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Supplementary Information

Supplementary experimental section
Cloning, expression and purification of OAT2 variars

Expression and purification of wildtype OAT2 wasrried out as described.The
preparation of OAT2 variants by subunit coexprassio/olved insertion of a stop codon
(TGA) after the codon encoding for Ala-180 in trectororf6/pTYB12 (ampicillin resistant)
resulting in a construairf6;.1sd/pTYB12 which enabled production of the OATZubunit
with an N-terminal intein tag. The gene encodingtfe OAT2B-subunit was amplified from
orf6é/pTYB12 using primers and subcloned into the pET2detor (kanamycin resistant) to
give the construcorf6,g;1.30dpET24a. Site directed mutagenesis was carried oouthe
orf6/pTYB12 andorf6;.15dpTYB12 plasmids to introduce the required pointtations. The
truncated OAT2C-terminal mutant @rf6,3sd/pTYB12) was prepared by inserting a stop
codon after the codon encoding Asn-388. The twaorec(rf6:.1sdpTYB12 (a); orf6ig:-
30dpET24 @)) (with the appropriate mutations on thesubunit) were transformed H.coli
BL21 (DE3) cells, and expression was carried o@8tC by induction with 1mM isopropyl
B-D-1-thiogalactopyranoside (IPTG). Protein purifioa was carried out as for wildtype
OAT2}
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Enzyme assays

For the'H NMR NAG/NAO hydrolysis experiments, the assay mig contained Tris-
HCI (50 mM, pH 7.5), OAT2 solution (5QM), NAO/NAG (2 mM) and RO in a final
volume of 100ul. Scans were taken every 30 minutes over a pefid® hours on a Bruker
Ultrashield 500 MHz spectrometer at 298 K. The Ukhydrin assays and MALDI/MS were

carried out as describéd.

Crystallization, data collection and structure soldion

OAT2 was prepared as reporfedScreening for OAT2 crystals in the presence ofaNA
was as describédThe optimized crystal growth conditions, with ibation at 17 °C
consisted of OAT2 (12 mg/mL) in ammonium sulphédtet (M), lithium sulphate (0.12 M),
Tris-HCI pH 8.5 (0.1 M), andN-a-acetylL-glutamate (0.15 M). These conditions produced
single prism-shaped crystals, of approximate dinoess0.25 x 0.20 x 0.30 mm (after 4

days).

Data were collected using an Xcalibur Nova instrotm@®xford Diffraction). Intensities
were integrated and scaled with the program Crgsfiligent Technologies). Subsequent
data reduction and model refinement used the CQR&>s~our monomers derived from the
A chain of wildtype OAT2 (PDB id:1vz6) were idergifl using PHASER.The model was
refined using REFMA€and adjusted using®@nd COOT. NCS restraints were removed in
the final stages of refinement with CRShe quality and stereochemistry of the structure
was monitored after the refinement with WHATCHECad PROCHECK?® Serial soaking
with NAG solutions, flash-cooling of these crystaisliquid nitrogen resulted in structures
with partial occupancy of NAG in one OAT2 molecaled also scattered, unresolved regions
of electron density (data not shown). The atomiordimates and structure factors for the
acyl-OAT2 complex (PDB ID: 2YEP) have been depak#éthe Protein Database in Europe
(PDBe;http://www.ebi.ac.uk/pdbe

Molecular dynamics simulations

Molecular dynamics simulations (MDS) were performesihg the acyl-OAT2-glutamate
(PDB ID: 2YEP) and OAW;-L-Orn (PDB ID: 3it6) complex crystal structures. Riegs with
missing atoms in the crystal structures were husing psfgen of NAMDZ2! Throughout
MDS studies, the amino group of the Thr-181 wasydated; and theC-termini of Ala-180

and Thr-393 were in their carboxylate form. Defaqribtonation states were used for all the
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residues except for Thr-181 and the substrates.ptoposed that-Glu/L-Orn bind initially
with their a-amino nitrogens in a protonated state. Concomitattt binding to the enzyme,
this proton is possibly transferred to thderminal amino group acetyl-Thr-181 or to a water
molecule. Therefore, in the MDS involving the unrfied enzyme, the protonation state of
the a-amino group of Thr-181, and the two ligandisGlu andL-Orn) were varied to check
whether the protein and the ligands were capablerofing stable complexes under different
protonation states. Histidines were protonatedhat delta-position. Different protonation
states of both the substrates and the acetylasgdleeThr-181 were investigatddOrn was
docked in molecule CD using GOLBTwo orientations of-Orn were tested, one of them
comparable to that of tHeGlu molecule in the crystal, and a second conéigan where the
binding direction at the-carboxylate and side chains were reversed toofhgiutamate. The
atomic models were solvated using the Solvate plugk VMD™ using a box padding of
14x14x15 R dimensions. Waters from the crystal structure wacduded in the models.
Sodium ions were added to neutralize the systerhe. tdtal system sizes were ~102,000
atoms. MDS on the crystal structure of QATL-Orn complex as reported by

Sankaranarayanaet al.'

were carried out following the same protocol. Bi#int variants
were analyzed in terms of their potential impacttioa flexibility of catalytic residues and
their effect on the substrate binding. Variant cinees were generated with the VMD

program.

Each system was first minimized over 1,000 stejrsgus conjugate gradient procedure,
followed by 200 ps of unconstrained dynamics at KGhd 200 K respectively. Unrestrained
MDS for 6 ns were performed at 298 K. The CHARMM#®&xce field with CMAP
correctiort® was used, together with TIP3P model for water mdks’’ Default CHARMM
parameters were used for ions in bulk solutioniddéer boundary conditions were adopted
and the particle mesh Ewald algorithm was usedett the electrostatics interactidfis/an
der Waals forces were smoothly switched off at 2081 Bonds with hydrogen atoms were
restrained by the SETTLE algoriththjn order to use a 2 fs time step. The multi tireps
algorithm r-RESPA’ was used to integrate the equation of motion. Nemded short-range
forces were computed every time step, while elstita forces were updated every 2 time
steps. MDS were performed using the NPT ensemineptessure was kept at 1 atm using
the Nose-Hoover Langevin piston metH8dyith a damping time constant of 100 ps and a
period of 200 ps. The temperature maintained bylog to a Langevin thermostat, with a

damping coefficient of 5 p's Calculations were performed using version 2.81AMD. %
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Supplementary figures and tables

Fig. SI View from the acyl-OAT2-glutamate crystal structure showing the four
subunits/eight chains of OAT2 acyl-enzyme complexPOB ID: 2YEP). The AB, CD, EF
and GH molecules are shown in different colors esponding to the eight different chains.

Thr-181, glutamate and acetate are in red sticks.
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Fig. S2: Stereoviews derived from the the acetyl-OR2-glutamate crystal structure
(PDB ID: 2YEP). AB, CD, EF and GH molecules are in panels a, ma @& respectively.
The 2n,-DF. map in blue is contoured a$.1

260/B 260/B
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Fig. S3 SDS-PAGE gel of the purified OAT2 variants T148A, T149A, D150G, and
K170A showing the different levels of autoprocegsihat occur under standard expression

conditions.

Uncleaved
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(41.61kDa)

a—subunit
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Fig. S4 Backbone root mean square deviations (RMSD) of the-helical component of
OAT2 as a function of time.Values associated with the simulation startindhwiite crystal
structure (PDB ID: 2YEP), where-Glu is present are shown in black. Values forsame
system when the contribution of tketerminus residues (Asp-379 to Thr-393) is not take
into account are shown in red. Values for the sgsiherel-Orn was docked are shown in

pink (wholea-helical component) and blue (in the absence oCterminus).
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Table S1: X-Ray data collection and refinement stétics.

X-ray source Xcalibur Nova

Wavelength (A) CuK (1.5418)

PDB Acquisition Code 2YEP

Space group P2,

Unit Cell Dimensionsd A, b A, c A, B °) 61.22, 73.42, 172.33, 93.26
Resolution shell (A) 61.12-2.70 2.77-2.70
Number of Reflections 40637 2916
Averagel/a(l) 7.9 3.0
Completeness (%) 96.0 95.7

Reryst (%6) 21.8

Riee (%0) (based on 5.4% of reflections) 23.6

RMS deviatiof 0.015 (1.7)

B factors (R)!
From Wilson Plot 14.5

Chain A 9.3/10.7
ChainB 7.4/8.9
Chain C 8.6/9.8
Chain D 8.4/9.2
Chain E  14.9/16.0
Chain F 14.4/15.5
Chain G 17.2/18.8
ChainH 17.3/18.3

Number of Water Molecules 419

Ramachandran favoured/outliers (%) 94.6/0.1

’ Rcry31: Z| | FobJ - | FcaI(J | /Z| FobJ %100
$RMS deviation from ideality for bonds (followed Hye value for angles).

Il AverageB factors in order: main chain, side chain (by chjin
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Table S2: Protonation states ofL-Glu, and N-a amino group of acetyl-Thr-181 that
were investigated by MDS on the acetyl-OAT2 glutama complex. The observed
distances are given as the mean betweehithetom of the substrate and the carbon of the
CO ester group of acetyl-Thr-181 over the time seunof the MDS; the angles given are
formed by theN-o of the substrate and the CO atoms of acetyl-Thr-d8served over the
time course of the MDS.

Protonated Deprotonated

Acetyl-Thr-181 Acetyl-Thr-181

Set Protonation states of Distance(A ) Angle () Distance( A ) Angle ()
L-Glu Na-CO Na-CO Na-CO Na-CO
1G | R=Rs=0 R,=NH" 51%05 98 +11 9.2+1.0 107 = 15
2G | R=Rs=0OH R=NH;" 10.3+1.4 96 + 17 10.9+3.3 106 + 16
3G | R=O R;=OH R=NH;" 59+05 94 +11 8817 82+24
4G | R=OH R=0 R,=NH;" 7.8+0.7 99 +12 6.9+0.3 97 +13
5G | R=R;=0 R;=NH, 3.8+0.3 88+7 (0-1.5ns 48+0.7 103+19
118+11 (1.5-
6ns)

6G | R=R;=OH R,=NH, 79+3.1 86+ 12 6.0+1.5 102 + 15
7G | R=O R;=OH R,=NH, 4.0+03 116+ 9 6.2+15 100 £ 12
8G | R=OH  Rs=00 R,=NH, 6.5+1.0 98 +12 6.9+2.7 96 + 33
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Table

S3: Computed mean distances (A) and angles (degrees) itfw standard

deviations), during the time course of the MDS on @T2 variants (in the case of K170A,

a stable complex was not formed)Distances are between the Htom of the substrate and
the QO of acetyl-Thr-181; angles are formed by the df the substrate and the Gioms of
acetyl-Thr-181.

Protein/Variant Distance (Na-Substrate---O Angle (Na-Substrate---CQAcetyl-Thr-181) °

Acetyl-Thr-181)A

D150G

K170A

T148A

T149A

Acyl-OAT2- L-Glu L-Orn L-Glu L-Orn
glutamate/ornithine

wild type 38+0.3 33:0.1 88 + 7 (0-1.5ns) 73%9

118 + 11 (1.5-6ns)

3.6+.3 39+04 72+19 120+ 14
>10 >10 N.A. N.A.

7.7+1.0 6.0+ 0.6 107 £ 14 63+9

44+1.0 45+0.6 62 + 22 84 +11

Supplementary references

1

2

A. Igbal, I. J. Clifton, M. Bagonis, N. J. KershhaC. Domene, T. D. W. Claridge, C.
W. Wharton and C. J. Schofieldl, Am. Chem. Soc., 2009,131, 749-757.

N. J. Kershaw, H. J. McNaughton, K. S. Hewitsbh, Hernandez, J. Griffin, C.
Hughes, P. Greaves, B. Barton, C. V. Robinson anti SchofieldEur. J. Biochem.,
2002,269 2052-2059.

CCP4 Acta Crystallogr. Sect. D-Biol. Crystallogr., 1994,50, 760-763.

R. J. ReadActa Crystallogr. Sect. D-Biol. Crystallogr., 2001,57, 1373-1382.

G. N. Murshudov, A. A. Vagin and E. J. Dodsdwta Crystallogr. Sect. D-Biol.
Crystallogr., 1997,53, 240-255.

T. A. Jones, J. Y. Zou, S. W. Cowan and M. Kjelagl,Acta Crystallogr. Sect. A,
1991,47, 110-1109.

P. Emsley and K. Cowtamjcta Crystallogr. Sect. D-Biol. Crystallogr., 2004, 60,
2126-2132.

A. T. Brunger, P. D. Adams, G. M. Clore, W. L. ®o, P. Gros, R. W. Grosse-
Kunstleve, J. S. Jiang, J. Kuszewski, M. NilgesSNPannu, R. J. Read, L. M. Rice,
T. Simonson and G. L. WarreAgta Crystallogr. D Biol. Crystallogr., 1998,54, 905-
921.

R. W. W. Hooft, G. Vriend, C. Sander and E. EolabNature, 1996,381, 272-272.

10



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

10

11

12

13

14
15

16

17
18
19

20
21

R. A. Laskowski, M. W. MacArthur, D. S. Moss add M. Thornton,J. Appl.
Crystallogr., 1993,26, 283-291.

L. Kalé, R. Skeel, M. Bhandarkar, R. Brunner@Girsoy, N. Krawetz, J. Phillips, A.
Shinozaki, K. Varadarajan and K. SchulténComp. Phys., 1999,151, 283-312.

J. W. M. Nissink, C. Murray, M. Hartshorn, M. Yerdonk, J. C. Cole and R. Taylor,
Proteins, 2002,49, 457-471.

M. L. Verdonk, J. C. Cole, M. J. Hartshorn, C. Murray and R. D. TayloRroteins,
2003,52, 609-623.

W. Humphrey, A. Dalke and K. SchultenMol. Graph., 1996,14, 33-&.

R. Sankaranarayanan, M. M. Cherney, C. GareGdeen, C. Niu, M. Yuan and M.
N. G. James]. Mal. Biol., 2010,397, 979-990.

A. D. MacKerell, D. Bashford, M. Bellott, R. [Dunbrack, J. D. Evanseck, M. J.
Field, S. Fischer, J. Gao, H. Guo, S. Ha, D. JodédpBarthy, L. Kuchnir, K.
Kuczera, F. T. K. Lau, C. Mattos, S. Michnick, Tg&y D. T. Nguyen, B. Prodhom,
W. E. Reiher, B. Roux, M. Schlenkrich, J. C. Smih Stote, J. Straub, M. Watanabe,
J. Wiorkiewicz-Kuczera, D. Yin and M. Karplug, Phys. Chem. B, 1998,102, 3586-
3616.

W. L. Jorgensen, J. Chandrasekhar, J. D. Madur#y. Impey and M. L. KleinJ.
Chem. Phys., 1983,79, 926-935.

U. Essmann, L. Perera, M. L. Berkowitz, T. Daxdd. Lee and L. G. Pederseh,
Chem. Phys., 1995,103 8577-8593.

M. Tuckerman, B. J. Berne and G. J. Martyh&hem. Phys., 1992,97, 1990-2001.

G. J. Martyna, D. J. Tobias and M. L. KleinChem. Phys., 1994,101, 4177-4189.

J. C. Phillips, R. Braun, W. Wang, J. GumbartT &khorshid, E. Villa, C. Chipot, R.
D. Skeel, L. Kalé and K. Schulteh,Comp. Chem., 2005,26, 1781-1802.

11



