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ABSTRACT: In plants and bacteria, the branch point 8f-fysine biosynthesis is the condensation §f (
aspartatgs-semialdehyde f)-ASA] and pyruvate, a reaction catalyzed by dihydrodipicolinate synthase
(DHDPS, EC 4.2.1.52). It has been proposed that Arg138, a residue situated at the entrance to the active
site of DHDPS, is responsible for binding the carboxyl 8FASA and may additionally be involved in

the mechanism of3)-lysine inhibition. This study tests these assertions by mutation of Arg138 to both
histidine and alanine. Following purification, DHDPS-R138H and DHDPS-R138A each showed severely
compromised activity (approximately 0.1% that of the wild type), and the apparent Michidisten
constant for §-ASA in each mutant, calculated using a pseudo-single substrate analysis, was significantly
higher than that of the wild type. This provides good evidence that Arg138 is indeed essential for catalysis
and plays a key role in substrate binding. To test whether structural changes could account for the change
in kinetic behavior, the solution structure was probed via far-UV circular dichroism, confirming that the
mutations at position 138 did not modify secondary structure. The crystal structures of both mutant enzymes
were determined, confirming the presence of the mutations and suggesting that Arg138 plays an important
role in catalysis: the stabilization of the catalytic triad residues, a motif we have previously demonstrated
to be essential for activity. In addition, the role of Arg138 B)-[ysine inhibition was examined. Both
mutant enzymes showed the sameol@lues as the wild type but different partial inhibition patterns,

from which it is concluded that arginine 138 is not essential 8+\sine inhibition.

Dihydrodipicolinate synthase (DHDPC 4.2.1.52) is outlined in Figure 1, in which the structure d{ASA is
the enzyme that catalyzes the branch point reaction leadingpresumed to be the hydrat®) (In the first step of the mech-
to mesediaminopimelate (DAP) andy-lysine. First char- anism, the active site lysine residue (Lys16Escherichia
acterized in 19651), DHDPS has since attracted sustained coli) forms a Schiff base with pyruvate, as has been proposed
interest in the literature.§-Lysine biosynthesis occurs in  in several studies6(-8). Subsequent binding o§[-ASA,
plants and microorganisms, but not in animals, and thus the second substrate in the reaction, is followed by dehydra-
draws continued attention as a target for antibiotics and tion and then cyclization to form the product, which is
herbicides 2, 3), although no potent inhibitor of DHDPS released into solution. On the basis of the X-ray crystal
has yet been found. As the purported rate-determining stepstructure of thek. coli enzyme §, 9), sequence homologies
in (S)-lysine biosynthesis, DHDPS is of interest to biotech- with DHDPS from other sourcesl), and our own mu-
nologists aiming to engineer crops rich i§ysine, often tagenic studies1(l), it is proposed that a catalytic triad of
the limiting nutrient in staple crop<). three residues, Tyrl33 and Thr44 from one subunit and
DHDPS catalyzes the condensation &§-éspartates- Tyr107 from the second subunit in the tight dimer, acts as a
semialdehyde [§)-ASA] and pyruvate. The product is likely  proton shuttle to transfer protons to and from the active site.
to be an unstable heterocyclic product_, now _thought to Arginine 138, which is highly conserved in DHDPS
be (45-4-hydroxy-2,3,4,5-tetrahydro-§dipicolinic acid  on,ymes sits at the entrance to the active site and, as such,
(HTPA). The currently accepted mechanism of DHDPS is o<’ heen implicated in the binding @ASA; Blickling et

T This work was funded by the Royal Society of New Zealand al. (5) showed via X-ray crystallography that the guan_ldlne
Marsden Fund (Contract UOC303). Funding for the protein X-ray Moiety of Arg138 bound the carboxyl group of succinate
diffraction facility was provided, in part, by The Allan Wilson Centre  semialdehyde, an analogue 8f-ASA. Additionally, Joerger
for Molecular Ecology and Evolution. et al. (12) have shown that the introduction of an arginine

*To whom correspondence should be addressed. E-mail: . - - .
renwick.dobson@canterbury.ac.nz orjuIiet.gerrard@canterbury.ac.nz.'nto the equivalent position oR-acetylneuraminate lyase

* University of Canterbury. from E. coli increases DHDPS activity for this enzyme but
§ Massey University. only marginally increases the affinity for the substrefe (

1 Abbreviations: HTPA, (8)-4-hydroxy-2,3,4,5-tetrahydro-&- ; ; i
dipicolinic acid; DHDPS, dihydrodipicolinate synthase; DHDPR, ASA. They suggest that Arg138 is only partially responsible

dihydrodipicolinate reductaseS¢ASA, (9-aspartate3-semialdehyde; ~ for substrate binding and may have a hitherto unknown role
DAP, mesediaminopicolinate. in catalysis. Interestingly, GuilfeSchlippe et al.13) have
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Ficure 1: Putative roles for the catalytic triad in the mechanism of DHDPS. This mechanism has been adapted from Hutt8h kt al. (
this mechanism, Tyr133 is proposed to act both as a general acid and as a general base. Y107b signifies that tyrosine 107 is supplied to the
active site by subunit B in the tight dimer of DHDPS.

shown that arginine residues, if solvent accessible andquired for the coupled assay, was purified by previously
adjacent to a carboxyl moiety, are capable of exhibiting reported methodsl().

unusually low K, values and thus able to act as a general  site-Directed Mutagenesilterations indapA(theE. coli
base during catalysis. Arg138 satisfies these requirementsyene for DHDPS cloned into a pBluescript vector) were

when interacting with §-ASA.

Catalyzing the branch point reaction ig)ysine biosyn-
thesis, DHDPS is a key regulatory poing-Lysine binds
DHDPS to partially attenuate catalytic activity. Blickling et
al. (5) assert that the binding of fre€){lysine to the allosteric
binding site causes inhibition of enzyme activity by increas-
ing the rigidity of Arg138. Our studies have found, however,
that (§-lysine binding causes the opposite affetd)( The
mechanisms of)-lysine inhibition, and the role of Arg138
in such mechanisms, are not understood.

introduced using the Quikchange site-directed mutagenesis
kit (Stratagene). The parent plasmid was pJGQf)1 The
reaction conditions followed the manufacturer’s instructions,
except that the annealing temperature in the PCR reaction
was lowered to 50C. Successful mutation was judged by
an altered restriction pattern when cut wilsd, and
confirmation was afforded by sequencing using the T7 and
T3 priming sites, which was performed at the University of
Auckland Sequencing Facility.

Overexpression and PurificationMutant forms of the

In an effort to resolve these issues, we embarked uponenzyme were expressed . coli AT997r— (11). The
mutagenic and subsequent structural studies of DHDPS, hergyurification methods of Dobson et.gll1) were followed

focusing in particular on Argl38. Two mutations were

studied: Arg138His, which retained some of the steric bulk

for each mutant DHDPS form.
Far-Ultraviolet Circular Dichroism (CD).CD spectra

and potential general base activity of an arginine, but was |is psM-10) were recorded at 0.5 or 2 nm intervals over

unlikely to interact with the carboxyl o§-ASA in the same
way, and Argl38Ala, which potentially removed all side
chain functionality at this position.

MATERIALS AND METHODS

Materials. Unless otherwise stated, all chemicals were

obtained from Sigma Chemical Co. or Amersham Biotech-

the 185-250 nm wavelength range ugia 1 mmpath length
quartz cell. The reported spectra were the average of four
scans that were smoothed and corrected for buffer blanks.
The temperature was maintained at°Z The buffer used

for CD measurements was 20 mM & 0O/150 mM NaF

(pH 8), against which the protein solutions§ M) were
dialyzed. Measured CD traces (GRJ were converted to

nologies. Protein concentration was measured by the methodnean residue ellipticity @] (deg cnf dmol %) using the

of Bradford (L5). Enzymes were manipulated at@, or on

ice, and were stored in Tris-HCI buffer (20 mM, pH 8) at
—20 °C. (9-ASA was synthesized using the methods of
Roberts et al. X6) and was of the highest quality-05%)

as judged byH NMR and the coupled assay. Stock solutions
of (9-ASA and NADPH were prepared fresh for each
experiment. Dihydrodipicolinate reductase (DHDPR), re-

relationship 9] = CDmeas(mdeg) x 100/[C (mM) | (cm)
NR], where NR is the number of residues per peptidae
cell length, andC the protein concentration (determined using
the Axgp, € = 12690 Mt cmfl).

Kinetics. DHDPS activity was measured using a coupled
assay with DHDPR, as previously described), (with the
following modifications. The low activity of the mutants
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necessitated the addition of greater quantities of enzyme t01,e 1: Data Collection and Refinement Statistics
the assay. The reaction was therefore initiated WhASA
after the cuvette had been preincubated for 10 min. Assays

DHDPS-R138A DHDPS-R138H

kept constant using a circulating water bath. Care was takennopgcf’?gizgg’ ) 318 -
to ensure that the enzymes and sub_strates Were_stable OV&Jscillation range (deg) 0.3 0.3
the course of the assay (usually 2 min). The stability of the space group P3,21 P3;21
mutants under the conditions of the assay was examinedunitcell fa, b, ¢ (A)] 12(1-3313 %)20-99, 1211312,4121-02,
ﬁzltnghsoal/\ggm CsatreeSﬂV\(/;)Sag?S\(/)vat.ZlIg;Int(j)tgr?seu(l’:gnasl’tlag(éiztsa of%, Of reflectionsiunique 491142/87227 248925/59240
. ompleteness (%) 100.0 (100.0) 99.7 (99.0)
DHDPR; about 2Qug per assay was used. The amount of Rupeq? (outer shell) 0.063 (0.394) 0.087 (0.353)
enzyme added to each assay depended on the activity of thé/o _ A 14.0 (4.0) 10.4(3.8)
individual mutants; however, it was ensured that enzyme ﬂ:sc;'““o” (refinement, A) Oll'gf?o(lz'gzlg“g) 2(50251(22('3%%63')05)
concentration was proportional to initial rate. Initial velocities g 0.163 (0.233) 0.172 (0.248)
were usually reproducible within 10% error. meanB value (&) 20.6 23.7
Initial rate data were analyzed using the Enzfitter program estimated coordinate erfor0.067 0.096
available from Biosoft (Cambridge, U.K.) and were fitted ﬁﬁqss'gl‘ffosﬁ?é"ezrl‘tg?g:ﬁgt‘rfs 584/596 584/550
to the Michaelis-Menten kinetic model: bond lengths (A) 0.011 0.007
bond angles (deg) 1.34 1.11
- app
v= VA/(Km +A) 1) aValues in parentheses represent the highest resolution sRgllge

= 3|l — OOVYI. ¢ Ryeeis based on 5% of the total reflections excluded
HereV is the maximal velocityA is the substrate concentra-  from refinement Roysi = 3 ||Fol — [Fcll/Z|Fol. © Based on maximum
tion, K2is the apparent MichaelisMenten constant, and  lkelihood calculations.
v is the initial velocity (L8). Initial kinetic trials for the " . ) i
mutants indicated th&,2 for (S-ASA had substantially (W|§h|n the asymmetric unit) fell into the_ most favored
increased, necessitating the curmudgeonly use of this sub7€9ions of the Ramachandran plot, 5.1% in the generously
strate. Thus, using pseudo-single substrate kinetics, apparer@llowed region, and 0.4% in the disallowed region. Data
kinetic parameters were obtained. For the same reasons, anaollectmn and model refinement statistics are summarized
because of the lower initial rates, when testing the mutants " Table 1. For each structure, the coordinate and structure
versus ©-lysine inhibition, approximate 1§ values were factor files were deposited with the RCS Protein Data Bank
obtained. (DHDPS-R138A, 2A6N; DHDPS-R138H, 2A6L). Images

Crystallization and X-ray Data CollectiorThe crystal- [N this work were produced with Pyma2¥).
lization experiments were undertaken as described by
Mirwaldt et al. @) using the hanging dropvapor diffusion RESULTS AND DISCUSSION
method at 12°C. Each drop contained protein solution Site-Directed Mutagenesis and Purificatidfor the site-
(~5 mg/mL in Tris-HCI, 20 mM, pH 8, 2.=L), precipitant directed mutagenesis dapA primers were designed such
(K:HPQ,, 1.8 M, pH 10, 1.2uL), and N-octyl-3-R-gluco- that successful mutation resulted in a new restriction site,
pyranoside (6% w/v, 0.6L). Crystals appeared after% allowing rapid confirmation of successful mutagenesis by
days and grew to dimensions of up to 0.4 mm. For X-ray inspection of the plasmid’s restriction map. Additionally, both
data collection, the crystals were soaked in cryoprotectantplasmids containing a mutatethpAgene were sequenced,
solution [KeHPQO,, 2.0 M, pH 10, 20% glycerol (v/v)] and  confirming the presence of the mutation and the integrity of
directly flash-frozen in liquid nitrogen. Intensity data were the gene (data not shown).
collected at 110 K using an RAXxishv+ image-plate detector Transformation of AT997 with the mutated plasmids
coupled to a Rigaku Micromax 007 X-ray generator operating provided a convenient method for producing pure samples
at 40 kV and 20 mA. The crystals belong to space group of the gene product without risk of contamination by wild-
P3,21 and diffracted to beyond 2.05 A resolution. Diffraction type DHDPS {1). When transformed, the mutant plasmids
data sets were processed and scaled using the packageescued AT99% in the absence of DAP, which suggested
CrystalClear 19). that each showed sufficient DHDPS activity for survival.

Structure Determination and Refinemefihe orientation After the cells were lysed by sonication, the cell lysates
and location of each DHDPS mutant structure were deter- retained sufficient activity that DHDPS presence could be
mined using molecular replacement [AMoR&0)], where detected using the-aminobenzaldehyde assay, which fa-
the search model was tle coli DHDPS monomer (PDB  cilitated further purification. During purification, all of the
code 1YXC) with position 138 initially annotated as a mutant forms showed identical heat stability and chromato-
glycine. The asymmetric unit contained two monomers, graphic behavior to that of the wild type. When analyzed
which together made up the tight dimer. Refinement was by SDS-PAGE, each enzyme showed a single band corre-
achieved using Refmac21) with manual model corrections  sponding to the expected monomeric mass of approximately
using the program 0O2@). The final refinement rounds 31000 Da. CD spectra were obtained for both mutant
involved the placement of solvent molecules using the enzymes and compared to the wild-type spectrum in order
program Arp 23). Dataman was used to transfer tRg.e to examine whether the solution structure had been altered.
flags from the wild-type data set to the mutant data sets. It can be seen from Figure 2 that all spectra overlaid,
Procheck 24) was used to examine the quality of the final confirming structural integrity of both DHDPS-R138A and
structures. In both mutant structures, 94.5% of the residuesDHDPS-R138H.
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Ficure 2: UV circular dichroism spectra for the wild-typ&],
DHDPS-R138A [0), and DHDPS-R138Hx).

Crystallization, Refinement, and General Structural Fea- U " Active sites
tures of the MutantsBoth X-ray crystal structures were ;
determined using the molecular replacement method starting
with the wild-type structure available from the Protein Data
Bank, entry 1YXC. The final models contained 292 amino
acid residues in each chain, with two chains in each
asymmetric unit, from which the tetramer can be generated
by crystallographic symmetry. The curreRtys: and Riyee
values are 16.1% and 19.2% for DHDPS-R138A and 17.2%
and 21.2% for DHDPS-R138H. The structures were checked

with Procheck £4), and all residues, apart from Tyr10f ( Ficure 3: Tertiary and quaternary structures of DHDPS-R138A.

~ 80°, i ~ —4%°), fell within t_h_e allowed regions of the (A) The monomericd/f3)s-barrel structure of DHDPS-R138A. The
Ramachandran plo2@). For position 107, each of the mutant = g5'-helix, residues 136139, is highlighted. (B) Quaternary
structures showed well-defined electron density, and the structure of DHDPS-R138A showing the tetramer, which is

dihedral angles were similar to those of the wild-type composed of two tight dimers (a/b and c/d).
structure. This residue forms the central residue of a classic

y-turn, as described by Rose et &7); Others have proposed G186 (: 61
that the conformational strain at position 107 is consistent \ : Y133
with its proposed role in catalysis via the catalytic triad motif

(5). For both structures, the orientation of the active site
residues was the same between both monomers within the 1203
asymmetric units (rmsd for monomers in the asymmetric unit V\,,
were 0.19 A for DHDPS-R138H and 0.18 A for DHDPS-
R138A).

DHDPS from E. coli is a homotetramer6j, and the
monomer is af/a)s-barrel with the active site situated within
the center of thg-barrel in each monomer (Figure 3). The
quaternary structure reveals a dimer of dimers with strong
connections between monomers A and B but weak connec- . . '
tions between the dimer9,(11). Neither mutant structure zlthﬁZE;gtivlénsei;(g Ig]!nggggg?gyllf&'—_'.ﬁ, contoured to 8, blue)
showed any maodification in its tertiary or quaternary
structures from that of the wild type, a result confirming that ~ Mutant Properties. (a) KineticsWhen comparing the
gross structural changes were not the cause of the mutategbroperties of DHDPS-R138A and DHDPS-R138H with the
enzymes’ attenuated function. Intriguingly, electron density wild type, it was clear that the introduction of an alanine or
was discovered within the active site of DHDPS-R138H but histidine at this position had a major impact on the catalytic
not DHDPS-R138A. The density was very similar to that function. Comparing the kinetic properties (Table 2) showed
seen in the DHDPS-Y107F mutatioa1) (Figure 4), and thatk.,s was decreased by approximately $®00-fold, a
its identity is yet to be confirmed. Preliminary results suggest result similar to other mutations in the DHDPS active site
that the tetrahedral intermediate, which is prior to Schiff base (11) and consistent with the hypothesis that arginine 138 is
formation (as outlined in Figure 1), may fit most of the important in catalysis. Not surprisingly, the mutations also
observed density. However, its occupancy is likely to be less altered the ability of the enzyme to bind its substrates. While
than unity. We can exclude molecules that were added tothe Kinp,2*P (0.45+ 0.07 mM for DHDPS-R138A and 0.28
the crystallization or purification media, suggesting the + 0.03 mM for DHDPS-R138H) was only marginally altered
adduct endured the purification procedure. compared to the wild type (0.26 0.03 mM), theKasa2PP
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Table 2: Kinetic Parameters for Wild-Type and Mutant DHDPS Enzymes

wild type? DHDPS-R138A DHDPS-R138H

Keat(S D) 124+ 68 Keatpy?P(5 ) 0.149+ 0.004 0.038 0.001
rel Keat(%) 100 0.1 0.03

Keatas2(5Y) 0.92+0.02 0.17+ 0.01
rel Kea (%) 100 0.7 0.1
Kumpye(MM) 0.26+ 0.03 Kumpy2P(MM) 0.45+ 0.07 0.28+ 0.03
Kmasa (MM) 0.11+ 0.01 Kmasa2®(mM) 5.1+ 0.3 37+5
KeafKmpyr(M 2 5°) (4.8+ 0.6) x 10° Keatpy?TKmpy#P (M1 5°1) 330+ 10 130+ 10
Keal Kmasa (M -1 Sfl) (11 + 02) x 108 kca[ASAaqumASAapp(M -1 Sfl) 180+ 10 4.0+ 0.6

2 From Dobson et al.1(1). ® When assaying vs-ASA, pyruvate was held constant at 15 mM; when assaying vs pyrutaSA was held
constant at 3 mM¢ When assaying vs3[-ASA, pyruvate was held constant at 15 mM; when assaying vs pyru@ASA was held constant at
11.3 mM.

values were greatly increased (5£10.3 and 37+ 5 mM

for DHDPS-R138A and DHDPS-R138H, respectively) com-
pared to the wild type (0.1% 0.01 mM). This is entirely
consistent with the role of Arg138 being able to bind the
carboxyl moiety of §-ASA. The unalteredpy**Psuggests
that the guanidinium group of arginine is not involved in
binding pyruvate and that the structure and electrostatics of
the pyruvate binding pocket remain intact.

That both mutations have simildg, values and that
DHDPS-R138A shows greater affinity fo§tASA com-
pared to DHDPS-R138H indicate histidine cannot in any way
substitute for arginine at this position. We conclude that
either Arg138 does not act as a general base or that this is
due to the different positioning of the imidazole of histidine
compared to the guanidinium of arginine at position 138.
The lower Knasa?P? for DHDPS-R138A, with respect to
DHDPS-R138H, suggests that interactions betw&pAGA
and the histidine are unfavorable, perhaps due to steric
interactions.

(b) Active Site StructuresFollowing kinetic analysis,
protein X-ray crystallography was used to evaluate whether
changes in the orientations of residues in the active site could : - A ROV
account for the observed kinetic changes. Upon inspection TGUtF;lE 5:FDiffe'r:ence Tap (;O?Wité map; E)o —f ![ZI';: Cont?utred tOt
of the initial F, — F. difference density map, the alanine +9: Plue; o — ., contoured to g, green) ol theé mutations a
and histidine residues at position 138, initially modeled as F)?esligevr)] 138. (A) DHDPS-R138A (cyan). (B) DHDPS-R138H
glycine, were clearly visible (Figure 5). Arginine 138 is '

situated on the shor5'-helix [as denoted by Mirwaldt et compared to the wild type; however, as evident from the
al. (9)] at the entrance to the active site (Figure 3). The high B values for the side chain atoms of Thr44, in the
refined structures of each mutant DHDPS show that this helix pHDPS-R138A mutant compared to the wild type, this
is not reorganized and that the side chains at position 138esidue appeared to occupy a number of conformations
are oriented similarly to Arg138 of the wild type. (Figure 7). This is backed up by the presence of extra water
In the DHDPS-R138H structure, the histidine is oriented molecules in the DHDPS-R138A structure positioned near
such that a hydrogen bond links thenitrogen of the  Thr44 (2.9 A), which is not seen in the wild-type structure.
imidazole ring to the backbone oxygen of Tyr107. A similar Different conformations could allow room for water to bind,
link is also formed with arginine in the wild type. This forming alternate bonding patterns. The apparent flexibility
explains the poor affinity of DHDPS-R138H for the carboxyl was more pronounced with DHDPS-R138A, where Tyr133
of (9-ASA, as thee-nitrogen of the histidine is likely to be  and Tyr107 from subunit B also showed increaBadhlues
unprotonated and unable to bind the carboxyl group. Suchcompared to the wild type, presumably because histidine
problems would be absent in DHDPS-R138A. Interestingly, supplies some rigidity that alanine does not. The mBan
even though no such connection is seen in the DHDPS-value for DHDPS-R138A (20.6 A was similar to that of
R138A enzyme, Tyr107 is still in a strained conformation the wild type (19.9 &). As previously shown, mutation of
in the Ramachandran plot. Thus, it would seem that the Thr44 to valine, with concomitant breakage of the proton
orientation of Tyr107 is due to the hydrophobic stacking with relay, attenuates catalytic activitg). Also, the distances
Tyrl06 and Arg138 and the connections within the proton within the hydrogen-bonding network for both mutations are
relay. noticeably lengthened (Table 3). Thus, the lower activity of
Of more importance were changes in the other active sitethe DHDPS Arg138 mutants could be attributed to the
residues when compared with the wild-type structure (Figure disruption of this hydrogen-bonding network. Additionally,
6). Lysine 161 and Tyrl33 held the same orientation in both mutant structures, Tyr107, which interacts directly

P
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FIGURE 6: Stereoview showing overlays of the active sites of wild-type (black) and mutant DHDPS structures. The rmsd for each mutant
dimer in the asymmetric unit with respect to the wild-type dimer was 0.18 and 0.19 A for DHDPS-R138A and DHDPS-R138H, respectively.

Residues from DHDPS-R138A are colored cyan, and those from DHDPS-R138H are colored yellow.

A
Y107b

K161

Ty

e
Y133
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Ficure 7: Electron density &, — F., 1o, blue;F, — F., —30,

red; 37, green) surrounding Thr44 in the active site of DHDPS-
R138A (A) and DHDPS-R138H (B). The dashed line connects the
hydroxyl of Thr44 to a water (X) not seen in other structures (2.91

A).

Table 3: Comparison of Key Atomic Distances within the Active
Site for the Wild-Type and Arginine Mutants of DHDPS

protein distances (A)

wild

type DHDPS-R138A DHDPS-R138H
OH Y133 N K161 2.9 3.5 3.7
OHY133 OHT44 2.7 35 3.1
OH T44 OH Y107 2.7 3.0 3.1
OHY133 OHY107 3.7 4.3 4.6
OHY133 HOA 2.6
H,O A N¢ R138 3.2
N¢K161 =0G186 4.4 5.3 5.3
N¢K161 =0 1203 5.2 3.7 4.4

with Arg138 in the wild-type enzyme, held a quite different
orientation.

Together, this suggests that, apart from bindiBgASA,
Arg138 may also be critical in stabilizing the juxtaposition

carbons of Tyrl07. In addition, a water molecule bridges
Arg138_Ne to Tyrl33_OH in the wild typeX4). This water
is absent in both Arg138 mutants. Taken together, this
implies that the binding of §-ASA, and presumably
movement of Arg138, may be a way for the enzyme to
modulate the catalytic triad. That is, th&of Tyr133 and
its ability to act as a general acid/base could be altered either
upon the binding of $-ASA or, perhaps, during the
cyclization step, where movements in Arg138 are presumed
to occur b).

(c) (S)-Lysine Inhibitionlt is known that §)-lysine inhibits
the reaction catalyzed by DHDPS, and others have previously
identified the binding site. The precise mechanism by which
(9)-lysine exerts regulatory control over DHDPS is unclear,
although kinetic and structural studies support the proposal
that (§-lysine is an allosteric inhibitorl( 5, 7, 14, 28—30).

Others have reported that Argl38 may be important in
(9-lysine inhibition 6). As such, our mutagenic study was
ideal to test this hypothesis. Both DHDPS-R138A and
DHDPS-R138H showed similar sensitivity t®){lysine
inhibition when compared to the wild type: for all enzymes,
including the wild type, we observed 50% inhibition at 0.2
mM (9-lysine concentration. However, although still a
partial inhibitor, both DHDPS-R138A and DHDPS-R138H
showed a minimum of 35% activity, even at 10 mig)-(
lysine concentrations, compared to the wild type, which was
8% active at this 9-lysine concentration. This may be a
result of the changes seen in the flexibility of the triad
mutants. The reasons for this altered inhibition pattern are
difficult to determine, but we may be further enlightened by
the future determination of DHDPS-R138A and DHDPS-
R138H with complexed)-lysine.

Structurally, the allostericS)-lysine binding site of the
mutants is very similar to that of the wild type. This was
expected as theS[-lysine binding pocket was not altered
by mutagenesis. However, the orientation of the Tyr107 side
chain is more similar to the wild type with boung){lysine
than to the unbound wild-type structure (Figure 8). The
phenyl ring is twisted in each mutant by approximately 40
with respect to the wild type. In contrast, for the wild type
with bound @)-lysine, the ring is twisted by only 2Q(14).
This is perhaps due to the loss of the hydrophobic stacking
between the side chains of Argl38, Tyrl07, and Tyrl106.

of Thrd4, Tyr133, and Tyr107, perhaps by buttressing these That Tyr107 is twisted as in th&)-lysine bound wild type

residues via hydrophobic interactions: in the native structure,

the 8- andd-carbons of Arg138 are close-¢ A) to the ring

draws into question the role of this movement in the
inhibition mechanism.



Role of Arg138 inE. coli DHDPS-Mediated Catalysis

Y133
Y106 l

p

K161

A

FIGURE 8: Overlay of Tyr107 for the wild-type (gray), wild-type

with bound §-lysine (orange), and both mutations, DHDPS-R138A

(cyan) and DHDPS-R138H (yellow).

Taken with our previous structural dated], which found
no change in the rigidity of Arg138 upo®)lysine binding,
it is clear that Arg138 does not play a critical role B+

lysine inhibition. The structural evidence here suggests that
the altered pattern of inhibition may be due to changes in

the proton relay.

CONCLUSION

This work confirms the hypothesis that arginine 138, which

sits on theo5'-helix, is essential for catalysis 05)FASA
and pyruvate to form dihydrodipicolinate by DHDPS. lIts
likely role is to bind the second substrat&)-ASA, but, as

we have suggested here, it appears that Arg138 may also be
important for the stabilization of the proton relay, a motif
previously shown to be required for catalysis. Additionally,

the role of Arg138 in §-lysine inhibition was probed, and

it was concluded that this residue is not essential in the

inhibition mechanism.
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