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Curriculum vitae

PERSONAL INFORMATION

Full name:  Dr Clyde Alexander Smith

Date and Place of Birth:  August 22 1962, Waitara, New Zealand
Citizenship:  New Zealand citizen

Residency: US Resident (Green Card)

Contact Information:  Stanford Synchrotron Radiation Lightsource, MS99, 2575 Sand Hill Road, Menlo Park,
    CA 94025, USA

Phone:
 650-926-8544

Cell: 650-714-6001

Fax:  650-926-3292

Email: 
csmith@slac.stanford.edu
EDUCATION

Ph.D. in Protein Crystallography (1992), Massey University, New Zealand

Trained Teacher’s Certificate (1996), Auckland Secondary Teacher’s College

B.Sc. (Hons) in Chemistry (1985), Massey University, New Zealand
ACADEMIC AWARDS/MEMBERSHIPS

2013
Farrel Lytle Award, SSRL

2012
Top 25 Podium Presentation, Society for Laboratory Automation and Screening Annual Meeting

2008
Top 10 Podium Presentation, Laboratory Automation Annual Meeting

2003
Applied Biosystems/NZSBMB Award for outstanding published work

1995
Foundation for Research, Science and Technology Postdoctoral Fellowship (NZ)

1994
Fogarty International Postdoctoral Fellowship (NIH)

1991
Student Travel Award (American Crystallographic Association)

1991
Young Scientist's Award (Royal Society of New Zealand)

1991
Young Investigators' Award (Health Research Council of New Zealand)

Member of: 
American Crystallographic Association


International Union of Crystallography


Society for Laboratory Automation and Screening

American Society of Microbiology


AAAS

PROFESSIONAL EXPERIENCE

2008-present
Senior Staff Scientist, SSRL, Stanford University

2003-2008
Staff Scientist, SSRL, Stanford University

2002

Visiting Scientist, University of Michigan. Research on folate-dependent enzymes

2001-2003
Senior Lecturer, School of Biological Sciences, University of Auckland

1997-2000
Lecturer, School of Biological Sciences, University of Auckland. Research on folic acid metabolism. Antibiotic resistance, insect thermoregulation and bacterial cell wall metabolism
1996-1997
Postdoctoral Fellow, Massey University. Structural studies on thermostable enzymes
1994-1995
Postdoctoral Fellow, University of Wisconsin. Structural studies on myosin
1993

Postdoctoral Fellow, Massey University. Structural studies on lactoferrin and arginase
1991-1992
Assistant Lecturer in Chemistry, Massey University

1987-1991
Graduate Assistant in Chemistry, Massey University

1986-1987 
High School Teacher, New Plymouth Boys’ High School
PRESENTATIONS

2017
Keynote Lecture, NZ Bio Annual Conference, Wellington, New Zealand, October

“Antibiotic Resistance and Superbugs”
2014

Invited lecture, Palo Alto Colloquia, Lockheed Martin ATC, Palo Alto, March


“Superbugs and Drug Design”
Session Chair, IUCr Annual Meeting, Montreal, August

2013

Session Chair, American Crystallographic Association Annual Meeting, Honolulu, July
Photon Science Seminar Series, SLAC, September


“Antibiotic Resistance and Superbugs”

2012

Invited lecture, Society for Laboratory Auomation and Screening, San Diego, February


“Automation, Robotics and Remote Access at SSRL Macromolecular Crystallography Beam Lines”

Departmental seminar, Department of Health and Safety, Stanford University, July


“Structural Biology and Synchrotron Radiation”

Departmental seminar, Department of Biological Chemistry, Washington State University, September


“Structural Biology and Synchrotron Radiation”

2011

Invited lecture, International Union of Crystallography General Assembly, Madrid, August

“Remote Access to SSRL Crystallography Beamlines: Tools for Education and Training”

Invited Lecture, De-Mystifying the Lightsource Experience Workshop, SLAC, October


“Protein Crystallography”

2010

Invited lecture, Biology and Synchrotron Radiation, Melbourne, February


“Automation, Robotics and Remote Access at the SSRL Protein Crystallography Beam Lines”

2009

Departmental seminar, Diamond Light Source, Didcot, UK, August 2009. “Automation and Remote Access to Macromolecular Crystallography Beam Lines at SSRL”.
Departmental seminar, Department of Chemistry, Massey University, New Zealand, September


“Structural Biology of Penicillin and Aminoglycoside Resistance”

Invited lecture, AstraZeneca/MedImmune Research Meeting, Gaithersburg, February


“Automation, Robotics and Remote Access at the SSRL Protein Crystallography Beam Lines”

2008

Invited lecture, Advances in Protein Crystallography, Palm Springs, January


“Automation, Robotics and Remote Access at the SSRL Protein Crystallography Beam Lines”

Session Chair, Advances in Protein Crystallography, Palm Springs, January
Invited lecture, Laboratory Automation, Palm Springs, January


“Automation, Robotics and Remote Access at the SSRL Protein Crystallography Beam Lines”
Invited lecture and Remote Access Demonstration, Protein Crystallography Europe, Amsterdam, June

“Fully Remote Access to SSRL Protein Crystallography Beam Lines”
Departmental seminar, Australian Synchrotron, Melbourne, Australia, July

Plenary Lecture, CEI2008 Cyber-Enabled Instrumentation Strategic Planning Workshop, Arlington, July

“Automation, Robotics and Remote Access at SSRL Beam Lines”
2007

Invited lecture and Remote Access Demonstration, Rotorua Proteins Meeting, Rotorua, New Zealand, February


“Remote Access Experiments at SSRL Protein Crystallography Beam Lines”
Invited lecture, Advances in Protein Crystallography, South San Francisco, January


“Remote Access Experiments at SSRL”
Colloquium lecture, Department of Cell Biology, Cleveland Clinic, September


“Structural Biology and Synchrotron Radiation”
Colloquium lecture, Department of Chemistry, Kent State, September


“Structural Biology and Synchrotron Radiation”
2006

Invited lecture, NOBUGS conference, Lawrence Berkeley National Laboratory, October

“Remote Access to SSRL Protein Crystallography Beamlines”

Lecture, Remote Access Workshop, SSRL, October

“Data Collection at SSRL”

2003

NZSBMB Award lecture, COMBIO2003, Melbourne, Australia, September


“Structural Studies on ATPases”
2002

Departmental seminar, Department of Biophysics, University of Michigan, March


“Structural Studies on Folate Polyglutamylation and Aminoglycoside Resistance”

Departmental seminar, Department of Chemistry and Biochemistry, California State University, Fullerton, April


“Structural Studies on Aminoglycoside 3’-phosphotransferase-II”
2001

Invited lecture, Folates and Antifolates, Dunkeld, Scotland, May


“The Crystal Structure of Lactobacillus casei Foloylpolyglutamate Synthetase”
Departmental seminar, Department of Biochemistry, University of Edinburgh, Scotland, May

Invited lecture, American Crystallographic Association Annual Meeting, Los Angeles, July

“Crystal Structure of Aminoglycoside 3’-phosphotransferase-II: An Enzyme Implicated in Antibiotic Resistance”
2000

Invited Lecture, COMBIO2001, Wellington, New Zealand, December


“The Crystal Structure of Lactobacillus casei Folylpolyglutamate Synthetase”
1998

Invited lecture, FASEB Summer Research Conference on Folate, Vitamin B12 and One-Carbon Metabolism, 

Snowmass, CO, August “The Crystal Structure of Lactobacillus casei Foloylpolyglutamate Synthetase”
1997

Invited lecture, Society of Crystallographers in Australia, 20th meeting, Queenstown, April


“The Structural Basis of Myosin Motility”

Invited lectures, International Union of Crystallography Congress, Seattle, August


“The Structure of the Thermophilic Glutamate Dehydrogenase from Thermococcus AN1”


and “Structural Basis of Myosin Motility”

1994

Invited lecture, The 23rd European Muscle Conference, Bochum, Germany, September


“The Structure of the ATP-bound State of Myosin”

1993

Departmental seminar, Royal Children’s Hospital, Melbourne, Australia, May

1991

Departmental seminar, Department of Crystallography, Birkbeck College, London, August

TEACHING, OUTREACH, MENTORING, SERVICE

Formal Teaching

1986-1987  Secondary School Teacher, New Plymouth Boys’ High School.

1991-1993  Junior Lecturer, Department of Chemistry and Biochemistry, Massey University.

1991

Undergraduate (1st year) - Organic & Biological Chemistry 


Undergraduate (1st year) - Principles of Science


MSc level - Physical Chemistry

1992

Undergraduate (1st year) - Organic & Biological Chemistry


Undergraduate (1st year) - Principles of Science



MSc level - Physical Chemistry

1993

Undergraduate - Organic & Biological Chemistry

1998-2000  Lecturer, School of Biological Sciences, University of Auckland.

1998

MSc level 
- Structural Biology 

1999
MSc level 
- Molecular Structure in Biomedicine


Undergraduate (1st year)
- Central Concepts of Biology


Undergraduate (2nd year)
- Human Biology II (at the UoA Medical School)


Wrote
Central Concepts of Biology Study Guide

2000

MSc level 
- Molecular Structure in Biomedicine


Undergraduate (1st year)
- Central Concepts of Biology


Undergraduate (2nd year)
- Human Biology II


Wrote
Foundation in Biochemistry Study Guide

2001-2003  Senior Lecturer in the School of Biological Sciences, University of Auckland.

2001

MSc level 
- Molecular Structure in Biomedicine


Undergraduate (1st Year)
- Foundations of Biochemistry



Undergraduate (2nd year)
- Human Biology II



Undergraduate (2nd year)
- Biochemistry

2002

MSc level 
- Molecular Structure in Biomedicine


Undergraduate (1st Year)
- Foundations of Biochemistry



Undergraduate (2nd year)
- Biochemistry

2002

MSc level 
- Molecular Structure in Biomedicine


Undergraduate (1st Year)
- Foundations of Biochemistry



Undergraduate (2nd year)
- Biochemistry



Undergraduate (3rd year) 
- Protein Structure and Function

Schools, Workshops, Public Lectures

2017
Co-Chair and instructor, RapiData, SSRL, SLAC National Accelerator Laboratory, CA, April


Chair, New Tools for Macromolecular Structure Determination at Physiological Temperatures
 
Workshop, SLAC National Accelerator Laboratory, CA, April

Instructor, X-ray Diffraction Methods in Structural Biology, Cold Spring Harbor Laboratory, NY, October

2016
Instructor, Remote Access Workshop,  San Juan, Puerto Rico, Jan

Co-Chair and instructor, RapiData, SSRL, SLAC National Accelerator Laboratory, CA, April

Instructor, Remote Access Workshop,  Mayaguez, Puerto Rico, May

Instructor, X-ray Diffraction Methods in Structural Biology, Cold Spring Harbor Laboratory, NY, October

2015
Instructor, Remote Access Workshop,  New York Structural Biology Center, Jan


Instructor, Remote Access Workshop,  Mt Sinai School of Medicine, Jan


Co-Chair and instructor, RapiData, SSRL, SLAC National Accelerator Laboratory, CA, May


Instructor, X-ray Diffraction Methods in Structural Biology, Cold Spring Harbor Laboratory, NY, October

2014
Facilitator, RapiData, NSLS, Brookhaven National Laboratory, NY, April-May


Instructor, Remote Access Workshop,  University of Oklahoma, June


Instructor, Remote Access Workshop,  Brookhaven National Laboratory, July


Instructor, X-ray Diffraction Methods in Structural Biology, Cold Spring Harbor Laboratory, NY, October

2013
Facilitator, RapiData, NSLS, Brookhaven National Laboratory, NY, May


Instructor, X-ray Diffraction Methods in Structural Biology, Cold Spring Harbor Laboratory, NY, October

2012
Facilitator, RapiData, NSLS, Brookhaven National Laboratory, NY, May

Co-Chair, Pittsburgh Diffraction Society Annual Conference, SSRL, October

SLAC promotional video, “SLAC at 50: “Creating the Future”, available on YouTube at 

http:// http://www.youtube.com/watch?v=Vo8f5tmLwEU
2011
Presentation, National User Facility Organization (NUFO) Annual Meeting, June. “Elevator Talks – 

Protein Crystallography from two perspectives: Scientists and Public”

Facilitator, Crystallography for Chemists Course, Pomona, June

SLAC promotional video, “Science@SLAC, Discovering New Drugs”, available on YouTube at 
http://www.youtube.com/watch?v=aLGzS-eAd_M
Organizer, SSRL Workshop, October. “Advanced Crystallography”

SLAC Public Lecture, November “Chasing Super Bugs by Smarter Drug Design”, available on YouTube 
at http://www.youtube.com/watch?v=eBsoc6o4l1g
2010
Organizer, SSRL Workshop, October. “Developing Strategies, Preparing and Getting the Most from
 Macromolecular Crystallography Experiments”
2009
Instructor, Remote Access Workshop,  California Institute of Technology, June 

Demonstration, NIGMS Workshop: Enabling Technologies for Structural Biology, NIH, Bethesda, March

Co-Chair and Instructor, SSRL Structural Molecular Biology Summer School, September

Organizer, SSRL Workshop, October. “Macromolecular Crystallization, Sample Preparation and Synchrotron Data Collection”
2008
Instructor, Remote Access Workshop, University of Pittsburgh, PA, October

Instructor, Remote Access Workshop, SSRL, CA, October

Facilitator, Modern Biomolecular Crystallography Course II, Fullerton, June

Lecture to Industry Initiatives for Science and Math Education (IISME) high school teachers group,
SLAC, August “Crystallography and Drug Design”
2007
Instructor, Remote Access Workshop, University of Melbourne, Australia, February
Co-Chair and Instructor, SSRL Structural Molecular Biology Summer School, September
2006
Web seminar, W.M. Keck Foundation Center for Molecular Structure Spring Webinar Series, April
“Crystallography at a Third Generation Synchrotron”

Instructor, Remote Access Workshop, HWI, Buffalo, NY, August


Macromolecular Crystallography Workshop; Uni-puck and Web-Ice at ALS and SSRL, lecture (beam 

time preparation), SLAC, October

2005
SLAC Public Lecture, April “Smarter Drugs: How Protein Crystallography Revolutionizes Drug Design”, 
available on YouTube at http://www.youtube.com/watch?v=aMSPwFvlICM
Facilitator, Modern Biomolecular Crystallography Course I, Fullerton, June

Co-Chair and Instructor, SSRL Structural Molecular Biology Summer School, September
Co-Chair, SSRL Users Meeting, October

Demonstration, Remote Access Workshop, Canadian eScience Workshop, Saskatoon, November

2004
Co-Chair and Instructor, SSRL Structural Molecular Biology Summer School, September
Student Supervision

2017

SSRL; Anastasiya Stasyuk, SULI Summer Intern, supervisor

2015

SSRL; Kassia Swanson, SSRL Summer intern, supervisor

2015

SSRL; Lauren Maltz, SULI Summer Intern, supervisor

2013

SSRL; Mila Novikova, exchange student, co-supervisor

2012

SSRL; Mathew Au, SULI Summer Intern, supervisor

2012

SSRL; Chris Milianta, high school student, supervisor

2012

SSRL; Mila Novikova, exchange student, co-supervisor

2011

SSRL; Kwame Wiafe, FaST Student, supervisor

2011

SSRL; Jared Munoz, FaST Student, supervisor

2010

SSRL; Thomas Liu, SSRL Summer Student, supervisor

2007

SSRL; Laura Byrnes, SULI Summer Student, supervisor

2004

SSRL; Frederick Lam; SSRL Summer Intern, supervisor

2002-2003
University of Auckland; Leo Payne, PhD, co-supervisor

2002-2003
University of Auckland; Melanie Raggett, MSc, supervisor

2002

University of Auckland; Ulrike Gundel, exchange student (Diploma, Germany), supervisor

2001-2003
University of Auckland; Melanie Sharpe, PhD, co-supervisor

2001-2002
University of Auckland; Simon Oakley, MSc, supervisor

2000

University of Auckland; Ben McGettigan, Summer Intern, supervisor

2000

University of Auckland; Mei San Loh, Summer Intern, supervisor

1999

University of Auckland; Isaac Porter, Intern, supervisor

1997-2000
Massy University and University of Auckland; Xiaolin Sun, PhD, supervisor

1993

Massey University; Andrew Sutherland-Smith, BSc(Hons), co-supervisor

Peer-review of Scientific Publications for Academic Journals

Acta Crystallographica Section D

Acta Crystallographica Section F

Biochemical Journal

Biochemistry

FEBS Letters

Journal of Antimicrobial Chemotherapy

Journal of Inorganic Biochemistry

Molecular Microbiology

Journal of Structural Biology

RESEARCH FUNDING AND COLLABORATIONS
Years as a practicing researcher:  27 (22 years post-PhD)

Present research/professional speciality:  Structural Biology/Protein Crystallography

Research Grant Funding:
2004-present
National Institutes of Health, National Centers for Research Resources  P41 RR001209-31, US$2.79 million for fiscal year 2011, US$22.3 million since 2004 (Co-investigator)
2002
Health Research Council of New Zealand, NZ$1,441,308 for 3 years (Co-investigator)

2000
Health Research Council of New Zealand, NZ$715,723 for 4 years (Principal Investigator)

2000
Lottery Board (Health), NZ$50,800 (Equipment grant)

2000
Marsden Fund (NZ Government), NZ$533,000 for 3 years (Co-investigator)

2000
Health Research Council of New Zealand, NZ$551,000 for 2 years (Co-investigator)

1999
US Veteran’s Affairs sub-contract (Dr Joseph Chow PI), US$54,000 for 3 years

1999
Health Research Council of New Zealand, NZ$447,141 for 3.5 years (Principal Investigator)

1998
Auckland Medical Research Foundation, NZ$80,764 for 2 years (Principal Investigator)

1997
Wellcome Trust (UK), NZ$832,000 (Co-investigator)

1995
Foundation for Research, Science and Technology Postdoctoral Fellowship (NZ), NZ$120,000

1994
Fogarty International Postdoctoral Fellowship (NIH), US$60,000

Research Collaborations (past and current*):
Aminoglycoside resistance enzymes; Dr Micheal Perlin, University of Louisville

Bacterial cell wall ligases; Dr Mathew Anderson, Merck Research Laboratories

Bacteriophage  terminase; Dr Micheal Feiss, University of Iowa

Chicken haemoglobin D form; Prof Austen Riggs, University of Texas

Insect and plant proteins and enzymes; Dr Michael Salvucci, USDA, Arizona

Folate receptor; Dr Edward Quadros, SUNY Downstate
10-formyltetrahydrofolate dehydrogenase; Dr Sergey Krupenko, Medical University of South Carolina 

Mitochondrial DHFR; Dr Don Anderson, Cornell University
*Aminoglycoside and -lactam resistance enzymes; Dr Sergei Vakulenko and Prof Shahriar Mobashery, University of Notre Dame; Dr Paul Young and Prof Ted Baker, University of Auckland

*Cobalamin derivatives; Dr Nicola Brasch, Kent State University, and Prof Don Jacobsen, Cleveland Clinic
*Bifunctional MurC-DDL enzyme; Dr Anthony Maurelli, Uniformed Services University of the Health Sciences
*Lactate dehydrogenase; Prof Katherine Kantardjieff, CSU San Marcos
*Folate metabolizing enzymes; Dr Andrew Bognar, University of Toronto

*CRISPR-associated protein cas9 from Bordetella pseudohinzii; Dr Monica Castelle, University of Georgia

*Dirigent proteins DR206 and AtDP6; Prof Norman Lewis, Washington State University

*Structural studies on the bioluminescent protein from the firefly squid (Watasenia scintillans); Dr Miriam Sharpe, University of Otago, New Zealand

*Structural studies on enzymes involved in degradation of toxic polycyclic aromatic compounds; Dr Ronaldo Nagem, Universidade Federal de Minas Gerais, Brazil
Protein Data Bank Depositions/Coordinates and Structure Factors:

Lactoferrin/transferrin

1LCI 
dicupric lactoferrin (human)

1LCF
dicupric-dioxalato lactoferrin (human)

1BKA
diferric-dioxalato lactoferrin (human)


1FCK
diceric lactoferrin (human)

1DTG
H249E transferrin N-lobe mutant (human) 


1A8E
transferrin N-lobe


1A8F
transferrin N-lobe
Myosin


1MNE
MgPPI-myosin (Dictyostelium discoideum)

1MND
MgADP.AlF4-myosin (Dictyostelium discoideum)

1VOM
MgADP.VO4-myosin (Dictyostelium discoideum)
FPGS


1FGS
MgATP folylpolyglutamate synthetase (Lactobacillus casei)

1JBV
MgADP folylpolyglutamate synthetase (Lactobacillus casei)

1JBW
MgAP4.methylenetetrahydrofolate folylpolyglutamate synthetase (Lactobacillus casei)

2GCA
apo folylpolyglutamate synthetase (Lactobacillus casei)

2GC5
G51S folylpolyglutamate synthetase mutant (Lactobacillus casei)

2GC6
S73A folylpolyglutamate synthetase mutant (Lactobacillus casei)

2GCB
G51S/S52T folylpolyglutamate synthetase double mutant (Lactobacillus casei)

2VOS
MgADP folylpolyglutamate synthetase (Mycobacterium tuberculosis)


2VOR
MgAMPPCP folylpolyglutamate synthetase (Mycobacterium tuberculosis)

Antibiotic resistance


1ND4
aminoglycoside-3'-phosphotransferase-IIa (Klebsiella pneumoniae)


2QPN
GES-1 β-lactamase (Klebsiella pneumoniae) – Class A

3HAM
gentamicin-APH(2”)-IIa complex

3HAV
streptomycin-AMPPCP-APH(2”)-IIa complex

3LEZ
OIH-1 β-lactamase (Oceanobacillus iheyensis) – Class A

3N4T
apo APH(2”)-IVa form I

3N4U
apo APH(2”)-IVa form II

3N4V
apo APH(2”)-IVa form III

3NI9
apo GES-2 β-lactamase – Class A

3NIA
GES-2 β-lactamase-tazobactam complex – Class A

3TDV
GDP-APH(2”)-IIIa complex

3TDW
GDP-APH(2”)-IIIa complex – F108L mutant

4GNU
apo GES-5 β-lactamase – Class A

4GOG
GES-1 β-lactamase-imipenem – Class A

4H8R
GES-5 β-lactamase-imipenem – Class A

4JF4
OXA-23 β-lactamase-meropenem – Class D

4JF5
apo OXA-23 β-lactamase pH 4.1 – Class D

4JF6
apo OXA-23 β-lactamase pH 7.0 – Class D

4OH0
apo OXA-58 β-lactamase – Class D

4NET
apo ADC-1 β-lactamase – Class C

4ORK
GDP-APH(2”)-Ia complex

4QC6
kanamycin-CoA-AAC(6’)-Ie complex

4QU3
GES-2-ertapenem complex – Class A

4ZDX
apo OXA-51 β-lactamase – Class D

4Z9O
apo GGT1 (human)


5CTM
apo BPu1 β-lactamase – Class D (Gram positive)


5CTN
doripenem-BPu1 β-lactamase – Class D (Gram positive)


5F82
apo GES-5 C69G mutant β-lactamase – Class A

5F83
imipenem-GES-5 C69G mutant β-lactamase – Class A

5IY2
apo OXA-143 β-lactamase – Class D

6BFF
apo AAC(6’)-Im


6BFH
kanamycin-AAC(6’)-Im
Others


1DBI
AK1 protease

1YK3
Rv1347c


1E3J
sorbitol dehydrogenase (Beimisia argentifolii)


2F00
UDP-N-acetylmuramoyl:L-alanine ligase (MurC) (Escherichia coli)



2VJE
MDM2/MDMX RING domain heterodimer (human)

2VJF
MDM2/MDMX RING domain heterodimer (human)


3EB5
cIAP2 RING domain (human)

3EB6
cIAP2 RING domain bound to UbcH5b (human)

4N5H
esterase B (Lactobacillus rhamnosis)

4PNJ
Sperm whale P6 myoglobin


4REV
apo DRR206 dirigent protein (pea)

4ZBK
GGT1 with GGsTop inhibitor (human)


4ZC6
GGT1 with serine borate (human)


4ZCG
GGT1 with glutamate (human)
RESEARCH STATEMENT AND SPECIALTIES
My research is primarily in the area of structural biology, where we seek to understand the three-dimensional structures of proteins and enzymes, protein assemblies, and complexes between the proteins and enzymes and other small molecules. The basic assumption is that to understand the function of biological macromolecules, their detailed forms must be known. The activities of biological macromolecules and their impact on human health are primarily dependent upon their three-dimensional structures, and the specificity of biological processes in which these molecules are involved is dependent upon recognition between proteins, nucleic acids, small molecule substrates, cofactors, metal ions, and effectors.  By studying the three-dimensional structures of key proteins, we will be in a better position to understand how they function, how they interact with other molecules present in the system, and then to use this structure-function information for therapeutic purposes including protein engineering or the design of novel drugs.  The research involves the expression, purification, crystallization, structure determination by X-ray crystallography, and structural analysis using computer graphics, of proteins of biomedical importance. The research also makes use of other techniques in structural biology including small-angle X-ray scattering (SAXS) and X-ray absorption spectroscopy (XAS).

Research Interests


Determination of protein structure by X-ray crystallography


Antibiotic resistance mechanism


Cobalamin chemistry and structure


Folate and one-carbon metabolism


Structure- and fragment-based drug design

Application of synchrotron radiation to structural biology



- Protein Crystallography



- Small-angle X-ray scattering (SAXS)


- X-ray absorption spectroscopy (XAS)


- Monitoring radiation damage during data collection


Automation and remote access to crystallography experiments

Application of synchrotron radiation to small molecule crystallography


High pressure flash-cooling of crystals

Some current research projects
1. Structural Studies on Aminoglycoside Phosphotransferases (with Dr Sergei Vakulenko, Notre Dame).
A major factor in the emergence of antibiotic resistance is the existence of bacterial enzymes that chemically modify common antibiotics. One such family of antibacterials to which there is now almost universal resistance are the aminoglycosides (kanamycin, tobramycin and gentimicin for example). High-level resistance to gentamicin in Enterococci is mediated by a group of four phosphotransferases belonging to the APH(2”) sub-family of phosphotransferase enzymes which phosphorylate at a specific hydroxyl group on the antibiotic, using either GTP or ATP as a cosubstrate. One of these enzymes occurs as a part of a bifunctional enzyme AAC(6’)-Ie-APH(2”)-Ia (the AAC part is an acetyltransferase which acetylates amino groups on the aminoglycoside drugs) which alone account for over 90% of all aminoglycoside resistance in Enterococci and has been isolated from a range of Gram-positive bacteria. To date this bifunctional enzyme has not been crystallized and it is likely that this lack of crystallizability may result from significant differences in the optimal crystallization condition for the acetyltransferase and phosphotransferase functionalities, or conformational mobility in the interdomain linker which could render the enzyme highly flexible.
An understanding of how these enzymes bind and deactivate the aminoglycosides will provide valuable information for the design of specific inhibitors of these enzymes.  We are studying all four of the APH(2”) phosphotransferases, APH(2”)-Ia and APH(2”)-IIa from Enterococcus faecium, APH(2”)-IIIa from E. gallinarum, and APH(2”)-IVa from E. casseliflavus. The three dimensional structures of the binary gentamicin complex and a ternary AMPPCP-streptomycin complex of APH(2”)-IIa has been determined and published in 2009 and the crystallization conditions for APH(2”)-IIIa and APH(2”)-IVa were reported in 2008 and 2009 respectively. The APH(2”)-IVa structure was been solved by molecular replacement using APH(2”)-IIa as the search model, and the APH(2”)-IVa structure was reported in 2010. We have now solved the structure of APH(2”)-IIIa which is a GTP-dependent enzyme, something unusual with respect to the phosphotransferases, and we have been able to identify the structural determinants of GTP recognition and explain why this enzyme cannot use ATP as the phosphate source. 
We are currently working towards the structures of APH(2”)-Ia and AAC(6’)-Ie which are the separate components of the bifunctional enzyme. Small-angle X-ray scattering (SAXS) studies on the separate domains of the bifunctional AAC(6’)-Ie-APH(2”)-Ia enzyme, along with the intact enzyme itself are also being pursued in collaboration with Dr Thomas Weiss (SSRL) in an effort to understand how the molecule is constructed and whether there is any cooperativity between the two functional components.
2. Structural Studies on Beta-Lactamase Enzymes (with Dr Sergei Vakulenko, Notre Dame)
Beta-lactams are the most common antibiotics in clinical use and represent more than 60% of total world consumption of antimicrobial drugs. They include penicillins, cephalosporins, monobactams, penems and carbapenems, and over 50 antibiotics of this class are available on the market. A major mechanism of bacterial resistance to β-lactam antibiotics is the production of beta-lactamases, enzymes that hydrolyze the conserved four-membered ring of β-lactams in a two-step process.  We are currently working on three recently-discovered β-lactamase enzymes.  The first, named GES-1 (Guiana Extended-Spectrum, after the country where it was first isolated) was initially described in 2000.  This extended spectrum β-lactamase (ESBL) is very distantly related to other class A β-lactamases and produces resistance to penicillins and first-, second-, and some third-generation cephalosporins (e.g. ceftazidime) but not to monobactams and carbapenems.  Since 2000, fifteen GES-type enzymes (GES-1 - GES-15) from different geographical locations have been described.  The most alarming characteristic of the GES family of enzymes that distinguish them from the TEM and SHV superfamilies, is their apparent ability to evolve into weak carbapenemases, enzymes capable of hydrolyzing carbapenem antibiotics.  We have determined the structures of GES-1, GES-2 and GES-5, along with the structure of a mutant (E166N) of GES-5 which is unable to catalyze the second step of β-lactam hydrolysis. We reported the structure of the GES-2 with a bound β-lactamase inhibitor, tazobactam in 2011, and are continuing with studies on the binding of imipenem and other carbapenem antibiotics to GES-1, GES-2 and GES-5.

3. Structural Studies on Cobalamin Complexes (with Dr Nicola Brasch, Kent State Univeraity and Prof Don Jacobsen, Cleveland Clinic)
Corrinoid-dependent enzymes are widespread in nature and play key roles in human, animal and microbial metabolism. The clinical hallmarks of B12 deficiency are megaloblastic anemia (‘pernicious anemia’), and neuropathies. Upon reaching cells, cobalamin derivatives are converted to MeCbl and AdoCbl by currently ill-defined mechanisms. Many studies have been carried out over the past several decades involving the extraction and identification of cobalamins from mammalian cells, tissue and blood, in addition to other biological samples such as foods and seaweed. Adenosylcobalamin, methylcobalamin and aquacobalamin are the major cobalamin metabolites isolated from biological samples but there are also reports of the isolation of nitrocobalamin and sulfitocobalamin from biological sources, along with other unknown complexes.  We have synthesized a number of cobalamin derivatives to assist in the identification of unknown cobalamins isolated from biological samples, and we have determined the crystal structures of a number of these complexes, including N-acetylcysteinylcobalamin and nitrosocobalamin in 2006 and 2007.  The structures of two alkylcobalamins, ethylcobalamin and butylcobalamin have also been determined and were reported in 2009. Further studies on other biologically-relevent cobalamin complexes are underway, including glutathionylcobalamin which has for many years evaded all attempts at structure determination, and whose structure we reported in 2010.  We were able to obtain high quality crystals of this complex, data at atomic resolution (< 0.8 A) was collected, and we have succeeded in solving and refining the structure.  The glutathionyl moiety shows a high degree of flexibility and exists as two stereoisomers (R and S), which may have been responsible for the inability to determine the structure in the past.
4. Structural Studies on 10-formyltetrahydrofolate dehydrogenase (with Dr Sergey Krupenko, Medical University of South Carolina)
FDH (10-formyltetrahydrofolate dehydrogenase, also known as ALDH1L1) converts 10-formyltetrahydrofolate (10-formyl-THF) to tetrahydrofolate and CO2 in a NADP+-dependent reaction. The enzyme consists as a homotetramer, each monomer comprising 902 amino acid residues. The protein subunit is a product of a natural fusion of three unrelated genes and consists of three distinct domains. The N-terminal domain of FDH (residues 1-310) carries the folate binding site and shares sequence homology and structural topology with other enzymes utilizing 10-formyl-THF as a substrate. In vitro this domain functions as a 10-formyl-THF hydrolase. The C-terminal domain of FDH (residues 400-902) originated from an aldehyde dehydrogenase-related gene and is capable of oxidation of short-chain aldehydes to corresponding acids. This domain is similar to classes 1 and 2 aldehyde dehydrogenases, and is responsible oligomerization of the full-length enzyme. The two catalytic domains are connected by an intermediate linker (residues 311-399), which is a structural and functional homolog of carrier proteins possessing a 4'-phosphopantetheine prosthetic group. In the FDH mechanism, the intermediate linker domain transfers a formyl group, covalently attached to the sulfhydryl group of the phosphopantetheine arm, from the N-terminal domain to the C-terminal domain. The overall FDH mechanism is a coupling of two sequential reactions, a hydrolase and a formyl dehydrogenase, bridged by a substrate transfer step. In this mechanism, one domain provides the folate binding site and a hydrolase catalytic center to remove the formyl group from the folate substrate, another provides a transfer vehicle between catalytic centers and the third one contributes the dehydrogenase machinery further oxidizing formyl to CO2. We have begun a collaboration to structurally characterize the full length FDH, and the two catalytic domains.  Crystallization trials are currently underway.

5. Bifunctional MurC-DDL enzyme (with Dr Anthony Maurelli, Uniformed Services University of the Health Sciences.
Bacteria in the Chlamydiaceae family are pathogens which cause sexually transmitted, respiratory and ocular diseases. Chlamydia have a unique life cycle, alternating between an infectious extracellular form and an intracellular, metabolically-active reticulate form. Morphologically Chlamydia resemble typical gram-negative bacteria with two cell membranes, and lipid and amino acid compositions which are similar, and although they seem to lack peptidoglycan (the so-called Chlamydial peptidoglycan anomaly) which give bacterial cells their rigidity, they are sensitive to antibiotics that target peptidoglycan (cycloserine for example). Recent microarray and proteomic analysis has shown that genes expressing peptidoglycan synthesis enzymes are present and activated during reticulate body development. The presence of D-amino acids in peptidoglycan is a hallmark of bacteria and although they express no racemases, Chlamydia do have a D-alanyl-D-alanine (D-Ala-D-Ala) ligase homologue (Ddl) encoded in their genome, occurring as a fusion product with UDP-N-acetylmuramate:L-alanine ligase (MurC), the third enzyme in a series of six responsible for the biosymthesis of the peptidoglycan building blocks. Analysis of the individual Ddl and MurC components of the bifunctional enzyme show activity both in vivo and in vitro. The structures of both complements are known from other organisms and we have initialled a collaboration to structurally characterize the full length Ddl-MurC, and the two independent functional domains by X-ray crystallography and SAXS (in collaboration with Dr Thomas Weiss, SSRL). Crystallization trials are currently underway.
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