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• Gastrointestinal infection with Clostridium difficile, an anaerobic gram-

positive spore forming bacterium, is the leading cause of nosocomial 

diarrhea and colitis in the United States. C. difficile infection rates and 

severity are on the rise as a result of excessive antibiotic use, while 

current treatment options are failing.   

• In this study, we propose using recombinant C. difficile bacteriophage 

endolysins (lysins) as novel agents for the prophylactic and therapeutic 

treatment of C. difficile infection and colitis. Phage lysins are proteins that 

attack the bacterial cell wall peptidoglycan causing rapid lysis and death 

of the organism.  A C. difficile lysin and its catalytic domain, namely PlyX* 

and PlyXc*, were expressed in E. coli and characterized. 

• We found that the catalytic domain of this lysin, PlyXc, displayed greater 

lytic activity again C. difficile strains than the full-length molecule, and that 

PlyXc also has a high degree of specificity for killing C. difficile strains 

compared to other Clostridia or gram-positive bacteria found as part of the 

natural flora of the digestive system. Furthermore, the combination of 

antibiotics and lysin, each at their minimal non-active dose, can mount a 

significantly significant bactericidal effect in vitro when combined. 

•In an ex vivo mouse colon infection model, we found that PlyXc functions 

in the presence of intestinal contents, by significantly decreasing 

colonizing C. difficile compared to control. In an in vivo mouse model of C. 

difficile intestinal infection, we showed that the PlyXc played a moderate 

protective role in mouse survival when delivered intra-rectally compared to 

controls.  

• Together, these data suggest that PlyX has potential as a novel 

therapeutic for clinical application in the prevention and treatment of colitis 

and diarrhea caused by C. difficile. 

Abstract 

Background 

The characteristics of  PlyX and PlyXc  in vitro: 

• Both full-length protein PlyX and the catalytic domain PlyXc are effective against C.difficile in 

vitro, but PlyXc has significantly greater lytic activity than the full-length protein. 

•The lytic activity of PlyXc is very effective against all C difficile strains , including several clinic 

al strains. 

•The lytic activity of PlyXc is very specific against C. difficile compared to  other Clostridia and 

gram-positive bacteria that are found as part of the natural flora of the digestive system. 

• The binding  domain of PlyX can not access the cell wall of C difficile unless the cell wall is 

compromised by the catalytic domain of PlyX. 

•The combination of both PlyXc and vancomycin, each at their non-toxic concentration, can 

effectively decrease C. difficile titer in vitro. 

The application of lysin to treat a mouse C. difficile infection model 

•In an ex vivo mouse colon model, in the presence of intestinal contents, by significantly 

decreasing colonizing C. difficile compared to control. 

•In an in vivo mouse C difficile infection model, the application of PlyXc enema through rectal 

infection saved 20% more mice from dying compared to those that did not receive PlyXc. 

These results suggest that PlyXc is a potential therapeutic candidate, and can be 

used alone or together with antibiotics in treating C. difficile-associated diseases, 

such as colitis and diarrhea. 
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The expression and purification of PlyX and PlyXc Control mouse C. difficile infection in vivo via lysin enema 

• C. difficile is rapidly gaining notoriety as a cause of nosocomial diarrhea 

and colitis, with both the incidence and severity of infections increasing in 

the last few years. The pathogen’s ability to exist in spore form allows it 

to persist in the hospital environment, with patients and healthcare 

workers being the reservoirs that spread the spores and contaminate 

hospital rooms and equipment. In the past decade, the emergence of 

new highly virulent strains such as North American pulsed-field type 1 

(NAP1/027/III) strains, has significantly increased the severity of C. 

difficile infection, causing lengthy hospitalizations and substantial 

morbidity and mortality.  

• As a consequence, there have been significant rise in patient morbidity 

and mortality, longer hospital stays, and a substantial economic burden to 

patients and the healthcare industry. According to a new study in 2013 

released by the Centers for Disease Control and Prevention, C. difficile 

caused almost half a million infections in the United States per year, and 

costs up to $4.8 billion each year in excess healthcare costs for acute-

care facilities alone. 

• C. difficile infections are often exacerbated by antibiotic therapy, 

because of a reduction in the normal microbiological flora of the digestive 

system. The current treatment regime, such as metronidazole and oral 

vancomycin, for C. difficile-associated diseases has been failing, often 

resulting in symptom relapses in 30% of patients post-treatment. 

• Bacteriophage endolysins (lysins) are one such class of novel 

antimicrobial agents that are emerging as novel agents for the 

prophylactic and therapeutic treatment of bacterial infections.  Lysins are 

cell wall hydrolases that are produced during the infection cycle of 

bacteriophages (or phages) enabling release of progeny virions.  When 

applied exogenously, native or recombinant lysins were able to degrade 

the cell wall of susceptible bacteria and cause rapid cell lysis.   

 

The substrate specificity of PlyXc 

The characterization of PlyX and PlyXc 

The prerequisite of PlyX accessing its cell wall substrate 
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Treated/Untreated Ratio 

HIS Etag Etag Binding  Etag-PlyXBD pBAD24 

C. difficile w/o PlyXc pre-treatment  

C. Difficile pretreated  with PlyXc 

Group A 
-8                       -3          -1  0    1                          5 

5 days  

Antibiotic cocktail 

in drinking water 

Clindamycin 

I.P. 

Lysin enema 

20mM PB 

Group B/C 
  -8                        -3        -1  0  1                             5 

5 days  

Antibiotic cocktail 

in drinking water 

Clindamycin 

I.P. 

Buffer/Lysin  enema 

C difficile challenge 

*** 
** 

PB 
PlyXc 30min  
PlyXc 60min  

-8                       -3      -1    0       2                           

5 days  

Antibiotic cocktail 

in drinking water 

Clindamycin 

I.P. 

Lysin ex vivo 

C difficile challenge 

The effect of PlyXc on C. difficile reduction in an ex-vivo mouse colon model 
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