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Abstract

B-Hexosaminidases (B-hex) are a group of glycosyl hydrolase isozymes that break down neutral
and sialylated glycosphingolipids in the lysosomes, thereby preventing their buildup in neuronal
cells. Some mutants of B-hex have decreased folding stability that results in adult-onset forms of
lysosomal storage diseases. However, prevention of the harmful accumulation of glycolipids only
requires 10% of wild-type activity. Pyrimethamine (PYR) is a potential pharmacological
chaperone that works by stabilizing these mutant enzymes sufficiently to allow more S-hex to
arrive in the lysosome, where it can carry out its function. An X-ray structure of the complex
between human B-hexosaminidase B (HexB) and PYR has been determined to 2.8 A. PYR binds
to the active site of HexB where several favorable van der Waals contacts and hydrogen bonds are
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introduced. Small adjustments of the enzyme structure are required to accommodate the ligand,
and details of the inhibition and stabilization properties of PYR are discussed.

INTRODUCTION

Human B-hexosaminidase isozymes are glycosyl hydrolases that remove g-linked
nonreducing-terminal GalNAc or GIcNAc residues from a number of macromolecules in the
lysosome. There are two subunits of S-hexosaminidase, a (528 residues) and g (556
residues), that share roughly 60% sequence identity and are encoded by two unlinked but
evolutionarily related structural genes. These two subunits each have their own active site;
however, dimerization is necessary in order for them to become fully functional.l Thus,
these subunits can form three different hexosaminidase (Hex) isozymes, HexA (af), HexB
(BB), and HexS (aa). The HexS (aa) isozyme is unstable and only detectable unequivocally
in samples from patients with Sandhoff disease, caused by a deficiency of g-subunits, and
will not be considered further here. Notable differences between the HexA and HexB
isozymes are that the latter is more thermostable and the active site binding pocket of the a
subunit in the former can accommodate negatively charged substrates.

The unique natural substrate for HexA is GalNAc-1,4 (Neu-Ac-2,3) Gal-1,4 Glc-ceramide
(Gmp) ganglioside, a sialylated glycosphingolipid found in the plasma membrane and
produced as a breakdown product of the “higher” gangliosides (e.g., Gpm1 ganglioside),
predominately synthesized in neuronal tissue.2:3 The Gy activator protein, a small
substrate-specific cofactor for HexA, sequesters this lipid from the membrane, and the
complex binds to HexA. The ceramide tail is enclosed in a unique S-cup fold, leaving the
negatively charged neuraminic acid head-group accessible for binding by the HexA active
site, ultimately resulting in the cleavage of the terminal 8- GalNAc residue producing Gys
ganglioside.! Substrates for HexB, as well as HexA, are neutral glycosphingolipids, protein
oligosaccharides, and mucopolysaccharides with nonreducing terminal g-linked GalNAc or
GIcNAC residues.

The Hex isozymes are members of the glycoside hydrolase family 20. All the members of
this family use a substrate-assisted catalysis mechanism, which is achieved by positioning
the C2-acetamido group of the terminal GalNAc into the appropriate position for
nucleophilic attack of the carbonyl oxygen atom on C1.4° The substrate binding
environment also ensures that a g-configuration is retained by directing the position of the
incoming nucleophilic water molecule. A detailed description of the catalytic mechanism
can be found in the paper by Lemieux et al.®

Genetic defects in either gene encoding the subunits of HexA can result in the accumulation
of G2 ganglioside in neural tissues and two of three lysosomal storage diseases collectively
known as Gpy» gangliosidosis. Tay—Sachs disease (defects in the a subunit) and Sandhoff
disease (defects in the S subunit) are the most “common” and best studied of this family of
diseases. The third form of the disease, the AB variant, is caused by a deficiency of the Gy
activator protein. Mutations that cause a complete enzyme deficiency are extremely severe,
and children affected with these forms of the disease usually die before they reach four years
of age, i.e., the classical infantile form of Tay—Sachs or Sandhoff disease. Mutations that
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affect folding or dimerization but are still compatible with the formation of some functional
enzyme, resulting in residual HexA activity (1-5% of normal), are less severe and result in a
“late-onset” clinical phenotype. Interestingly, it has been estimated that a residual HexA
activity of only 5-10% of normal is required to prevent the accumulation of Gy,.”:8

Lysosomal enzymes, like secretory and plasma membrane proteins, are synthesized in the
endoplasmic reticulum (ER). The ER contains a highly conserved mechanism to protect the
cell from misfolded and potentially toxic proteins, the endoplasmic reticulum associated
degradation (ERAD) pathway. Thus, if the folding process of either of the subunits of HexA
is disrupted, e.g., by a missense mutation, the improperly folded subunits are susceptible to
ERAD, making these late-onset disease variants of Gy, gangliosidosis potential targets for
enzyme enhancement therapy (EET).? For this treatment strategy, small molecules that bind
to the active site of the protein are introduced in order to stabilize the native enzyme fold,
thereby allowing a higher proportion of newly synthesized subunits to successfully fold,
dimerize, and escape becoming a substrate for ERAD. This would result in more of the
functional enzyme passing through the ER and being transported to lysosomes. Once the
enzyme reaches the lysosome, the low pH and mass action assist in the displacement of the
small molecule chaperone by the abundant substrate, which can then be hydrolyzed. This
has recently been demonstrated in late onset Tay—Sachs cells loaded with a fluorescent
derivative of Gy ganglioside.10

Several molecules that act as inhibitors of HexA and HexB have been identified as potential
pharmacological chaperones (PC) for late-onset G2 gangliosidosis, including known
inhibitors of Hex such as A-acetylglucosamine thiazoline (NGT).11 Additionally, two
libraries have been screened, the Maybridge library!? (50 000 compounds) and the NINDs
library13 (1040 FDA approved compounds). These screens have led to the discovery that
pyrimethamine (PYR, 5-(4-chlorophenyl)-6-ethyl-2,4-pyrimidinediamine) is also a good
candidate for a PC.% PYR is more widely recognized as an antimalarial drug that targets
dihydrofolate reductase (DHFR). The structure of the DHFR:PYR complex revealed that the
drug binds to the active site of DHFR and acts as a competitive inhibitor.14

We have determined the X-ray crystal structure of HexB bound with PYR to 2.8 A
resolution. PYR binds to the active site of HexB in a manner similar to the binding of NGT.1
A comparison of HexB:PYR to HexA:NGT® suggests that PYR would also bind in the
active site of the a-subunit of HexA in a similar manner. The enzyme-inhibitor complex
structure presented here provides a framework for future modifications to PYR in order to
improve its potency as a PC.

RESULTS

Crystals of S-hexosaminidase B (HexB) soaked with PYR diffract to 2.8 A and belong to
space group A6,22. Two monomers of HexB are present in the asymmetric unit. These two
monomers do not form the biological dimer.! Instead, the biological dimer is the result of
applying the crystallographic 2-fold rotation axis to each monomer. Data collection and
refinement statistics can be found in Table 1. The Rmerge appears high, but this indicator is
dependent on redundancy, which is also high for this data set. Alternative indicators of the
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quality of a data set have been proposed by Weiss,® and Rpim has been included in Table 1.
Weiss has suggested that Ryim is a better indicator than is Rmerge Of the performance of
diffraction data with respect to refinement.

An electron density map in the vicinity of the active site calculated after the initial rigid
body refinement and superimposed onto the final refined atomic coordinates is given in
Figure 1. The PYR molecule represented in the figure had not yet been included at this stage
of refinement. The positive difference density clearly indicated the position and orientation
of the soaked inhibitor. Any attempt to rotate the PYR molecule by 180 °resulted in a clash
between C16 and the side chain atoms of Glu491. Any attempt to alleviate this clash resulted
in additional bad contacts. The final electron density for the active site and the bound PYR
after refinement is depicted in Figure 2. Oligosaccharides were observed covalently bonded
to several Asn residues (842, 1428152, 190 132, 327 B132), all in agreement with
expected sites of glycosylation.16:17 The overall description of HexB remains the same as in
the native structurel (Figures 3 and 4). The N-terminal domain of the monomer consists of a
six-stranded antiparallel -sheet with two a-helices packing against it. The C-terminal TIM
barrel belongs to family 20 of the glycoside hydrolases. This domain contains the active site
and the dimerization site for the biological dimer. PYR was found bound in the active site in
slightly different conformations in the g1 and £2 molecules of the asymmetric unit (Figure
5). The pyrimidine ring occupies a space similar to that of NGT® and forms hydrogen
bonding interactions with several residues of the pocket (Table 2, Figures 4 and 6). In order
to accommodate the p-chlorophenyl ring, Tyr450 moves by approximately 10° around y1
relative to its conformation observed in the native structure. The p-chlorophenyl ring adopts
a torsion angle of —28.5° (C3-C4-C7-C8, B1) and —99.5 °(52) relative to the pyrimidine
ring. The equivalent torsion angle for PYR bound to the active site of DHFR is —65.81 %14 In
the A2 molecule, PYR C9 makes a close contact with Tyr450 C#2 (2.72 A) and the chlorine
atom forms a hydrogen bond with HOH20. Root mean square deviations (rmsd values) for
various superimpositions can be found in Table 3. All of the structures superpose well with
the largest values calculated for superimpositions of HexA onto HexB (S onto g, 477 Ca
atoms, 0.56 A; a onto 3, 472 Ca atoms, 0.77 A).

DISCUSSION
HexB:PYR vs DHFR:PYR

PYR is an FDA approved antimalarial drug that targets folic acid synthesis. Specifically, it
binds to the active site of DHFR, thereby preventing substrate access. In the structure of
Plasmodium vivax (Pv) DHFR,1* PYR sits in a deep pocket containing the catalytic residues
(Figures 7 and 8). The p-chlorophenyl ring makes van der Waals contact with the DHFR
cofactor NADPH. In the structure of HexB:PYR, PYR also binds at the active site. Although
the active site of HexB appears shallower than DHFR (Figure 8), there are many similarities
to DHFR in binding the drug. The pyrimidine ring stacks against an aromatic residue
(Trp489 in HexB and Phe57 in DHFR) and forms similar hydrogen bonding interactions
with residues belonging to the active site (Figure 7).

It is important to note that one of the other reasons for the success of PYR as an antimalarial
and potential PC drug candidate is that PYR does not seriously impair the function of human
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DHFR. Since the binding site of human DHFR, (hD-HFR) is slightly smaller than that of Pv
DHFR, this might in part account for the reduced binding affinity of PYR to the human
orthologue.18 More importantly, Zhang and Rathod have shown that the sensitivity of Pv
versus hDHFR arises because different sites on the enzyme are involved in translational
repression of its cognate mMRNA. Whereas human DHFR protein represses translation of its
own mRNA using the same site that binds substrate and PYR, Pv DHFR uses a site other
than the substrate binding pocket.19 Thus, in the presence of high concentrations of substrate
or PYR, competitive inhibition results in release of translation repression enabling increased
synthesis of hDHFR protein that can compensate for the other molecules that are inhibited
by PYR. In contrast neither PYR nor DHFR substrate are able to release translation
repression of MRNA by Pv DHFR. Consequently, no additional Pv DHFR protein is
synthesized to compensate for the PYR bound enzyme.

HexB:NGT vs HexB:PYR

Known inhibitors of HexA were initially screened as potential PCs. NGT, a sulfur analogue
of the oxazolinium ion intermediate formed during substrate turnover, was found to be an
excellent candidate with a &; of 300 nM.11 Subsequent screens identified PYR as a potential
PC having many favorable qualities such as its ability to cross the blood-brain barrier and
the fact that it was already FDA approved, thereby eliminating the need for expensive
preclinical trials.13 The encouraging results from a small phase I/11 clinical trial of PYR for
late onset Gy, gangliosidosis have recently been reported.20

An intriguing property of PYR is the pH profile of inhibition in comparison to that for NGT.
NGT inhibits HexA activity optimally at pH 4.5, whereas PYR has an optimal inhibitory pH
of 6.5.13 Thus, the pH profile for PYR suggests another advantage over NGT as a PC. That
is, PYR inhibits best at the internal pH of the lumen of the ER (pH 7)2! where a chaperone is
needed to assist mutant Hex subunits in their folding and dimerization, whereas NGT binds
best at the internal pH of the lysosome (pH 5),22 where the chaperone has to be displaced in
order to leave the enzyme free to hydrolyze its substrate. A superimposition of HexB:NGT
and HexB:PYR is shown in Figure 6, and the rmsd values are given in Table 3. Most of the
hydrogen-bonding partners for the two inhibitors are identical. The differing p K values for
NGT (4.5) and PYR (6.5)12 do not entirely explain the differences in inhibition pH profiles,
since the positive charge that develops on each inhibitor with lowering pH probably locates
to the same position in both complexes (N2 of NGT, N6 of PYR); both of these groups form
a salt bridge with Asp354. However, while the other surrounding hydrogen bonding
interactions involve the same residues, the “donor” and “acceptor” roles are not identical.
The amino groups (N14 and N13) of PYR donate hydrogen bonds to Asp240 and Glu491 in
HexB, respectively. As the pH drops, the carboxylic acid side chains can become protonated,
and they become less ideal “acceptors”. In contrast, 04 of NGT can be both a hydrogen-
bond donor (at neutral pH) and an acceptor (at low pH when Glu or Asp residues become
protonated). Along with the flexibility of the water molecule at the equivalent position of
N14 in PYR, NGT appears better equipped to accommodate a downward shift in pH.

Crystal structures have also been determined for HexB in complex with the mechanistic
inhibitor GaINAc-isofagomine.1> The hydrogen bonding partners for this ligand overlap
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with those found for HexB:NGT, including the water molecule at position N14 in PYR.
Therefore, this inhibitor would be expected to have a pH profile of inhibition similar to that
of NGT.

Variation in PYR Binding: Bl vs g2
The p-chlorophenyl ring adopts a slightly different torsion angle in each monomer of the
asymmetric unit of HexB (Figure 5). In molecule g1, the p-chlorophenyl ring lies
approximately 30 °out of the plane occupied by the pyrimidine ring. This torsion angle helps
to minimize unfavorable contacts with Tyr450 of HexB. In molecule g2 (Figure 6) the o
chlorophenyl ring adopts a torsion angle that forms close contacts with the ring of Tyr450
but allows the Cl atom to form a stabilizing hydrogen bond with a water molecule, Wat20
(numbered Wat52 in $1, this water molecule is present in each active site). Neither
conformation is an ideal fit, unlike the more complementary fit for PYR with DHFR
(Figures 7 and 8). Whereas the electron density is clear for the pyrimidine ring (Figures 1
and 2), it is much weaker for the p-chlorophenyl ring in both monomers of the asymmetric
unit, illustrating that there is some strain or conformational flexibilty in this region.
However, it might be the less-than-ideal fit of PYR that contributes to its success as a PC.
Once in the lysosome, the inhibitor needs to dissociate from the enzyme in order to allow the
enzyme to access its physiological substrate. A more complementary fit might interfere with
this particular property of the ideal chaperone.

HexB:PYR vs HexA

Crystals of HexA8 (a8 dimer) were difficult to obtain in comparison to those of HexB (56).
We were therefore only able to obtain crystals of the complex between HexB and PYR. A
superimposition of the active site residues in the structures of HexB:PYR and HexA(NGT)
(Figure 9, Table 3) suggests that a HexA:PYR interaction would closely resemble that of
HexB:PYR. The only notable differences at the active site/binding pocket are residues
Asp4528:Asnd23a and Leud538.Argd24a. The observed conformations of these side
chains in the HexA:NGT structure do not present any steric hindrance to PYR binding.
Tyr42141 would have to rotate slightly (as does Tyr45082 in HexB) in order to
accommodate the p-chlorophenyl ring. The pyrimidine ring superimposes onto the NGT
molecule and forms hydrogen bonds with some of the same residues from the active site, as
well as stacking against Trp48942 (PYR) and Trp46081(NGT).6

PYR and Late-Onset Mutations for Tay—Sachs and Sandh-off Disease

The binding of PYR to the active site of HexB introduces five hydrogen bonds per active site
and several favorable van der Waals contacts, thereby potentially increasing the stability of
the protein fold and developing the correct conformation for the active site. Common
mutations observed in late-onset Tay—Sachs or Sandhoff patients disrupt the folding stability
of the enzyme, and many of these mutations have previously been mapped onto the structure
of HexA.8:9.13 Examples include Gly269Ser from the a subunit and the neighboring
residues from the g subunit, Pro504Ser and Arg-505GIn. Gly269Ser is located at the C-
terminus of an a-helix that begins near the active site. The C®atom of residue Gly269 is 3.19
A from the backbone O of Glu220. Introduction of a side chain at this position will cause a
serious clash and would likely disrupt the a-helix.8 Substitutions at Pro504 and Arg505 can
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also destabilize the protein by interfering with the backbone conformation at Pro504 and by
a loss of hydrogen-bond and salt-bridge interactions at Arg505. Since most of the
destabilizing mutations are not in the immediate vicinity of the active site, they will not
interfere with PYR binding, making the small molecule suitable for EET. The introduction
of hydrogen bonds and hydrophobic interactions that are associated with PYR binding will
compensate for these destabilizing interactions that were introduced by the mutations. The
HexA:PYR complex will then be able to bypass the ERAD pathway and successfully
relocate to the lysosome where substrate molecules will displace PYR and HexA activity
will be restored to adequate levels.

Future Directions

Compared to DHFR, the active-site binding pockets of HexB and HexA are not perfectly
matched to bind pyrimethamine. While it is possible that the fit of the p-chlorophenyl ring
provides an advantage for dissociation in the lysosome, decreasing the size of the PYR
molecule by elimination of the Cl atom might be beneficial for binding in the endoplasmic
reticulum. Another potential site of alteration is C16 from the ethyl group of PYR. This
atom is 3.45 A from Asp 354 O%2 in A1 and 3.31 A in 82 (Figure 1). Replacing the ethyl
group by an aminomethyl group could introduce a stabilizing salt bridge. The ultimate goal
is to create a PC that will alleviate symptoms of late-onset Tay—Sachs and Sandhoff disease,
and toward this goal, many chemical modifications associated with experimental analysis to
the drug are currently underway (J. Zhang and M. Ciufolini, personal communication).

EXPERIMENTAL PROCEDURES

Crystallization

B-Hexosaminidase B was purified from human placenta as described previously.23
Hexagonal crystals of S-hexosaminidase B were grown from seeds as reported in Mark et al.
1 PYR was dissolved in ethanol at 1 mM and was soaked into the crystals 24 h before they
were transferred to a glycerol solution and flash-cooled in liquid nitrogen.

Data Collection and Refinement

X-ray diffraction data were collected on beamline 9-2 at Stanford Synchrotron Radiation
Laboratory (SSRL)%4-26 and processed with HKL.2000.27 In order to locate the PYR ligand,
a difference Fourier map was calculated with the Collaborative Computational Project 4
(CCP4)28 suite of programs (Sga,2° Sigma-A,30 and Refmac53! for rigid body refinement)
using the PDB coordinates (INOU) of the native -hexosaminidase B.1 PYR, sugars, SOy4
ions, and water molecules were not included in the initial rigid body refinement and map
calculations but were added in subsequent rounds. Further rounds of refinement were also
carried out with Refmac5.28:31 Between refinement rounds, coordinates and electron density
maps were studied and adjusted where needed with Xfit.32 Noncrystallographic symmetry
(NCS) restraints were applied to the molecules of the asymmetric unit during refinement and
removed for the final round. Superimpositions were calculated with Coot33 and O34, and
figures were made with the program Pymol.3% Coordinates have been deposited in the RCSB
PDB36 with accession code 3LMY.
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Figure 1.
Initial electron density. (a) Electron density map, 2|F| — |F/c|, Lo (purple), calculated after

initial rigid body refinement but before the inclusion of PYR. Difference density (|/| — | /)
has been drawn in green (2.50) and orange (-2.56). (b) Structure of pyrimethamine. Atom
numbering is the same as that found in PDB code 2BL9.14
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Final electron density map, 2|Fy| — | /|, Lo (purple), drawn around the active site of HexB.

Figure 2.
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Figure 3.
Overall structure of the HexB monomer. a-Helices are depicted in red, and B-strands are in

yellow. Active site residues are drawn as ball and stick, as is the PYR molecule.
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Figure 4.
Interface of the biological dimer. Molecule $1 has been drawn in green, and the second

monomer has been drawn in blue. Residues from the dimer interface and active site have
been included as ball and stick.
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Figure 5.
Stereoview of the active site of HexB with both monomers in the asymmetric unit

superposed. The darker shades of green (enzyme) and pink (PYR) belong to monomer 51
and the lighter shades to monomer S2.
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Figure 6.
HexB:NGT vs HexB:PYR. Superimposition of HexB:NGT (1NPOQ) and HexB:PYR. Carbon

atoms from HexB:NGT are depicted in cyan, and carbon atoms from HexB:PYR are
depicted in green. Hydrogen bonding interactions coordinating both ligands have been
included as dashed lines.
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Figure 7.
PYR binding site DHFR vs HexB. The overall secondary structures of the molecules have

been drawn in blue (a, DHFR) and green (b, HexB). Residues and water molecules near the
PYR binding site have been depicted as ball and stick. The NADPH molecule and the active
site of DHFR have also been included as ball and stick. Hydrogen bonding interactions are
indicated by dashed lines. Coordinates for DHFR are from PDB code 2BL9.14
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Figure 8.
(a) Stereoview of the van der Waals surface (blue) of the PYR binding site in DHFR. Waters

and NADPH molecule bound at the active site have been removed for clarity. Coordinates
for DHFR are from PDB code 2BL9.14 (b) Stereoview of the van der Waals surface (green)
of the PYR binding site of HexB.
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Figure 9.
Dimer interface of HexA vs HexB. Superimposition of HexA:NGT8 and HexB:PYR is

shown. Molecules from HexA have been drawn in pink (a) and light green (8). Both
molecules from HexB have been drawn in dark green. Molecules of PYR bound to HexB are
drawn in orange. Carbon atoms of NGT bound to HexA are drawn in cyan.
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Table 1

Data Collection and Refinement Statistics?

data collection

beamline
wavelength

space group

cell dimensions
resolution
mosaicity

total observations
unique reflections
completeness
redundancy

N

Rmergeb

Rpimc

resolution

no. of reflections used in reflnement

Ruorke? Riree®

total number of atoms
protein

Water

carbohydrate atoms
ligands

average B

Wilson B
Brmsd

rmsd from ideal geometry

most favored region
allowed region

generously allowed region

SSRL BL 9-2
0.97946 A

P5,22

a=b=11378A, c=397.34 A, a = f=90°, y=120°
35-2.8 A

051°

291 439

35710

92.1% (87.5)

8.1(5.4)

14.0 2.1)

0.174 (0. 501)

0.065 (0. 220)

Refinement
35-2.8 A
33909 (Riree = 1801)

0.197,0.251

8006
7750

79

137

17 x 2PYR, 5 SO,

all atoms 43.0 A2, main chain 41.7 A2, side chain 42.6 A2, carbohydrate 86.4 A2, water 32.9 A2, ligand
74.8 A?

65.1 A2

bonded main chain 0.66 A2, bonded side chain 2.41 A2, nonbonded main chain 1.36 A2, nonbonded side
chain 4.14 A2

bond lengths 0.018 A, bond angles 1.88°
Ramachandran Plot

87.4%

12.5%

0.1% (D24042)

la\/alues in parentheses refer to the high-resolution shell, 2.9-2.8 A.

meerge = S hkfE{ ki) = (KBRS hifE R ki) with 1{Aki) representing the intensity of measurement jand {A/#) is the mean of

measurements for the reflection /k/.

cRpim = ShkALI(N - DTS 15kl) - Q(AKDYIE pkf JIChi) with A representing the redundancy.15

dRNork = ZhklFobs(hkh| — | Fealc(AkDIIIZ pkh Fobs(/k7)|, where Fops and Fcalc are the observed and calculated structure factors, respectively.
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e . . . . . )
Rfree is calculated with the formula for Ryork with 5% of the structure factors that were not included in the model refinement.

J Med Chem. Author manuscript; available in PMC 2011 October 25.

Page 21



1duasnue Joyiny YHIO 1duosnue Joyiny YHID

iduosnuely Joymny yHID

Bateman et al.

Hydrogen Bonds Involving PYR

donor acceptor distance (A)
PYR 1P.2N6 D354p1 082 2.69
PYR 1P, N14 D240p1 082 3.08
Arg 21151, NH1 ~ PYRI1P, N1 3.23
Arg 21151, NH2  PYRI1P, N1 2.99
PYR 1P, N13 E491p1, Oe2 2.65
PYR 2P.2N6 D354 082 2.64
PYR 2P, N14 D240p2 082 3.03
Arg 21152, NH1  PYR2P, N1 2.95
Arg 21152, NH2  PYR2P, N1 3.15
PYR 2P, N13 E491p2, Oe2 2.73
Wat 20 HOH PYR 2P, CI1 3.09

Table 2

Page 22

a . . N . .
PYR 1P refers to pyrimethamine bound to monomer 51 of the asymmetric unit, and PYR 2P refers to pyrimethamine bound to monomer 52. PYR

numbering can be found in Figure 1b and is the same as that used for PDB code 2BL9.14
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Root Mean Square Deviation

Table 3

Page 23

molecule A molecule B atoms chosen  number of atoms used rmsd (A)
HexB g1 HexB 2 N, Ca,C, O 1912 atoms, 479 residues 0.27
HexB (INOU) A2 HexB:PYR AL Ca 478 residues 0.25
HexB (INOU) B HexB:PYR 32 Ca 479 residues 0.27
HexB:NGT (INP0) A2 HexBPYRAL  Ca 478 residues 0.27
HexB:NGT (1INPO) B HexB:PYR 2 Ca 479 residues 0.29
HexA (2GK1) a HexB:PYR 5l Ca 472 residues 0.77
HexA (2GK1) g HexB:PYR B2 Ca 477 residues 0.56

aln the HexB structures from PDB codes INOU and 1NPO, the two S molecules from the asymmetric unit have been labeled as “A” and “B”, not to

confuse the “A” for a.
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