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Protein with a knot

The Protein World

TraR, a pheromone-
binding transcriptional

factor . Y Ribosomal 50S subunit,

multi-protein/RNA
complex

Cyanase, a homo-oligomeric

enzyme .
loll, a monomeric enzyme




TrpR and its Complex with L-Trp and #rp
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trp Operator Double Mutant Binds TrpR
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TraR/Pheromone/DNA Complex at 1.9 A

TraR DNA COMPLEX




Pheromone Binding Pocket — HSL is Fully
Embedded within the Protein

Thrl2
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GOLD™
Genomes OnLine Database

Last Update:
March 22, 2005

Search GOLD: 1421 genome projects

Fuhlished Complete Genomes Frokaryotic Ongoing Genomes

ORFs Seq. identity In PDB

>30% PDB
Salmonella typhimurium 4597 1237 (26.9) 239
Shigella flexneri 4068 1089 (26.8) 27
Yersinia pestis 4090 1090 (26.7) 16
Haemophilus influenzae 1709 608 (35.6) 128
Bacillus anthracis 5311 1059 (20.0) 39
Bacillus cereus 5738 1106 (19.3) 77
Listeria monocytogenes 2846 788 (27.7) 18
Staphylococcus aureus 2632 712 (27.0) 326

Vibrio cholerae 2742 782 (28.5) /8



Hspl0/60 Operon Codes for Protein Folding Machine

CGCTTTTGGAGCTCATCCGTACGGCCTTAGGGT FCTERCTTCTCCCGCCTCCGGGGTACAAGGCGATTTACTAGC
AAGCGCCAACCCCCTTGACAAAGGGGCGC%& G*Q!ﬂﬁ. cCCTTGGTTTGACACTCTCACCCTTTGGGCGTCAA
AGGAGGGAGTGGATATGGCCGCGGAGG ﬁn? ‘ﬂ X fgﬁ; Fﬁi AGGAGACCGGGTGGTGGTGAAGCGCATTGAG
GAGGAGCCCAAGACCAAGGGCGGCATCGT ‘i‘*“' “;; AGAAGCCCCAGAAGGGCAAGGTGATCGCGGT
GGGCACGGGCCGCGTCTTGGAGAACGG #i\ | GTGAAGGAGGGGGACATCGTGGTCTTCGCCAAGT
ACGGCGGCACCGAGATTGAGATTA ')‘ "‘CGGGAGCGCGACCTGCTTGCGGTCCTGCAG
TAAAGGAGGTGAACCATGGCGAA Q a‘ GCCCTGGAGCGCGGGGTCAACGCGGT
GGCCAACGCGGTGAAGGTCACC e RS sAGAAGAAGTTTGGCTCCCCCACCATCA
CCAAGGACGGGGTGACGGTGGCC'"l‘ CATCGGGGCCCAGCTCCTCAAGGAG
GTGGCCTCCAAGACCAACGACG et CGCCCAGGCCATCGTCCGGGAGGG
CCTGAAGAACGTGGCCGCCGGGGzﬁ

AAGGCGGTGGAGGCCGCGGTGGAGA
ACCATCTCCGCCAACGATCCCGAG
GTTGAGGAGTCCAAGAGCCTCGA
“TTCGTCACCAACCCCGAGACGA
LAGEBTCCGTGAGCTCCTCCCCATCCTG

GRFAGGCTTTGGCCACCCTGGTGGT
ACCGCAGGAAGGAGATGCTCAAGG
5GAGAACGCCACCCTCTCCATGCTG
GGCAAGAAGGAGGACATTGAGGC

GTCGGCAAGCTGATTGCCGAG
GACCGAGCTCAAGTTCGT TG
TGGAGGCGGTCCTCGAGGACH
GAGCAGGTGCGCCAGACGG 3?
GAACAAGCTCCGGGGCACCCTEA
ACATCGCGGCCGTCACCGGCGG
GGCCGGGCCGAGCGGGTGCGCAR

CCGGATCAACGGCATCAAGAA SBACACLATETH CECEGAGAAGCTCCAGGAGCGCCTGGCGA
AGCTCGCGGGTGGCGTGCCEETCATCHEEETEECTERCEURABREAL OCPEAAGGAGAAGAAGCACCGCTTTGAG
GACGCCCTGAACGCCACCCGGRERGECETEOAGGACREEA 8CGECGTGACCCTCCTCCGGGCCATCAG
CGCCGTGGAGGAGCTCATCA G GCGACGAR CCACG caoes BATEGTGCGCCGGGCCCTGRAGGAAC

CCGCCCGCCAGATCGCCGAGEALH
CGCTACGGCTTCAACGCCGC'uU;

[ GTTGACCCCGCCAAGGTGACCCG
BCETCGTGGCGGAGAAGCCCGAGAAGA
TAAGGGGCCCGGGCCTTCAAGG

*,RTTCTCCAGGTAGGCCAGGAAGGGC
AAGCGGCTTCCCTCGGCGTGGATCC

AGGAGTCCACCCCCGCCTCEG
CCCGGCCCCTTTCTAAGTG
CTGGCGCTCGGGGCCTCCCCCGTG



From Gene to Structure and Function
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Structural Genomics and Protein PSI
StruCture Initiative Protein Structure Initiative

* Exploring Protein Folding Space

* Experimental determination of novel proteins using
X-ray crystallography or NMR

* Computer homology modeling of protein structures
using protein folds database

* Approach

* Cluster protein sequences (ORFs) in all known
genomes into homologous groups (superfamilies and
families)

* Determine structure of few members of each family
* Computer model all other members of family

* Using this approach it is believed that we need to
determine structures of 15,000 — 20,000 members of
protein families to cover 90% of protein fold space
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. A novel protein family landscape protocol was developed
at UCL by C. Orengo and allowed clustering of ORFs:

« >1,000,000 sequences from 150 completed genomes.

« These genes were clustered into >50,000 protein
families.

. There were >150,000 singleton sequences unique to
specific organisms (10-15%/genome).
. >14,500 genes in these genomes were labelled as

‘priority 1’ targets and share no detectable sequence
similarity to a sequence of structure in the PDB.

. 6,190 Pfam families, 2,108 with homologue in PDB.

. 1,200 very large Pfam families with no structural
homologue cover 70% of sequence space.

. Currently there are ~2,500,000 ORFs in public databases
and ~27,000 protein structures (~4,300 nonredundant)



Protein Structure Initiative

T Target APCI4STS

Midwest C_enter or Structural Genomics ‘ PSI
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Eile Edit View Go Bookmarks Tools Window Help

<L .

Back Fomward i Reload Stp

Target Selection
MﬁESG Databases: TaSel,
4 Target Selection for MCSG Departmient of | Ge l’l e 3D 9 and

Biochemistry and

Molecular Biology Ta rge t D B

|<$ http:mMMN.hiochem.ucI.ac.uk,fcgi—hin,fgenomicsngGetTargetSummary.pl,rsei|V||£_Sear|:h‘ ﬁ -

B

o

Home Page Structural genomics target results:

Caulobacter crescentus

W | Structural Genomics: Summary of Targets - Mozilla

Result Page: 123456780910 Next Rank sequences with: File Edit View Go Bookmarks Tools Window Help
Number of targets listed per page: The word(s) rY Py a B -
- - i S http:/pwww.biochem.ucl.ac.uk/cgi-bin/genomics/SgGetGeneSummary..plfseal [+ Search -
50 default = 250 (max = All) I Back  Foward  Reload Stop ‘¢ & /2 i L | ”é' | Print
I View all targets on single page (select [+ or deselect [ ) Any of the word(s)" 4% Home | ‘4§ Bookmarks
Ranking Criteria: I Feature Start Stop Length hed
| Genbank identifier x| And |Unselected ] 5 28t g = 2
Keyword Search Without the word(s) (e b ) e o
Ranking Order:
Retrieve sequences IAscending (Small>EBig) j Submit | I CCCHHCCCCCCEEEEECCOC CCCCCCCEE CCCHHHHHH 60
ith- ¥ HHHHHHHCCCEEEECCCCCCCEECCCHHHCCHHHHHEHHCCCCCCCOCoCCCoococeee 120
with: “optional
cC sl 153
The wordi(s):
I Target |Mets Gene | Signal |Predicted| Super-
Length|Priority| /100 |
£ 2 The Tar-Get Database - Microsoft Internet Explorer i
= = Gene qgi[16124387
W Fle Edt View Favortes Tools Hep e Back = address || Google - »
I- Aligned Sequence Start Stop Length E-value % Seq Identity
TarGet Database MCS - ANL No PDB Structural Homologues Found
2 A t Ta
W
N Cath Code|Domain 1d Segment Id|tartstop E-value|
I- 0262406 - tran: onal 1 No CATH domain hits found L]
NCBI rehtad proteins 30257037
"TYEMEL QB1gLE Transcriptional requlator, TetR family
PRIREF NF01293505
1CEI Accession AAP2E2ED.1
Sones Crgarism Bacillus anthracis str. Ames — R ——
[T 195094 P
50 100 150
Gromosamal Comparison. >1
Stmlaiey - Global P INTERERO. ] PF02082 1 1 14 | 120 2.5e-17
% & LR T IPRO01E47 — Bacterial regulatory protein TetR, HTH motif
b i Fasta3vs. UniPrat — —
e — Gene3D Family ID 11630 %
2
it Number of Family Members (s100)] 11
FhyloBlast IPEO0164T e — Bacterial regulatory protein TetR, HTH motif Number of 535 Representatives 3
SLink
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15966653 PUTATIVE TRANSCRIPTION REGULATOR PR : 3 :
DART 28209852 transcriptional requlator, tetR family [Clostri [kega Description|conserved hypothetical pratein
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Gene Cloning and Protein Expression Pipeline

Plasmid plates
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Vectors Constructed for HTP Production of Proteins

LIC site Sspl LIC region  Sspl
lac operator His ‘:QEV = ¥ karminator His tag TEV site
T pramots e i:dwmﬁ— : \ LIC region  Sspl RBS__ L E—-&—‘_
Nde1 (ATG) | ;“”dm Insert TR a '_\mm.: lL ) : ‘ |H:'n:|T[I
Sl e BamHI A_l_\_ B_q."][l kpni  BamHl
%LF l\—‘l__'_yj | ] J LIC regi spl
Ndel (ATG) ‘ _ i MEP (not to scale) His tag regn :I,-'L"“p
Bglll Kpnl \ TVMV site \I’EV site
Inserted Peptide or Protein : MBP, GST, AviTag, S-loop 550 b~
Nidel (ATG) - |f‘ I[)[‘h'mtllt
Vector Base Vector Encoded Leader Sequence Use
pMCSEG7 pET21a N-His-TEV-LICs- Routine protein production
pMCSGS8 pMCSG7 N-His-Sloop-TEV-LICs Improve solubility pMCSG19
PMCSGYO PMCSGY N-His-MBP-TEV-LICs Improve solubility IMAC1
pMCEG10 pMCSESG7 N-His-GST-TEV-LICs Improve solubility 1 5 3 4 5
pPMCSEG11 pPACYCDuet-1 N-His-TEV-LICs Coexpression
PMCSG12 PACYCDuet-1 N-His-Sloop-TEV-LICs Coexpression i
pPMCSEG13 pPACYCDuet-1 N-His-MBP-TEV-LICs Coexpression
pMCEG14 pPACYCDuet-1 N-His-GST-TEV-LICs Coexpression
PMCSG17 pMCSGY N-Stag-TEV-LICs Coexpression
PMCSG20 PMCSGY N-Stag-GST-TEV-LICs Coexpression 6 ”.
pMCEG16 pMCSG7Y N-His-AviTag-TEV-LICs Phage display = 2
pPMCSG15 pMCSG7 LICs-TEV-AviTag-His-C Phage display i '
PMCSG18 pMCSG7Y N-His-TEV-LICs-GFP Screening
PMCSG19 pMCSG7 N-MBP-TVMV-His-TEV-LICs  Purification
pPMCSG21 pPDONR/zeo attL1-TEV-LIC-attL2 Gateway cloning =



Automated Protein Purification
for Structural Genomics

N crudr

IMA‘{ desalting

Automated purification of sixteen different
proteins using two-step procedure (IMACII &
*«, DS) on four-module AKTAxpress system

T . IMAC II
e taqg cleavage = r——

Desalting




HTP Protein Crystallization

Commercial N =
screens

Matrix Maker

Custom screens y
making Cartesian

Set up crystallization

B Hydra ~ _
= Dispensing MOSC]UI.'[O.
Set up crystallization
|
Crystallizations \

v
/ Manual and robotic

m— Crystal freezing

. X-ray test &
- Data collection

Brandel
Sealing boxes




Nanoliter Crystallization in 96-well Format

* Increases crystallization throughput,

 Small volume reduces protein quantities
needed for complete screening,

e Can be used with custom optimization

screens,
INDEX Wizardl
PEG/ION 96 SaltRx 48 Wizards
HamptonZ 28 | 96 48
48 \ WizardCryol
HamotonCryo . 48
* 50 Screening throughput: WizardCryoz
Hamptonl ~ 48
o 20,000 droplets/8 hrs -

Format: 96-well conditions x 3 proteins

\
Optimization

Exotic PEG-based Salt-based

\

Fine tuning




Third Generation Synchrotron Beamlines for
Macromolecular Crystallography

Advanced Photon Source:

Dedicated storage rlng with enhanced
spectral propertles i

Intense, brilliant beams taifo ed to
range of biological experiments

Undul’ator SOUFCE ity

Cryo-crystallography ==
Advanced computing 4







S Dedicated X-ray Beamlines for Macromolecular
= Crystallography - SBC 19ID and 19BM Beamlines at the
Advanced Photon Source — 851 PDB Deposits
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Structures of Proteins in PDB

Single crystal x-ray 1400
crystallography ~23,000

Nuclear magnetic resonance
~4,OOO 1000

Single crystals neutron
crystallography ~few
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PDB Deposits
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synchrotron cryofreezing is 400
essential - extends crystal life
facilitating better data 200
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Aldose Reductase at 0.66 A — Protonation of His110 —
a Key Catalytic Residue

Blue Contours:
2Fo-Fc
4.77 e/A3

Red Contours:
Fo-Fc
0.36 e/A3)




Hydrogen Atoms of Hys110 in the Active Site

15K 60K 100K

Hydrogen atom Hydrogen atom Missing hydrogen atom



Multi- and Single-wavelength Anomalous Diffraction Using
Synchrotron Sources Creates an Opportunity for Automation

of Structure Determination

All “heavy — N>50" and “light — 20<N<50” atoms show good
anomalous signal associated with K, L and M edges

“Heavy” atoms can be readily introduced into proteins (SeMet,
Br, I, Xe, Ar, As, metal ions (Rb etc) ) and DNA/RNA (Br)

MAD/SAD does not require a native crystal
Anomalous signal does not decay with resolution

Use of anomalous signal simplifies approach to structure
determination and improves isomorphism

The anomalous signal is weak (1-6%)

Optimal data collection requires a synchrotron facility

E(infl) = 1.265939x10% eV E(peak) = 1.266218x10% eV

f* min = -8.93 e f** max = 6.35 e
— r S—

—

5

X: ; MAD/SAD for PROTEINS
® In vivo protein labeling with SeMet

A e Standard protocol for data collection
| r and structure determination
| e * High-resolution and high quality

B ey @ allows auto-tracing

attering factors

Anomalous sc




I"%é MAD/SAD Phasing Provides Higher Quality Electron
Density Maps, Allows Automated Interpretation and
Improves Structure Quality

APCO009, 1.7

¥ o

A SAD Map 10, 1 Se/297 AA (32 kDa)



Integration of Data Collection Experiment with HTP de
_novo Structure Determination Tools
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Effect of Synchrotron Sources on Protein
Structure Determination

#Deposits




MCSG Progress, July 8, 2005

Human pathogens

Targets (genes) 14,266
Stopped projects 1,258
Cloned genes 5,475
Expressed proteins 4,052
Soluble proteins 3,211
Purified proteins 2,120
Crystals 824
Diffracting crystals 324
New structures in PDB 273 77
Total structures in PDB 281 7
New folds 24 v

1000+

500







July 8, 2005 — 273 MCSG Structures in PDB

* In 2004 MCSG has deposited 112 structures to
PDB ( 103 in the past 10 months).

* Full lengths proteins:
* Average gene size 319 AA (range 97 - 783AA).

« MW-33 kDa (range 11 kDa - 90 kDa,
11kDa/AU - 330 kDa/AU).

e On average proteins are dimers (range 1-16
subunits).

 Average resolution 1.94 A (range 1.1- 3.2 A).
* Average R=20.0%, Rfree=23.9%.
e 79% structures are unique

e All structures determined using anomalous
signal and synchrotron radiation:
o 250 (91%) MAD/SAD with SeMet substituted
proteins (range 1Se/297 — 108 Se/2720),

« Six proteins were crystallized using mutagenesis
(Derewenda)

« Fifteen proteins were crystallized after reductive
methylation

o 22 SAD/MIR with other HA (Hg, Pt, Zn, Cd, I).
* 1 molecular replacement.
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PRy Hot:

Structure G

Progress as of Tuesday 12th of April 2005 01:04:27 PAL
Fragress of the praject, only staried targets are displayed
MEJS o AccCode Clone Expression Solubility Purified Crystals Diffraction Method FDE ID Status
il 3 < SR ST 2 r kB - x4 =< E 4 ks -k
APCO06 NP 370683 + iz + iz + + MAD 180E InPDB
APCO07 NP 645835 + + + iz + + MAD 1BW InPDB
APCO08 BABS4R40 + iz + iR + + MAD Active
APCO0S BAB41652 + iz + i + + MAD 155 InPDB
APCO10 BAB42231 + iz + iz + + MAD 1G5 InPDB
APCO11 P37650 + + Active
APCO12 AAD36133 + iz + iz + + MAD 1KR4 InPDB
APCO14 CACI11321 + iz + iR + + MAD 1KYT, 1L6E. InPDE
APCO15 NP 813852 + iz + iz Stopped
Stopped-homolog
APCO1S QSWZYT + [ i JAF + IS/
APC020 Q8WZZS  + iz + iz + +- Stopped
APC021 AABS0O320 + iz + + A ctive
APC022 RCIOO412 +  + + + B Stopped (Failsd trials)
APC023 NP 281856 + iz il iz A ctive
Target APCO07 G59065 el
PDB 1XBW PDBSUM Profunc
B30747
Protein: isdG (ncbi, 107 aa) COG2329 related proteins PO8323
EEB00441 nchi
Staphylococrus aureus =
Deposited: 31 Aug 2004 C084 NP 344870  nchi
Authors: Zhang, R., W, E., Toachimiak, G., Schneewind, O., Joachimiak, A, G085 NP 345070  nchi
C086 WP 346101  nchi
Target APC009 NP 346076  nchi
RCT00595 wit
PDB 1P99 PDBSUM Profunc RCI00223 it
RCT00475 wit
Protein: S8A0422 (ncbi, 280 aa) COG1464 related proteins —
ENGO0001 nchi
ABC transporter
Staphylococcus aureus CO83 NP 345223 nacbi
Deposited: 09 May 2003 054 NP 346230 nchi
Authors: Zhang, B, Zhou, M, Joachmiak, G., Schneewind, O., Joachinal, A 055 NP 344919 nchi
references MNP 345789  nchi

Target APC010 - NEW FOLD

Putative protein

nebi swprot Molybdemm cofactor biosynthesis moaC protein

nchiswprot Glycogen synthase

Cell division protein fis &

cell divisien protein FisL

conserved hypothetical protein

yimH protein

Exf2 family protein

Transcription antitermination protein MUSG
Hypothetical transcnptional regulator
Transcriptional regulatory protein HYPF

Transeription tenmination factor RHO

conserved hypothetical protein

mstm operon regulatory protein

transcriptional regulator, putative
phosphosugar-binding transcriptional regulator, putative

PDB 1HGH PDBSUM Profuncg
Protein: SA0982 (ncbi, 244 aa) COG4509 related proteins

. APC22838 APC22846 APC22830
Transpeptidase 1YLF ident: 41.1% 1RTL New Fold 1XR4  ident: <20%
Staphylococous aureus annotation annotation annotation

Deposited: 16 Dec 2002
Authors: Zhang, B, Teachimiak, G., Joachimak, 4.,
references

\ Edwards 4M, Christandat 0 (3004) A PCO3FTS
154K New Fold
annotation
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annotation
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# Crystals/Structures

~13% of MCSG Structures Have Been
Determined at 1.5 A or Higher Resolution




Structural Genomics can Contribute at Least
Three Tools

« A comprehensive dictionary of high-resolution
protein structures determined experimentally by
X-ray crystallography and NMR

« A comprehensive library of recombinant protein
expression clones representing protein structures and
functions

* Methods for automated, HTP implementation of the
currently powerful but tedious and labor-intensive
protocols of molecular biology

 Some functional information derived from structure



Cyanase — an Enzyme Created by
Oligomerization of DNA-Binding Protein

HTH motif




Difficult Structures

§

APC # AA/Subunit Sub/AU AA/AU #HA/AU R (%) Rfree (%) Res (A)

042 170 16 2,720 Hg-32 19.9 24.7 2.0
27836 345 6 2,070 Se-72 20.3 23.5 2.15
35865 249 8 1,992 Se-36 14.5 17.5 1.7
5057 147 12 1,764 Se-12 20.7 26.9 2.5
127 160 10 1,600 Se-40 14.6 18.1 1.7
24638 186 8 1488 Se-32 In prog. In prog. 2.3
22852 164 9 1,476 Se-18 22.5 27.0 2.5
172 358 4 1,432 Se-36 23.3 26.5 2.0
4470 343 4 1,372 Se-36 23.9 29.8 2.6
26686 337 4 1,348 Se-64 In prog. In prog. 2.35
35880 248 5 1,240 Se-40 15.8 19.4 1.75
5046 310 4 1,240 Se-28 14.3 17.8 1.6
047 296 4 1,184 Se-40 19.9 21.3 1.5
24328 292 4 1,168 Se-12 19.2 24.0 1.8
1068 184 6 1,104 Se-18 25.6 27.8 2.7
5029 134 8 1,072 Se-56 20.0 23.0 1.7
23620 292 4 1,168 Se-24 23.0 27.0 2.0
22880 509 2 1018 Se-24 19.3 23.5 2.4
50001 783 1 783 Se-17 19.7 23.6 2.0




MCSG .
é‘@ Surface Conformational Entropy Reduction

A surface conformational entropy reduction
was applied to a set of 20 B. subtilis proteins
that failed in the initial crystallization screens.

Two double mutants of YkoF - a thiamin-
binding protein - (K112A/E114A and
K33A/K34A) were designed. The K33A/K34A
mutant crystallized readily and showed a strong
requirement for divalent ions.

The crystal structure was determined to 1.65 A.

The mutagenesis created an intermolecular Ca?*
binding site, essential for the formation of the
crystal lattice.

From a set of 20 B. subtilis targets we were able
to crystallize 11 proteins, 7 as native and 6
mutated (2 proteins crystallize both as native
and mutated).

Derewenda et al.



MCSG

« 48 presumed essential genes in B. anthracis were
used to identify orthologues in 18 genomes.

« 233 genes were cloned and screened for expression

and solubility.

Organism Strain GC Con
Enterococcus faecalis V383 37.53%
Streptococcus pyogenes SF370 38.51%
Pyrococcus horikoshii JCM 9974 41.88%
Bacillus subtifis 168 43.52%
Shewanella onefdensis MR-1 45.96%
Archaeoglobus fulgidus DSM 4304 48 58%
Escherichia coli W1485 50.79%
Aeropyrum pernix JCM 9820 56.31%
Haemophilus influenzae Rd [KW20] 38.15%
Helicobacter pylori J99 39.19%
Streptococcus pneumoniae TIGR4 39.60%
Pyrococeus furiosus DSM 3638 [Vc1] 40.77%
Vibrio cholerae N16961 47 .69%
Porphyromonas gingivalis W83 48.29%
Shigella flexneri 24577 50.80%
Neisseria meningitidis MC 58 51.40%
Salmonella choleraesuis LT2 52.22%
Thermoplasma acidophilum DSM 1728 45.99%

Orthologue Scanning Approach

| B. Anthracis targets |

Orthologs

| B. Anthracis targets |

Expression

Solubility



Crystal Structures of Al-Pyrroline-5-Carboxylate Reductase
from Neisseria meningitides and Streptococcus pyogenes

L-proline plays an important role in
proteins

The last step of proline biosynthesis, the
conversion of Al-pyrroline-5-carboxylate
(P5C) to L-proline is catalyzed by Al-
pyrroline-5-carboxylate reductase (P5CR)
using NADPH as cofactor

P5CR is a member of a very large family
(>400 family members)

To increase the chance of obtaining a
crystal structure from a member of this
large and important family of enzymes,
olrthocllogues from 14 organisms have been
cloned.

9 P5CR enzymes expressed, 3 crystallized
and 2 produced x-ray quality crystals

The catalytic unit of P5CR is a dimer
composed of “three” functional domains

The N-terminal domain of P5CR shows
an alpha-beta-alpha sandwich — a
Rossman fold

The C-terminal dimerization domain is
rich in a-helical structure and shows
domain swapping




Binding NADP" and L-Proline

Comparison of the P5CR native structure with structures PSCR complexed with L-
proline and NADP* provides unique information about key functional features, the
active site and the catalytic mechanism

« Each ligand is bound to a distinct domain
 Hoydrite is transferred from pro-S face of nicotinamide ring and is unidirectional

 Crystal structure shows how product L-Pro inhibits reaction

g ) | \




P5CR Basic Catalytic Unit is a Dimer, but it can
Assemble into Larger Structures that Seems
Species Specific

« P5CR from N. meningitides Is a dimer

* P5CR from S. pyogenes is a decamer (pentamer of
dimers)




Structural Genomics Results

* New structures confirmed the hypothesis that the
structure-based classification of proteins contains far
fewer protein families than sequence-based
classifications:

e Protein structure iIs better conserved than amino acid
seguence, and

« Can reveal distant evolutionary relationships that are
undetectable by sequence comparisons
« Structures of singletons and proteins from very small
families showed familiar folds, contradicting the
hypothesis that these families may represent a rich
reservoir of new folds

e Sequence-based methods have major limitations for
Identifying proteins with potentially new folds



Ligands Found in some of MCSG Structures

densities of the ligand in APC24838

APC1452

XANTHINE
PHOSPHORIBOSYLTRANSFERASE

from Bacillus subtilis
refinement in progress

APC1167

R.Wu
M. Cuff
MCSG-ANL 2004



Functional Analysis

Em -0, Analysis of a protein‘s 3D structure to heip
identify its likely biochemical function

The aim of the ProFunc server is to help identify the likely biochemical function of a protein from its
three-dimensional structure. It uses a series of methods, including fold matching, residue

conservation, surface cleft analysis, and functional 3D templates, to identify both the protein's likely
active site and possible homologues in the PDB.

Some of the methods take minutes to run; others take hours. You will be notified by e-mail when the
entire process is complete, but can check on preliminary results as they become available.

From this page you can submit your own structure, analyse an existing PDB entry, or retrieve the
results of a previously submitted run.

Choose option A, B or C:

g Browse..._| UPLOAD <N

or

mmﬂ_@ SSM results

Structural homologues

H

—

D The table below shows the 1 structural match returned by the 250 program.

—

To view any of the matched structures superposed on the query structure in Eashdol, use the checkboxes to select the structrues to wiew and press the View button

Seq. FDB
Match Select Z-score No. 8SE RMSD id entry Name
1. I 14.9 13 0.00& 100.0% 1ng5(AY 2.0 a crystal structure of staphylococcus aureus sortase b
Alignment
S YW I h o tn WA e et AN T Rttt
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e
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= = » = a0 bl = ] L) 20

LICH e




Predicting Function from Structure

Catalytic residues Metal-binding sites

(189 active site templates) (~600 templates)



Proof of 3D Template Concept: BioH

e BioH - protein in E. coli
Involved In biotin metabolism
— function unknown

 Crystal structure determined

« Catalytic triad identified

* Now proven experimentally to
be correct

 BioH Is carboxyesterase

Template shown in thin bonds,
actual side chains in thick

e Ser-His-Asp catalytic triad (rmsd = 0.26A)
 All 3 residues highly conserved
o At site of ligand binding



A Model for Isd-mediated Heme-iron Transport
in Gram Positive Pathogens

e IsdF IsdD

¢i9




Structure of B. anthracis Sortase B is
Similar to Sortase B from S. aureus

Active site contains
Catalytic triad Cys-His-Asp



Active Site of Sortases B from S. aureus
and B. anthracis Shows Catalytic Trial (with a Caveat)

sek k o | Kk .
ILYGHRMKDGSMFGSL Ba
ILYGHHVGDNTMFDVL Sa
ILYGHRMKDGSMFGSL
ILYGHRMRDGSMFAQL
IIYGHNMKDGSMFADL
IIYGHNMKDGSMFADL
VVYGHNMRNDTMFAQI
LIYGHHMAGNAMFGEI
LIYGHHMAGNAMFGEI
LIYAHHMAGNVMEFGEL
VIYGHHIKGGKMF GAL

%k IR
_ IVTLSTEDYALDPEAGRLYVYV Ba
Aspl96 T IMTLST YSETTKRIVV Sa
e IVTLSTCDYALDPEAGRLVV
IITLSTCDYRLDRDRGRLVV
IITLSTCDTEKD YEKGRMVI
IITLSTCDTEKD YEKGRMVI
ILTLITCGYDFVN--ARIVV
FVAFSTCENFSTDN--RVIV
FVAFSTCENFSTDN--RVIV
FVALSTCEDMTTDG--RIIV
LITLFTCEYSAQNG--RLVV




Impact of Structural Genomics

e Structural genomics will map protein folding space and provide insight
Into relationship between amino acid sequence and 3D structure

e New technology for cost-effective molecular biology and protein
purification will evolve from the project

e SG will enhance crystallographic capabilities by significantly
reducing the time and cost required to determine protein 3D
structures

e Bottlenecks will be identified and practical solutions will be
establish

e All “easy” structures will be solved rapidly

e The HTP technologies will be developed to handle challenging
biological systems and will benefit biology and biotechnology

e Structural information will provide new insight into protein function

We will gain complete structural understanding of many processes and
pathways in the cell

New hypothesis will be formulated
New functional proteins will be created through rational design

Libraries of genes, expression clones and proteins will be produced
and will be available to public




Why Neutron Crystallography?

The protein neutron structures can reveal number of important (and often
unexpected) details:

* Hydrogen atoms (~1%o of the protein mass but critical for understanding
protein packing, enzyme catalysis and interactions),

® Protonation states and H-bonds,

* Solvent structure — can distinguish water from other solvent components
(Cl, Na, Mg, etc),

Can define accurately atomic positions (unexpected stereochemistry, distortion
of bond lengths)

No radiation damage — native structure can be observed at wide range of
temperatures,

Hydrogen exchange with deuterium — solvent accessibility and dynamics,

All these issues are critical to understand catalytic mechanism, interactions,
solvent structure and potentially may have impact on structure-based drug
design,

Thus far low flux did not allow for large scale effort,

With construction of the SNS there is an unigue opportunity to build neutron
crystallography beam line that can make an important contribution to biology,
highly complementary to x-ray data



MCSG and Collaborators




