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Structural Genomics

Why?
Protein fold catalog
Biomedical interest
Function discovery

How?
High-throughput methods



The Structural Genomics Pipeline

‘ Gene cloning ‘

‘ Protein expression ‘

‘ Protein purification ‘

‘ Crystallization ‘

|NMR, X-ray Data collection |

Automation ‘3D structure determination ‘
Miniaturization ‘ Analysis (annotation) ‘




Estimates of TB burden (1997)

New cases : 7,962,000 (1/4 sec)
TB deaths : 1,871,000 (1/17 sec) > 4

Infection pl"ZVGIZHCZ : 1,855,880,000 (320/0) Dye et al, JAMA,1999



Isoniazid, Rifampicin,
Pyranizamide, Ethambutol

| No new anti-TB drug
| world Health organization 1IN MOre than 40 years

~Communicable Diseases Cluster
1509



M. fortuitum

M. peregrinum Slowly growing mycobacteria

M. triviale

T Genavense Phylogenetic tree (16S rRNA gene seqs)
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M. malmoense
M. haemophilum

— M. gasti / kansasli

I M. scrofulaceum
E M. « paraffinicum »

— M. intracellulare
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Structural Genomics of Mycobacteria

e Target selection



Actinomycetes-restricted genes

M. tuberculosis

(3959 genes)
Actinomycetes
[ other than
mycobacteria ]

Mt-specific
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> Actino-specific| 267
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J
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Gene essentiality in TB largely

o confirmed by high density mutagenesis
Jm.m.':..mm Sassetti et al, Mol.Microbiol., 2003

M. leprae
(reductive evolution)
(1604 genes)




Life cycle of M. tuberculosis
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Eukaryotic-like signaling elements

10

Response
regulators

~ Two-component systems

£

Ser/Thr protein kinases
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E.coli M.tb B.subtilis V.cholerae Synechoc. M.leprae
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Virulence factors
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Structural Genomics of Mycobacteria

e The pipeline
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Parallel multi-microfermentors (MMF)
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J Bellalou, P.Beguin, IP
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Structural Genomics of Mycobacteria

e Results



The solubility bottleneck

(sept 2004)
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M.tb
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Soluble proteins

genes B ML TB or ML



Optimizing protein expression parameters

Testing protein expression before bacterial cloning

T7 promoter gene T7 terminator

PCR:

Cell-free Transcmptuonltranslaflon

oD Wi ¥

1,‘\'555
_gene__

RNA polymerase T7 E.coli lysate (S30) protem

Parameter optimization

_ Bi-directional cloning of optimally

expressed PCR fragments

E.coli
(BL21)

J.M.Betton, IP



Optimizing for mRNA secondary structure
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Optimizing the expression of soluble
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In vitro evolution (ribosome display)
TN ZANAN7 ”

MRNA

DNA library
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mRNA-ribosome-folded protein
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mRNA
MRNA elution selection

Immobilized ligand S = mutation
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Selection for solubility
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Esx-1 system
% = mutation F. Pecorari, IP
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Structural Genomics of Mycobacteria

From structure to function:
structure-based

functional annotation
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3D Structure Resolution -

- Strategies

- Absence of methionines | b "
+ Double mutant Ile->Met

- Anomalous diffraction experiments
« SAD & MAD on ID29
- Selenium K-edge
+ Se(Met) crystal size < 40um

- Phase extension to 1.7A

- Automatic tracing
- 80% amino acids

| 2 R




RvO813c, a FABP-like fold




Ligand Binding Pocket




ML2640 gene family
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Equiv. r.m.s. SSE
residues deviation

218 2.2 A ~70%

173 3.1 A ~50%

153 2.8 A ~50%

Leu C-methyltransferase (PPM1) YecO H. influenzae (AdoMet) Catechol O-methyltransferase (rat)



In progress: search for TB substrate(s)




GPH - Tuberculose (IP)
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Structural Genomics

|
+ I
New unique folds Opportunistic approach
Reduced costs Biological relevance of
Technology structures
developments Protein complexes

Functional annotation  Methodology bottlenecks
Drug discovery (membrane proteins)
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