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ARelating function to structure is not easy in structural biology
APr ot eopedi adés goal is to aid in t£h

Jaime Prilusky Eran Hodis

ADeveloped in 2008

A Hodis, Prilusky, Martz, Silman, Moult & Sussman (2008) Genome Biol 9, R121.
A Prilusky, Hodis et al. & Sussman (2011) J Struct Biol 175, 244-52.
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HIV - protease

AHuman Immunodeficiency Virus (HIV) is the cause of AIDS.
AHIV directs the synthesis of polyproteins, consisting of tandemly linked proteins.

AConversion to its infectious form requires
cleavage of these polyproteins to their
component proteins.

AHIV-1 protease, a homodimer, is
crucial to the virus's infectious capacity.

Expanding and Contracting Tunnel
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Immunodeficiency virus protease

- Structure of HIV-1 Protease

PROTEOPEDIA -
LIFE IN 3D The X-Fﬁy structure of HIV-1 prﬂteaseld]li'] reveals that itis COrﬂpOSQd of two symmelh; |1\ related subunits,

each consisting of 88 amino acid residues. The subunits come together in such as waga
where they meet. This tunnel is of critical importance because the active site of the #}te
interior. The active site consists of two Asp-Thr-Gly conserved sequences, making it a mi i \ the aspartyl
protease family. The two Asp's are essential catalytic residues either interact with the incoMing Wfter OR
protonate the carbonyl to make the carbon more electrophilic for the incoming water. You may be wondering

nt Changes how a polyprotein makes its way into the active-site tunnel, as the tunnel appears to be too narrow to admit it.
Help The key is the two flexible flaps on the top of the tunnel that move to allow proteins to enter the tunnel. The
flaps undergo a dramatic movement, shifting from an open to a closed conformation to bind the target in an
appropriate conformation for cleavage.

Go | Search | Medical Implications

There currently is no cure or vaccine against HIV. Researchers, however, have discovered treatments that can
E— | halt and even reverse the progression of AIDS, due in large part to our understanding of the structure of HIV-1
protease. Saquinavir (Invirase) was the first protease inhibitor approved by the FDA for the treatment of HIV. It
el 0T inhibits HIV protease by binding tightly in the active site tunnel, preventing the binding of polyproteins. Its
= Upload file chemical structure mimics the tetrahedral intermediate of the hydrolytic reaction, thereby interacting strongly
Ip with the catalytic Asp residues.*] Saquinavir is essentially an uncleavable ligand, as indicated by the similar
ntable versign conformational changes in the protease flaps on binding saquinavir or a polypeptide . Resistance to
® Permanent link saquinavir is due to alterations in the HIV protease sequence, including the mutation of Leu 10 and lle 50[5),
Drugs used to treat HIV infection that inhibit HIV protease include Ind
Saquinavir, Tipranavir, Amprenavir (Agenerase), Atazanavir (Rayataz|
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Immunodeficiency virus protease

Structure of HIV-1 Protease

The X-ray structure of HIV-1 protease!?!®] reveals that it is composed of two symmetrically relat';ubu nits,
each consisting of 83 amino acid residues. The subunits come together in such as way as to 1d unnel
where they meet. This tunnel is of critical importance because the active site of the proteasi B its
interior. The active site consists of two Asp-Thr-Gly conserved sequences, making it a menoer

protease family. The two Asp's are essential catalytic residues either interact with the incoming w

protonate the carbonyl to make the carbon more electrophilic for the incoming water. You may be woMderi

how a polyprotein makes its way into the active-site tunnel, as the tunnel appears to be too narrow to admit it.
The key is the two flexible flaps on the top of the tunnel that move to allow proteins to enter the tunnel. The
flaps undergo a dramatic movement, shifting from an open to a closed conformation to bind the target in an
appropriate conformation for cleavage.

Medical Implications

There currently is no cure or vaccine against HIV. Researchers, however, have discovered treatments that can
halt and even reverse the progression of AIDS, due in large part to our understanding of the structure of HIV-1
protease. Saquinavir (Invirase) was the first protease inhibitor approved by the FDA for the treatment of HIV. It
inhibits HIV protease by binding tightly in the active site tunnel, preventing the binding of polyproteins. Its
chemical structure mimics the tetrahedral intermediate of the hydrolytic reaction, thereby interacting strongly
with the catalytic Asp residues.*! Saquinavir is essentially an uncleavable ligand, as indicated by the similar
conformational changes in the protease flaps on binding saguinavir or a polypeptide . Resistance to
saquinavir is due to alterations in the HIV protease sequence, including the mutation of Leu 10 and lle s0(5],
Drugs used to treat HIV infection that inhibit HIV protease include Indinavir (Crixivan), Ritonavir (Norvir),
Saquinavir, Tipranavir, Amprenavir (Agenerase), Atazanavir (Rayataz), Darunavir (Prezista), Fosamprenavir

3D structures of immunodeficiency protease

Updated on 20-July-2017

» HIV-1 protease
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4 Structure of HIV-1 Protease
PROTEOPEDIA

LIFE IN 3D The X-ray structure of HIV-1 protease!?!(3] reveals that it is composed of two symmetrically related subunits,
each consisting of 89 amino acid residues. The subunits come together in such as way as to form a tunnel
where they meet. This tunnel is of critical im or{! » because the active site of the protease is located in its
interior. The active site consists of two Asp-& conserved sequences, making it a member of the aspartyl
protease family. The two Asp's are essen‘tia}'t esidues either interact with the incoming water OR
protonate the carbonyl to make the carbon mbre » for the incoming water. You may be wondering
how a polyprotein makes its way into the active-site as the tunnel appears to be too narrow to admit it.
The key is the two flexible flaps on the top of the tun ove to allow proteins to enter the tunnel. The
flaps undergo a dramatic movement, shifting from an open to a closed conformation to bind the target in an
appropriate conformation for cleavage.
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Medical Implications

There currently is no cure or vaccine against HIV. Researchers, however, have discovered treatments that can
halt and even reverse the progression of AIDS, due in large part to our understanding of the structure of HIV-1
protease. Saquinavir {(Invirase) was the first protease inhibitor approved by the FDA for the treatment of HIV. It
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inhibits HIV protease by binding tightly in the active site tunnel, preventing the binding of polyproteins. Its
chemical structure mimics the tetrahedral intermediate of the hydrolytic reaction, thereby interacting strongly
with the catalytic Asp residues.*] Saquinavir is essentially an uncleavable ligand, as indicated by the similar
conformational changes in the protease flaps on binding saquinavir or a polypeptide . Resistance to

Catalytic Aspartates

Display Interactive Model

® Permanent link saguinavir is due to alterations in the HIV protease sequence, including the mutation of Leu 10 and lle 50!5],

Drugs used to treat HIV infection that inhibit HIV protease include Indinavir (Crixivan), Ritonavir (Norvir),
Saquinavir, Tipranavir, Amprenavir (Agenerase), Atazanavir (Rayataz), Darunavir (Prezista), Fosamprenavir
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Immunodeficiency virus protease

Structure of HIV-1 Protease

The X-ray structure of HIV-1 protease!?!(3] reveals that it is composed of two symmetrically related subunits, Protease Flaps
each consisting of 89 amino acid residues. The subunits come together in such as way as to form a tunnel

where they meet. This tunnel is of critical importance because the active site of the protease is located in its

interior. The active site consists of two Asp-Thr-Gly conserved sequences, making it a member of the asparty!

protease family. The two Asp's are essential catalytic residues either interact with the incoming water OR

protonate the carbonyl to make the carbon more electrophilic for the incoming water. You may be wondering

how a polyprotein makes its way into the active-site tunnel, as the tunnelgppears to be too narrow to admit it.

The key is the two flexible flaps on the top of the tunnel that move to N .rﬁoteins to enter the tunnel. The

flaps undergo a dramatic movement, shifting from an open to a cl®®d ation to bind the target in an

appropriate conformation for cleavage.

Medical Implications

There currently is no cure or vaccine against HIV. Researchers, however, have discovered treatments that can
halt and even reverse the progression of AIDS, due in large part to our understanding of the structure of HIV-1
protease. Saquinavir {(Invirase) was the first protease inhibitor approved by the FDA for the treatment of HIV. It
inhibits HIV protease by binding tightly in the active site tunnel, preventing the binding of polyproteins. Its
chemical structure mimics the tetrahedral intermediate of the hydrolytic reaction, thereby interacting strongly
with the catalytic Asp residues.*] Saquinavir is essentially an uncleavable ligand, as indicated by the similar
conformational changes in the protease flaps on binding saquinavir or a polypeptide . Resistance to
saquinavir is due to alterations in the HIV protease sequence, including the mutation of Leu 10 and lle 50[5,
Drugs used to treat HIV infection that inhibit HIV protease include Indinavir (Crixivan), Ritonavir (Norvir),
Saquinavir, Tipranavir, Amprenavir (Agenerase), Atazanavir (Rayataz), Darunavir (Prezista), Fosamprenavir
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Structure of HIV-1 Protease (PDB code Znmz)
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Immunodeficiency virus protease

Structure of HIV-1 Protease

PROTEOPEDIA o
LIFE IN 3D The X-ray structure of HIV-1 protease!2!3] reveals that it is composed of two symmetrically related subunits,

each consisting of 89 amino acid residues. The subunits come together in such as way as to form a tunnel
where they meet. This tunnel is of critical importance because the active site of the protease is located in its
interior. The active site consists of two Asp-Thr-Gly conserved sequences, making it a member of the asparty!
protease family. The two Asp's are essential catalytic residues either interact with the incoming water OR
protonate the carbonyl to make the carbon more electrophilic for the incoming water. You may be wondering
how a polyprotein makes its way into the active-site tunnel, as the tunnel appears to be too narrow to admit it.
The key is the two flexible flaps on the top of the tunnel that move to allow proteins to enter the tunnel. The
flaps undergo a dramatic movement, shifting from an open to a closed conformation to bind the target in an
appropriate conformation for cleavage.

navigation

Medical Implications

¢ There currently is no cure or vaccine against HIV. Researchers, however, have discovered treatments that can
Sear | halt and even re'j e the progression of AIDS, due in large part to our understanding of the structure of HIV-1
protease. SaQ r {Invirase} was the first protease inhibitor approved by the FDA for the treatment of HIV. It

Saquinavir Jmol

inaibax inhibits HINTR g binding tightly in the active site tunnel, preventing the binding of polyproteins. Its
= Upload file chemical strﬁur e tetrahedral intermediate of the hydrolytic reaction, thereby interacting strongly
a with the catalyticlig idues.*! Saquinavir is essentially an uncleavable ligand, as indicated by the similar Display Interactive Model |
u Frintakla varsion conformational ch¥ngeNh the protease flaps on binding saquinavir or a polypeptide . Resistance to

" : ‘ L i . . K . 1 Structure of HIV-1 Protease (PDB code 2nmz)
Permanent link saguinavir is due to alterations in the HIV protease sequence, including the mutation of Leu 10 and lle 50!5], 58 ( mz)

Drugs used to treat HIV infection that inhibit HIV protease include Indinavir (Crixivan), Ritonavir (Norvir), Export Animated Image
Saquinavir, Tipranavir, Amprenavir (Agenerase), Atazanavir (Rayataz), Darunavir (Prezista), Fosamprenavir
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Immunodeficiency virus protease

Structure of HIV-1 Protease

The X-ray structure of HIV-1 protease!?!(3] reveals that it is composed of two symmetrically related subunits,
each consisting of 89 amino acid residues. The subunits come together in such as way as to form a tunnel
where they meet. This tunnel is of critical importance because the active site of the protease is located in its
interior. The active site consists of two Asp-Thr-Gly conserved sequences, making it a member of the asparty!
protease family. The two Asp's are essential catalytic residues either interact with the incoming water OR
protonate the carbonyl to make the carbon more electrophilic for the incoming water. You may be wondering
how a polyprotein makes its way into the active-site tunnel, as the tunnel appears to be too narrow to admit it.
The key is the two flexible flaps on the top of the tunnel that move to allow proteins to enter the tunnel. The
flaps undergo a dramatic movement, shifting from an open to a closed conformation to bind the target in an
appropriate conformation for cleavage.

Medical Implications

There currently is no cure or vaccine against HIV. Researchers, however, have discovered treatments that can
halt and even reverse the progression of AIDS, due in large part to our understanding of the structure of HIV-1
protease. Saquinavir {(Invirase) wa the first protease inhibitor approved by the FDA for the treatment of HIV. It
inhibits HIV protease by bindin |n the active site tunnel, preventing the binding of polyproteins. Its
chemical structure mimics lheﬂ Eomgotermediate of the hydrolytic reaction, thereby interacting strongly
with the catalytic Asp residud€.l] is essentially an uncleavable ligand, as indicated by the similar
conformational changes in the pro ps on binding saquinavir or a polypeptide . Resistance to
saquinavir is due to alterations in the Nse sequence, including the mutation of Leu 10 and lle 50[5,
Drugs used to treat HIV infection that |nh|b|l HIV protease include Indinavir (Crixivan), Ritonavir (Norvir),
Saquinavir, Tipranavir, Amprenavir (Agenerase), Atazanavir (Rayataz), Darunavir (Prezista), Fosamprenavir
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Display Interactive Model |

Structure of HIV-1 Protease (PDB code Znmz)

Export Animated Image

3D structures of immunodeficiency protease

Updated on 20-July-2017

» HIW-1 protease

Proteopedia - Joel L. Sussman - Sept 2024

Jmol

12



http:// proteopedia.org /w/ Immunodeficiency_virus protease

C 1} | @ proteopedia.org/wiki/ K
i Apps [ Confs [ mail [5srch [ Movies_Download [£5ISPC [ Mac [ Proteopedia [ Movies_Sci £ Fin S News [jls £ Jnrls 5 Trvl £ Fmly £5PX_Pgms [ IDP [ Prizes
2 Login/request account

article discuss edit thi

Immunodeficiency virus protease

Structure of HIV-1 Protease

PROTEOPEDIA o
LIFE IN 3D The X-ray structure of HIV-1 protease!2!3] reveals that it is composed of two symmetrically related subunits,

each consisting of 89 amino acid residues. The subunits come together in such as way as to form a tunnel
where they meet. This tunnel is of critical importance because the active site of the protease is located in its
interior. The active site consists of two Asp-Thr-Gly conserved sequences, making it a member of the asparty!
protease family. The two Asp's are essential catalytic residues either interact with the incoming water OR
Random protonate the carbonyl to make the carbon more electrophilic for the incoming water. You may be wondering
Recent Changes how a polyprotein makes its way into the active-site tunnel, as the tunnel appears to be too narrow to admit it.
Help The key is the two flexible flaps on the top of the tunnel that move to allow proteins to enter the tunnel. The
flaps undergo a dramatic movement, shifting from an open to a closed conformation to bind the target in an
appropriate conformation for cleavage.
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Medical Implications

halt and even reverse the progression of AIDS, due in large part to our understanding of the structure of HIV-1
protease. Saquinavir {(Invirase) was the first protease inhibitor approved by the FDA for the treatment of HIV. It
olox inhibits HIV protease by binding tightly in the active site tunnel, preventing the binding of poly;lot ins. Its Catalytic Asp H-Bonds with Saquilf'(/ir ‘
Upload file chemical structure mimics the tetrahedral intermediate of the hydrolytic reaction, thereby inter n?strn:mgh,ur - —_
with the catalytic Asp residues.!*) Saquinavir is essentially an uncleavable ligand, as indic% imilar Display Interactive Model |
conformational changes in the protease flaps on binding saquinavir or a polypeptide . Resftan
saquinavir is due to alterations in the HIV protease sequence, including the mutation of Leu 10 and
Drugs used to treat HIV infection that inhibit HIV protease include Indinavir (Crixivan), Ritonavir (NSir) Export Animated Image
Saquinavir, Tipranavir, Amprenavir (Agenerase), Atazanavir (Rayataz), Darunavir (Prezista), Fosamprenavir
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sickle-cell anemia. The mutated
hemoglobin results in red blood cells
with a diseased, sickle shape instead
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damage to tissue and organs.
(OBSERVE: Does the mutated
hemoglobin look different than normal
hemoglobin?)
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s Permanant link Sickle-cell hemoglobin, shown here

in spacefilling representation, differs
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glutamate as the sixth amino acid in
the beta monomer chain. Glutamate,
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by valine, a hydrophobic amino acid,
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protein, and this creates a + spin + quality popup
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ACIDOTHERMUS CELLULOLYTICUS ENDOCELLULASE E1 CATALYTIC DOMAIN IN COMPLEX WITH A CELLOTETRAOSE

Structural highlights

1ece is a 2 chain structure with sequence from Acice . Full crystallographic information is available from OCA . For a guided tour on the
structure components use FirstGlance .

Ligands: BGC

Gene: PVU | FRAGMENT OF A. (ACICE %)

Activity: Cellulase, with EC number 3.2.1.4

Resources: FirstGlance, OCA, PDBe, RCSB, PDBsum, ProSAT

Function

[GUN1_ACIC1 ] Has a very high specific activity on carboxymethylcellulose.

Evolutionary Conservation
Check " 'to colour the structure by Evolutionary Conservation, as determined by ConSurfDB . You may Wz 3 4 5 6 70
read the explanation of the method and the full data available from ConSurf . Variable Average Conserved

n ~ant Nat No Dat.
nsufficient Data 0 lea + spin | + quality =+ labels popup A+ a S

Publication Abstract from PubMed Tece, resolution 2.40A
Show:  Asymmetric Unit
© Biological Assembly, QSbio confidence: High

Tha awinbal abuinbiinn af dha anbabbin o fn Ak dlaa b

Export Animated Image

Proteopedia Page Contributors and Editors (what s this?)

OCA

Categories: Acice | Cellulase | Himmel, M E | Karplus, P A | Sakon, J | Thomas, S R | Endocellulase | Glycosyl hydrolase

Proteopedia - Joel L. Sussman - Sept 2024



PROTEOPEDIA

LIFE IN 3D
navigation

Main Page

Table of Contents

Structure Index

Random

Recent Changes

Help

search

Go Search

toolbox
Export this page
What links here
Related changes
Upload file
Special pages
Printable version
Permanent link

2 JoelL. Sussman mytalk my preferences my watchlist my contributio

article discussion edit this page history unprotect delete move

1ece

l

1 open e-mail-confirmed account requ-

ACIDOTHERMUS CELLULOLYTICUS ENDOCELLULASE E1 CATALYTIC DOMAIN IN COMPLEX WITH A CELLOTETRAOSE

Structural highlights

1ece is a 2 chain structure with sequence from Acice 7. Full crystallographic information is available from OCA . For a guided tour on the
structure components use FirstGlance .

Ligands: BGC

Gene: PVU | FRAGMENT OF A. (ACICE )

Activity: Cellulase, with EC number 3.2.1.4

Resources: FirstGlance, OCA, PDBe, RCSB, PDBsum, ProSAT

Function
[GUN1_ACIC1 ] Has a very high specific activity on carboxymethylcellulose.
Evolutionary Conservation

Check [ to colour the structure by Evolutionary Conservation, as determined by ConSurfDB 7. You may W2 34 5 6 70
read the explanation of the method and the full data available from ConSurf . Variable Average Conserved
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First time at Proteopedia? Click on the green links: they change the 3D image. Click and drag the molecules. Proteopedia is a 3D, interactive T | m H erman
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more.
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= Table of Contents Contents [show] 4

= Structure Index

- Help Overview of the Program
random

= Random article
= Random PDB entry

y What do you get when you combine enthusiastic high school teachers and
their students, scientists excited about their research, and Rapid
Prototyping technology? SMART (Students Modeling A Research Topic)

¢ Teams! In this multi-faceted program, students develop teamwork as they
4 delve into the molecular world, explore science as a process and not just a
collection of facts, and work closely with a researcher to understand and
model the structure-function relationship of a protein the researcher

# studies. After designing and building a model of the protein using Rapid
Prototyping technology, SMART teams create an oral presentation explaining their work to a lay
audience and a poster which is presented to a scientific audience.

search

Go Search

Google™
toolbox
= Export this page
= What links here

= Related changes SMART Teams consist of a teacher who has participated in the Center for BioMolecular Modeling's summer course, Modeling the Molecular
= Upload file World, Part | (or its predecessor, Genes, Schemes and Molecular Machines), students, and a research mentor.

= Special pages

- Printable version Qualification, Research, and Presentation Phases

= Permanent link

Proteopedia - Joel L. Sussman - Sept 2024




) NY C high school students publish
PROTEDIA paper On Thlr p DTPO[IE a page

——LIFE IN 3D—
Acheamponget al Sussman &
Granberry BAMBED(2012)40,

Multimedia in B:ochem:stryWJ

r\

Acetylcholinesterase: Subsl

Mary Acheampong, $ Daviana Duer
Marisa VanBrakle, 1 Lars Westblad¢

From the $Hostos-Lincoln Academy, =
New York, YiDepartment of Structural

In 1991, the laboratory of Joel L. Sussman
Silman determined the 3D structure of the enzys
cholinesterase (AChE) isolated from the Pacific| ‘
(Torpedo californica). Later, in 1995, the structf
in complex with the snake toxin fasciculin-Il (
solved by Sussman, Silman, Bourne, Taylor, &ar 2
This Proteopedia page, (http://www. proteo;) Ga‘tes M |I| e r
Acetylcholinesterase:_Substrate_Traffic_: and!
with the use of two physical models, compares the struc-
ture of the AChE/acetylcholine (ACh) complex to illustrate
the process of ACh hydrolysis; which we term the sub-
strate traffic story, and the structure of the AChE/FAS-I|
complex to illustrate the process of AChE inhibition by
FAS-II; which we refer to as the inhibition story. Visitors to
this page may view video clips of these physical models,

Fia. 1. Structure of the AChE/FAS-Il complex. AChE is col-

https:// proteopedia.org /w/Group:SMART:Acetylcholinesterase:A_Story
of Substrate Traffic_and_Inhibition_by Green_Mamba_ Snake Toxin

Ms. Allison
Granberry
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Background Information
When a nerve the presynapt synpase, it stmulates the release ACMF:gumw ACh ity Mtnmvmuym
terminal. The binding of C'llolﬁow 'S nggers a nerve im B‘Iwm Finally AChE. anchored to the membrane of the postsynaptic nerve terminal (Figure 2),

hydrolyzes ACh holine, resuting in

may result . depending on Toxins such as FAS-II, from the green mamba, a poisonous snake found in East Alrica, inhioit AChE and ulimately lead
e 10 death. However, controfied inhibition of ACE. in patients with Aizheimer's disease, by drugs designed for this purpose, 1ymmu

off

https:// proteopedia.org /w/Group:SMART:Acetylcholinesterase:
A _Story of Substrate Traffic_and_Inhibition by Green I\/Iam
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