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Structure of Anticancer Ruthenium Half-
Sandwich Complex Bound to Glycogen
Synthase Kinase 38

G. Atilla-Gocumen, L. Di Costanzo, E. Meggers !'!

A crystal structure of an organometallic half-sandwich ruthenium
complex bound to the protein kinase glycogen synthase kinase 38
(GSK-3B) has been determined and reveals that the inhibitor binds to
the ATP binding site via an induced fit mechanism utlizing several
hydrogen bonds and hydrophobic interactions. Importantly, the metal
is not involved in any direct interaction with the protein kinase but
fulfills a purely structural role. The unique, bulky molecular structure of
the half-sandwich complex with the CO-ligand oriented perpendicular
to the pyridocarbazole heterocycle allows the complex to stretch the
whole distance sandwiched between the faces of the N- and C-
terminal lobes and to interact tightly with the flexible glycine-rich loop.
Although this complex is a conventional ATP-competitive binder, the
unique shape of the complex allows novel interactions with the
glycine-rich loop which are crucial for binding potency and selectivity.
It can be hypothesized that coordination spheres which present other
ligands towards the glycine-rich loop might display completely
different protein kinase selectivities.
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The Ribosome
by Wayne Decatur

On October 7th, 2009 the Nobel
Committee announced three structural
biologists would share the 2009 Nobel
Prize in Chemistry & for studies of the
The Ribosome. The ribosome is the
machine in your cells that accurately
and efficiently decodes the genetic
information stored in your genome and
synthesizes the corresponding
polypeptide chain one amino acid at a
time in the process of translation.
Venkatraman Ramakrishnan of the
M.R.C. Laboratory of Molecular
Biology in Cambridge, England,;
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Rehovot, Israel share the prize for the first atomic-resolution structures of the two subunits that come together to form an
active ribosome. These structures are considered landmarks for the fact they showed clearly the major contributions to
decoding and peptide bond synthesis come from RNA and not protein, as well as for the sheer size of the structures
determined. These structures represent tour-de-force efforts in understanding fundamental processes in every organism
on earth and will have direct impacts on how we fight pathogenic bacteria in the immediate future. Shown here (restore
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CRYSTAL STRUCTURE OF MYCOBACTERIUM [edit]
TUBERCULOSIS ADENYLATE KINASE COMPLEXED WITH
TWO MOLECULES OF ADP AND MG

Publication Abstract from PubMed

The crystal structure of Mycobacterium tuberculosis adenylate kinase (MtAK) in

= Random PDB entry complex with two ADP molecules and Mg2+ has been determined at 1.9 A
menrch resolution. Comparison with the solution structure of the enzyme, obtained in the absence of substrates, shows
significant conformational changes of the LID and NMP-binding domains upon substrate binding. The ternary complex
represents the state of the enzyme at the start of the backward reaction (ATP synthesis). The structure is consistent
with a direct nucleophilic attack of a terminal oxygen from the acceptor ADP molecule on the beta-phosphate from the
donor substrate, and both the geometry and the distribution of positive charge in the active site support the hypothesis
of an associative mechanism for phosphory| transfer.
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 ‘Parriianan fink 2CDN is a 1 chain structure of sequence from Mycobacterium tuberculosis g, Full crystallographic information is Activity: Adenylate kinase, with EC number 2.7.4.3

available from QOCA g, Domains: ADK. Adk

Reference [edit] Structural annotation: [show]

; . : : Functional annotation: [show]
= Bellinzoni M, Hacuz A, Grana M, Munier-Lehmann H, Shepard W, Alzari PM. The crystal structure of

Mycobacterium tuberculosis adenylate kinase in complex with two molecules of ADP and Mg2+ supports an NG STy CORoruon [show]
associative mechanism for phosphoryl transfer. Protein Sci. 2006 Jun;15(6):1489-93. Epub 2006 May 2. Resources: FirsiGlance, OCA, PDBsum, RCSB
PMID: 16672241 & doi: 10.1110/ps. 062163406 & Coordinates: save as pdb, mmCIF, xml
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Resolution

Resolution is an average value for the uncertainty of atomic positions in a
crystallographic model. High values for resolution (e.g. 5.0 A) mean high uncertainty,
and low values (e.g. 1.0 A) mean much less uncertainty. 2.05 A is the median
resolution for X-ray crystallographic results in the Protein Data Bank (43,066 on May 2,
2008).

The uncertainty for each atom is quantitated in its temperature value.

The images at right show how the electron density mapm becomes more accurate and i
detailed as the uncertainty (resolution value) decreases from 5.0 A to 0.5 A. |

The images at right were taken from a movielz] in which the atomic model and electron
density map rock back and forth while the resolution value (uncertainty) increases from
0.5t0 5.0 A.

PLAY MOVIE =

At 0.5 A in the movie, every atom' ! of the tryptophan sidechain in the top center of the
frame is clearly represented by a sphere of electron density. At 2.5 A (a bit worse than
the median in the PDB), the overall shape and position of the Trp sidechain is still clear, .
as is the alpha helical conformation of the main chain. However, at 5.0 A, only an

Movie by James Holton, ALS, UC Berkeley, who kindly gave permission for its use in

Proteopedia. Original source is
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Tutorial:How do we get the oxygen we breathe

oxygen binds to hemoglobin, which we will soon observe. Do the colors
of the spheres represent the true colors of the heme group? No, they do
not. Remember that we are looking at a representation of the real
structure, and in this case we have artificially colored each atom in the
heme according to a common color scheme called the Corey-Pauling-
Koltun scheme ( O N = Fe ). Remember too that although we
cannot change the positions of the atoms in our experimentally
determined protein structure, we can freely choose different ways to
show, color, and connect these atoms in order to best comprehend and
convey the niceties of the complex 3D structure. We have previously
represented the atoms of the heme group as individual spheres in what
is called a spacefilling representation, but we could just as easily
represent the atoms as very small spheres with thick lines connecting
the bonded atoms in what is called a ball and stick representation.
Motice that the positions and identities of the atoms do not change.
(THINK: Earlier we learned that the a- and B-monomers have so far
been shown in cartoon representation. Why can’t we show the heme
groups in cartoon representation?)

Capturing oxygen

Hemoglobin captures oxygen and transports it through the bloodstream toggle spin  toggle quality popup

by binding oxygen to each of its four heme groups. These heme

== _| DOI: http://dx.doi.org/10.14576/431679.1869588

« Hemoglobir
« PDB entry 1hho (oxygenated, 2.1 .3\}
PDB entry 1hga (deoxygenated, 2.1 ﬁk)
PDB entry 1hbs (deoxygenated, sickle cell mutant, 3.0 ﬁ.)
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Schnell & Chou (2008) “Structure and mechanism of the M2 proton
channel of influenza A virus” Nature 451, 591-5.

Stouffer et al & DeGrado (2008) “Structural basis for the function and
inhibition of an influenza virus proton channel” Nature 451, 596-9.
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Proton Channels

The M2 protein of influenza A virus is a proton channel. lts function is
essential for productive infection by the virus.

See Category.Proton_channel for a list of all proton channel
structures.

In January, 2008, crystallegraphic and NMRA structures were published
side by side in Nature for the transmembrane domains of the M2
proetein: 3bkd to 2rlf. The former appeared to be in an open
conformation blocked by amantadine, while the latter appeared to be in
a closed confermation stabilized by rimantadine. (Neither drug is
shown in the morph at right. )

At right is a linear-interpolation morph between 3BKD and 2RLF,
showing the propesed opening and closing of this channel.

In additicn to watching the animation as alpha-helical ribbons, it is
useful to watch it spacefilled. Be sure to rotate the molecule with
your mouse to watch the animation from different perspectives!
HIs37 and Trp41 are believed to be crucial for pH-dependent gating.
(The apparent collapse and re-expansion of their sidechains is an

artifact due to the linear interpolation methed of morphing.) Here are
His and Trp spacefilied.

To be explained in a later revision, along with new scenes: Morph from
Yale

k
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Jmol
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Linear interpolation morph from 3bkd to medel 1 of 2rif.
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Photosystem ||

Contents [hide]

1 Background

2 Photosynthesis

3 Electron Transfer
4 Oxygen Evolution
5 References

Background

This structure of
Photosystem |l was
crystallized from the cyanobacteria,

Thermosynechococcus elongatus, at 3.0A ("l and at 3.50

A ?l, PDB codes are 2axt and 1s5l, respectively.

Cyanobacteria and plants both contain Photosystem I

while photosynthetic bacteria contain the bacterial reaction center. This photosynthetic protein complex is
associated with a variety of functional ligands. It is a dimer composed mainly of alpha-helices. Nineteen

'-T-.og:jie sr:'uin.' toggle quali'i",-' | popubﬂ
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Another important facet of Photosystem |l is its ability to oxidize water to

edit
oxygen with its oxygen evolving centers. These centers are cubane-like structures )
with 3 manganese, 4 oxygen and a linked to a fourth manganese.['! Oxidation of
water leaves 2 H * on the lumenal side of the membrane, helping to establish the proton HECT
radient essential for ATP synthesis in the CF{CFg4-ATP sythase protein. ch—h
eferences [edit]

reduced plastog

1. T Ferreira, K.N., Iverson, T.M., Maghlaoui, K., Barber, J., lwata, S. "Architecture of

the photosynthetic oxygen-evolving center." Science, March 19, 2004, 303 (5665},
1831-8. PMID:14764885 &

2. Garkett, R.H., Grisham, C.M. Biochemistry, 3rd Edition. Belmont, CA: Thomson Brooks/ Cole, 2005.
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Lac repressor/DNA
complex

PDB-ID 1lbg PDB-ID 1osl
Crystal structure of the lactose operon Solution structure of dimeric lactose DNA-binding
repressor & its complexes with cognate DNA domain complexed to a nonspecific DNA seq

Lewis et al & Lu Science (1996) 271, 1247 Kalodimos et al & Kaptein Science (2004) 305, 38
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What is the lac repressor?

my talk my preferences

history

[edit]

Repressors are proteins that inhibit the expression of

genes®; that is, they inhibit the transcription of messenger
RNA= from their target genes. Each repressor targets a specific co-regulated group of genes by
recognizing a specific sequence of DNA, called the operator in bacteria®. Repressor proteins are

coded for by regulatory genes.

Lewis C.R. Biol (2005) 328, 521 [X-ray]

Kalodimos et al & Kaptein Science 2004, 305, 386-9 [NMR]

my watchlist my contributions log out

protect move waich
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Morph of the lac repressor bending
DNA as binding changes from non-
specific to specific recognition of the
operator sequence. Details Below.
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Pharmaceutical Drugs

The Pharmaceutical industry is one of the world’s largest industries, grossing well over $300 billion in the United States alone. Understanding how the drugs the pharma
industry develops work and different characteristics of these compounds is important to nearly everyone as 50% of the US population takes at least one prescription
medication regularly and nearly everyone takes a pharmaceutical pill at some point in their life.['] The following is a growing list of pharmaceutical compounds organized by
disorder.

See Pharmaceutical Drug Targets for a list of drug targets organized by disease.

The maijority of all modem medicinal drugs target members of the superfamily of proteins called the G protein-coupled receptors or GPCRs!ZE],

Treatments

AstraZeneca's Nexium &

The following is a list of pharmaceutical treatments for various diseases, organized by disorder. Each entry highlights general information about the therapeutic,
pharmacckinetic data comparisons within its drug class, and a structural analysis explaining how the drug compound functions in vivo.

Alzheimer's Disease Bacterial Infection Cancer
Acetylcholinesterase Inhibitors Macrolide Antibiotics Anti-CD20 Monoclonal Antibody
= Aricept - Generic: Donepezil = Biaxin: - Generic: Clarithromycin = Arzerra - Generic: Ofatumumab
= Cognex - Generic: Tacrine = Dynabac - Generic: Dirithromycin = Rituxan - Generic: Rituximab
= Exelon - Generic: Rivastigmine = Ketek - Generic: Telithromyein B-Raf Kinase Inhibitor

= Razadyne - Generic: Galantamine = Llosone - Generic: Erythromyein
= Rulide - Generic: Roxithromycin
= Zithromax - Generic: Azithromycin

= Zelboraf - Generic: Vemurafenib (Formerly: PLX-
4032)

Chemotherapy

= Platinol - Generic: Cisplatin

Depression Diabetes Erectile Dysfunction
Serotonin Transporter Inhibitors Dipeptidyl Peptidase-4 Inhibitor Phosphodiesterase Type 5 Inhibitor
Tricyclic Antidepressants = Galvus - Generic: Vildagliptin = Cialis - Generic: Tadalafil
; . . 3 = Januvia - Generic: Sitagliptin = Levitra - Generic: Vardenafil
Wit (ot Ch o figerseing = Onglyza - Generic: Saxagliptin = Viagra - Generic: Sildenafil

Seloctiv Bardtorin Peurioi! Intibitoos Peroxisome Proliferator-Activated Receptor

= Prozac - Generic: Fluoxetine Agonist

= Xoloft - Generic: Sertraline » Actos - Generic: Pioalitazons
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Adding molecular scenes is easy!

1ACJ" shows the crystal structure of Torpedo
californica acetylcholinesterase (TCAChE)
complexed with tacrine.

Tacrine was the first cholinesterase inhibitor
approved for the treatment of Alzheimer's
disease.

Tacrine3 ringed structure is stacked between the
aromatic rings of Trp84 and Phe330.

*Harel et al Silman & Sussman (1993) "Quaternary ligand binding to aromatic
residues in the active-site gorge of acetylcholinesterase" PNAS, 90, 9031-5.
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» Sirctung incen from the jellyfish Aeguorea victoria (PDB entry

s Fanom 1ema), fluorsceses green (509nm) when exposed to
blue light (395nm and 475nm). It is one of the most
important proteins used in biological research
search Green fluorescent protein (1ema) ' because it can be used to tag otherwise invisible
gene products of interest and thus observe their

existence, location and movement. Exploring the Structure

Recent Changes
Help

Go  Search
toolbox Exploring the Structure
= Export this page GFP is a beta barrel protein with 11 beta sheets. It is a 26.9kDa protein made up of 238 amino acids. The
What links here chromophore, responsible for the fluorescent properties of the protein, is buried inside the beta barrel as - .
- Related changes part of the central alpha helix passing through the barrel. The chromophore forms via spontaneous faggie spin )| toggle-qualily )| popup
Uplogd file cyclization and oxidation of three residues in the central alpha helix: -Thr65 (or Ser65)-Tyr66-Gly67. This GFP (PDB entry 1ema)
= Special pages cyclization and oxidation creates the chromophore's five-membered ring via a new bond between the
Printable version i
. Permanent link References [edit]

1. + Ormo M, Cubitt AB, Kallio K, Gross LA, Tsien RY, Remington SJ. Crystal structure of the Aequorea victoria green fluorescent protein. Science. 1996
Sep 6;273(5280):1392-5. PMID:8703071
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Proteopedia:Video Guide

Welcome to the Proteopedia Video Guide.

On this page you will find several narrated videos to guide you through using Proteopedia. At Help:Contents you will
find written guides.

PROTEOPEDIA
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= Main Page
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= Random PDB entry 5 Video 5: Uploading an image or file and adding an image to a page

6 Video 6: Adding a 3D applet (3D structure) to a page

search
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Video 1: Introduction [edit]
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In 1991, the laboratory of Joel L. Sussman and Israel
Silman determined the 3D structure of the enzyme acetyl-
cholinesterase (AChE) isolated from the Pacific electric ray
(Torpedo californica). Later, in 1995, the structure of AChE
in complex with the snake toxin fasciculin-II {FAS-II) was

This Proteopedra page ('http /Iwww. proteopedla org/w/
Acetylchohnesterase Substrate _Traffic_and Inh|b|t|on)

P
ture of the ACthacetyIchollne [ACh) complex to illustrate
the process of ACh hydrolysis; which we term the sub-
strate traffic story, and the structure of the AChE/FAS-II
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,
demonstrating the substrate traffic story and the inhibition
story as well as comparative computer models of how the
physical models were designed.

AChE, embedded in the postsynaptic membrane,

essential for termination of the nerve impulse at the cho—
L _linarnir cunanca | inlika nthar anzumac that haua ortiva

Mary Acheampong, 1 Daviana Dueno, ¥ Bobby Glover, 1 Alafia Henry,1 Randol Mata,
Marisa VanBrakle, f Lars Westblade,§ Joel Sussman,f and Allison Granberry §*

From the tHostos-Lincoln Academy, Bronx, New York, §Touro College of Pharmacy,
New York, Y\Department of Structural Biology, The Weizmann Institute of Science, Rehovot 76100 Israe

Multimedia in Biochemistry and Molecular Biology Education

Acetylcholinesterase: Substrate Traffic and Inhibition

NYC high school students publish
paper on their Proteopedia page

Received for publication[danuary 9, 2012; accepted 1 February 2012

Fia. 1. Structure of the AChE/FAS-Il complex. AChE is col-
ored green and is shown as a ribbon diagram, whereas FAS-Il is
colored magenta and is shown as a ribbon diagram with the
molecular surface highlighted. Residues that form the AChE
active site: serine at position 200, glutamic acid at position 327
and histidine at position 440, are shown in ball and stick format
(carbon atoms, yellow; nitrogen atoms, blue; oxygen atoms, red).

Acheampong et al Sussman &
Granberry BAMBED (2012)
40, 144

Allison
Granberry
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D Used for teaching biology |
in high-school classrooms
around the world; applied as
an interactive three-dimen-
sional article supplement in
a journal of chemistry; and,
most recently, elected as the
best web-based multimedia
tool by The Scientist. Pro-
teopedia (www.proteopedia.
org) is the first free, collab-
orative  three-dimensional
online encyclopedia of mol-
ecules - and yet another ex-
ample of how scientists bring
science to the public.
“This website gives
students and other us-

ay

o4
=
Organization
ers a chance to view —
protein structures,
which turn out to be
extraordinarily ap-
pealing to them,” ex-
plains project initiator
and EMBO Member
Joel L. Sussman from
the Weizmann Insti-
tute of Science in Israel, who co-develd
the tool with Jaime Prilusky & Eran H
also at the Weizmann.

The visual effects are amazing: Upon c
ing on one of the green links attached
page in Proteopedia, a multicoloured pic,
appears which can then be rotated by sin
pulling the computer mouse - as if the
were holding the model in his own hands. %
Proteopedia is more than just pretty pictt
It helps identify the features of molecu
explains Sussman. Even senior researc,
appreciate how their own research find

are visualized on the website. develop-

Earlier this year, his team visite s g ity . To make
high-school classroom at the Ho = . pages in
Lincoln Academy in South Bronx, New Marlsa ) Russian,
“The students were crazy about it,” re i s of the

Sussman. Their teacher also found it us: Gates M i I Ie -




Who's using Proteopedia?

High School:
- as live support for lectures
- as live support for student’sself-paced learning

Universities:

as live support for lectures

as live support for student’s self-paced learning
as media for Final Projects/Thesis

as driving topic for Student’s Clubs

Researchers:
- as a source of information
- as a shared secure shared collaboration site

Journals:
- as an Interactive 3D Complement (I3DC)

Proteopedia — Joel L. Sussman — December 2014



Interactive 3D Complements (I3DCs)

800

Interactive 3D Complements in Proteopedia - Proteopedia, life in 3D

PROTEOPEDIA
——LIFE IN 3D——
navigation

= Main Page

= Table of Contents

m Structure Index

= Recent Changes

= Help

random

» Random article
= Random PDB entry

search

Visit the Main Page [ctrl-z]

Go Search

Gougle™ | Search

toolbox

= Export this page
What links here
Related changes
Upload file
Special pages
Printable version

[ |

[ |

[ |

]

[ |

= Permanent link

2 Joel L. Sussman mytalk my preferences my watchlist my contributions log out

article discussion edit this page history protect delete move watch
2 open e-mail-confirmed account requests pending
Interactlve 3D Complements in Proteopedia
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Articles in Proteopedia can be designed to complement publications in scientific journals. A link, within the publication, to an intferactive 3D
complement (13DC) in Proteopedia can enable readers to rotate molecular scenes having the same initial orientation, color schemes, and labeling
as figures in the publication. Links to the interactive 3D complement in Proteopedia can be placed in the text of the publication, and/or in the .doc file
included on the journal website as supplementary materials. The I3DC article can be developed in advance of publication, yet hidden from viewing
by visitors to Proteopedia until publication occurs (see Proteopedia:Workbench). Authors of the associated publications are able and encouraged to
review the 13DC page before publication, and to interact with the Proteopedia editor at any time. I3DC are protected from editing by anyone.

Proteopedia is working with Journals to develop, in close collaboration with authors, interactive 3D complement articles in Proteopedia, thus
rendering the structural data more comprehensible to a wider audience. In addition, Proteopedia welcomes author-initiated development of
interactive 3D complement articles for individual publications in any journal. List of I3DC pages available for open access.

For more details, please contact manuscript@proteopedia.org
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BIC

The Journal of Biological Inorganic Chemistry seeks to promote this field internationally. This journal is primarily concerned
with advances in the understanding of systems involving one or more metal ions set in a biological matrix--particularly,
metalloproteins and metal-nucleic acid complexes--in order to understand biological function at the atomic level. Manuscripts
describing high quality and original research concerned with metal ions or other inorganic species and having biolagical
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2) Creating 3D figures for publications
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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
encyclopedia of proteins, ANA, DNA and other molecules. With a free user account, you can edit pages in Proteopedia. Visit the Main Page to learn
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Welcome to Proteopedia

The free, collaborative 3D-encyclopedia of proteins & other molecules

This Month's Featured Article

Green links change the 3D image!
Click and drag on the molecule!
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The Ribosome
by Wayne Decatur

On October 7th, 2009 the Nobel
Committee announced three structural
biologists would share the 2009 Nobel
Prize in Chemistry & for studies of the
The Ribosome. The ribosome is the
machine in your cells that accurately
and efficiently decodes the genetic
information stored in your genome and
synthesizes the corresponding
polypeptide chain one amino acid at a
time in the process of translation.
Venkatraman Ramakrishnan of the
M.R.C. Laboratory of Molecular
Biology in Cambridge, England,

2 Log in / request account M
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About Editing
Contents

Video Guide Help
Structure Index

Proteopedia News

TheScientist Magazine "Labby
Award" Winner

Proteopedia is the winner of the 2010 [l___-:'fﬁ'f]
TheScientist "Best Science Website" A
Labby Awards #. Congratulations to

all Proteopedia Users!

Publish your Proteopedia Page in
BAMBED

Proteopedia pages can now be
submitted to the Journal of
Biochemistry and Molecular Biology
Education (BAMBED) for peer-review and
publication. Submit your page and see the
Sept/Oct edition of BAMBED=.

Journal of Biological Inorganic 2
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» Log in / request account

— Personal information

Please provide the following information in the "Required Information"” box. It will be displayed publicly on
your User page.

1. Your real name, at least given name and family name. This will be your login account, so you can omit
titles (Dr., Ph.D.) and you can leave out your middle initials if you wish.

2. Your position, such as student, graduate student, professor, teacher, researcher, retired, etc. If none,
please explain briefly.

3. The full name of your institution, college, university, company. Abbreviations like NCBI are not enough --
please write out the full name. If you have no such affiliation, please explain briefly.

4. Your city, state/province (if applicable), and country.

5. Your field of study or expertise. Please mention degrees earned in scientific fields, and other key

credentials if you wish.
6. You must reply to an email that you will receive, in order to confirm that your email address is correct. If

you do not reply, your account will not be approved.

If you give all information requested, your account will probably be approved within 24 hours. If you do not,
your account will not be approved until you email us the information, and this may cause considerable delay.
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The David Lopatie Conference Centre

Weizmann Institute of Science,
" Rehovot, Israel ‘

WELCOME LETTER
We cordially invite you to reqister for and participate in
the International Conference on Structural Genomics
Registration 2015 - Deep Sequencing Meets Structural Biology —
(ICSG2015-DSMSB). It will take place on the campus of
the Weizmann Institute of Science, in Rehovot, Israel
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