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Klebsiella pneumoniae 

• Causes frequent infections 

within hospitals. 

•  Fourth and fifth most 

common cause of pneumonia 

and bacteremia, respectively, 

in intensive care patients 
National Institute of Allergy and Infectious Diseases 
Figure 1. Klebsiella pneumoniae 



“Super Bug” 

• Drug-resistant 

• Produces carbapenemase, 

gains resistance to the major 

antibiotic class of carbapenems 

• Fatal outcome in nearly half of 

infection cases 
National Institutes of Health 
Figure 2. Klebsiella pneumoniae 



• Experimental drug development: 
• Expensive 
• Time-consuming 
• Sometimes impossible 

 

• Virtual screening of drugs 
• Fast 
• Cheap 
• Effective 
• Flexible - able to make modifications  

 



Project Approach 

Virtual screening with drug library  
 
Introduce biosynthetic modifications 
 
Test performance of biosynthetic molecules 



Project Approach - an analogy 

MORF Drug Biosynthetic 
molecule 



Protein Target - PriA 
• Catalyzes cellular “replication 

restart” reactions.  

• Aids the completion of 
replication and cell growth.  

• Interacts with the C-terminal 
peptide of single-stranded 
DNA-binding proteins (SSBs).  

RCSB Protein Data Bank 
Figure 3. Klebsiella pneumoniae PriA bound to SSB 



Methods 



Biosynthetic Modifications 

Generate molecular features for ligand recognition that are 
more likely to bind to novel targets 

The structure of ZINC04530388 Its top three biosynthetic modifications 



Initial Identification 
-6.5 kcal/mol is considered a possible drug target 
-9.0 kcal/mol is considered an ideal drug 

Drug ID Binding Probability Docking Score 

ZINC58632138  0.936600803  -8.4 

ZINC96006023  0.926566162  -8 

ZINC96006130  0.923714254  -6.3 

ZINC53683423  0.919408977  -6.8 

ZINC38664731  0.919357363  -8.4 



Results 

Original Drug Docking Score Modified Molecule Docking Score 

ZINC58632138 -8.4 00001  -10.4 

ZINC38664731  -8.4 00117  -10.1 

ZINC53683423  -6.8 40359 -10.1 

ZINC96006023 -8 20135 -11.8 

60001  -11.4 

-6.5 kcal/mol is considered a possible drug target 
-9.0 kcal/mol is considered an ideal drug 



Discussion 

• Improvements for existing drug molecules that 
target Klebsiella pneumoniae are found by 
looking at molecules with similar molecular 
structures.  

• Computer simulations show that drug 
performance is greatly increased by such 
modifications.  



Future Directions 

• Blocking by allosteric hindrance 

• Analyzing well-performing molecules for common 
structure 

• Constructing new drugs using fragment-based design 

• Apply this method to other organisms 

• Expand drug database and bioinformatics database 
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Intrinsically Disordered Proteins 

• Lack a fixed or ordered 3D structure 
• Flexible, easy to bind to 
• Have close relationships with human diseases such as 

tumor, Parkinson disease, Alzheimer disease, diabetes, 
etc. 

 MDPI 
Varied degree of order in proteins. (a) 
Has well defined three-dimensional 
coordinates (b)  protein with both an 
ordered region and an IDR 



Molecular Recognition Features (MoRFs) 

Small, intrinsically 
disordered region of 
a protein 

Bind to partners, serves 
as an initial step in 
molecular recognition 

 UC Davis 
Examples of molecular 
recognition features (MoRFs) 
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