
Chapter 1 

Introduction 
 
1.1 Importance of Protein Dynamics in Enzyme Catalysis 
  

Proteins are not rigid bodies. Their flexibility and structural fluctuations have an 

important role in their functional properties1. The existence of motions in proteins is 

not a new concept. The lock-and-key theory of enzyme catalysis and the view of a 

static protein are over-simplifications, and that instead proteins sample numerous 

conformational states 2; 3. 

Enzymes have relatively flexible and fluctuating structures in solution, and this 

mobility is highly related with catalysis. The catalysis reactions generally require not 

only the proper structural arrangements of enzymes but also their subtle dynamics. 

The role of active site flexibility in enzyme catalysis has been recently emphasized 4; 5. 

These intra-molecular conformation fluctuations, occurring on a wide range of 

time-scales, are very suitable for NMR investigation. In our study, we found that the 

major flexibility does not necessary occur in the active site, sometimes the significant 

changes appear in the other region, the detail we will show in the discussion section. 

The changes of protein dynamics along the catalytic pathway are quite challenge tests, 

and therefore the insight of molecular dynamics simulations will be helpful for 

realizing how the enzyme works in the catalytic process.  
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1.2 E. coli Thioesterase/Protease I 
  

Serine proteases are the most studied model enzymes for dissecting the detailed 

molecular mechanism of enzyme catalysis, as well as for the medical implication of 

their inhibition. This class of enzyme employs a “catalytic triad” of serine, histidine, 

and aspartic acid as catalytic residues. The general catalytic sequence of serine 

proteases includes formation of a noncovalent Michaelis complex. Nucleophilic 

attacked by the active site Ser residue of the peptide carbonyl group results in the 

formation of a tetrahedral oxyanion intermediate, which subsequently releases the 

C-terminal product fragment to form the acyl-enzyme at the Ser residue. In the second 

deacylation reaction, hydrolytic attack by a water molecule on the ester carbonyl 

group leads to the formation of the second tetrahedral intermediate, which collapses to 

yield an N-terminal product fragment and the restoration of free enzyme. Formation 

of multiple intermediates with lower activation energy than the overall un-catalyzed 

step constitutes the main theme of the transition state theory for enzyme catalysis. 

Therefore, to understand the mechanism of catalysis for the enzyme, it is necessary to 

determine the structure and define the source of the binding power of the enzyme for 

all intermediate states. However, the lifetimes of transition states are very short (about 

10-13 s) and are very hard to characterize. In 1969, Wolfenden recognized that 

transition state analogues (TSA)6, molecules that mimic the transition state of an 

enzyme-catalyzed reaction, should bind tightly to the enzyme and could be used as a 

model of the transition state.7 Besides, the lifetimes of enzyme-substrate transition 

state are very short, the intermediate process is also a very fast process. In order to 

analyze overall catalytic process, we selected E. coli thioesterase/protease I as our 

studied sample. 

 E. coli thioesterase/protease I (TEP-I), a member of the new subclass of lipolytic 
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enzymes, is a 183 amino acid protein of 20.5 kDa. It catalyzes the hydrolytic cleavage 

of long-chain (C12–C18) fatty acyl coenzyme A (CoA) thioesters in vitro and also 

cleaves fatty acyl carrier protein (ACP) thioesters at a rate of 103 to 104 times slower 

than acyl-CoA esters of the same length.8; 9; 10; 11; 12 Thus, it terminates fatty acid chain 

growth during fatty acid 

synthesis by hydrolysis of the acyl thioester linkage between the fatty acid and 

phosphopantetheine cofactor of fatty acid synthesis. This protein has also been shown 

to possess arylesterase activity13. Cho and Cronan (1994) further showed that the 

same active site is used for both fatty acid and amino acid substrates and that it 

behaves as a thioesterase in vivo. Defects in the export of this enzyme result in 

disrupted regulation of fatty acid synthesis 12; 14. The exact physiological role of the 

protein is unclear as the deletion of this gene does not seem to produce any change in 

growth phenotype 15. The rather versatile enzymatic activities of E. coli 

thioesterase/protease I render it a good candidate for further engineering for industrial 

applications. 

 TEP-I has been classified as a member of a new subclass of the 

SGNH-hydrolysis of serine protease superfamily. This subgroup of the new hydrolase 

family has been further classified as the SGNH-hydrolase due to the presence of four 

strictly conserved residues: serine (S), glycine (G), asparagine (N), and histidine (H) 

in four conserved blocks. Each of the four residues plays a central role in the catalytic 

function. Block I contains the serine nucleophile and is positioned in a type I turn at 

the carboxyl end of β strand 1. The amide proton of this serine residue also serves 

as a hydrogen bond donor to the oxyanion hole. Block II contains the glycine residue 

which is positioned after the β strand 2 and whose amide proton serves as a 

hydrogen bond donor to the oxyanion hole. Block III contains the asparagines 

positioned after β strand 3. The side chain Hδ serves as the proton donor to the 
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oxyanion hole. Block V contains the catalytic aspartic acid and histidine residues and 

is positioned at the loop after the last β strand in the central sheet. Sequence 

comparison has shown that all of these features are strikingly conserved in TEP-I. The 

corresponding four conserved residues are Ser10, Gly44, Asn73, and His157. Thus, 

TEP-I is likely to be a member of this new SGNH-hydrolase subfamily. A recent 1.95 

Å resolution crystal structure further identified Ser10, Asp154, and His157 as the 

catalytic triad residues (Figure 1.) 16. (The PDB code is 1JRL) 
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1.3 Catalytic process 
 

In order to gain a deeper understanding of the catalytic mechanism of TEP-I, we 

have studied its interaction with diethyl p-nitrophenyl phosphate (DENP), an active 

site directed inhibitor for serine proteases17; 18. The PO group of DENP reacts with the 

active site serine to form a stable tetrahedral complex. The binding of DENP to TEP-I 

is very slow and irreversible, permitting us to characterize the dynamic changes 

involved in the formation of the DENP/TEP-I Michaelis complex and its subsequent 

conversion to the tetrahedral complex.19 Thus, we used this characteristic of 

TEP-I/DENP allows us to measure the relaxation of the Michaelis complex.  

The process involved in the formation of TEP-I/DENP tetrahedral complex in 

scheme 1. Scheme 2 illustrates the process of TEP-I (E) binding with inhibitor IX, 

DENP, (X is a living group). 

Scheme 1.19 

Scheme 2. 
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Figure 1. The ribbon representation of the X-ray crystal structure of TEP-I.  
The catalytic triad, Ser10, Asp154, and His157, were represented in stick and in blue 
color. Moreover, the oxyanion holes are the backbone amide of Ser10 and Gly44, and 
the side-chain amide of Asn73. 
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