ 2 -+ - -/+ + + -/+ -+ -/+ -
13 GZS8 A-B+ 37 + + + + + + + + +
14 GZ9 A-B+ 37 + + + + + + + + +
15 GZ11 A-B+ 37 + + + + + + + + +
16 GZ12 A-B+ 37 + + + + + + + + +
17 GZ13 A-B+ 37 + + + + + + + + +
18 GZ14 A-B+ 37 + + + + + + + + +
19 SH1 A+B+ 35 +° + + + +° + +2 + -
20 SH2 A+B+ 35 +° + + + +° + +2 + -
21 SH3 A+B+ 2 -+ -/+ -/+ - -/+ -/+ -+ -/+ -
22 SH4 A+B+ 2 -/+° -/+ -/+ - -/+° -/+ -/+° -/+ -
23 SH6 A+B+ 2 -+ -/+ - - -/+ -+ - -/+ -
24 SH7 A+B+ 2 -/+ -/+ - - -/+ -1+ - -/+ -
25 SHS A+B+ 2 -/+ -/+ - - -/+ -+ -/+ -/+ -
26 SH9 A+B+ 2 -+ -/+ - - -/+ -+ -/+ -/+ -
27 SH10 A+B+ 35 + + + + + + + +¢ -
28 SH11 A+B+ 35 + + + + + + + +¢ -
29 SHI12 A+B+ 35 + + + + + + + +¢ -
30 SH13 A+B+ 2 -/+ -/+ - - -/+ -1+ -/+ - -
31 SH14 A+B+ 2 -/+ -/+ - - -/+ -/+ -+ - -
32 JNO9 A+B+ 3 + + + + + + + + +
33 JNO12 A+B+ 3 + + + + + + + + +
34 JN31 A+B+ 3 + + + + + + + + +
35 JN33 A+B+ 3 + + + + + + + + +
36 JN43 A+B+ 3 +° + + + +° + +° + +
37 JN159 A+B+ 3 +° + + + +° + +° + +

ST, sequencing type; F, forward; R, reverse; +, positive; -, negative; -/+, weakly positive; “positive results verified by sequencing analysis;
weakly positive outcome obtained after the first polymerase chain reaction and verified as positive after the second polymerase chain reaction;
‘two bands with one located at the target gene and another band at 2,000 bp.

(GZ15), ST9 (GZ3), ST11 (GZ6), ST19 (SH1), ST20 (SH2),
ST36 (JN43) and ST37 (JN159) were selected for sequencing.
Following a second PCR analysis, the results of ST10 (GZ5)
and ST22 (SH4) strains were chosen for sequencing analysis.

Sequencing analysis. The PCR results of 9 strains were
sequenced and matched with the T4SS sequence verified
by Segman software. SNPs were detected in a minority of
strains. MLST revealed SNPs in 11 ST37 strains, 10 ST2
strains, 6 ST35 strains, 7 ST3 strains, 1 ST54 strain, 1

ST1 strain and 1 ST119 strain. Among 37 strains, 25 were
positive for toxins A and B and 12 were negative for A and
positive for B. The genome sequence of ATCC9689 strain
was retrieved from the link below. (http:/www.ncbi.nlm.nih.
gov/nuccore/4842286817? report=fasta). The Gene Prediction
System For Type I'V Secretion Systems (http:/www.secretion.
org/navigateT4SP.action) invented by our study group, was
used and T4SS was not detected in the ATCC9689 strain,
which was consistent with the PCR results. However, T4SS
was detected in another 3 standard strains. Considering
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Figure 1. Polymerase chain reaction results for (A) VirB4-F1R1, (B) VirB6-F2R2 and (C) VirD4-FIR1.
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Figure 2. Polymerase chain reaction sequencing of (A) VirB4 (B) VirB6 and (C) VirD4 strains with different sequencing types.

varying geographic and ST factors, 9 strains of 3 regions and
5 STs were selected for PCR sequencing. The positive rate of
T4SS was up to 100%.

The VirB4, VirB6 and VirD4 sequences of ST2, ST37 and
ST35 were observed to be identical. Strains with identical ST
shared the same SNP loci of T4SS, whereas these loci differed
in strains with different ST. This suggests that there is heredity
disparity of T4SS in strains with different ST, as illustrated in
Fig. 2.

Discussion

Previous studies have demonstrated that it is difficult to
identify multiple strains of C. difficile (11-13), and researchers
from the present study group have previously conducted
fundamental studies on C. difficile (13). The gene polymor-
phism of toxins A and B of C. difficile has previously been

studied in a clinical setting, as have the gene polymorphism
and evolutionary characteristics of toxin A-negative and toxin
B-positive C. difficile (13).

The genetic function, synthetic mechanism, receptor
factors and evolution of toxins A and B have previously been
intensively investigated (11-13). Nevertheless, how these toxins
are transmitted from C. difficile to the outside environment
remains poorly understood. Govind and Dupuy (14) initially
proposed that toxins A and B may be transmitted to the
external environment through C. difficile toxin E (TcdE)
protein. However, TcdE deactivation in C. difficile 630 failed
to alter the secretion levels of toxins A and B (15). The specific
underlying mechanism of toxin secretion in C. difficile remains
of interest in the medical field. In 2013, Brouwer et al (16)
demonstrated that the pathogenicity locus of C. difficile 630
is capable of horizontally transferring toxigenic genes via a
conjugation-like mechanism to non-toxigenic strains, which
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results in its conversion to a toxin producer. This study
suggested that non-toxigenic strains may be a promising
therapy for C. difficile-associated diarrhea (16).

T4SS is a secretion system associated with the mecha-
nism underlying bacterial binding (17). It directly transports
toxigenic proteins, but also mediates transportation at the
genetic level via bacterial binding, transmits toxigenic genes,
enhances pathogen virulence and contributes to bacte-
rial evolution (17-20). In previous studies, a novel subtype
of T4SS known as the type IVC secretion system has been
observed (17,20). In porcine streptococcus, type IVC has
been demonstrated to mediate the horizontal transferring of 1
pathogenesis island of 89 K (4). As three core genes of T4SS
subtype, VirB4, VirB6 and VirD4 serve synergistic effects
mediating DNA transfer (17). In a previous study, similar
T4SS subtypes were detected in Streptococcus agalactiae,
Streptococcus pneumonia and Pyogenic streptococcus (5). In
addition, our study group first identified the existence of T4SS
in C. difficile and its association with C. difficile virulence (5),
suggesting that T4SS may serve as the vital mechanism under-
lying the secretion of toxins A and B.

In the present study, 37 strains of C. difficile from
different sources and with different STs were preliminarily
screened for VirB4, VirB6 and VirD4 to investigate the
distribution profile of T4SS in C. difficile. Of these 37 strains,
25 were positive for toxins A and B, and the remaining 12
were negative for toxin A and positive for toxin B. MLST
identified 7 strain types, including 11 strains with ST37, 10
with ST2, 6 with ST35, 7 with ST3, 1 with ST54, 1 with ST1
and 1 with ST119. Considering the variety of geographic and
ST factors, 9 strains of 3 regions and 5 STs were selected
for PCR sequencing. The positive rate of T4SS was up to
100%, suggesting heredity disparity in the T4SS of strains
with different ST.

There are several limitations to the present study. Firstly,
T4SS sequencing analysis of the strains was restricted to the
genetic level, and so whether these genes are able to function
normally or express functional proteins remains unclear.
Therefore, the actual detection rate of T4SS with normal
functionality may be lower than reported here. Secondly, only
A+B+ or A-B+ toxigenic strains were screened in the present
study; non-toxigenic strains were not included. Consequently,
the exact detection rate of T4SS in C. difficile colonies should
be further investigated. Thirdly, only 37 C. difficile strains of
7 STs were investigated. A larger sample-size should be used
in future studies to investigate the distribution profile of T4SS
on a wider scale.

In conclusion, the detection rate of VirB4, VirB6 and
VirD4 is equally 100% in T4SS, and strains with identical
STs possess similar SNP loci. The results of the present study
provide a basis for subsequent identification of T4SS distribu-
tion, epidemiological investigations, polymorphism analyses
and investigations into the association between T4SS, cytotox-
icity and enterotoxication in C. difficile.
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