
Structural and Functional Differentiation of Each Subunit in 
Dimeric HIV-1 Protease by Single-Chain Derivatization  

 
Motoyasu Adachi, Chie Shibazaki, Shigeki Arai, Rumi Shimizu and Ryota Kuroki 

 
Molecular Biology Research Division, Quantum Beam Science Center, JAEA, 2-4 

Shirakata-shirane, Tokai, Ibaraki. 319-1195, Japan. 
 

# a corresponding author: E-mail adachi.motoyasu@jaea.go.jp 
 

Human immune deficiency virus protease–I (HIV-PR) is an important drug target 
protein for the acquired immune deficiency syndrome (AIDS).  We have previously reported 
the all atom structure of HIV-PR including hydrogen atoms by neutron diffraction [1], and 
several inhibitors were designed partly using the structural information [2].  For efficient 
drug discovery, it is important to obtain structural information for the interaction with specific 
inhibitors.  Since HIV-PR has a homo dimeric structure comprising two identical 99 amino 
acid polypeptide chains, the contribution of each monomer on its structure and function is 
indistinguishable.  To solve this problem, a single chain derivative of HIV-PR (sc-HIV-PR) 
was designed, prepared and the tertiary structure was determined by X-ray crystallography. 

The gene coding sc-HIV-PR, in which a linker comprising glycyl-analine was placed 
between the C-terminal and N-terminal of each HIV-PR, was expressed in E. coli.  The 
protein was expressed as an inactive form in inclusion bodies, but the inactive protein was 
successfully refolded to its active form as reported previously [1].  The recovered sc-HIV-PR 
was purified by cation exchange chromatography followed by reversed phase chromatography, 
and was used for crystallization in complex with the specific inhibitor KNI272.  The tertiary 
structure of sc-HIV-PR with KNI272 was determined to 1.3Å resolution by X-ray 
crystallography.  The structure of scHIV-PR was confirmed to be essentially equivalent to 
the original dimer form of HIV-PR with a RMSD of less than 0.3 Å including the structure of 
active site.  This result indicates that the single chain derivatization of HIV-1 protease was 
successful and the inserted linker did not affect the overall structure of HIV-1 protease. 

The designed sc-HIV-PR will be useful for elucidating the structural and functional 
contribution of each subunit comprising dimeric HIV-1 protease and it is ideal for a neutron 
diffraction experiment because enhanced stabilization is expected by the single chain 
derivatization. 
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