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ABSTRACT. A nucleotide effector site of the biodegradative form of ornithine decarboxylase from
Lactobacillus 30gd0rnDCL304) has been identified. OrnDC30aactivity at pH 8.0, where the enzyme

is normally inactive, is stimulated by GTP and dGTP and to a lesser extent by GDP but not by ATP,
CTP, or UTP. The pH profile indicates that activation by GTP is reflected by an incredsg/wm om

(above pH 6.8), whil&/max remains constant over the pH range-4900. Scatchard plot analysis shows

that GTP binds to OrnDQ.30a at both pH 5.8 Kp = 0.11 uM) and pH 8.0 Kp = 1.6 uM), but
unexpectedly, half-site binding is observed at the higher pH. The OrnBa dodecamer dissociates

into dimers at high pH in the presence or absence of GTP. The GTP binding site was located in difference
electron density maps using low-resolution X-ray data. This represents a new type of GTP binding site.
A model explaining the activation of OrnDC30aby GTP is presented.

Pyridoxal 3-phosphate (PLP) dependent ornithine decar- to carry out decarboxylation. OrnDIC30awas sequenced
boxylase regulates a key step in polyamine metabolism. (12) and its structure determined by X-ray diffraction
Polyamines are ubiquitous and are required for severalmethods {3). The X-ray structure revealed a “doughnut’-
cellular processes such as DNA replication and protein shaped disk as previously observed in negatively stained
synthesis 1, 2). Many bacteria contain two types of amino  electron micrographsl@). The doughnut is a dodecamer
a(-:ld -decarboxylases, a blOS.ynth.etlc enzyme Wthh IS CON-made up of six dimers arranged with 622 point group
which can be induced in rich medium at low pH. Biodeg- arranged in five sequential folding domains (Figure 2). The
radative ornithine decarboxylase frohactobacillus 30a N-terminal “wing” domain, critical in the assembly of the
(OrnDC L30g) is induced by low pH and the presence of qqecamer, is a protrusion localized at the surface of the
ornithine and h'St'd'n? in the grqvvth med|urf3_—(5). It inner cavity of the dodecamer disk (Figure 1). The linker
catalyzes the conversion of ornithine to putrescine and MaYy yomain is a 61 amino acid residue segment which forms
be important in regulating cellular pH while the biosynthetic part of the neighboring subunit's PLP binding site and helps
form functions in the synthesis of polyamines needed for bilize the di he linker d . buried
cell growth 6, 6). Biosynthetic and biodegradative OrnDC to stabilize the dimer. The lin er domains are buried upon

y formation of the dodecamers (Figure 1b). The third domain

from Escherichia colihave been shown to be actively

stimulated by a number of positive effectors, including binds the PLP cofactor. F_our groups of PLP-dependent

nucleotides with guanosine triphosphate (GTP) being one décarboxylases have been identifiad)( and three of the
four groups are believed to utilize this type of PLP binding

of the most effectiveq, 7). ) e o .
The regulation of OrMDCL30a activity is not well motif (8). The fourth domain is the specificity domain,

understood. Functionally OrnDC30ashows a remarkable containing residues necessary for substrate recognition as
similarity to the eukaryotic enzymes in terms of its activity Shown by site-directed mutagenesis (Zhang and Hackert,
and inhibition by substrate analogues, in spite of belonging Unpublished results). The C-terminal domain forms a ridge,
to a different structural clas8), The structure determination ~ creating one wall of a 27 A deep channel at the dimer
of a smaller, dimeric, eukaryotic OrnDC is currently in interface leading to the active site where PLP is linked to
progressg, 10. The eukaryotic enzyme is regulated by GTP Lys 355 through a Schiff base (Figure 3).

(11), and we report herein that GTP also stimulates OmnDC  gxperiments were performed to identify the GTP binding
L30a activity. The characterization of the regulation of gjie and characterize its effects on the kinetics and the
OrnDCL30aby GTP will further our understanding of how  5jigomeric structure of OmDE30a Steady-state kinetics

its complex arrangement of multiple domains communicates \ are used to study the profile da/Ky om and Vinax as a
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FiGure 1: (a, top) @ backbone diagram of the dodecamer of OrnC8Da as observed in the crystalline state at pH 3.8).(The view

shows the doughnut-shaped dodecamer. The dimers interlock above and below through interactions between the protruding wing domain
and the linker domain of the neighboring monomer. (b, bottom) A view perpendicular to that shown in panel a, along a 2-fold axis relating
two dimers, viewed from the center of the dodecamer. This figure shows that there is no interaction between the top and bottom wing

domains.

FiGure 2: Stereo Molscript ribbon drawing of the OrnOGB0a monomer indicating in different colors the five domains within the 730
amino acid subunit. Shown in red is the protruding wing domain, in orange the invasive linker domain, in yellow the PLP-binding domain,
in green the specificity domain, and in blue the C-terminal domain.

mechanism similar to that described in GTPases. It is domain, resulting in reactivation of the enzyme. The half-
proposed that GTP is involved in the stabilization of a linker site binding characteristics of GTP observed at high pH are
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Ficure 3: Stereo @ carbon backbone trace of the OrnkB30a dimer, in an orientation similar to that of Figure 2. One monomer is
shown in pink, and the 2-fold related monomer has its domains colored according to the scheme adopted in Figure 2. GTP is bound to the
surface of one monomer along the subunit interface at the entrance to a deep cavity leading to the active site containing the PLP cofactor,
about 27 A away. A molecular 2-fold axis (roughly vertical) relates the two PLP cofactors shown as ball and stick models. The GTP
difference electron density based on 3.9 A resolution data is also shown.

consistent with the theory of Koshland, Nemethy, and Filmer counter. The membrane from each cell was also counted to
(KNF) (16, 17 where a ligand (e.g., GTP) induces confor- determine if anyJH]GTP had bound to it. Three trials were
mational changes that have unfavorable effects (negativeperformed for each point for both pH 5.8 and pH 8.0, and
cooperativity) on the binding of a subsequent ligand. the determinations were rotated among the five cells so that
each point was not run in the same cell repeatedly. These
trials were averaged, and a Scatchard plot was prepared with
the standard error of the mean bar included for each point.

30acells were grown in 14 L batches as described previously ~PH Profile. Three different buffers were used for the pH
(4) with minor modifications {8). Cells were harvested profile data. For pH 3.65.0, 50 mM sodium acetate buffer
using a Millipore HVLP 0.45 mm Durapore coarse screen Was used, for pH 5:59.0, 50 mM potassium phosphate
filter in a Pellicon cassette system to concentrate the cells,buffer was used, and for pH 9:02.0, 50 mM sodium
Centrifuged in a GS3 rotor (Sorva") at 6500 rpm for 20 min bicarbonate was used, all buffers Containing 0.5 mM EDTA
at 4°C and frozen at-20 °C. and 0.5 mM DTT. About 2.5:g of native OrnDCL30a
OrnDC L30a Purification. OrnDC L30awas purified as ~ Was assayed for each pH point in the presence or absence
previously reporteds) with a few modifications. Afterthe ~ 0f 0.1 MM GTP. The integrity of the enzyme at extremes
initial ammonium sulfate precipitation step, a precipitation in PH was checked by incubating 24 of OrnDCL30aat
step with 10% poly(ethylene glycol) was added. A Sephacryl PH 3 and 11 for 30 or 60 min, followed by assays in the
S-500HR gel filtration column was substituted for the Bio- Presence and absence of 0.1 mM GTP at the incubation pH
Gel A-1.5 M column. and at the pH optimum, pH 5.8. Th&xandKy om values
Assay of OrnDC L30a.Enzyme assays were performed for ornithine were determined at pH 4.0, 4.5, 5.0, 5.8, 6.5,
using a Gilson differential respirometer according to the /-4, 76, 8.0, 8.7, and 9.4 in the presence of 0.1 mM GTP
procedure of Guirard and Sneb)( and at pH 4.0, 4.5,_5.0, 5.8,6.5, 7.4, ar_1d 7.6 in the absgnce
Binding of PH]GTP to OmDC L30a. The binding of of GTP. Enzymatic assays were carried out as described

[8,5-3H]guanosine 5triphosphate (tetrasodium salt, 33 Ci/ aPove. Kinetic parameters were calculated from least-
mmol) was performed in a five-cell equilibrium dialyzer ~Sduares fits of the initial activity data plotted according to

using the method described in Rosaral. (19, 20. Each  the methods of LineweaveBurk. The plots of logca/

cell was divided by a 47 mm diameter Spectra Por no. 2 Kmom) Vs pH were fitted for the loss of one or two protons
membrane. The left half was filled with 1 mL of the USINg programs kindly provided by Dr. W. W. Cleland.
appropriate concentration oH]GTP in buffer A (50 mM pH and GTP Effects on the Oligomeric Stat€he size
potassium phosphate buffer, pH 5.8 or pH 8.0, with 0.5 mM ©f OrnDC L30a was determined by HPLC size exclusion
EDTA and 0.5 mM dithiothreitol). The right half contained chromatography (SEC) using a ProteinPak 300SW 7.8

1 mL of a 0.1 mg/ml solution of OrnDE30ain buffer A. 300 mm) column. The eluant, 50 mM potassium phosphate
Two 100uL aliquots of the H]GTP solution were removed ~ buffer at pH 5.8 or 7.8, was monitored at 280 nm. OrnDC
and counted to provide a zero-time point sample. The L30a (70 x«g) was incubated for at least 15 min at pH
binding reaction proceeded for 3.5 h at room temperature 5.8, 6.8, 7.3, and 7.8 in the presence or absence of 0.1 mM
while the cells rotated at 20 rpm. The 1 mL solution was GTP before being injected onto the column. The column
removed from each cell half and treated with 240 units of Was calibrated using the Bio-Rad gel filtration standards

MATERIALS AND METHODS

Bacterial Strain and Growth Conditions. Lactobacillus

calf alkaline phosphatase for 20 min. The two LQ0zero-

time samples were each treated with 24 units of calf alkaline

phosphatase for 20 min. The two 100 zero-time samples,
plus duplicate 10Q«L samples taken from each cell half
after 3.5 h dialysis, were placed into 10 mL of counting
solution and counted in a Beckman LS 5000CE scintillation

(Figure 4).

Location of the GTP Binding SiteCrystals of OrnDC
L30awere obtained by vapor diffusion from poly(ethylene
glycol) solutions using the hanging drop methotiB)(
Crystals incubated in the presence of GTP at low pH 5.8
shattered, suggesting that a conformational change occurs
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Ficure 4: Elution profile of the HPLC size exclusion chromatog-
raphy of OrnDCL30aat different pH’s showing the transition from

a dodecamer<10° Da) at pH 5.8 to a dimer (162 kDa) at pH 7.8.
The presence of GTP did not alter the elution profiles. The bottom
panel shows the elution profile of gel filtration standards: (1)
thyroglobulin (670 000), (2) bovine/-globulin (158 000), (3)
ovalbumin (44 000), (4) myoglobin (17 000), and (5) vitamig, B
(1350).

upon binding of GTP. However, an isomorphous crystal
grown in the presence of 0.1 mM GTP was able to provide
a low-resolution data set collected using a San Diego
multiwire detector. The GTP model was fitted to its

difference density using the prograd(21). The coordinates

of other GTP binding proteins were downloaded from the

Oliveira et al.

Table 1: Effect of Nucleotides on OrnDIC30a Activity

specific activity
(umol of CO, min~t mg™?)2

OrnDC + effector (0.1 mM) pH 5.8 pH 8.0
OrnDC 180 5
OrnDC+ guanine 167 11
OrnDC + guanosine 179 9
OrnDC+ GMP 174 22
OrnDC+ GDP 175 82
OrnDC+ GTP 211 183
OrnDC+ dGTP 188 166
OrnDC+ 0.1 mM GDP+ 0.1 mM AlR; 211 209
OrnDC+ GTPyS 158
OrnDC+ GDPRSS 98
OrnDC+ ATP 187 13
OrnDC+ CTP 165 19
OrnDC+ UTP 181 8
OrnDC+ cGMP 175 4
OrnDC+ cAMP 189 2

aEstimated errors in specific activities at pH 5.8 and 8.0-atd
and £28 umol of CO, min~* mg™?, respectively.

Table 2: Comparison of GTP Dissociation Constants Kndm
Values at Different pH Values

KM,orn (mM)
Ko (uM) +0.1 mM GTP —~GTP
pH5.8  0.114+0.01 1.0+ 0.3 1.2+ 0.4
pH7.6  ND 1.0+ 0.3 50+ 26
pH8.0  1.6+0.2 1.1+ 0.3 >500

L30a At this high concentration none of the nucleotides
tested appeared to affect enzymatic activity at pH 5.8, while
only GTP, dGTP, and GDP were identified as positive
effectors at pH 8.0. The presence or absence of"Mig
the assay cuvette did not affect the results. Furthermore,
when OrnDCL30a was assayed in the presence of the
nonhydrolyzable analogues for GTP (Gi%or the GDP-
aluminum fluoride monohydrate complex) at pH 8.0, each
analogue had the same effect as GTP. These results show
that nucleotide binding is necessary and sufficient for enzyme
activation at the higher pH values, and GTP hydrolysis is
not required.

pH and GTP Effects on the Oligomeric Stat&ize
exclusion chromatography of OrnDC30a at 0.7 mg/mL
was performed at different pH’s. At the pH optima of 5.8,
the dominant species present is the dodecamer. At pH 6.8

PDB database and superimposed onto the GTP binding site? small amount of dimer is present. The percentage of dimer

of OrnDC L30a using routines ir0Q.

RESULTS
Purification of OrnDC L30a. OrnDC L30awas purified

present increases at pH 7.3, and by pH 7.8 the dominant
species is the dimer with only a small amount of dodecamer
present (Figure 4). A similar distribution of size species was
observed over the pH range 5:8.8 in the presence of 0.1
mM GTP. These results are confirmed by negatively stained

to homogeneity as evidenced by the appearance of a singleslectron micrographs which show the presence of the

band of the appropriate size on a 10% Stslyacrylamide
gel after staining with Coomassie brilliant blue. The purity
of OrnDCL30awas further verified by the appearance of a
single band on an isoelectric focusing gel.

Activation of OrnDC L30a by GTPThe purified OrnDC

dodecamer at pH 5.8 but not at pH 8.0.

Equilibrium Dialysis. The purified OrnDA_30awas used
to analyze GTP binding via Scatchard analysis. Different
concentrations of tritiated GTP were dialyzed against the pure
OrnDC L30a as outlined in Materials and Methods. GTP

L30awas assayed in the presence of a single high concentrawas found to bind to the OrnDC30a at both pH 5.8 and

tion (0.1 mM) of different nucleotides at pH 5.8 and 8.0. In
each trial about 2.54g of OrnDC L30a was assayed.

Purified OrnDCL30a dialyzed against 50 mM phosphate
buffer, pH 8.0, is normally inactive. Table 1 summarizes
the effects of different nucleotides on the activity of OrnDC

pH 8.0, but the binding affinity at pH 8.0 was found to be

15-fold less than that observed at pH 5.8 (Table 2). The
results of the Scatchard plot (Figure 5) showed that at pH
5.8 there are about 12 independent binding sites per
dodecamer, consistent with the known dodecameric stoichi-
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Ficure 5: Scatchard plot and analysis for the binding of GTP to
OrnDCL30aat pH 5.8 ) and pH 8.0. For clarity, the data obtained
at pH 8.0 {) has been reploteda by multiplying the ordinate
values by a factor of 10. The marked difference in slopes reflects
the lower binding affinity at the higher pH. The microscopic
dissociation constant is estimated to be «M at pH 5.8 and 1.6
uM at pH 8.0. The value of obtained from the pH 5.8 data is in
good agreement with the known dodecameric structure of OrnDC
L30a while the data at the higher pH shows weaker binding and 2 . T T | . .
possibly only one binding site per dimeric unit. The error bars show 3 4 5 6 7 8 9 10
the standard deviation of the average of triplicate samples assayed pH

on 3 different days in three different dialysis cells. FIGURE6: (a, top panel) Variation of I0§maxvs pH for OmDC in
o ] the presenceX) and absenceX) of 0.1 mM GTP. (b, bottom panel)
ometry. Itis interesting to note that the apparent number of log(keafKw.om) Vs pH for OrnDC and OrnDG- GTP. The slope at
binding sites at the higher pH corresponds to only half of low pH is nearly er? deicatin%_tEe IOES_ of tw? [irqtodr)s for
the sites available, the equivalent of six per dodecamer (or €nzymatic activity. The slope at higher pH Is nearly 1, indicating
one per dimer since it is known that dissociation to dimers that the titration of a group with & 0f 6.5 (~GTP) or 8.0 ¢ GTP)

. . . . causes loss of OrnDC30a activity.
occurs at low protein concentration at higher pH). This result

is surprising in Iight of the observed symmetry between .t GTp the data can be fit well assuming the loss of a
monomers determined from the low pH X-ray structr8(  gjngle proton at both ends of the bell-shaped pH profile,
pH Profile of OrDC L30a and OmDC L30& GTP. corresponding to groups withkp values of 5.1+ 0.1 and

The variation 0Vax andkealKu om for purified OrnDCL30a 82+ 01,
was measured over a range of pH's from 4.0 to Mhax

remains essel;mally c?rg_tra;t quer tg's p;:thrangﬁ in the presence of 0.1 mM GTP at pH 5.8 were isomorphous to
présence or absence o (Figure 6a). ough Enzyme,iive OrnDCL30a An X-ray data set was processed to

activity is lost by incubating OrnDQ@.30a at the extreme 3.5 A Wi ;

. S .5 A with anRnerge0f 8.3% for a total of 257 462 reflections
pH values of 3 and 11, this can be reversed by rgequ_lllbratmg collected of Whigﬁe% 483 are unique. A difference electron
the enzyme at the pH optimum of 5.8, indicating the density map calculated to 3.9 A resolution (Figure 3), using
reversible nature of these changes. In the absence of GTPphases of the native OmDIC30a structure at pH 5.813)
theKyom 0f 1.0+ 0.3 mM at the pH optima INCréases more s useful in locating the GTP binding site at the lower pH.
than 40-fold as the pH is decreased to 4.0 or increased OEven at this resolution. thenti conformation of the

7.6 ('I_'able 2). The s'FimuIation of OrnDC30a by .GTP at nucleotide with extended triphosphate is readily apparent
the higher pH range is reflected by a decreaskim (or (Figure 3). The nucleotide binds on the surface of the

increage NksafK.om) above pH 6.8 (Figure 6b) and the enzyme, 27 A away from the PLP cofactor, at the entrance
g;(tggi'gno()f éhgppg?;‘g”fg{gflfg E:;V\;Efseg ggﬁ\g?erg;gg c to the active site and dimer interface. Each subunit has a
L30aas shown by assays done at pH 7.6 where the er]Zymeseparate binding site for the cofactor and effector.

is about 25% active.Kgre for half-maximal activation is  piscussiON

0.43 uM, and Kgpp is 1.2 uM at pH 7.6. This value for

Kerp is in good agreement with th&p’s obtained by We have shown that GTP, and to a lesser extent GDP,
equilibrium dialysis at pH 5.8 and 8.0 described above. The activates OrnDCL30a in the pH range 6.88.0 where
behavior of logkca{Kmom) Vs pH for OrnDCL30a in the OrnDCL30aactivity normally decreases with increasing pH.
presence and absence of GTP is illustrated in Figure 6b. TheThe results also indicate that GTP binding, but not hydrolysis,
data were analyzed by fitting programs furnished by Dr. W. is necessary and sufficient for activation. GTP binds to
W. Cleland. Inthe absence of GTP, the best model requiresOrnDC L30a at low and high pH’s, but at high pH, where

a slope of 2 at both low and high pH’s. Attempts to fit the GTP exerts its stimulatory effects, only half of the available
data with a model assuming the loss of a single proton resultssites are occupied (Figure 5). The stimulation, reflected as
in very large errors%3.5) in the calculatedi, values. Thus an extension of the pH profile for enzyme activity from 6.8
the loss of two protons at low pH, withg's of 4.8 + 0.2, to 8.0, is a result of changes kgu/Kw om While Vimax remains

is required to form the productive ES complex, and the loss constant (Figure 6). The pH profile of the enzyme in the
of two additional protons, withig,'s of 6.7+ 0.1, decreases  presence of GTP shows that a single proton, instead of two
production of the ES complex. In contrast, in the presence protons in its absence, is lost at the low and high ends of

Location of the GTP Binding SiteCrystals grown in the
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the bell-shaped pH profile (Figure 6b). Protons lost at the
lower pH are responsible for enabling the formation of an . o
active ES complex, while the further loss of protons at the <
higher pH causes loss of enzyme activity. The oligomeric
state of the enzyme was also shown to be dependent on pH,
going from a dodecamer at low pH to a dimeric species at
pHs above 7.5 (Figure 4).

The K, values of prototropic groups of the active site
can often be determined by measuring the pH dependence
Of Vimax and keaf Ko One can suggest that the loss of a
single proton at both ends of the pH profile curv&{®.1
and 8.2, respectively) in the absence of GTP would likely
correspond to carboxylic and amino groups in the active site.
However, since pH affects groups in the enzyme and
substrate as well as the stability of the enzyme, these must
be taken into consideration when assigning the identity of
the groups reflected in the observed s (Figure 6b).
OrnDCL30ais active over a broad range of pH values, and
its active site is in a secluded environment burieg7 A Ficure 7: Cartoon summarizing the model for the activation of
from the surface of the dimer. Inhibitor studies (Oliveira, OrnDCL30aby GTP (). The enzyme undergoes a dissociation

Kern, and Hackert, unpublished results) indicate that the from a dodecamer to dimerd, (2) that is dependent on pH and
active site closes u opn substrate binc%in which likel independent of GTP binding. While the dodecamer is active (A),
p g, Y the dimer formed at high pH is inactive (I). It is proposed that

contributes to the perturbation oKpvalues of active site GTP can activate the dimeric form of the enzyme by stabilization
groups. In addition, the enzyme dissociates into dimers of domains that may undergo conformational changes upon
(Figure 4) with a K, (~7.5) close to the I, of enzyme dodecamer dissociation. At low pH GTP binds to all 12 sites of

; ot : : [P the dodecamer3j, but there is no effect on the activity of the
inactivation (6.7). This scenario makes it difficult to make enzyme. On the other hand, at high pH half-site binding is observed.

any definitive correlation betweerkgs obtained from the |5t site binding can be explained by invoking the concept of

pH profile and potential active site groups. negative cooperativity in which binding at one site would cause
An examination of the dodecamer structure reveals conformational changes detrimental to the binding of GTP at the

potential side-chain interactions at the wirlgnker domain neighboring site 16, 1.

interface sensitive to pH changes. This interface is the result

of the interaction between the N-terminal protruding domain

(wing) of a monomer of OrnDC30awith the linker domain

of a monomer belonging to a neighboring dimer (Figure 1b).

The corresponding wing domain of the neighboring monomer

interacts with a third neighboring dimer in the same manner .
such that six monomers interlock in a circular fashion. A The structure of OmDA.-30a shows a plausible means

similar interlock occurs between the other monomers related of communication t_)etwgen the GTP binding sites along th_e
by the molecular 2-fold axis within the dimer. Thus there molecular 2-fold axis (Figures 2 anq 3). Changes glc_mg this
are two sets of 6-fold related wirginker domain interac- interface could lead to an asymmetrical dimer, providing and
tions independent of each other: e.g., there is no interaction€XPlanation for the observed half-site GTP binding consistent

between wing domains (Figure 1b). At the interface of the With the KNF theory {6, 17. A corollary of the model is
wing—linker domains there are two salt bridges: one, an the prediction of asymmetry between identical monomers

interdimer salt bridge involving Asp87 and Argt55and that form the dimer. This may not be seen in the crystalline
the other, an intrasubunit ion pair involving His78 and Glu94. state where the high protein concentration forces the interlock
The apparent loss of a proton witlp~7.5 results in the ~ ©f Wing domains, rendering a symmetrical dimer within the
dissociation of the dodecamer into dimers. This could be dodecamer. A similar situation occurs in crystals of the

attributed to His78, whoseKa would be expected to be P'eOXY fprm of4 hemoglobin, which iS, obsgrved trapped
elevated by the nearby Glu94. in a R-liganded state (22). However, since in OrnD&Da

In light of the crystal structure, the results presented here the 2-fold axis relating the monomers that form a functional
: : e . i Fi i Il hic, it shoul ibl
are consistent with a model involving a high-symmetry (622) dimer (Figure 3) is noncrystallographic, it should be possible

dod that i tructural restraint the link to test for an asymmetrical dimer at high resoluti@3)(
odecamer that Imposes structural restraints on the lINKeTryq jyjtiq X-ray structure was determined to 3.0 A resolution
domain that result from interactions with the neighboring

i i i ; A at pH 5.8 and refined with 2-fold restraints. At this resolution
wing domain (Figure 1). This restraint is removed when o " ined wi | i uti

i ; . ; i .~ no asymmetry was noted.). Small crystals of OrnDC
the dodecamer dissociates into dimers at high pH, giving L30a at pH 8.0 have been obtained that exhibit the same
rise to an altered linker domain conformation and inactive

enzyme. According to this model (Figure 7) the binding morphology as displayed by crystals obtained at pH 5.8. This

L . . suggests that protein concentrations and conditions conducive
characteristics of GTP depend on the oligomeric state of the 99 P

. for crystal formation will selectively favor symmetrical
enzyme. Atlow pH symmetry between subunits is enforced y y y

e L . dodecamers. We are currently testing this model (Figure 7)
by the wing-linker domain interactions so that the dodecam- by mutating residues at the winginker interface in order

to prevent dodecamers from forming and to generate a
! Double-primed residues belong to a neighboring dimer. dimeric form of OrnDCL30a. Our model would predict

o = e 0 — — — — — — —— — — " — — —

er retains 12 equivalent GTP binding sites, while at high
pH half-site GTP binding is observed. Half-site binding
observed here is an extreme case of negative cooperativity
in which binding of a second ligand is effectively not
observed under the conditions of the experiment.




GTP Effector for OrnDCL30a Biochemistry, Vol. 36, No. 51, 19976153

Ficure 8: Ribbon drawing of five of the seven-strand@dheet of OrnDQ _30a (right) and thregs-strands of the G structure (left), both
with bound GTP. The phosphate binding loop is highlighted in red.

that such a species would be inactive at high or low pH but searched against GenBank using BLAST, with only the

could be activated by GTP. bacterial, basic amino acid decarboxylases being identified
The GTP binding site, localized at the entrance of the as matches. Thus this appears to represent another type of

active site~7 A away from a lysine residue at the C-terminal GTP binding site not previously reported.

domain, suggests that it may also be involved in stabilizing

the “closed” state of OrnDC30a A closed state has been

observed for the related aspartate aminotransfefagead The authors gratefully acknowledge Dr. Lawrence Poulsen
also fOI’ OrnDCL30ai_n |nh|b|t0r Complexe_s (Oliveira, Kern, for he|pfu| comments during the preparation Of the manu-
and Hackert, unpublished results). The involvement of GTP script. The authors also gratefully acknowledge the use of
in stabilizing the closed form of the enzyme would explain the computer programs for the analysis of the kinetic data
the resulting decrease Kwu om Observed in the dimeric state  that were provided by Dr. W. W. Cleland. Figures 2 and 8
for pH's above 6.8. were made with MOLSCRIPT2@); figures 1 and 3 were
The amino acid sequence of OrnDIC30a (12) was made with MOLVIEW @9).
searched for a consensus GTP binding sequence using the

ACKNOWLEDGMENT

protein sequence patterns compiled in PROSIZH),(but
none was found. Nonetheless, we were able to show by
equilibrium dialysis and low-resolution difference electron
density maps that OrnDC30a has a GTP binding site
localized at the surface at the dimer interface and near the
entrance to the deep cleft that leads to the active site (Figure
3). At this point we can only assume that this tight binding
site is also the one used at the higher pH’s, but that will
need to be confirmed. In theas superfamily of GTPases,
elongation factor Tu, and the G-proteins of signal transduc-
tion, the GTP binding site is at the C-terminal end of a
parallel 5-sheet with the second phosphate typically posi-
tioned near the positive dipole at the N-terminal end of an
a-helix. OrnDC L30a contains a large seven-stranded
fB-sheet (Figure 2). Six of these seven strands run toward
the center of the dimer with the cofactor binding site at the
C-terminal end of those strands. The remaining strand runs
antiparallel to the rest of the sheet toward the surface of the
dimer where it makes a short loop before returning via a
shorta-helix. The second phosphate of the GTP binds near
the N-terminal end of this short helix (Figure 3). The
nucleotide is bound in thanti conformation reminiscent of
GTP conformation observed for other G-protei@$,(27).
However, the guanosine portion of the nucleotide is posi-
tioned in a very different manner (Figure 8). The presence
of this singleg-strand and a return helix appear to be the
only structural elements in common to the other GTP binding
proteins referred to earlier (Figure 8). Furthermore, the
amino acid sequence of residues +200 that define most

of the interactions that bind the G-base of the activator was
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