Analysing the Structure of an HiFrotease using MSD Tools
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Introduction

HIV-1 protease is a member of the aspaptptease family and is essential for the-tifele of
HIV. Inhibition of this protease prevents maturation of HIV particles and has therefore, been the focus for
the design and development of many drugs that inhibit this enzZyhere are over 100 struces of HIV
proteases determined in complex with various drug candidates and peptidomimetic inhRittesses
are a large family of enzymes that undertake proteolysis or the hydrolysis of the peptide bonds that link
amino acids together in the polytgle chain. Aspartyl proteases are so known because they utilize an
aspartic acid residue in the active site for catalysis. These enzyme typically have twecbitgdwed
aspartates in the active site and function optimally at acidic pH. A rough dahefrthe mechanism of

action of an aspartyl protease enzyme is given below.
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Purpose

This tutorial will analyse the structure of an HIV protease (EC Nun3xR3.16) using a
variety of MSD tools and services that are all available on the internet from the MSD Portal at

http://www.ebi.ac.uk/msd It is hoped that at the end of this exercise, the user will have learmetbho

use the MSD services and tools for searching and retrieving information from the MSD using selected
search criteria, exploring ligand/inhibitor binding sites, understanding and evaluating structures on the

basis of quality, as well as appreciate thraepts of protein folds and quaternary structure assembilies.


http://www.ebi.ac.uk/msd

Requirements

a) A computer running any operating system connected to the internet.

b) Any modern web browser such as Internet Explorer/Firefox/Mozilla

c) Java Rurlime environment 1.5 or higher.

d) RasmolRaswin with mimetype chemical/xpdb set in the browser to start rasmol/raswin
when requested.

e) If running firefox, then the installation of Biobdrt{p://biobar.mozdev.oryjmay help aid
searching MSD and other daiase.



http://biobar.mozdev.org/

Structure of HIV Protease (PDB entry 1HSG)

Let us start by loading the summary page for PDB entry 1HGRAY Structure of HI\:1
PROTEASE at 2 A resolution). Go to the MSD web padd#tat//www.ebi.ac.uk/msdnd in the

search box on the |l eft side of the page title

Go. This wil| | oad up a fAAtl aso page for PDB
atlas page contains brief summanyormation regarding some important featuresswticture
divided into tabs which are available on the left side of the p&yery underlined item on the

pages are links to help text items which give more information about the item.

The Summary Page

MSD atlas: PDE entry 1hsg

I, Title: XRAY Structure of HV-1 PROTEASE at 2 Aresolution. PDB archive
Fooad Authors: CHEN, Z

3 T . . . - . PDB he

5\‘ L Sowrce: Human immunodeficiency virus 1, expressed in Escherichia coli S

Method: ¥-ray (resolution 2.00%)

+ Summary Summary

Source: Human immunodeficiencyvirus 1, taxid. 11676

Expression Escherichia coli, taxid. 562
system:
ECnumber: 2.7.7.43 ichains A, B) - see details at |ntEnz, ExPASy, BREMDA or BioPath Reactions
3.1.26.4 (thains A, B) - see details at|ntEnz, ExPASy, BREMDA or BioPath Reactions
3.4.23.16 (chaing A, B) - see details at IntEnz, ExPASy, BRENDA or BioPath Reactions

Primary Z Chen, ¥ Li, E Chen, DL Hall, PL Darke, T Culhersan, JA Shafer, LT Kuo:
Citation: Crystal structure at 1.9-A resolution of huran immunodeficiency virus (HIV) 1l protease cormplexed with L-735524, an

= bioavailahle inhibitor ofthe HIV proteases. The Journal of biological chernistny. (1994) 269, pp. 26344-8 [PubMed entry
Viewerry| | T 1529352
Release 3-Apr-1996 (deposition date 31-hMar-1995)
Date:

Resolution: 2.004
Spacegroup: P 21212

Unit cell a 59.57A b 87.07A ¢ 4ETIA
alpha: 90.0° beta: 90.0° garma: 90.0°
Chains: Chain Id Name UniProt Entry Residu
POL_HVER
A8 HIv-1 PROTEASE AT 99
Heterogens I Name

e M-[2(R)-HYDRORY-1(8)-INDANYL]-5-[(205)- TERTIARY
— BUTYLAMINOCARBONYL)-4(3-FYRIDYLMETHYL)FIPERAZINO]-4(S)-HYDROX-2{(R)-FHEMNYLMETHYLFENTAN

Oligomeric Assermbly 1: Hormao-dirmeric
State:

The summary page contains-afjlance information about the structure including sequence

information as well as any bound molecules present in the structure. Let us look at some of the


http://www.ebi.ac.uk/msd

ot her i nformati on c on th& entrye lchteriomin thihtatorid wetwillkes 0 p a
coming back to this page for more information.

The Assembly Page

The assembly page contain information about the probably quaternary structure of theaprotein
determined by the MSD PQS servidgtp://pgs.ebi.ac.yk The PQS service is a database of

manually annotated quaternary structures based on crystal symmetry, packing, and energy
considerations.

MSD atlas: PDB entry 1hsg

o, Title: XRAY Structure of HIV-1 PROTEASE at 2 A regolution PDB archive file g
proery Authors: CHEN, Z.

2 PDB header 3
L “'__k Source: Human immunodeficiency virus 1, expressed in Escherichia coli —_ E
- Method: ¥-ray {resolution 2.008) a

Assembly
«Assembly Assemblies are generated using PES uses crystal symmetry matrices to generate symmetry-related copies ofthe chains ina PDB
entry, and, by considering the buried surface area between pairs of chains, determines the likelihood ofthat contact being of some
binlogical significance. The full algorithm is described here
View entry: | oo |

Download PQS files

Assembly infformation: Download assembly structure
MNote: For large assemblies the structure files can be very large.

The information on this page was generated using PQS and is maintained by Ayzaz Hussain and Jawahar Swaminathan from
the MED group.

As you can see from the picture in the assembly page, there amsotecules of HIVV1 protease
(colored green and cyan) with a single drug molecule bound in the center {amdatick). It

would therefore, appear that the drug molecule binds in the interface of the two molecules of the
enzyme with a 2:1 protein to irfhitor ratio. More information about this complex can be

obtained from cHiiarkeirn g 6o itntke ufmileemo t he 1 mage.

Let us look at the assembly structure of this protein in more détajour browser go to

http://www.ebi.ac.uk/ms@nd choose the MSDpisa link from the Services section on the right

side of the page.


http://pqs.ebi.ac.uk/
http://www.ebi.ac.uk/msd

MSDPisa: Protein Interfaces, Surfaces and Assemblies

PISA is an interactive tool for the exploration of macromolecular (protein, DNA/RNA and
ligand) interfaces, prediction of probable quaternary structures (assemblies), database searches of
structurally similar interfaces and assemblies, as well as searches on various assembly and PDB
entry parametersMSDpi sa can al so be ubBBefie for the sorpdfoad o

analysis described below.

Click on fnAStart Pl SA0 button and on the next

for the page to update and ensure that the OP

Submission Form for @ Structure Analysis
O Database Searches

explanation of input

Frotein structure to be examined:

@ PDE entry [Thsg view in | Jmol v
O Coordinate file
YWait for page to update after you change the entry

2 aminoacid chains and 1 ligand in ASLU.
Most probable assembly. 2-mer

Process ligands: MK

Processing mode: |Auta v

[ interfaces ][ Monomers ][ assemblies

Click onthe assemblies button to get more information about the quaternary assembly predicted
by PISA.

Session 137-EP-M5G map

guery o nieraces = = interface search results Probable Quaternary Structures
1hsg @ FIORORISES * interfaces .
assemblies = monomers n pDB 1 th CryStal
assemblies Space symmetry group P 21212

CRYSTAL STRUCTURE AT 1.8 ANGSTROMS RESOLUTION OF HUMAN IMMUNODEFICIENCY
WIRUS (HMV) || PROTEASE COMPLEXED WITH L- 735 524, AN ORALLY BIOAVAILABLE
INHIBITOR OF THE HIv PROTEASES

PQS sets 1to 1 of total 1 explanation of output

Analysis of complex represented As is by POB entry 15 found here
Analysis of protein interfaces suggests that the following quaternary structure is stable in

solution

PQS set i int diss
Qs se n..'m Formula | Composition |Id | Stable SUITECE Buried | AG™, AG™S,
NN | «» |Size area, sq. A |area, sq. A kcallM | keallM
1 | @ 2 Azh AB[MKI 1] yes 10770 3560 -23.5 25.4

wiew selected assemhly
details of selected assembly
download selected assembly Wiewer: | Jmol A



This page gives more information on the predicted quaternary structure this protein is likely to
have in solution. PISA indicates that the assemsbiycture is dimeric (AB[MK1]) and is likely

to be stable in solution, and that the energy required to break this complex in about 25.4 kcal/M.

You can al

Now choose the interfacesk on the top of this page to get more information about the various

SO

Vi ew

interfaces present in this structure.

Session 137-EP-M5G map

query o interfaces =

interface search results

t he

Interfaces in PDB 1hsg crystal

assembl

y

by

cl

c ki

1hsg @ FRONOIMELS = interfaces Space symmetry group P 21 21 2
assemblies : e CRYSTAL STRUCTURE AT 1.9 ANGSTROMS RESOLUTION OF HUMAN IMMUNODEFICIENCY
VIRUS (HIV) I| PROTEASE COMPLEXED WATH L 735 524, AN ORALLY BIOAVAILABLE
INHIEITOR OF THE HIV PROTEASES
explanation of output
Found interfaces
## Structure 1 5 Structure 2 Interface | aig Alg N N N
; ; ; ; 2 1B |Nsg |Nps | CSS
NN «» Range |'Na¢|'Nres| |Range Symmetry op-n | Sym.ID |'Na|'Nres | area, A° |kcallM |P-value
1 O B 174 42 9 A KYE 1 555 | 173 4z 1746.9 -Z2. 5 0,235 30 T 0o 0.974
Pt s 5 i G — - - - < -
3 @ [MKA]-902( 36 1 Q A ENZ 1_555 53 17 385.5 3.2 0. 549 2 u] 0 | 0.000
i O A 31 g g B #112 -y+142 -2 4 455 z9 T 254. 5 =En T 0. 455 o o o | 0.000
é O B 20 4 9 A =102 102 -2 3_545 24 & 215.7 1.0 0.832 4 a o | 0.0o00
B O B 19 8| & A ENZ1 1 554 23 7 197.4 =E. 10 0. 527 1 1] 0 | 0.000
z O B 15 4 Q A #1012 y+142 -2 4 455 1a 3 140,32 -1.8 0.493 2 a 0 | 0.000
ﬁ O B 12 4 x B S 2102 2 3_545 9 1 9z2.0 -2.2 0. 280 1] 1] 0 | 0.000
g O A 9 5 i A #1012 -y+142 -2 4 455 ES 1 56.3 -1.5 0,218 a a 0 | 0.000
10 | O [mk1]-802 4 1 f A w102 4142 -2 4 455 4 1 3l.1 -1.0 0.263 0 0 0 | 0.100

- view selected interface
details of selected interface
download selected interface

A
W

search PDB for interfaces between structures similar to those making the selected interface

Wiewer: | Jmol

-

ng

on

Each interface between protein and ligand MK1 is analyzed and shown on the page. For each

interface, the symmetry operation, and various siegisire provided. Let us look at the first

interface on this page.

Click on the check box next to thé& ihterface and choose view selected interface toymfhe

Jmol viewer in a separate window. The interface residues from each protein moleculerack col



in red and green respectively. Rotate this and you should see a tunnel inside the complex which

is the site at which the drug molecule MK1 binds to the protease.

Go back to the MSDPisa page for taisaeedrtyoac
page of all interactions between the twomtein molecules including hydrogen bonds, salt

bridges etc.

Number of atoms
interface| 174 (23.0%)| 173 (22.9%)

suface | 513 (67.8%)| 497 (65.7%)

total| 757 [(1o00.0%)| 757 (100.0%)

Number of residues . . This intetface scored
interface | 42 {22.4%)| =2 {22.4%) 0.974
o o -
surface o4 (gq_gufn) e (92'95’0) in complexation significance score (CSS)
total | 39 l100.0%) | 53 (100.0%) C85 ranges from 0 to 1 as interface relevance to complexation increases.
0 2
Solvent-accessible area, A Achieved GBS implies thatthe interface plays an essential role in
interface | 1756.1 (26.0%)| 1737.5 (z6.1%) complexation

total | 6764.4 (100.0%) | 6656.2 [100.0%)
Solvation energy, kcallM
isolated structure | -20.0 (100.0%)] | -94.3 (100.0%)
gain at complexation | -12.3  (13.7%]| -10.2  (10.9%)
average gain| -2.4  (10.5%)| -7.7 (s.1%)

P-valug | 0.222 0.246

Hydrogen bonds Salt bridges

##  structure1  Dist.[A]| Structure2 ##| structure1 |Dist.[A]l| Structure2
1| B:ILE 5[ W ]| 2.687 |A:LED 87[ 0 ] B:ARG &[ ME ] | 3.27 | A:ASF 28[ ODI1]
B:ARG B[ ME ] | 3.27 | A:ASF 28[ ODI] B:ARG &[ ME ] | 3.50 | A:ASF 28[ 0DZ]
B:ARG B[ WH2] | 2.8z | A:ASF 28[ 0DZ] B:ARG  &[ WH2] | 3.91 | A:ASF 28[ OD1]
B:THR 26[ N ] | 3.1z | A:THR 28[ OG1] 2.82 | AtASP 29[ 0DZ]
260 OGL] | 3.47 | A:THR 26[ 0GL] B:ASP 29[ OD1] | 3.2z | AtARG B[ IE ]
B:THR 26[ OG1] | 2.66 | A:IET 24[ 0 ] B:ASP 29[ OD2] | 2.8z | AtARG B[ NHz]
B:GLY 52[ N ] | 3.80 | A:GLY 51[ 0 ] B:ASP 29[ 0D2] | 3.41 | A:ARG B[ IE ]
R:ARG  R7T WA A.24 L:TRP A0
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&
E
]
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8
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Also look at other interfaces in this structure, particularly the ones between MK1 and chains A

and B of HI\\1 protease to gedn idea of the interactions between the protein and the drug

molecule.You can also view every interface as above.

Another interesting feature on the interfaces psgthei s ear ch PDB

for i

structures similar to those making the seledted t e r f a ovdl Gearehhthie BB for all

nter

interfaces similar to the one seen on the page. Clicking on this button will perform an exhaustive

search of the PDB for list any other interfaces in the PDB that are similar. There are 298

structures in the PB which have interfaces similar to the one seen in 1HSG.

If you scroll

through the list you can see from the titles that all the interfaces which are 70% or more similar

to the interface in 1HSG are all protease enzymes. This suggests that this kitetfatenis

highly specific to aspartyl proteases.

| contact m

Session 137-EP-M5G map . .
quer = inlerfaces + o, interfacesearchresuts  [Nterfaces between structures similar to A and
1hsg @ MONomers =
assembilies =

selected hit #1: 1hsg

interfaces = B in 1 hsg

e CRYSTAL STRUCTURE AT 1.9 ANGSTROMS RESOLUTION OF HUMAN
assembles : IMMUNODEFICIENCY VIRUS (HIV) Il PROTEASE COMPLEXED WITH L 735,524, AN
ORALLY BIOAVAILABLE INHIBITOR OF THE HIV PROTEASES

explanation of output

O Furiist @ 1-per-entry representatives

Examined 40577 entries, 7871580 intarfaces
hits 1-20 of 258,
Intf| mm | Space Seq. | Interface i .
##  Entry o . - ,  AG lcss Title
No | Size | group | score Id area, A keallM
CRYSTAL STRUCTURE AT 1.9 ANGSTROMS RESOLUTION
) OF HUMAN IMMUNODEFICIENCY VIRUS (HIV) I

1 s e e e L748.9 | 228 | 0.974 | pooTEASE COMPLEXED WITH L 735 524, AN ORALLY
BIOAVAILABLE INHIBITOR OF THE HIV PROTEASES
HIV-1 PROTEASE IN COMPLEX WITH SYMMETRIC

2 Twhm |1 2 |P21212 0.996 | 1.000 1743.0 -2l.4| 0.658 INHIBITOR, BEA4S0

3 | 1oow | 1 | 2 |patz1a| o008 1000 oas 1| —s1.3| o.gvs | HI-1 PROTEASE IN COMPLEX WITH THE INHIBITOR

3 1]z BEAIZ2

a | aewe |1 | 2 lpatzia| o.908| 1000 osa | —s1.a| o751 |HV-1 PROTEASE IN COMPLEX WITH THE INHIBITOR

4 1]z BEAZ5S

5 | 168 | 1| 2 |pa1212| o.ees| L.ooo vere| 215 o.gay | HV-1 PROTEASE IN COMPLEX WITH THE INHIBITOR

2 1]¢ MSL370
HIv-1 PROTEASE IN COMPLEX WITH FLUORO

B [lc A SRS 2 e e tras.g | 25| 0719 o eeTTUTED DIOL BASED C2-5YMMETRIC INHIBITOR

7 1d4h 1 2 P21212 0.996 | 1.000 1755.1 -21.8| 0.678 EE’;‘A?":'SROTEASE IN COMPLER ¥ITH THE INHIBITOR

Feel free to explore MSDpisa in your leisure time with your favorite structures at any time.



Let us now go back to our Summary Page for PDB entry 1H®@./www.ebi.ac.uk/msd

srv/msdlite/atlas/summary/1hsg.html

Go to the Sequence Link on the left side of the page to load the sequence information. There are
links to GO, Interpro rad Pfam databases based on the UniProt sequence database entry for the
protein. Also provided are sequence alignments between the sequence from the protein structure
and the UniProt sequence database. Copy the sequence of the protein from the bottom of th

page with your mouse for the next step of this exercise.

Searching for information in the MSD using the MSDlite service

The MSDIlite service provides a forbased search functionality to the MSD database. This
service allows the user to choose one oryraiteria to search the database as well as to control
what to see in the search results. Start the MSDIite service from the MSD home page

(http://www.ebi.ac.uk/msgiby choosing the appropriate link from the Seegisection.

ID code: FDBID he CPDE title
Author Last Name: I Entry Author
Associated small molecule: Molecule Mame [ Assembly Type
ClX-ray DElectron microscopy O Assambly Status
O Theoretical model O Electron diffraction O Resolutian
CONME CIElectron tomography Ointerpro IO
Experiment type: [|Fibre diffraction OFluorescence transfer LIPfam D
Oirfrared spectroscopy  CINeutran diffraction oo
CPowder diffraction (X-ray) [ Solid state NMR CIEC-NUMBER
I Other method OsCorPID
Text Search: LCATHID
K ) CuniProt acc num
g)gom.
CluniProt 1D
O Experiment type
(_star search |
(stan cearcn | CIList of HET groups
@ O Fasta E-values
Resolution: high: low: Results per o -
[OFthal:] page:
repressmanest| e
Representative set.
Mewr search
CpaLl —
Header:
Biomolecule Assembly | Homa/Hetera | Ma Candiion 2 Last database update; 06-TUL-2007
Clurrent contents: 45659 entries
1 Organism Name |
(37690 entries M-ray, 6365 NMR,
1224 models, 380 other methods)



http://www.ebi.ac.uk/msd-srv/msdlite/atlas/summary/1hsg.html
http://www.ebi.ac.uk/msd-srv/msdlite/atlas/summary/1hsg.html
http://www.ebi.ac.uk/msd/

Paste the sequence of 1HSG that you copied over in the previous section inside the sequence box
and click AStart Searcho. This wildl perform a
only those results which match the sequenawiged within a Fasta &alue of 1E2. The

results page will look like that shown below.

There appear to be many structures that match the sequence we provided in the MSDlite form.
There are two links for each search result. The idcode link will opgheupummary page for
that entry, whereas the Aviewo | ink wildl opet

analyze the structure in further detail.

12 3 4 5 6 7 8 89 1001 . Download all results:
L
Found 302 hits (16 pages). Showing hits 1 to 20
Start a new search Refine the results of this search AL Tent
E:t?yBID PDB Entry Title Resolution E“'?r‘;rl'j“;e”t
AY AY AT AY
1a30 Wiew HIv-1 PROTEASE COMPLEXED WITH A TRIPEFTIDE INHIBITOR 2.004 Heray
a8y View HIN-1 PROTEASE IN COMPLEX'WITH SDZ283-810 2804 Horay
CRYSTALLOGRAPHIC AMNALYSIS OF HUMAN IMMUNODEFICIENCY VIRUS 1 PROTEASE WITH AN ANALOG OF
1ak View THE CONSERVED CA-P2 SUBSTRATE: INTERACTIONS WITH FREQUENTLY OCCURRING GLUTAMIC ACID 2.004 Heray
RESIDUE AT P2'POSITION OF SUBSTRATES
1284 Wiew STRUCTURAL BASIS FOR SPECIFICITY OF RETROVIRAL PROTEASES 2.004 Heray
1a89m View G48H MUTANT OF HIv-1 PROTEASE IN COMPLEX'WITH A PEPTIDIC INHIBITOR U-89360E 2304 Heray
Taag Yiew Mot Available 2504 Heray
1 aid View STRUCTURE OF A NON-PEFTIDE INHIBITOR COMPLEXED WWITH HIV-1 PROTEASE: DEVELOPING A CYCLE OF 2304 Seray
———— STRUCTURE-BASED DRUG DESIGN
TajuWiew HIV-1 PROTEASE IN COMPLEXWITH THE CYCLIC SULFAMIDE INHIBITOR AHADOB 2004 Heray
lajx Wisw HIV-1 PROTEASE IN COMPLEXWITH THE CYCLIC UREA INHIBITOR AHADD1 2.004 Heray
lera s ACTIVE-SITE MOBILITY [N HUMAN IMMUNODEFICIEMCY WIRUS TYPE 1 PROTEASE AS DEMONSTRATED BY 2004 Yeray
——==-—— CRYSTAL STRUCTURE OF A285 MUTANT
lazh View UNLIGANDED SIV PROTEASE STRUCTURE IN AM"OPEN" CONFORMATION 2.004 Heray
1bBj Wiew HIV-1 PROTEASE COMPLEXED WITH MACROCYCLIC PEPTIDOMIMETIC INHIBITOR 1 1.858 Heray
1bBk View HIN-1 PROTEASE COMPLEXED WITH MACROCYCLIC PEPTIDOMIMETIC INHIBITOR & 1854 Horay
1b6l VWiew HIV-1 PROTEASE COMPLEXED WITH MACROCYCLIC PEPTIDOMIMETIC INHIBITOR 4 1758 Heray
1bBm Yiew HIV-1 PROTEASE COMPLEXED WITH MACROCYCLIC PEPTIDOMIMETIC INHIBITOR B 1.854 Heray
1bBp Yiew HI¥-1 PROTEASE COMPLEXED WITH MACROCYCLIC PEPTIDOMIMETIC INHIBITOR 7 2.004 Heray
AbdlView HIV-1 (2:31-37) PROTEASE COMPLEXED WITH INHIBITOR SB203386 2,804 Heray
1bdg Wiew HIN-1 (2:31-37, 47, 82) PROTEASE COMPLEXED WITH INHIBITOR SB203386 2504 Horay
1bdriview HIN-1 (2031, 33-37) PROTEASE COMPLEXED WITH INHIBITOR 5B203386 2804 Heray

You can refine the results and whitt |lesult$ hem d

of this searcho |ink and adding more constrai

Let us refine this query: <c¢click on firef-ine re

rayo experiment type, 0.5 to 2.0 resolution s



choose APDB Titl e, Resolutvahuebkbdbst Cbf cdE®nNngh

to bring back refined resultk the results that come back sort the list by resolution.

O

The highest resolution structure of a HlVprotease is PDB entry 2HS1 which is at 0.84A
resolution. Make a note of this entry for the future. Feel free to look over the summary pages for
this entry. This entry is in complex with another drug moleculgasdithe code 017 and is very

similar in configuration and structure to drug MK1 seen in 1HSG.



