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Abstract: Clostridioides difficile, a spore-forming Gram-positive obligate anaerobic bacterium,
is the main pathogen causing antibiotic-associated diarrhea. Two toxins produced by C.
difficile, toxin A and toxin B, play a key role in its pathogenesis. The roles of toxins depend on
four functional domains: glucosyltransferase domain, cysteine protease domain, transmembrane
domain, and receptor-binding domain. The receptor-binding domain recognizes and binds to
the receptors on cell surface, mediating toxin endocytosis to form endosomes. After
autocatalytic cleavage, the toxic fragment, glucosyltransferase domain, is released into the
cytoplasm. Glucosyltransferase can inactivate GTPase in host intestinal epithelial cells, leading
to cytoskeletal depolymerization and necrosis, which causes clinical symptoms such as diarrhea
and pseudomembranous colitis. The production of toxins is regulated by a variety of factors
within and outside the pathogenicity locus. Located in the pathogenicity locus, tcdR promotes
and fcdC inhibits the expression of the toxin genes, respectively. The genes outside the locus,
such as spo0A and codY, indirectly affect the production of toxins by inhibiting the expression
of tcdR. This review focuses on the pathogenic process of toxins and the molecular mechanism
of the regulation of toxin gene expression, hoping to provide new ideas for the development of
toxin-targeted therapies.

Keywords: Clostridium difficile; Clostridioides difficile; toxin; pathogenicity locus; pathogenic
mechanism; gene regulation
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Fl TcdB BI17HE 4 DNIUIRESS M BIL RN RER A
FEVERT, BL4E  N-2K i o) 2 4l 25 5 8 il 45 5
(glucosyltransferase domain, GTD), B2 R E
F 45 4 48 (cysteine protease domain, CPD), %)
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Structure and mechanism of toxin A and toxin B in Clostridioides difficile. A: Four protein

Figure 1

domain structures of toxin A and toxin B. B: Genetic arrangement of toxin A and toxin B pathogenicity
locus. C: Molecular mechanism of toxins action. GTD: Glucosyltransferase domain; CPD: Cysteine protease
domain; TMD: Transmembrane domain; RBD: Receptor-binding domain; CROPs: Combined repetitive

oligopeptide.
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TedC A2 — AR ME DR T AE < 8 B0 &
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REBEES], TR R MERR AR R A
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HkAS PaLoc, HFTAR ) B AU RS =2 1E &2
Wi S S o 2 TR BERMERIR A CDI
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22.1 FWEBEREF
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# Y DNA 2568 M, S 5MEaR" 4. &F
O . HEE R AR YO A 2 1A BTG
B, IAEHIE T Clos Tron $ A S # E AR ME TR
PR DR R PR Y, It T X IR XERAR T spo04
FEHRPIHTY . i B Aspo0A 587 RE S SRR
[f] TedA F1 TedB ik 22 5 FIEO FL R AHOG
LR K-, Song ZEPVRIH SpoOA 17 ] 45
B4 M HCEMRE C25 (RTO14 1Y), C25
Aspo0A B R 7 2, Horh TedA B S E
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B FBACE Y TRk Pettit P53
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XT tedR PSR ML REZ 8055 , 3 T Rl i
tedA F tedB HIFIEH,
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B A o WRSE K BB sinRR'HE DA ) 7k
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DRI MR MEFDURR P18 0 AR o i B B 1 SR AR 2
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B2 RHMESRR 15 R A R IR R PR —
2% HURGAN R 7 , B0 BE IR e AL S Z2 Rk 1
AT =52 QA i ) 38 35 B A A i) A o] S0 A
ARG I BE R R IKA R IR AT

3 CDT Wy &3 K HAE A%

CDT [FI#fH 2 FheH A : 151k ADP 20
FLBE RS W 1 4 43 (CDTa) F 6 1 6 4H 43 E A 21
MU R 455/ G i 41 40 (CDTb, & 2A), CDT
Wi o2 G 0SS, CDTb A4k 515 40
JIEE 1 A g £ 1 32 4 (lipoprotein receptor, LSR)JZ
CDTa Z58TE R A Y- LA A7 T8 ik AR Z0
e AR, RS, PIRERIEBIE CDTb 4
APREE, JE S FLIE AT CDTa B3N 1E E 400
i, CDTa i@ i G-WLBhE 1R G Fifd it
F-NL 80 25 i 58 5 BOUL 80 28 1 240 i 2R ) 56 4
IR, A FEAMAET(E 20>, LAk, CDT
S 240 B 2R A IR AR, FE B R
B, H CDT 4bFE Hep-2 4HME)5, ¥ 1 100 4k
BRAAT S BRI K & A AR AR Y . P58 B,
CDT 7E/NRAR N F 2L Toll #£3Z4K 2 (Toll-like
receptor 2, TLR2)MHH Y /7 A il R AEIRE T 18
PR P 20 X 45 W (R CRAPVE R, E T =& b 2
A RAE . 5 IRYY B Az R 5 7 B R E DL T
R20291 f/NERAH L, JEEYE R20291 AcdtB FRERY
/N U 38 P P VB R R A PR B S 16 22, 45 M 1 ¢
SEW B Bk, X iE—HESE T CDT FEAR X
o R R R R EAE R, BR v i
KLARMEAh, CDT i Al 3E 8 b R A B 4
PEEEIEAH SCTE 2 T 40 Y (mucosal-associated
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PO S5 AT A5 S R Y [ A BegE SO, 7 A A M
PEY BT AN S AL R FBURLRG B, S 80% R A
0 0L Rz B s A RO RV 7 I BT R
WEET, CDT WA L5 b J b e D e B A
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4 cdt kL 5REE
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it BI)mFaXE%TJ@%f&%@%%U\%k
WAT, = BOwR MR FE T R LR Rl Ay 4 BR
Byr A RS 5PT, 027/NAPL/BI i 3%
M8E R KA Z — &)k CDT. —Jci RN
cdt P F—1 6.2 kb BIEUH AL JE(CDT locus,

CDTLoc)N, W cdtd. cdtB Fl cdtR 3 A3k
PRIB8 CAtR AU cdid i cdiB F23k 1 [
BT, BAlfEdE TedA F1 TedB A= 4 (F
2B, I RAE SR 3 W], edeB PR B T A e
SEEEVIAG, SHOmEN e Em R R
2R FIBET XU Ak, —ondE 2 SE I P
P R R FULRR B8 X B A R I SRR PR R AR, —
BF#kI RT027, RTO18 Al RT356 KK T £ &
i 25 1L

A |— Subunit A —|— Subunit B —|

CDTa CDTb
\
B I CdtLoc (6.2 kb) I
—l cdtR >—{ cdtA >—‘ cdtB >7
C CDTa
Oligomeri- .
zation ] - ) Receptor-mediated
- s 1\ endocytosis
CDTb
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precursor Extracellular

F-actin
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Figure 2 Structure and mechanism of binary toxin in Clostridioides difficile. A: Protein domain structures of
binary toxin. B: Genetic arrangement of binary toxin CDT locus. C: Molecular mechanism of binary toxin

action.
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