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GTP cyclohydrolase | (E.C. 3.5.4.16) is a homodecameric
protein that catalyzes the conversion of GTP to 7,8-
dihydroneopterin triphosphate (H,NTP), theinitial step in
the biosynthesis of pteridines. It was proposed that the
enzyme complex could be composed of a dimer of two
pentamers, or a pentamer of tightly associated dimers;
then the active dte of the enzyme was located at the
interface of three monomers (Nar et al. 1995a, b). Using
mutant enzymes that were made by dtedirected
mutagenesis, we showed that a decamer of GTP
cyclohydrolase | should be composed of a pentamer of five
dimers, and that the active Ste islocated between dimers,
as analyzed by a series of size excluson chromatography
and the reconstitution experiment. We also show that the
resdues Lys 136, Argl39, and Glul52 are of particular
importance for the oligomerization of the enzyme complex
from five dimersto a decamer.

Keywords. Decamer, Dimer, Recondgtitution, Site-directed
mutagenesis, Size exclusion

Introduction

GTP cyclohydrolase | (GTP CHase 1) (E.C. 35.4.16)
caalyzes the converson of GTP to dihydroneopterin
triphosphate (H,NTP), the first step in the biosynthesis of
pteridine  coenzymes, such as folic acd and
tetrahydrobiopterin (Shiota et al., 1967; Yim and Brown,
1976; Nichol et al., 1985; Brown and Williamston, 1987; Cha
et al., 1991; Ahn et al., 1995, 1997). The enzyme product,
H,NTP, is generally accepted as the common intermediate for
al naturally-occurring pteridines.

Yim and Brown purified E. coli GTP CHase | to apparent
homogeneity using a GTP-coupled affinity gd (Yim and

*To whom correspondence should be addressed.
Tel: 82-2-880-6702; Fax: 82-2-871-4315
E-mail: jyim@plaza.snu.ac.kr

Brown, 1976). They aso found that the molecular mass of the
active enzyme was 210 kDa, and the enzyme could dissociate
into inactive subunits of 51 kDa at high-salt. When GTP was
added to the enzyme mixture at the same-sdt conditions, the
dissociated subunits could reassociate to the active form (Yim
and Brown, 1976). These facts implied that the active ste
might be located at the interface of the subunits. In some
enzymes, the active ste is located at subunit interfaces, and
catalysis often involves contributions from different subunits
(Wente and Schachman, 1987; Tobias and Kahana, 1993,
Frimpong and Rodwell, 1994; Ozturk et al., 1995; Wang et
al., 1997; Kim et al., 2001). A particularly well-explored case
is that of E. coli aspartate transcarbamoylase, in which case
the hybrid trimers that are formed by the reconstitution of
wild-type and mutant subunits were 10 times more active than
the mutant parental proteins (Mdey et al., 1995).

The gene that encodes GTP CHase I of E. coli was cloned
and sequenced (Katzenmeier et al., 1990; Katzenmeier et al.,
1991). The sequence predicts a polypeptide with 221 amino
acids, and a predicted molecular mass of 24,699 Da. The
protein sequence of GTP CHase I is well-conserved from
organism to organism, especially in the C-terminal region.
The polypeptide is predicted to contain 6 alpha-helical
domains and 4 beta-sheet domains; the N-terminal region
contains 3 helical domains and the compact C-terminal region
contains the beta-sheets that are flanked by helices (Schmid et
al., 1992). The crystal structure of E. coli GTP CHase I
showed that the enzyme is a decamer of 250,000 MW, which
is composed of 10 polypeptides of 25,000 Da (Meining ef al.,
1995). It was first reported that the functional enzyme is
formed by a face-to-face association of two pentamers
(termed A and B). Each pentamer is composed of five
monomers that are joined by a cyclic arrangement of a 20-
stranded antiparallel B-barrel. The enzyme complex was later
described as a doughnut-shaped homodecamer that consisted
of five tightly associated dimers that are arranged with five-
fold symmetry (Nar ef al., 1995a, b).

The x-ray crysta structure of E. coli GTP CHase |, where
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the active site is occupied by the substrate analog dGTPR, helps
to clarify the structure of the active ste (Nar et al., 19953). In
the decamer, 10 equivalent active sSites are present. Each of
these contain a 10-A deep pocket that is formed by surface
aress of 3 adjacent functional groups, each contributed by a
different monomer. Functional group A (amino acids 110-113,
150-153, and 179-185) and group A’ (amino acids 87-89 and
131-139) are located on one hypothetical pentamer, while
group B (Arg65 and Lys68) is on the other. The active ste
loops within the A and A functiona groups are structurally
dabilized by extensve, short-range hydrogen bond
interactions. They are mutuadly linked by a disulfide bridge
(Cys110-Cys181), a sdt bridge (Glul11l-Argl53), and a
hydrogen bond interaction (GIn151-Hisl79). Severd
functional domains contribute to the binding of the substrate.
Firgt, the acceptor site for the pyrimidine portion was found at
the bottom of the active site cavity. Second, Glul52 forms a
st bridge with a guanidine moiety. Third, a peptide bond
between Val 150 and GIn151 forms a hydrogen bond to the C4
oxo group of the purine. Fourth, a cluster of basic residues -
His113, Argl185, Lys136, Argl39, Arg65, and Lys68 - binds
to the triphosphate group.

In this paper, we show biochemical evidence that a decamer
of GTP CHase | is composed of the pentamer of five dimers,
and the active site should be located between two subunits of a
dimer and one subunit of another neighboring dimer. We also
show the residues that are important for oligomerization of
GTP CHase | from five dimers to a decamer.

Materials and Methods

Subcloning of E. coli GTP CHase | gene to pGEM-7Zf(+)
plasmid Phagemid vector pPGEM-7Zf(+) was chosen to produce
single-stranded plasmid for mutagenesis. A BamHI-Sacl fragment
that contained the GTP CHase | dructura gene and promoter
region was ligated to BammHI-Sacl cut pGEM-7Zf(+). This plasmid
was designated as pZCH.

Site-directed mutagenesis Site-directed mutagenesis  was
performed using the Kunkel method, described by Yuckenberg et
al. (Yuckenberg et al., 1991). The pZCH phagemid was
transformed to the E. coli RZ1032 (ung,dut) srain. A single-
stranded uracil-containing pZCH was prepared by the method
described by Promega (Madison, USA) and used as the template
for ste-directed mutagenesis. Oligonucleotides that were designed
for the mutagenesis of specific amino acids were used to synthesize
the second-strand DNA. Site-directed mutations of GTP CHase |
clones were confirmed by DNA sequencing using a Sequenase® kit
(U.S. Biochemicals).

Purification of GTP CHase | enzymes E. coli DH5a was used
to overexpress the GTP CHase I wild-type and mutant enzymes.
Wild-type GTP CHase I was purified as described by Yim and
Brown (1976). After ammonium sulfate fractionation (35-50%), the
enzyme mixture was applied on a column of Sephacryl 300HR
(2.5% 60 cm). A GTP-sepharose column was then used to purify

the enzyme.

E. coli, which carried the high-copy plasmid that contained the
mutant GTP CHase I, was cultured in a Luria media in the presence
of 50 pl/ml ampicillin. Mutant enzymes were partially purified
using ammonium sulfate fractionation and gel filtration
chromatography. Since mutant cells contain a chromosomal copy of
wild-type GTP CHase I, the GTP-Sepharose step was omitted in
order to avoid enrichment of the wild-type enzyme. In the case of
inactive GTP CHase I, the presence of the enzyme was monitored
by ELISA using the antibody against E. coli GTP CHase I. When
necessary, the amount of GTP CHase I was estimated by radial
immunodiffusion (Mancini et al., 1965).

Assay of GTP CHase | The fluorescence of H,NTP was
measured using the method of Fukushima et al (1977). The
reaction was performed in darkness at 42°C for 30 min with
0.1 mM GTP in 0.1 M Tris-HCI, pH 8.0, 0.1 M KCI, 5 mM EDTA
with partially purified enzymes. In the fluorescence assay, the
reactions were stopped by the addition of 25 pl of an acidic iodine
solution (5§ N Trichloroacetic acid: 1% [,-2% KI=1:5). The
fluorescence of neopterin triphosphate was measured using a
spectrofluorometer (excitation 360 nm; emission 450 nm). One unit
of GTP CHase I was defined as the amount of enzyme that is
needed for the formation of 1pmole H,NTP per min under the
standard assay conditions.

Association/dissociation assay Crude extracts of GTP CHase 1
mutants were prepared in 400 pl of 50 mM Tris-HCI (pH 8.0) using
a minibead beater. Crude extract was incubated at 4°C with GTP
(5 UM unless otherwise indicated) and/or 0.3 M KCI for 1 h before
loading. After centrifugation at 10,000 x g for 30 min, the extracts
(0.2 mg protein/0.1 ml) were applied to a Superdex 200HR 10/30
column (V, =24 ml) that was previously equilibrated with 50 mM
Tris-HCI (pH 8.0), or with Tris + 0.3 M KCI. Fractions of 0.25 ml
were collected at a flow rate of 0.2 ml/min. The enzyme was
detected by ELISA using the antibody against E.coli GTP CHase 1.

Results

Activities of mutant GTP cyclohydrolase | X-ray
crystallographic data showed that the active site of GTP
cyclohydrolase | islocated at the interface of three monomers
(two from within one pentamer, A and A’, one from the other
pentamer, B), which is formed by the residues 110-113, 150-
153 and 179-185 (from A), 87-89 and 131-139 (from A’), and
Arg65 and Lys68 (from B)(17, 18). To define the function of
individual residues in the active ste, we made a number of
mutants by site-directed mutagenesis of a plasmid that directs
the overexpression of GTP CHase I, then transformed them
into E. coli celsfor the production of proteins. The crude cdll
extracts of the mutant strains contained the same
concentration of GTP CHase | as determined by the ELISA
assay. The extracts were assayed for enzyme activity and the
pH and temperature optima of mutant proteins.

All of the mutant proteins had activities lower than the wild
type (Teble 1). In particular, mutation in the residues 112, 135,
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Table 1. Relative specific activities and optimum pH and
temperature of GTP CHase | mutants.

Mutant Rela;iye . Temperature
. specific pH optimum optimum
proten vty (%) o)
Wild type 100 85 60
R65L 14 85 72
C110G 0.22 85 75
E111K 31 85 85
H112D 0.23 75 65
H113N 67 8.0 70
L134Q 185 85 75
S135C 0.7 7.0 55
K136E 0.25 85 65
R139C 29.3 8.0 60
V150E 32 7.0-85 85
E152K 0.06 9.0 45
H179Q 0.8 85 65
C181S 0.29 85 90
R185G 29 85 55

GTP CHase | mutants were generated by site-directed mutagene-
ss and overexpressed in E. coli. The activity of mutant enzymes
was measured under the standard assay conditions with 0.1 mM
GTP using the fluorescence method. The amount of GTP CHase
| protein was estimated by the radid immunodiffuson method
(21).

136, 152, or 179 prominently reduced the enzyme activities of
proteins. In addition, mutation in the residues 110 or 181,
which are involved in the complexation of zinc (Auerbach et
al., 2000), aso caused a dramatic reduction in the enzyme
activities. The results suggest that these residues are essential
for catalytic function, which corresponds well with previous
data (Nar et al., 1995b).

The temperature and pH optima of some mutant enzymes
differed from those of the wild-type enzyme (Table 1).
Maximum activity occurred a much higher temperatures in
E111K, V150E, and C181S mutants. Also noteworthy is the
S135C mutant, which had a pH optimum of about 7.0,
exhibiting a sharp decrease of enzyme activity at pH 8.0 or
above. Since the pKy of Cys is about 8.3, the decrease in
activity seemed to be due to the transition from -SH to -S™ of
the Cystein R group. This result suggests that the hydroxyl
group of Ser 135 might play a cruciad role in GTP CHase |
catalysis, as previoudy proposed (Nar et al., 1995b).

Association  and  dissociation  of mutant  GTP
cyclohydrolase | Prominent reduction of the enzyme
activity by the mutation of residues in the active site can be
caused by the loss of catalytic function, or the dissociation of
a decamer to subunits. Yim and Brown also showed that GTP
CHase I could dissociate into dimers in a buffer containing 0.3
M KCl, and reassociate by the addition of 5 UM GTP at the
same-salt concentration (Yim and Brown, 1976). This led us
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Fig. 1. Gel filtration of standard proteins and wild-type GTI
CHase 1. (A) The molecular weight standard proteins used wers
apoferritin (443K), B-amylase (200K), alcohol dehydrogenase
(150K), and bovine serum albumin (66K). (B) The profiles o
wild-type GTP CHase 1. Crude extracts were incubated with nc
additives, or with GTP in the presence or absence of KCl. Th
extracts were then applied to a Superdex column that wa
previously equilibrated with the same buffer. The column wa
developed as described in the Experimental Section. The
enzymes were detected by ELISA using an antibody agains
GTP CHase 1. DE: decamer, DI: dimer, DE+DI: equilibriun
between decamer and dimer.
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to examine the association and dissociation aspects of mutant
enzymes in order to identify residues that are involved in the
oligomerization of GTP CHase 1.

The crude cell extracts of wild type or mutants were
applied to a Superdex column that was equipped with a FPLC
system, then the migration profiles of GTP CHase I were
determined by an ELISA assay. All of the experiments were
performed under the same conditions. The molecular mass of
the proteins in the fractions was estimated by a comparison
with that of the standard proteins (Fig. 1A). A wild-type
enzyme migrated as 250 kDa species in 50 mM Tris-HCI, pH
8.0. However, in the presence of 0.3 M KCI its migration
shifted to approximately 120 kDa. This indicates that a
decameric structure is dissociated by an increase of ionic
strength (Fig. 1B). 120 kDa is very close to the molecular
mass of a pentamer of GTP CHase I, but we believe that those
were species in an equilibrium state between a decamer and
dimers. When 5 UM GTP was added in the elution buffer, the
enzyme peak shifted back to 250 kDa. This result indicates
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that GTP stabilizes the native decameric structure.

Most of the mutant enzymes also migrated as decamers in
the absence of KCl, but some mutant enzymes (E152K,
K136E, R139C, and S135C) showed abnormal migration.
The E152K mutant protein eluted right after the void volume.
It probably was a high molecular weight aggregate, due to
denaturation that was caused by the E152K mutation,
otherwise it could be a didecamer (Fig. 2A). The addition of
50 UM GTP failed to return it to a decamer, explaining why it
had the least enzyme activity. K136E and R139C migrated to
a position of 50 kDa proteins that were estimated as dimers.
R139C converted into a decamer by the addition of 4 uM
GTP, while K136E was partially shifted to a decamer despite
the addition of 50 uM GTP. The S135C mutant protein
exhibited a mixture of high molecular weight forms and
decamers (Fig. 2A). When 50 uM GTP was added, almost all
of the high molecular weight forms of S135C were converted
into decamers.

Taken together, the residues 111, 135, and 152 are likely to
play some role in forming and stabilizing the native decameric
structure. Noteworthy is the fact that the K136E and R139C
mutant proteins were detected as dimeric subunit forms (50
kDa), even in the absence of high-salt (Fig. 2B). The
dissociated R139C protein reassociated completely into the
native form by the addition of only 5 UM GTP, while over
40% of the K136E enzyme remained as a dissociated form,
even in the presence of 50 UM of GTP. This result
corresponds with the data that the enzyme activity of R139C
is relatively higher than the other mutant enzymes (Table 1).
These findings strongly suggest that Lys 136 and Arg 139 are
the residues that are critical in the oligomerization of subunits.

Next, we investigated the migration aspects of mutant
proteins in the presence of 0.3M KCI using the same
Superdex column under the same conditions. The C110G,
E111K, H112D, and C181S mutant proteins appeared in
fractions at approximately 120 kDa, as found in the wild-type
protein. However, unlike the wild-type protein, these mutants
failed to be converted into native decamers by the addition of
S5UM GTP in the presence of 0.3M KCIl (Fig. 3A). In
contrast, the K136E, R139C, V150E, E152K, and H179Q
mutant enzymes migrated as completely dissociated subunits
in the presence of 0.3 M KCl (Fig. 3B). When 5 pM GTP was
added, the V150E and H179Q proteins reassociated into a
mixed population of decamers and dimers. Interestingly, the
K136E, R139C, and E152K mutants remained in their
dimeric forms, even in the presence of 5 uM GTP (Fig. 3B).
These results suggest that these residues are essential for both
GTP binding and oligomerization.

Recongtitution of mutant GTP cyclohydrolase | A series
of size exclusion chromatography showed that wild type and
some mutant proteins of GTP CHase | dissociated into
catalytically inactive dimers of 50 kDa in the presence and/or
absence of 0.3 M KCI. A dimer could be composed of either a
pair of A and A monomers, or A and B monomers. To
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Fig. 2. Gdl filtration of GTP CHase | mutants in the absence
of 0.3 M KCI. (A) Mutants showing high molecular weight
aggregates. (B) Mutants showing 50,000 MW subunit. Crude
extracts were incubated with or without GTP a the
concentrations indicated, then applied to a Superdex column
that was previoudy equilibrated with 50 mM Tris-HCI in the
presence or absence of GTP. The enzymes were detected by
ELISA using an antibody against GTP CHase I. DD: high
molecular weight aggregates, DE: decamer, DI: dimer.

examine which monomers form a dimer in the native state, a
recongtitution assay was performed as follows. We firgt
incubated mutant enzymes in 0.3M KCI to induce
dissociation. Different combinations were then made by
mixing any two mutant enzymes, and 0.1 mM GTP was
added to the mixtures to induce reassociation. Finally, the
enzyme activities of the mixtures were measured.

Among many mutant enzymes that were tested in this
recongtitution assay, some combinations resulted in the
restoration of activity. The mixtures of any two inactive
mutants that carried each of the two mutations within the
same active group (within A or A" functional groups, for
example) exhibited no increase in enzyme activity, compared
to the average of each parental mutant enzyme (Table 2a).
This result indicates that there was no complementation.
Interestingly, when the mutants with a mutation in the site A
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Fig. 3. Gd filtration of GTP CHase | mutants in the presence of
03 M KCl. (A) Mutants that are relativdly resigtant to
dissociation in high-sdt. (B) Mutants that dissociated into subunit
form. GTP CHase | mutant enzymes were applied to a Superdex
column that was equilibrated with 50 mM Tris-HCI (pH 8.0) and
0.3 M KCl in the presence or absence of GTP. The enzymes
were detected by ELISA using an antibody againgt GTP CHase
|. DE: decamer, DI: dimer, DE+DI: equilibrium between
decamer and dimer.

group (V150E, E152K, H179Q, and R185G) were mixed with
other mutants (L134Q, S135C, K136E, and R139C), whose
mutations were carried in the A’ group, the mixtures showed
good complementation (Table 2b). The R65L mutant, located
in the B dte, adso acquired a functionaly active site when
recongtituted with mutants of the A’ group (Table 2c). The
hybrid between mutants in the A site and R65! of the B dite
resulted in no increase in activity (Table 2¢). Thisimplies that
the A and B monomers did not dissociate even in the presence
of 0.3M KCI. Conversaly, no negative complementation was
observed from recongtitution between the wild-type and any
of the inactive mutants (data not shown). These recongtitution
experiments provide compelling evidence that the A and B
monomers are tightly associated, and the active dte is shared
by one dimer that is composed of tightly linked A+B
monomers and another dimer containing A monomey.

Discussion
A series of gd filtration experiments was performed to
examine how the wild-type and mutant enzymes could

dissociate into subunits in the presence or absence of high-
sat. The wild-type enzyme migrated as a catayticaly active

Table 2a. Complementation studies between A or A’ functiona
groups of E. coli GTP CHase | mutants

Specific activity (% WT)

Enzyme pairs

Observed/
tested Expecte? Observed  Expected
ratio
A A
V150E + E152K 1.63 16 0.98
V150E + H179Q 20 2.04 1.02
V150E + R185G 31 2.95 0.95
E152K + H179Q 0.43 0.38 0.89
E152K + R185G 153 1.38 0.9
H179Q + R185G 19 1.82 0.96
w)y (A
L134Q + S135C 1.29 132 1.02
L134Q + K136E 1.06 1.03 0.97
L134Q + R139C 159 15.7 0.99
S135C + K135E 0.49 0.43 0.88
S135C + R139C 153 14.9 0.97
K135E + R139C 151 139 0.92

Each mutant enzyme (20 pg) was preincubated in 50 mM Tris-
HCl (pH 8.0)+0.3 M KCI for 1 h at 4°C. After the mutant
enzymes were mixed, the activity was measured by the standard
fluorescence assay. Aliquots (10 pl) of the mixture were added to
the assay solution in which the final concentration of enzymes
was 0.4 pg/ml. “Expected activity was the mean of the activities
of each single mutant.

protein of 250 kDa, as expected. However, it migrated to the
position of about 120 kDa in the presence of 0.3 M KCI. This
did not correspond well with the previous data, in which the
predominant molecular species of the wild-type enzymein the
high-salt condition (0.3 M KCI) was 50 kDa (Yim and Brown,
1976). This discrepancy seemsto be aresult of the differences
in the preincubation time, column used, running time, and
other factors. We suspect that the proteins of 120 kDa were
intermediate forms under a rapid equilibrium between
decamers and dimers in the absence of GTR. In generd, the
protein dissociation/reassociation is influenced by protein
concentration, ligands, pH, temperature, and ionic strength
(Mdinowski and Fridovich, 1979; Lewis and Youle, 1986;
Attri et al., 1991). A similar phenomenon was reported with
E. coli adenylosuccinate synthetase, the firs committed
enzyme in the corverson of IMP to AMP in purine
biosynthesis. No two distinct species of monomer and dimer
were observed in the anaytical ultracentrifugation.
Suggestions were made that a rapid equilibrium exists
between the monomers and dimers in the absence of ligand
(Wang et al., 1997).

Interestingly, the mutant proteins that completely or partly
disociated into dimers in the presence of 0.3M KCI showed
good complementation in the recondtitution experiment. The
ratio of dimer to oligomer aso seemed to be closdly related to
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Table 2b. Complementation studies between A and A* functiona
groups of E. coli GTP CHase | mutants

Table 2c. Complementation studies between B functional groups
and A or A groups of E. coli GTP CHase | mutants

Specific acitivity (% WT)

Enzyme pairs

Specific activity (% WT)

Enzyme pairs

Observed/ Observed/
tested Expected Observed  Expected tested Expected Observed  Expected
ratio retio
) A A) (B
L134Q + V150E 25 5.6 2.2 L134Q + R65L 7.93 104 13
L134Q + E152K 0.96 20 21 S135C + R65L 7.36 10.6 14
L134Q + H179Q 13 45 34 K136E + R65L 7.13 10.3 14
L134Q + R185G 24 6.5 2.7 R139C + R65L 22.0 24.4 11
S135C + V150E 1.2 65 5.2 &) ()
V150E + R65L 8.6 8.9 1.03
S135C + E152K 0.39 29 4 E152K + R65L 7.0 7.14 1.02
zﬁgg : :ggg (1)';6 2'2 ‘3"3 H179Q + R65L 7.4 7.47 1.01
) ) ) R185G + R65L 85 8.75 1.03
K135E + V150E 17 15 8.7 Recongtitution assays were carried out as described in Table 2a
K136E + E152K 0.16 14.3 89
K136E + H179Q 0.53 11 21
K 136E + R185G 16 10 6.4 Glul52 are the only proposed constituents of the negative
charge in the active site (Nar et al., 1995b), where basic amino
R139C + V150E 16 23 14 acid residues are prevalent for neutralizing the triphosphate of
R139C + E152K 15 23 15 GTP. The replacement of Glu with Lys could cause an
R139C + H179Q 15 22 1.4 electrostatic repulsion that would lead to the abnormal
R139C + R185G 16 25 15 aggregation of the enzyme.

Recongtitution assays were carried out as described in Table 2a

the level of complementation. R65L, L134Q, and S135C,
which were present as partly dissociated dimers, exhibited a
relatively low levd of complementation, compared to the
completely dissociated mutants (such as K136E, E152K, and
H179Q). Because the pretreatment for the dissociation was
performed in 0.3M KCI, the mutants that are resgant to
dissociation (C110G, E111K, H112D, and C181S) could not
form the hybrid protein that exhibits the restored activity.
Considering the fact that the dissociation is a prerequisite for the
formation of an active hybrid enzyme, it is now clear that the
active site of GTP CHase | is composed of different dimers.
The fact that a low concentration of GTP (5 UM) can
convert dimers in high-salt into a decamer suggests that GTP
can stabilize the native decameric structure by playing the role
of a linker between dimers. Even without high salt, the K136E
and R139C mutants, whose mutations are located in the A’
functional group, had a completely dimeric structure (50
kDa). They also remained as dimers, despite the addition of
GTP in the presence of high-salt (Fig. 3B). Thus, Lys136 and
Argl139 should play an essential role in the binding of GTP
through the interaction with y-phosphate. The E111K, S135C,
and E152K mutants formed an abnormal didecamer aggregate
(Fig 2A). This result implies that these residues are also
important in stabilizing the native decamer. Glulll and

The crydal-packing arrangement that was obtained by
electron microscopy and X-ray data showed that the GTP
CHase | complex is a doughnut-shaped decamer that consists
of apentamer of tightly associated dimers. Our results showed
that the GTP CHase | complex could dissociate into
catalytically inactive dimers at high-sdt. Also, the dimers
consisted of pairs of the A and B monomers, which implies
that the A-B dimer should be a unit for oligomerization of the
enzyme. Our biochemical data (obtained by gel filtration and
recongtitution experiments) also provide compelling evidence
that the active Site is located between the dimers. In addition,
the amino acids, determined to be important in catdysis and
oligomerization, support the crystallographic data proposed by
Nar et al. (1995h).
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