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A.	Personal Statement
I have over 28 years’ experience in the determination of small molecule and protein structures using X-ray crystallography, initially as a graduate student in New Zealand, then as a postdoctoral fellow at the University of Wisconsin, and more recently as a faculty member at the University of Auckland.  I have been in my current position as Senior Staff Scientist at the Stanford Synchrotron Radiation Lightsource (SSRL) for the last 11 years, where my roles involve research into biomedical problems including antibiotic resistance, folate metabolism and vitamin B12 chemistry, along with a role in the development of crystallography beamline hardware, the support of users of the beamlines, and the training and education of those users.
1.	Soltis, SM, Cohen, A, Deacon, A, Eriksson, T, Gonzalez, A, McPhillips, S, Chui, J, Dunten, P, Hollenbeck, M, Mathews, I, Miller, M, Moorhead, P, Smith, C, Song, J, van den Bedem, H, Ellis, P, Kuhn, P, McPhillips, T, Phizackerley, P, Sharpe, K, Wolff, G (2008). New paradigm for macromolecular crystallography experiments at SSRL: Automated crystal screening and remote data collection. Acta Cryst. D64, 1210-1221. PMCID: PMC2631117
2.	Smith, CA, Card, GL, Cohen, AE, Doukov, TI, Eriksson, T, Gonzalez, AM, McPhillips, SE, Dunten, PW, Mathews, II, Song, J, Soltis, SM (2010). Remote access to crystallography beamlines at SSRL: Novel tools for training, education and collaboration. J. Appl. Cryst. 43, 1261-1270. PMCID: PMC3238386
3.	Kim, KW, Smith, CA, Daily, MD, Cort, JR, Davin, LB, Lewis, NG (2015). Trimeric structure of (+)-pinoresinol forming dirigent protein at 1.95 Å resolution with three isolated active sites. J. Biol. Chem. 290, 1308-1318. PMCID: PMC4340379
4.	Terzyan, SS., Burgett, AWG., Heroux, A, Smith, CA, Mooers, BHM, Hanigan, MH (2015). Human gamma-glutamyl transpeptidase 1: Structures of the free enzyme, inhibitor-bound tetrahedral transition states and glutamate-bound enzyme reveal novel movement within the active site during catalysis. J. Biol. Chem. 290, 17576-17586. PMCID: PMC4498091

B.	Positions and Honors
Positions and Employment
1986-1987 	High School Teacher, New Plymouth Boys’ High School
1987-1991	Graduate Assistant, Massey University, New Zealand
1991-1993	Assistant Lecturer, Massey University, New Zealand
1994-1995	Postdoctoral Fellow, University of Wisconsin
1996-1997	Postdoctoral Fellow, Massey University, New Zealand
1997-2000	Lecturer, School of Biological Sciences, University of Auckland, New Zealand
2001-2003		Senior Lecturer, School of Biological Sciences, University of Auckland, New Zealand
2003-2008	Staff Scientist, Stanford Synchrotron Radiation Lightsource, Stanford University
2008-present	Senior Staff Scientist, Stanford Synchrotron Radiation Lightsource, Stanford University

Honors, Awards, Public Service
1991	Young Investigators' Award, Health Research Council of New Zealand
1991	Young Scientist's Award, Royal Society of New Zealand
1991	Travel Award, American Crystallographic Association
1994	Fogarty International Postdoctoral Fellowship, National Institutes of Health
1995	FRST Postdoctoral Fellowship, Foundation for Research, Science and Technology (New Zealand)
1998-1999	Member – Staff/Student Consultative Committee, School of Biological Sciences, University of Auckland
2002-2003	Member – Staffing Advisory Committee, School of Biological Sciences, University of Auckland
2003	Applied Biosystems Award for Research Excellence, New Zealand Society of Biochemistry and Molecular Biology
2008	Top 10 Podium Presentation, Laboratory Automation Annual Meeting
2010	Top 25 Podium Presentation, Society for Laboratory Automation and Screening Annual Meeting
2013	Farrel Lytle Award, Stanford Synchrotron Radiation Lightsource

C.	Contribution to Science
1. My early research work stemming from my PhD involved structural and spectroscopic studies on the human milk protein lactoferrin. This protein, related to serum transferrin and egg-white ovotransferrin, is an iron-binding protein thought to have a bacteriostatic role, and it provides an early protective mechanism for breast-fed infants. Along with iron, the protein is also capable of binding a wide variety of transition and rare-earth metals. I was able to show that structurally the binding of copper and cerium by human lactoferrin leads to a very similar overall structure to the iron-bound form, although variations in the stereochemistries of the different metals leads to subtle differences in the active site.
a	Smith, CA, Anderson, BF, Baker, HM, Baker, EN (1992). Metal substitution in transferrins:  The crystal structure of human copper lactoferrin at 2.1Å resolution. Biochemistry 31, 4527-4533. PubMed PMID: 1581307
b	Smith, CA, Anderson, BF, Baker, HM, Baker, EN (1994). Structure of copper- and oxalate-substituted human lactoferrin at 2.0 Å resolution. Acta Crystallogr. D50, 302-316. PubMed PMID: 15299444
c	Baker, HM, Baker, CJ, Smith, CA, Baker, EN (2000). Metal substitution in transferrins: Specific binding of Ce(IV) revealed by the crystal structure of cerium-substituted human lactoferrin. J. Biol. Inorg. Chem. 5, 692-698. PubMed PMID: 11128996
d	Smith, CA (2000). Lactoferrin In Messerschmidt, A, Huber, R, Poulos, TL & Weighardt, K (Eds.) Handbook Of Metalloproteins Chichester, John Wiley & Sons, pp 812-833.

2.	My Postdoctoral work at the University of Wisconsin led to the publication of seminal papers describing work on the muscle protein myosin, which remains very important work in the field since they describe, for the first time, the large scale conformation changes which take place in the myosin head domain associated with the “power stroke” in muscle contraction. I was able to trap the myosin head in a transition state between the ATP-bound form and the pre-power stroke just prior to the release of ADP and phosphate, using vanadate-trapped ADP. The tail of the myosin head, where it links to the thick muscle filament, was substantially different from that observed in the ATP-bound form, consistent with this region of the molecule playing an important role in muscle contraction. Structural studies on myosin led to an interest in the different ways enzymes bind and utilize ATP, and ultimately led to a number of my future research projects.
a	Fisher, AJ, Smith, CA, Thoden, J, Smith, R, Sutoh, K, Holden, HM, Rayment, I (1995). X-ray structures of the myosin motor domain of Dictyostellium discoideum complexed with MgADP.BeFx and MgADP.AlF4-. Biochemistry 34, 8960-8972. PubMed PMID: 7619795
b	Smith, CA, Rayment, I (1996). Active site comparisons highlight structural similarities between myosin and other P-loop proteins. Biophys. J. 70, 1590-1602. PMCID: PMC1225128
c	Smith, CA, Rayment, I (1996). X-ray Structure of the magnesium(II)·ADP·vanadate complex of the Dictyostelium discoideum myosin motor domain to 1.9 Å resolution. Biochemistry 35, 5404-5417. PubMed PMID: 8611530
d	Rayment, I, Smith, CA, Yount, RG (1996). The active site of myosin. Annual Review of Physiology 58, 671-702. PubMed PMID: 8815815

3.	One such research program, stemming from my interest in ATP utilization, involved the superfamily of ATP-dependent amide-bond ligases. Members of this family of enzymes are involved in a range of diverse biological roles including folate retention, and bacterial cell wall biosynthesis. I led the research which produced the first crystal structure of the folate metabolizing enzyme folylpolyglutamate synthetase (FPGS) from Lactobacillus casei. This enzyme adds successive glutamate residues to the tail of folic acid (to produce polyglutamylated derivatives) which leads to enhanced retention of folic acid with the cell. Folate metabolizing enzymes, involved in important biological processes such as methionine synthesis and DNA biosynthesis, are subsequently able to use these polyglutamylated folates. Structural analysis indicated that FPGS bore a remarkable resemblance to the ATP-dependent enzymes involved in the biosynthesis of peptidoglycan in the bacterial cell wall. Bacteria use four separate enzymes to add alanine, glutamic acid, lysine and the dipeptide D-ala-D-ala sequentially to a disaccharide precursor molecule. I led research to determine the structure of one of these enzymes (MurC) from E. coli, and reviewed the structural details for the entire family of bacterial cell wall ligases (MurC, MurD, MurE and MurF). All four enzymes are composed of three sub-domains, with two of these domains structurally conserved in all four proteins. They only differ in their substrate-binding N-terminal domains, where the first two enzymes (MurC and MurD) use a similar domain structure, with MurD using dmain movements to accommodate the glutamylated substrate produced by MurC. In order to bind the substrates with extended amino acid tails, the latter two enzymes (MurE and MurF) use a completely different N-terminal domain. These enzymes are examples of modular architecture in protein structure, whereby changing one domain leads to an extended functionality. FPGS remains a very unusual member of this family since it is capable of extending the amino acid tail by up to seven or more glutamate residues in some cases, using the same structural framework.
a	Sun, X, Bognar, AL, Baker, EN, Smith, CA (1998). Structural homologies with ATP- and folate-binding enzymes in the crystal structure of folylpolyglutamate synthetase. Proc. Natl. Acad. Sci. U.S.A. 95, 6647-6652. PMCID: PMC22582
b	Deva, T, Baker, EN, Squire, CJ, Smith, CA (2006). Structure of Escherichia coli UDP-N-acetylmuramoyl:L-alanine ligase (MurC). Acta Crystallogr. D62, 1466-1474. PMID: 17139082
c	Smith, CA (2006). Structure, function and dynamics in the mur family of bacterial cell wall ligases.  J. Mol. Biol. 362, 640-655. PMID: 16934839
d	Young, P, Smith, CA, Metcalf, P, Baker, EN (2008). Structures of Mycobacterium tuberculosis folylpolyglutamate synthase complexed with ADP and AMPPCP. Acta Cryst. D64, 745–753. PMCID: PMC2631112

4. The metabolism of folic acid and vitamin B12 (cobalamin) are intricately related in all living systems, and my research involving the folic acid enzyme FPGS led to an interest in B12. 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. 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. My collaborators at Kent State University and the Cleveland Clinic synthesized a number of cobalamin derivatives to assist in the identification of unknown cobalamins isolated from biological samples, and I led the structure determine effort on some of these derivatives. The structures of N-acetylcysteinylcobalamin and nitrosocobalamin, two alkylcobalamins( ethylcobalamin and butylcobalamin), along with the hitherto elusive glutathionylcobalamin were determined to atomic resolution. The nitrosocobalamin species was extremely oxygen sensitive and methods were developed to handle and cryo-cool crystals of this compound under nitrogen conditions, leading to the first reports of the structure of this B12 derivative. In the glutathionylcobalamin structure is was observed that the glutathionyl moiety showed a very high degree of flexibility and existed as two stereoisomers (R and S), which may have been responsible for the inability to determine the structure of this complex in the past.
a	Suarez-Moreira, E, Hannibal, ML, Smith, CA, Chavez, RA, Jacobsen, DW, Brasch, NE (2006). A simple, convenient method to synthesize cobalamins: Synthesis of homocysteinylcobalamin, N-acetylcysteinylcobalamin, 2-N-acetylamino-2-carbomethoxyethanethiolatocobalamin, sulfitocobalamin and nitrocobalamin.  Dalton Trans., 5269-5277. PMCID: PMC2754772
b	Hannibal, L, Smith, CA, Smith, JA, Axhemi, A, Miller A, Wang, S, Brasch, NE, Jacobsen, DW (2009). High resolution crystal structure of the methylcobalamin analogues ethylcobalamin and butylcobalamin by X-ray synchrotron diffraction. Inorg. Chem. 48, 6615-6622. PMCID: PMC2878369
c	Hassanin, HA, El-Shahat, MF, DeBeer, S, Smith, CA, Brasch, NE (2010). Redetermination of the X-ray structure of nitroxylcobalamin: Base-on nitroxylcobalamin exhibits a remarkably long Co-N(dimethylbenzimidazole) bond distance. Dalton Trans., 10626-10630. PMCID: PMC3016199
d	Hannibal, L, Smith, CA, Jacobsen, DW (2010). The X-ray crystal structure of glutathionylcobalamin revealed. Inorg. Chem. 49, 9921-9927. PMCID: PMC2964671

5.	A major factor in the emergence of antibiotic resistance is the existence of bacterial enzymes that chemically modify common antibiotics. Two such families of antibacterials to which there is now almost universal resistance are the aminoglycosides (kanamycin, tobramycin and gentimicin) and the b-lactams (penicillin, cephalosporins and carbapenems). High-level resistance to gentamicin in Enterococci, for example, 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. In collaboration with Dr Sergei Vakulenko at the University of Notre Dame, we have determined the structures of all four of the APH(2”) enzymes, most recently the APH(2”)-Ia domain of the bifunctional enzyme. In addition, the acetyltransferase domain was also crystallized and subsequent small-angle x-ray scattering (SAXS) studies on the individual domaisn and on the intact bifunctional enzyme have provided us with excellent insights into the structure of this important enzyme. Again in collaboration with Dr Vakulenko, we have solved the structures of a wide range of β-lactamase enzymes from the three classes of active-site serine enzymes (Classes A, C and D), including members of the GES family of class A enzymes whose most alarming characteristic that distinguishes them from the TEM and SHV superfamilies, is their ability to evolve into weak carbapenemases, enzymes capable of hydrolyzing carbapenem antibiotics. Moreover, the structures of a number of class D carbapenemase, most notable those from Acinetobacter baumannii, were also determined, giving us important structural insights into the determinants of carbapenemase activity in the large class D family.
a	Young, P, Walanj, R, Lakshmi, V, Byrnes, LJ, Metcalf, P, Baker, EN, Vakulenko, S, Smith, CA (2009). The crystal structures of substrate and nucleotide complexes of Enterococcus faecium aminoglycoside-2”-phosphotransferase-IIa [APH(2”)-IIa] provide insights into substrate selectivity in the APH(2”) subfamily.  J. Bacteriol. 191, 4133-4143. PMCID: PMC2698469
b	Smith, CA, Antunes, NT, Stewart, NK, Toth, M, Kumarasiri, M, Chang, M, Mobashery, S, Vakulenko, SB (2013). Structural basis for carbapenemase activity of the OXA-23 β-lactamase from Acinetobacter baumannii. Chem. Biol. 20, 1107-1115. PMCID: PMC3888872
c	Smith, CA, Toth, M, Weiss, TM, Frase, H, Vakulenko, SB (2014). Structure of the bifunctional aminoglycoside-resistance enzyme AAC(6')-Ie-APH(2")-Ia revealed by crystallographic and small-angle X-ray scattering analysis. Acta Crystallogr. D70, 2754-2764. PMCID: PMC4188014
d	Toth, M, Antunes, NT, Stewart, NK, Frase, H, Bhattacharya, M, Smith, CA, Vakulenko, SB (2016). Efficient class D β-lactamases do exist in Gram-positive bacteria. Nature Chem. Biol. 12, 9-14. PMCID: PMC4684797

Complete List of Published Work in MyBibliography: 
http://www.ncbi.nlm.nih.gov/myncbi/browse/collection/47966645/?sort=date&direction=descending
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Ongoing Research Support 
P41 RR001209-30S1 Hodgson (PI)	10/1/2016 - 9/30/2017
	National Institutes of Health, NIGMS
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