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Multiple Approaches to Functional Insights
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Introduction subjected to further extensive analysis in collaboration with labs with  Crystallography Functional Follow-Up Studies have been
expertise in functional characterization, including a plant performed on a number of proteins with successfully determined

The Center for Eukaryotic Structural Genomics (CESG) has pursued ADP-glucose phosphorylase that may play an unrecognized role in structures. Here we describe a series of structures of mouse

several routes to functional discovery. One of these rouse is starch production. Metal Analysis by ICP-MS has been applied pyrimidine 5’-nucleotidase type 1 trapped in various catalytic states. A

accepting Nomination of Targets By the Scientific Community, routinely and has discovered metals in over one quarter of the 171 deficiency in this enzyme’s activity in humans results in nonspherotic

which has resulted in seventeen structures with pre-established purified proteins surveyed. We highlight here an iron-bound cysteine  hemolytic anemia. Notably, researchers outside of CESG have been

biological relevance, including the human heme degradative enzyme, dioxygenase from mouse, the human homolog for which has been involved in many of the functional follow-ups as well as in analysis of

heme oxygenase. High-Throughput Enzyme Activity Screening implicated in a number of diseases. NMR Functional Follow-Up community-nominated target structures, resulting in eighteen

has been applied to about 500 purified proteins and has identified a  Studies have identified substrates and protein:protein interactions. collaborative publications thus far.

large number of putative phosphodiesterases, phosphatases, Here we describe a frog poly(A)-binding protein that may play a

dehydrogenases, and oxidases. Several enzymes have been been fundamental role in RNA processing and poly(A) metabolism. X-ray

Community Nominated Targets structures have been solved. The advantage of this
approach is the pre-established biological relevance of
CESG considers target requests from the scientific the proteins and the likelihood that further functional
community and endeavors to make requested targets  research will be done in the requestor’s laboratory.
20% of its solved structures. Thus far, 17 requested W
' Functional Information Requestor Requestor Affiliation PDB ID Source Organism THE UNIVERSITY
Agmatine iminohydrolase David Meinke Oklahoma State University 1VKP | Arabidopsis
Spermidine synthase 1 Miguel Blazquez Univ Politecnica de Valencia-Consejo 1XJ5 Arabidopsis maRiEer
Glyoxylase Chris Makaroff Miami University 1XM8 | Arabidopsis
Hemoglobin Mark Richards University of Wisconsin-Madison 1XQ5 | perch =
Annexin Greg Clark University of Texas 1YCN | Arabidopsis ® ®
RNAsel Ron Raines University of Wisconsin-Madison 1Z7X human Blo C h e m I St r y
Calicheamicin resistance Jon Thorson University of Wisconsin-Madison 1ZXF Micromonospora echinospora
Poly(A)-binding protein Michael Sheets University of Wisconsin-Madison 2JWN | frog AR @R SR S IR R RO
AMP deaminase Richard Sabina Medical College of Wisconsin 2A3L Arabidopsis
Zinc finger domain of mengovirus leader | Ann Palmenberg University of Wisconsin-Madison 2BAl Mengovirus We acknowledge the assistance of all members of
Transcription factor Tara Sander Medical College of Wisconsin 2FI2 | human CESG, including Lai Bergeman, Seth Bergie, Craig
: ) ) ) ) ) ) Bingman, Eduard Bitto, Claudia Cornilescu, Ronnie
Onconase-T89N-E91A (ribonuclease) Ron Raines University of Wisconsin-Madison 2GMK | frog Frederick, Katarzyna Gromek, Leigh Grundoefer, Andrew
Heme-binding protein Brian Goodfellow Universidade Nova de Lisboa 2GOV | mouse Larkin, Betsy Lytle, Shin-ichi Makino, Yuko Matsubara,
Onconase wildtype (ribonuclease) Ron Raines University of Wisconsin-Madison 2158 | frog Karl Nichols, Xiaokang Pan, Francis Peterson, Mike
cGMP phosphodiesterase Arnold Ruoho University of Wisconsin-Madison 2JU4 bovine ggg::?r[S);)i(r)\ZnTI:;Ierz’[Ine,r,GFr?agnia\?;:ik?aBrr?;i 32?;&§s’ry
Heme oxygenase C127A Steven Ragsdale University of Michigan 2Q32 human Gary Wesenberg, Russell Wrobel, and Zsolt Zolnai.
Heme oxygenase C127A with heme Steven Ragsdale University of Michigan 2QPP | human
Enzyme Activity Screening Kuznetsova et al. (Enzyme Genomics: Application of
general enzymatic screens to discover new enzymes.
Proteins purified in substantial quantities by CESG are FEMS Microbiol Rev. 2005 29(2):263-79). In addition,
run through a series of high-throughput screens many CESG targets have been further characterized to
designed to detect phosphatases, phosphodiesterases, reveal their biological substrates. The table below lists
esterases, dehydrogenases, and monooxygenases. a number of proteins solved by CESG for which
These screens are based on those described In enzyme assays have demonstrated activities.
Functional Information PDB ID Source Organism
Glycerophosphodiester phosphodiesterase 2055 red algae
ADP-glucose phosphorylase 1ZWJ, 1284, 2H39 | Arabidopsis
Cysteine dioxygenase 2ATF mouse
Sarcosine dimethylglycine methyltransferase 2057 red algae
Mononucleotide phosphatase 2HOA4 mouse
Metal Analysis suspect that nickel from IMAC columns sometimes
substitutes for the physiological metal during
Routine metal analysis of purified proteins using purification, or may bind non-specifically to some
Inductively Coupled Plasma Mass Spectrometry proteins) followed, in order of abundance, by
(ICP-MS) has discovered metals in 44 of 171 proteins Fe>Zn>Ca>Cu>Mn. Satisfyingly, after discounting
assayed (26%); by comparison, 17% of the 139947 proteins that might contain adventitious Ni, the
proteins in the Swiss-Prot protein sequence database frequency of metals found in the proteins purified by
on 11/28/03 were associated with one or more CESG match the distribution observed in the SwissProt
“biological” metals. Eleven of these 44 proteins have database (in order of abundance:

gone on to produce structures (see table). Nickel was Fe>Zn>Ca>Mg>Mn>Cu>Mb>Co>Ni).
the most commonly detected metal in our assays (we

Functional Information Metal Content PDB ID Source Organism
Calmodulin-like calcium binding domain calcium 1TIZ Arabidopsis #
Sugar phosphatase nickel 1XFI Arabidopsis
Unknown iron 2A13 Arabidopsis
Cysteine dioxygenase iron, nickel, zinc 2ATF mouse
Zn finger domain viral leader peptide calcium 2BAl Mengo virus
Cytosolic 5-nucleotidase Il calcium 2BDU mouse
Putative hydroxyacylglutathione hydrolase iron 2GCU Arabidopsis
Glyoxlate/hydroxypyruvate reductase nickel 2H1S rat
Thiamine triphosphatase nickel 2JMU mouse
Dimetal phosphatase iron, manganese 2NXF zebra fish
Fe/S cluster co-chaperone nickel 2BVO human
X-ray Crystallography Functional Follow-Up clues as to the functional identity of the protein, the
specific determinants for ligand specificity, and
X-ray crystallography is occasionally used by CESG to snapshots of the catalytic cycle that can reveal enzyme
acquire additional functional information on its targets. mechanism. The table below lists a number of CESG
Crystal structures of complexes between the protein and protein targets for which additional X-ray crystallography
a substrate analogue or cofactor can provide important  follow-up studies were performed. »
Source
Functional Information Component PDB ID Organism
Acetyltransferase Apo, CoenzymeA 21L4, 1IXMT Arabidopsis
ADP-glucose phosphorylase Apo, AMP-His covalent intermediate, ADP-glucose 1ZWJ, 1284, 2H39 Arabidopsis
Onconase (Ribonuclease) 5-D(*A*(DU)P*GP*A)-3, AMP (4 stack) 2155, 2GMK human
Pyrimidine nucleotidase Apo, Mg, Beryllium fluoride, Aluminum fluoride, 2BDU, 2G06, 2G07, 2G08, 2G09, 2G0A mouse
Product complex, Lead
UDP-glucose pyrophosphorylase Apo, UTP, UDP-glucose 1290, 2ICX, 2ICY Arabidopsis
12-oxophytodienoate reductase isoform 3 FMN, 8-isoprostaglandin and FMN 1Q45, 2G5W Arabidopsis
Heme Oxygenase 2 Apo, Heme 2Q32, 2QPP human
NMR Functional Follow-Up DNA. Additionally, transient secondary and tertiary
structures were detected in an apparently disordered
NMR has been used to detect and investigate protein, and a protein that was disordered in agueous
protein:substrate interactions, protein:protein conditions was found to adopt an ordered conformation
interactions, and complexes with other ligands such as  in the presence of detergent micelles.
Functional Information Investigation PDBID | BMRB Source Organism
Protease inhibitor Trypsin complex 1JXC 5056 | Arabidopsis
Calicheamicin resistance Binding to drug model and to DNA 1ZXF 6726 | Micromonospora echinospora
Unknown Induction of structure in membrane mimetic environments 2FFT 6926 | spinach
cGMP phosphodiesterase Two protein complexes of this partially disordered protein 2JU4 none | bovine
Zn finger domain of viral leader peptide | Complex between this protein and another protein (Ran) 2BAI 6863 | Mengo encephalomyocarditis
Thiamine triphosphatase Kinetic properties, conformation changes upon binding substrate | 2JMU 15063 | mouse
Putative myrosinase-binding protein Investigated binding properties to complex carbohydrates 2J74 none | Arabidopsis
Poly(A)-binding protein Structure determined in absence and presence of poly(A) 2JWN 15528 | frog
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