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ABSTRACT: Ornithine decarboxylase (ODC) is a pyridox&lghosphate dependent enzyme that catalyzes

the first committed step in the biosynthesis of polyamines. ODC is a proven drug target for the treatment
of African sleeping sickness. The enzyme is an obligate homodimer, and the two identical active sites are
formed at the dimer interface. Alanine scanning mutagenesis of dimer interface residugsanosoma
bruceiODC was undertaken to determine the energetic contribution of these residues to subunit association.
Twenty-three mutant enzymes were analyzed by analytical ultracentrifugation, and none of the mutations
were found to cause a greater than 1 kcal/mol decrease in dimer stability. These data suggest that the
energetics of the interaction may be distributed across the interface. Most significantly, many of the
mutations had large effectiA\AG k.a/Km > 2.5 kcal/mol) on the catalytic efficiency of the enzyme.
Residues that affected activity included those in or near the substrate binding site but also a number of
residues that are distant (280 A) from this site. These data provide evidence that long-range energetic
coupling of interface residues to the active site is essential for enzyme function, even though structural
changes upon ligand binding to wild-type ODC are limited to local conformational changes in the active
site. The ODC dimer interface appears to be optimized for catalytic function and not for dimer stability.
Thus, small molecules directed to the ODC interfaces could impact biological function without having to
overcome the difficult energetic barrier of dissociating the interacting partners.

Pharmacological manipulation of interactions between residues throughout the subunit interface. The energy of
proteins could alter many cellular processes but is difficult binding interactions on proteins can be propagated to remote
to achieve. A detailed understanding of the energetics of thesesites throughout the protein structui®e-Q), and amino acid
interactions is thus needed. Sites of interaction betweenresidues distant from the active site have been shown to
proteins typically include a large surface area of interacting impact catalytic efficiency and/or substrate specificity in
amino acid residuesl), making the task of disrupting the several enzyme system$0-14). However, no systematic
interaction potentially daunting. Systematic mutagenesis of analysis of the relationship between the protein interface and
several receptefligand protein interfaces has demonstrated catalysis has been undertaken for a multimeric enzyme.
that small regions of a protein interface can account for the  Ornithine decarboxylase (OD&)atalyzes the decarboxyl-
bulk of the energetic contributions to an interacti@a-6). ation ofL-ornithine to form the diamine putrescine, the first
These data support the conclusion that the functional epitopestep in the polyamine biosynthetic pathway. The polyamines
driving these interactions is not simply defined by the are ubiquitous cell growth factors, and inhibitors of polyamine
contacts observed by structural analysis of a protein interface.biosynthesis have been studied as potential chemotherapeutic

Many enzymes form their active sites at the subunit @gents in a broad range of proliferative diseases, including
interface and thereby require the association of subunits forcancer 15) and microbial infections (e.g., African trypano-
activity. Thus interactions that influence the energetics of Somiasis 16). ODC is a pyridoxal 5phosphate (PLP)
subunit association may also impact catalytic function, a dependent enzyme and an obligate homodimer. The avail-
complexity that is not a component of the receptigand ability of extensive structural and mechanistic information
interactions that have been previously studied. Further, this(17, 18 makes ODC an ideal target to study binding
influence may extend beyond amino acid residues that interactions at the subunit interface and their relationship to

directly participate in the active site structure and involve €nzyme function. The X-ray structure Bfypanosoma brucei
ODC reveals two identical active sites that are formed in

the dimer interface. Substrate analogues are bound at the
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Ficure 1. X-ray structure of thél. bruceiODC active site and dimer interface. (A) Ribbon diagram of ThéruceiODC dimer bound

to putrescine18;, PDB 1f3t). The monomeric subunits ©f bruceiODC are composed of an N-termiib. barrel domain and a C-terminal

domain that folds into a modified Greek kgybarrel. Two identical active sites are formed in the dimer interface. The N and C termini

are marked. (B) The dimer interface region formed between the C-terminal domains of the two subunits. (C) The dimer interface region
formed between the N-terminal domain of one subunit and the C-terminal domain of the other. One monomer is displayed in orange, and
the other is displayed in blue. The orientation of the subunits is the same in all three panels. Carbon atoms of PLP and of putrescine are
displayed in black. Nitrogens are displayed in blue, oxygens are in red, sulfur is in yellow, and phosphate is in pink. The figures were
drawn by Molscript and rendered by PovR&4

monomers, and the functional requirement for contribution proteins in BL21/DE3 cells from the T7 promoter. ODC was
of active site residues from both subunits has been demon-purified by NP"-agaorose column chromatography and gel
strated {9). filtration as described1@®, 20). ODC activity was assayed
To evaluate the nature of the interactions that stabilize at 37 °C using a coupled spectrophotometric assay as
dimerization of ODC, alanine scanning mutagenesi§.of  described 19). Enzyme concentrations used for the assay
brucei ODC interface residues was undertaken. The wild- varied depending on the activity of the enzyme. Approximate
type and mutant enzymes were evaluated by sedimentatiorranges that were used are as follows: wild-type ODE (5
equilibrium analysis and by steady-state kinetic analysis. 200 nM), mutants witlk.o;S 10-fold below wild type (0.1
None of the mutations caused a significant weakening of 0.5uM), mutants withk.ss 100-fold below wild type (+5
the dimer interaction, suggesting that the structural featuresuM), and mutants withk.,s >1000-fold lower than wild
of the ODC dimer interface that contribute to the energetics type (10-50 uM). Substrate concentrations were collected
of subunit association are distributed throughout the interface.over a range above and below tig, for each mutant
However, mutations of the dimer interface residues causedenzyme. Data were fitted to the Michaetislenten equation
significant detrimental effects on enzyme activity. These using Sigma Plot 5.0 to determine the kinetic constants.

effects were not limited to residues in or near the active site  \jolecular Modeling To Identify Dimer Interface Residues.

but were distributed throughout the interface. The X-ray structure of nativ@. bruceiODC (PDB 1QUA4)

EXPERIMENTAL PROCEDURES and of the DFMO-bound enzyme (P_DB 2§od) were useql to

analyze the nature of the amino acid residues at the dimer

Materials interface. Interface residues were identified by calculating
the change in solvent-accessible surface area between the

Amino acids, amines, buffers, and PLP were purchased dimer and monomer using the program NACCESS)(
) " )
from Sigma. Ni‘-agarose was purchased from Qiagen.  Anawtical Ultracentrifugation Analytical ultracentrifu-

Centricon concentrators were purchased from Amicon. gation was performed in a Beckman XLI centrifuge. ODC
samples were analyzed in 100 mM Hepes, pH 7.5, 100 mM
NaCl, 0.5 mM 2-mercaptoethanol, and 2M PLP at 20
Enzyme Purification and AssaSite-directed mutagenesis  °C. A minimum of three ODC concentrations (ranging from
of the ODC DNA was performed using the Quickchange 3.5 to 14uM) were used for each analysis. For equilibrium
protocol as recommended by the manufacturers (Strategene)sedimentation analysis ODC was loaded into a six-sector
All clones were sequenced throughout the entire coding equilibrium centerpiece, and the protein was equilibrated for
region to verify the mutation. Wild-type and mutant ODCs data collection at three rotor speeds (11000, 13 000, and
were expressed from the cloned gene as His-tag fusion15 000 rpm). Once equilibrium had been reached (typically

Methods
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FiGUrRe 2: Representative sedimentation equilibrium data set collected for wild-type ODC. Sedimentation data (open symbols) were collected
in a Beckman XLI analytical ultracentrifuge. The data in the figure include nine data sets used in the global analysis for a representative
fit to determine theq for dimer dissociation. The monomer molecular mass was fixed at 49 050 Da during the fit, and the baseline values
were allowed to float. The panels (from left to right) represent three ODC concentrations (4.8, 9.6, arld)L&dr each ODC concentration,

three speeds [from left to right 11 000 (circles), 13 000 (triangles), and 15 000 (squares) rpm]) were collected. The solid line represents the
weighted global fit to a monomer/dimer equilibrium wiky = 341 nM and 95% confidence limits of 25@60 nM. The residuals to the

fit are shown in the upper panel in absorbance units. The dimerization constant406 + 92 nM) for wild-type ODC was calculated

by averaging the model-derive€ly's from n = 6 independent experiments where the error is the standard deviation of the mean.

24—36 h), absorption data were collected through quartz density of the solvent, anda, is the association constant in
windows at 280 nm, using a radial step size of 0.001 cm, absorption unitsy (0.735 mL:g™1) andp (1.00 gmL~1) were
and recorded as the average of 15 measurements at eacfixed during the fit to values determined using the program
radial position. To determine the baseline values in the cell, SEDNTERP 21). Ka, is converted to the dissociation
at the end of the data collection time the rotor speed was constant Kg) in concentration units of monomer by the
increased to 42 000 rpm for 8 h, and the absorbance of theequation:
depleted meniscus was measured (over-speed data).

Equilibrium data were analyzed using the Beckman K. = 2 )
XL-A/XL-I Data Analysis Software Version 4.0. A minimum 47 Kagbe
of nine data sets were included in the global nonlinear least-
squares analysis using a monomedimer equilibrium model  whereb is the path length (1.2 cm) ard41 690 Mt-cm™?)
(eq 1) to determine the dimer association const&gd)( The is the experimentally determined molar extinction coefficient
(19). For the W356A mutant was instead 36 000 M-cm ™.

c = Cg/lone(wZ/ZRT)M(l— vp)(r2—rg?) +
KAa(CgAOH)Ze(wZ/ZRT)ZM(l—p)(rz—rgz) (1) RESULTS . . . . .
Analysis of Wild-Type ODC Dimerization by Analytical
monomer masd\ = 49 050) was fixed during the analysis, Ultracentrifugation.Wild-type T. bruceiODC was analyzed
and the baseline values were allowed to float. Parametersby equilibrium sedimentation centrifugation. For each experi-
for eq 1 are as followst; is the concentration in absorbance ment data were collected for three rotor speeds and three
units at the radial position, ¢, is the concentration of the  ODC concentrations as described in Experimental Proce-
monomer at a reference radiug w is the angular velocity ~ dures. The data were best fit by the model describing a self-
in radians per second is the gas constant 8.314 10’ associating system for a monomer/dimer equilibrium. A
ergK~1mol™?, Tis the temperature in kelvi is the gram representative data set is displayed in Figure 2. The dimer-
molecular weightp is the partial specific volume is the ization constanty = 406 + 92 nM) for the wild-type
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A. of opposite subunits (Figure 7). A row of aromatic
residues (F397, Y323, and Y331) that pass through the 2-fold
axis and is positioned between the two active sites, makes
up the bulk of the contact between the two C-terminal
domains. The interface between the N-terminal and C-
terminal domains of the two subunits contains the active site
and is partially composed of hydrophilic interactions between
amino acid side chains and/or backbone carbonyls (e.g.,
D134/K294, D364/K169, and 1291/K141).

Amino acid residues identified to contribute35 A? of

surface area to the interface in both the native and DFMO-
bound structures by this analysis were mutated to Ala (Figure
3A) to determine the contribution of these side chains to the
I l energetics of the subunit association. The dimer dissociation
constantsKy) for each of the mutant ODCs were determined
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by analytical ultracentrifugation by collecting a standard data
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set of three concentrations and three speeds for each mutant
6 as described in Experimental Procedures. The K169A
mutation could not be evaluated because the protein failed
5 - to come to equilibrium despite multiple attempts, a finding

2

5 that may be a reflection of reduced stability for this mutant
E 47 enzyme. None of the mutations that could be evaluated
s increased theKy for dimerization by more than 3-fold
£ 3 compared to the wild-type value. For several of the mutant
:_cf 2] enzymes (E36A, K69A, C114A, W356A, V392A, and
3 S395A) theKy's determined for the monomedimer equi-

o 11 librium were approximately 10-fold lower than measured for
<]

the wild-type enzyme. For such monomalimer equilibria

the theoretical concentration of monomer present in the
analysis is near the limit of detection [the lower limit 6§

that can be measured is 10 ni22f], and the accuracy of

42m(siﬁ(d(ﬁ:st(ﬂd((ﬁﬂ:d((ﬁd( )
385.-2';5%2;9.’:?&%;8853323588 the method is reduced.
TR S R P IR R - ; ; ;
boQxx = Kinetic Analysis of the Dimer Interface MutatioriBhe
. i active site of ODC is formed at the dimer interface,
Residue or Mutation

. ] ] ) suggesting that residues in the dimer interface may also be
Eﬁ:; g&rfggg'gfésa %&%?%tgwaecrel?éiri&c:s rgsfn“‘?gr-”(]g‘t)i;]ogﬁf' important for the catalytic function of the enzyme. To address
dimeric T. bruceiODC. Buried surface area wgs determined by this question, steady-state kinetic analysis of the Wil_d-type
calculating the change in solvent-accessible surface area betwee@nd mutant enzymes was undertaken to determine the
the dimer and monomer using the program NACCESS. The data Michaelis—-Menten parameters for the decarboxylation of
calculated for the nativé&. bruceiODC structure (PDB 1QU4) is | -ornithine. Mutation of 18 of the tested interface residues

displayed. With the exception of the two active site residues, Y389 ;
and D361, alanine mutants of all of these residues were evaIuateddecreaseu‘""lle by at least 1 kcal/mol (Table 1, Figure 4).

by analytical ultracentrifugation. (B) The energetic differences in redictably, the residues where mutation had the largest
catalytic efficiency of the interface mutants compared to the wild- €ffects AAGy_«, > 4 kcal/mol) are located in the active
type enzyme are plotted, wheAA Gy, = —RT In[(keaf Kin) ™2 site and participate in either direct contacts with substrate/
(kealKim)"]. ODC activity was assayed at 3T using a coupled  gnalogues or contact mediated through a water molecule [e.g.,
spectrophotometric assay as describe8).(Values for D361A, K69, Y323, D361, Y389, and F397 (Figure 1B)]. The roles
K69R, and C360 were previously reportekB(22, 23). ' ' T - )

of several of these active site residues (K69, C360, and D361)
enzyme was determined on the basis of the analysis ofhave previously been well characterizetl8,( 23, 24).
multiple (n = 6) data sets of this type. The full range of However, mutation of a number of residues that are distant
ODC concentrations (3:514. 4 uM) was explored within from the active site also had large detrimental effects32

these data sets. kcal/mol) on enzyme activity (Table 1 and Figure 4). These
Analysis of Dimer Interface Mutations by Analytical long-range effects occurred predominately in the interface
Ultracentrifugation The X-ray structure of nativeé. brucei region formed by contacts between the N- and C-terminal

ODC was used to identify residues in the dimer interface. domain (Figure 1C, residues K141, 1291, K294, Y317, and
The change in solvent-accessible surface area between th&V356), and they effect botk.: (decreases by-240-fold)
dimer and monomer was calculated using the program andKp, (increases 320-fold). The most striking examples
NACCESS. A total of 2775 Aof solvent-accessible surface  of these long-range effects are for residues K141, 1291, and
area is buried in the interface upon dimerizatiai)( 87% K294, all of which are 1520 A from the nearest active site
of the surface area is contributed by amino acid side chains(Figure 1C and Table 1).

(Figure 3A). The ODC dimer interface is formed by The specific activity ¥YmadEr) of wild-type ODC is
interactions between the C-terminal domains of the two constant between enzyme concentrations-62G0 nM (data
subunits and between the N-terminal and C-terminal domainsnot shown), suggesting that tikg for dimer dissociation is
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Ficure 4: Energetic map of the kinetic effects of tiie bruceé ODC dimer interface mutations. (A) The color-coded energetic changes
(AAG) due to alanine substitution of interface residues are plottel.ffi. (B) The monomers have been separated by 40 A, and each
has been rotated 9@oward the observer. The values #89AG were calculated as described in Figure 3. Images were generated using the
program GRASP 35). AAG values are displayed as follows: yellow0.2 to 0.5 kcal/mol; orange, 0-6..5 kcal/mol; green, 1:63.0
kcal/mol; blue,>3.0 kcal/mol. Putrescine is displayed in pink as a marker for the active site.

ionic strength. For most of the mutant enzymes the specific
activity was also constant over the range of enzyme

Table 1: Kinetic Parameters for ODC Interface Mutants
AAG distance

KeaKm  KeaKm  (A) t0 concentrations tested. However, because many of the mutant

; . (s (kcle_lt aC_tze enzymes are significantly less active than the wild-type
enzyme  Kef (S Knf(mM) mM7) molh sit enzyme, the concentration of enzyme used for the activity
wtoDC  9.4+0.1 049+ 004 19 assay (see Experimental Procedures) was much higher and
E36A 5.5+ 0.1 0.17+0.02 33 -0.34 20-25 ) : o
K6OR®  0.0031+ 0.0003 0.18f 0.40 0017 43 335 thus does not allow for a comparison of dimer stability under
gﬁﬁA Zéi 8-(1) 8-‘21911 8-8%6 2;30 —062;16 15?1%0 the conditions of the assay. For I1291A ODC the specific
O116A  63£0.2 062£009 10 039 1615 activity does not reach maximal Iev_els for enzyme concen-
D137A  9.7+0.3 0.50£0.04 20 —0.01 15-20 trations below 56-100 nM, suggesting that, in contrast to
K141A  0.26+0.0 1.5+£01 017 = 29 1520 what was observed by centrifugation, tkg for the dimer
K169A  0.10+ 0.00 5.8+ 15 0017 43 510 L . )
F170A 50+ 11 A7+ 14 011 32 510 under the conditions of the assay is weaker than for the wild-
1291A 1.940.2 8.3+ 1.3 023 27 1615 type enzyme.
K294A  0.71+0.05 5.6+ 1.7 013 31 1615
Y317A  0.92+0.01 2.6+ 0.09 035 25 1815
Y323A  0.042+£0.002 162 0003 54 335 DISCUSSION
L330A  2.74£0.1 0.93+ 0.04 2.9 1.2 510 ) _ _ _ o
\7\?3351& i-gi 8-? §57ﬂj:: 3;) . 2-(2)4 i; 25155 ODC is an obligate homodimer with the substrate binding
C360% 0.27+0.0 010+ 0.01 57 12 335 sites formed at the dimer interface (Figure 1). X-ray structure
D361A" 3.14+1.0 450+ 170 0.007 4.9 335 analysis facilitates identification of the residues that make
e oo 2308 Ao ew 51U contacts at the dimer interface, but the energetic contribution
V392A  0.97+ 0.08 0.19+ 0.03 5.1 081 510 of the individual residues to subunit association can only be
S395A  0.59+0.04 0.12+0.03 5.0 0.82 1015 addressed by functional analysis. Alanine scanning mutagen-
Pooen 9B 0001  0.3L000 s IR 31 33 esis of theT. bruceiODC dimer interface suggests that no
F400A 0.014+ 0.000 0.12+0.011  0.12 31 1015 single amino acid in the interface contributes more than 1

2Errors are the standard deviation of the mean=(3). ® Values kcal/mol of stabilizing e_nergy t? t_he |_ntergct|on. These data
for D361A, K69R, and C360 were previously reportdd,(23, 24). suggest that the subunit association is driven by many small
¢ Measured at 10 mM-ornithine.? Distances were measured between energetic contributions distributed throughout the interface.
the nearest atom on PLP or putrescine and the nearest atom of theThese results are in contrast to the interaction “hot spots”
amino acid residue. Data are reported for six different shells where ; : ;
this distance is within the shell<3.3 A, 3.3-5 A, 5-10 A, 10-15 observed in some previously studied Systems' Analyses of
A, 15-20 A, and 20-25 A. several protein interfaces by mutagenesis [e.g., the growth

hormone-receptor interactionZ 3), antibody interactions

less than 5 nM in the conditions of the assay, which is With antigen &, 5), and the barnasebarnstar interactiortj]
minimally 80-fold lower than observed in the analytical indicated that small regions of a protein interface can account
ultracentrifuge. However, there are several notable differ- for the bulk of the energetic contributions to an interaction.
ences between the assay conditions and those used to analyze The finding that no significant energetic consequences are
dimer formation by analytical ultracentrifuge. First, the observed upon mutation of dimer interface residues in ODC
presence of substrate may affect dimer association. Secondiay be an indication of structural plasticity in the interface.
the enzyme activity is measured at 3T while the Structural analysis of the antigeantibody system and of
centrifugation studies were performed at’Dand at higher  the barnasebarnstar interaction suggests that mutations can
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be accommodated by the incorporation of water molecules presence of substrate or product. In support, kinetic analysis
at the site of the mutation4( 25). Additionally, the of the I1291A mutant enzyme suggested that the dimer was
detrimental effects of mutating a key residue in the growth weaker than for wild-type ODC, while the sedimentation data
hormone receptor could be complemented by a mutation in collected in the absence of substrate did not.
the hormone that allowed for repacking of the interfee ( The structural basis for the coupling of dimer interface
The ODC interface may accommodate the mutations by regigques and the active site is likely to be subtle. X-ray
_S|m|Iar mechanisms. Sfcructural p_Iast|C|ty may b_e partlcu_larly structural analysis off. brucei ODC in the absence and
important for the function of an interface that is associated osence of putrescine demonstrates that the conformational
V.V'th a catalytic cycle and may b‘? necessary for accom.mOda'changes that are observed upon putrescine binding are limited
tion of the substrate into the interface in a catalytically to local rotational changes in two catalytic residues in the
competent state. o . . active site. C360 rotates toward the bound ligand, and as
In contrast to the limited disruptive effects caused by the the Schiff base between K69 and PLP is exchanged for the

mutations of the dimer interface residues, a number of the :
. ' Schiff base to substrate, K69 rotates away from the cofactor
mutations (E36A, KB9A, C114A, W356A, V392A, and to form new interactionsl®). However, unlike what has been

S395A) appear to strengthen the dimer. The kinetic data observed upon binding of ligands to some enzymes [e.g..

suggest that the dimer may also be str'engthened in thedihydrofolate reductas€(), thymidylate synthaseg, 29),
presence of substrate. The structural basis for these effECt%spartate amino transferasad), no domain rotations or

IS not cle_ar; however, these mutations may cause .localglobal repositioning of loops or structural elements have been
conformational changes that affect the electrostatic or dipole observed upon binding of putrescine or DFMO to O, (
interactions between the subunits either directly or indirectly. 18) Long-ra?nge effectg one:atalysis of mutating surface; loop
In support, an analysis of interfacial hydrogen bonds and residues in dihydrofolate reductase are related to a network

salt bridges in proteinprotein interfaces suggested that . . .
residues involved in these interactions might not be oriented of mfteractpns that form between these distant loops fand a
mobile active site loop structure that has conformational

In their global minimum conformation26). Thus mutation flexibility (14). In contrast for ODC, the structural data

of residues in the interface could cause repacking of the . .
interface that leads to optimization of these interactions. suggest that t.he propagatlon .Of small structural or electrqnlc
The most significant effects of mutating residues in the changes are I|k'el'y to be sufﬁmgnt to account for t'he coup!mg
dimer interface were on enzyme activity. Many of the largest of catal)_/tlc efficiency to the |_nterfa_10_e energetics. Orblt.al
overlap is thought to be a major driving force of catalysis,

effects on activity of interface mutations can be ascribed to d I | ch in bondi lap h b
proximity to the active site, an obvious reflection of the fact 21d small structural changes in bonding overlap have been

that many of these residues play a role in the binding of _demonstrated to be suffici_ent to cause_largg cata_lytic deficits
substrate or the chemistry of the reactiai,(18). Likewise, in enzyme-catalyzed reactior&l. Likewise, dimer interface
the mutation of second-sphere residues (e.g., K169, F170mutations that disrupt ODC activity may cause suboptimal
and N398) could disrupt active site architecture and impede °ri€ntation of thez-orbitals of the cofactorsubstrate
catalysis. Similar effects have been described in other system&OMPplex, a critical factor in catalysis by PLP-dependent
and typically involve the disruption of a hydrogen bond €nzymes &2).
network (L2, 14). Indeed, K169 forms a salt bridge across  T. bruceiODC is a drug target for the treatment of African
the dimer interface with the backbone carbonyls of D361 trypanosomiasisl). Inhibitors that could either dissociate
and D364, while F170 also makes contacts with this region. the dimer or bind in the dimer interface and disrupt activity
These interactions are likely to play a key role in stabilizing would have advantages over traditional active site directed
the loop that contains both C360 and D361, two key active inhibitors. For example, protein interfaces of multimeric
site residues. enzymes do not tend to be highly consernvg®),(suggesting
However, interface mutations with large catalytic conse- that greater selectivity could be obtained by targeting the
quences were not limited to the first- and second-spheresubunit interface. Inhibitors that dissociate the ODC dimer
residues of the active site. Mutation of a number of peripheral might be found, but the lack of discrete regions of the
interface residues (e.g., K141, 1291, K294, Y317, and W356) interface that drive the energetics of the interaction may limit
that are 1520 A away from the active site significantly  this approach. However, the observation that mutations in
reduced the catalytic efficiency of the enzyme. Interestingly, the interface at sites distant from the active site disrupt
many of these residues are contained in the same region oenzyme activity suggests that an inhibitor would not have
the interface (e.g., the backbone carbonyl of 1291 and the to dissociate the dimer to be effective. Rather, a small
side chain of K141 form an H-bond across the interface). molecule could bind and disrupt activity by a mechanism of
The effects of these mutations were observed on Bgth  induced allostery. Ultimately, this latter approach may prove
and K. Both parameters potentially reflect multiple steps to be more generally useful, since it may be easier to find
in the reaction pathway, including Schiff base formation and/ |igands that bind in the dimer interface and disrupt activity
or the chemical steps of the reaction. These data providethan to identify molecules that can effectively compete and
evidence for long-range energetic coupling of the interface disrupt a proteir-protein interaction.
residues to the active site. Taken together with the dimer-
ization data, these data suggest that the subunit interaction\CKNOWLEDGMENT
in ODC are optimized for catalytic function and not for high-
affinity subunit association. The data leave open the pos- We thank Jennifer Ford for technical assistance in the data
sibility that the energetic contribution of the interface residues collection and John Philo, Joe Albanesi, Dirk Binns, Rama
to dimer strength may be distributed differently in the Ranganathan, and Jeff Baldwin for helpful discussions.
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