
The Center for Advanced-Applied Biological Sciences & Entrepreneurship (TCABS-E), Visakhapatnam, Andhra Pradesh, India. 530002.

*Correspondence to RSY: tcabse.india@gmail.com

Tejasree Doddi and Ravikiran S. Yedidi*

Structural insights into ritonavir-resistance by MDR769 clinical isolate 
HIV-1 protease

INTRODUCTION
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EXPERIMENTALS

In order to study the interactions between HIV-1 protease 
and Ritonavir in detail, 3 dimensional analysis of its 
structure was performed by using computational biology 
tools. Structure of HIV-1 protease is downloaded from 
protein data bank (PDB ID.: 4EYR). The analysis of 
secondary structure of HIV-1 protease, protease inhibitor,  
hydrogen bonds was done by using PYMOL software. 
Protein-Protein and Protein-Water interactions were also 
studied by PYMOL.
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RESULTS & DISCUSSION

HIV (human immunodeficiency virus) is a virus that attacks 
body’s immune system. HIV-1 is the most common type of 
virus that majorly attacks CD-4 cells that help our body to 
fight against infection which can make a person more 
vulnerable to other infections and diseases. If left untreated, 
HIV can lead to AIDS (acquired immune deficiency syndrome). 
HIV is one of the world’s most serious public health 
challenges. There were approximately 38 million people living 
with HIV in 2019. Of these, 36.2 million were adults and 1.8 
were children (less than 15 years old). 1.7 million people 
became newly infected with HIV in 2019. Each day in 2019, 
approximately 880 children became infected with HIV and 
approximately 310 children died from AIDS related causes, 
mostly because of inadequate access to HIV prevention, 
care and treatment services. HIV-1 cannot reproduce on its 
own. So it took the help of human system to replicate. The 
virus attaches itself to a T-Helper cells and fuses with it. It 
then takes control of the cells DNA and initiates replication. 
HIV virus makes large number of its copies by using host 
DNA and eventually releases them into blood. For the 
replication process, HIV-1 requires number of proteins called 
structural (Gag, Pol, Env), regulatory (Tat, Rev) and 
accessory (Vpu, Vpr, Vif, Nef) proteins. The viral protease 
(PR), Integrase (IN), RNase H and Reverse transcriptase 
(RT) are expressed within the Gag-Pol fusion proteins. Most 
antiretroviral drugs target three HIV-1 proteins. They are PR, 
RT and IN. These proteins are highly variable as many 
different amino acids can be present at the same position in 
viruses from different individuals. Some of the amino acid 
variants cause drug resistance and occur mainly in 
individuals receiving antiretroviral drugs. Protease activity is 
required to cleave Gag and Gag-Pol polyprotein precursors 
during virion maturation. RT synthesize ssDNA into dsDNA. 
Integrase is a multidomain enzyme which is required for the 
integration of viral DNA into the host genome. The 
prevention of viral replication initiation is majorly done by 
suppressing the HIV-1 protease (protease inhibitors). 
Protease inhibitor drugs block the action of protease 
enzyme. This prevents protease enzymes from doing their 
part in allowing HIV-1 to multiply, interrupting its life cycle as 
a result. This can stop the virus from multiplying. One of the 
protease inhibitor is Ritonavir. 

          Figure-1: Structure of HIV-1 genome
                          (From Wikipedia)

Figure-2: 3-Dimensional structure of HIV-1 
protease with ritonavir drug molecule (PYMOL) 

Figure-3: Hydrogen bonding of HIV-1 protease 
with Ritonavir drug molecule (PYMOL)

The structure (4EYR) contains two alpha helices and two 
beta-strands with a drug molecule at the mid region. 
HIV-1 protease is a homodimer structure. HIV-1 protease 
binds with ritonavir by forming 13 hydrogen bonds (8 
bonds are strong and 5 bonds are weak). Drug molecule 
forms eight hydrogen bonds with protein and five 
hydrogen bonds with water. Average of all hydrogen 
bonds is 2.92 (strong bonding). Based on binding site 
analysis, it shows the strong interactions between ritonavir 
drug molecule binds and HIV-1 protease. This complete 
analysis was recorded from the PYMOL tool.
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