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ABSTRACT: Kinetic data have been collected suggesting a preferred sequential ordered kinetic mechanism
for the histidine-tagged homocitrate synthase (HCS) fBancharomyces cerisiaewith a-ketoglutarate
binding before AcCoA and CoA released before homocitrate. Oxaloacetate is also a substrate for HCS,
but with lower affinity thana-ketoglutarate. In agreement with the ordered kinetic mechanism desulfo-
CoA is uncompetitive and citrate is competitive wesketoglutarate. Varying AcCOA, citrate is a
noncompetitive inhibitor as predicted, but CoA is noncompetitive vs AcCoA suggesting binding of CoA
to E:homocitrate and E:ketoglutarate. The product CoA behaves in a manner identical to the dead-end
analogue desulfo-CoA, suggesting amuketoglutarate:CoA dead-end complex. Data further suggest an
irreversible reaction overall, in agreement with the downhill nature of the reaction as a result of homocitryl-
CoA hydrolysis. Fluorescence titration data generally agree with the steady state data, but show finite
binding of CoA and AcCoA to free enzyme, suggesting that the mechanism may be random with a high
degree of synergism of binding between the reactants.

Homocitrate synthase (H&93-hydroxy-3-carboxyadipate ~ Penicillium chrysogenur®). It has been also demonstrated
2-oxoglutarate-lyase (CoA-acetylating), EC 4.1.3.21] is the that the HCS fromThermus thermophiluss capable of
first and regulated enzyme of theaminoadipate pathway catalyzing the reaction using oxaloacetate in place of
for the biosynthesis of lysine. The pathway is unique to a-ketoglutarate as a substrate, and thus behaves as a citrate
higher fungi such as the human pathog€asdida albicans synthase 10).

Cryptococcus neoformigndAspergillus fumigatuand the The HCS fromS. cereesiaeis unstable as isolated 1).
plant pathogemMagnaporthe griseaThe uniqueness of the  Stabilization of the HCS frors. cereisiaeprovided us with
o-aminoadipate pathway makes it a potential target for the an enzyme with a longer half-lifel{) making it possible to
design of the highly specific antimycotic agenis-6). carry out detailed kinetic studies. In this paper, we report

The pathway begins with the condensatioroeketoglu- the kinetic mechanism of the HCS fro8 cereisiae
tarate with AcCoA to yield homocitrate and coenzyme A
with the intermediacy of a homocitryl-CoA intermediafe MATERIALS AND METHODS

5). There are two isozymes of HCS froBaccharomyces Materials All chemicals were of the highest grade
cerevisiae (cytosolic and mitochondrial), and both are commercially availablea-Ketoglutarate, oxaloacetate, cit-
feedback inhibited by lysine, the pathway end product, and rate, dichlorophenol indophenol (DCPIP), AcCoA, COoA,
the expression of the cytosolic isozyme is repressed by lysinedesulfo-CoA a-cyclodextrin L-glutamate, succinic acid, and
(6). HCS activity may also be regulated by divalent metal ,_ketopimelate were obtained from Sigma. KCI, GdmCl, and
ions in the presence of CoA’Y glycerol were purchased from Fisher Scientific. (WSO,
There are few studies on the kinetic mechanism of the was obtained from Fluka, and Hepes was from Amresco.
HCS. An ordered kinetic mechanism has been proposed forimidazole was obtained from Research Organics.
the HCS fromSaccharomycopsis lipolyticaith o-ketoglu- The concentrations of AcCoA, CoA, and desulfo-CoA
tarate binding before AcCoA8J. The authors reported a  were adjusted spectrophotometricaltysg, 16.4 mMtcm™).
sigmoid saturation curve for AcCoA. A sigmoid saturation A solution of AcCoA in ddHO is stable, without any
curve for AcCoA was also reported for the enzyme from significant hydrolysis, for at least a month if kept -aR1
°C. The concentration of DCPIP preparations was also
" This work was supported by a grant in aid from the Office of the adjusted spectrophotometricallgsfo. 19.1 mM™* cm™).
Research and Administration at the University of Oklahoma and by ~ Assays of Homocitrate Synthase Aitji. Cell growth,

the Grayce B. Kerr endowment to the University of Oklahoma for the HCg expression, and purification were performed as previ-
research of P.F.C. ’

* Corresponding author. E-mail: pcook@chemdept.chem.ou.edu. ously described (1). A.typ.ical assay for the HCS using the
Tel: 405-325-4581. Fax: 405-325-7182. DCPIP method (monitoring the decrease in absorbance at
! Abbreviations: HCS, homocitrate synthase; Hepes, 4-(2-hydroxy- 600 nm upon DCPIP reduction) is as described with slight

ethyl)-1-piperazine-ethanesulfonic acid; CoA, coenzyme A.; Gdm, At :
quanidinium: TCA. tricarboxylic acid: AcCoA. acetyl-CoAd-Kg, modifications (1). The final volume of the assay was 0.5

a-ketoglutarate: Hc, homocitrate; OAA, oxaloacetic acid: C, competi- ML and Fontained 50 mM Hepes, pH 7.5 (adjusted by KOH),
tive; NC, noncompetitive; UC, uncompetitive. and variable concentrations ofKg and AcCoA K, or
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3.5 1 on the HCS reaction. The behavior of HCS is complicated
in the presence of monovalent and divalent cations (unpub-
lished experiments). The major source of these ions is from
the titrant used to adjust the pH of buffer and carboxylic
acid substrate solutions. In addition, the presence of'NH
in the stabilization buffer for HCS1() is a source of
monovalent ions. The activating effect of the NHs obvious
in Figure 1 at the lowesti-Kg concentration where the
reciprocal values of the experimental data points are lower
than the predicted values (solid line). This effect introduces
some (manageable) error in data analysis. In general, when
monovalent cations are not a subject of kinetic studies, their
concentration should not exceed 50 mM.
, , , o , , , , Inhibition Studies.Inhibition patterns were obtained by
-60 40 -20 0 20 40 60 80 measuring the initial rate at different concentrations of one
1/[Acetyl-CoA] (mM"') reactant, a fixed concentration of the second reactant equal
Ficure 1: Initial velocity double-reciprocal plot for the HCS 10 Km, and a fixed concentration of the inhibitor. The
reaction. The concentrations of AcCoA are as plotted, witikég experiment was then repeated at several different fixed
is fixed at 10 mM #), 2.5 mM @), 1.46 mM &), and 1 mM @). concentrations of the inhibitor (including zero). Dependent

The sollid lines are thgoretical data based on the fit_ to eq 1, while on whether the inhibition was competitive, noncompetitive,
the points are experimental. Note that the experimental values - d fitted 2
measured using 1 mM-Kg are higher than the predicted values ©f Uncompetitive, data were fitted to eqs

due to the activating effect of monovalent cations on the HCS
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(unpublished data). v = V'?‘ 2)
~20Ky) and 0.1 mM DCPIP. All assays were carried out at Ka(l + K_) +A

25 °C. Reactions were thermally equilibrated to allow for 'S

completion of the reaction between the small amount of CoA VA

in the AcCoA solution and DCPIP before adding the enzyme v= i | 3)
to the reaction mixture. It should be noted that inhibition Ka(l + K—) + A(l + K_)

patterns for CoA could not be studied using the DCPIP assay. is i

Therefore, the disappearance of absorbance at 232 nm VA

(reflecting the thioester bond of AcCoA) was monitored in VE———T\ 4)
these cased (). The decrease in absorbance at 232 Am4, Kyt A(l + —)

= 4.5 mM ! cm™?) was monitored upon addition of the HCS i

using the 0.4 cm path length cuvette (NSG Precision Cells,
Inc.).

In order to dissolve the precipitatedcyclodextrin in the
stabilized HCS suspensiohl) glycerol was added to a final
concentration of 10%. A dilute enzyme solution prepared
using this method is stable at room temperature up to 3 h
after which the enzyme begins to lose activity.

Initial Velocity StudiesAs described in the enzyme assay
section, the DCPIP method was used to study initial velocity
patterns with the exception of those in which CoA was
present. The initial rate was measured as a function o
AcCoA concentration (0.01250.125 mM) and a fixed
concentration ofi-Kg, and the experiment was then repeate
at several additionad-Kg concentrations (310 mM). A
similar experiment was carried out with OAA (380 mM)
in place ofo-Kg using the same variable concentrations of - " .
AcCoA at different fixed concentrations of OAA. Data in negligible under conditions used for taking the spectra.

: ; . The final buffer composition used to measure the spectra
both cases were fitted to eq 1 for a sequential mechanism as i ) .
represented using Cleland’s nomenclatu@) ( contained 55 mM Hepes (adjusted to pH 7.5 with KOH),

150 mM (NH,)2SQy, 25 mM GdmCl, 25 mMo-cyclodextrin,
_ VAB 8 mM KCI, and 5 mM imidazole. All samples contained
- KKy + KB + KA + AB (1) enzyme at a concentration of 5&/mL. Compounds used
for fluorescence studies weteKg, OAA, AcCoA, and CoA
wherev andV are initial and maximum rate#, andB are that were added sequentially from low to high concentration
reactant concentrationkj, is the dissociation constant for to both the blank and sample from a stock solution of 1 M
A, andK, andKy are the Michaelis constants fér andB, for a-Kg, 100 mM for OAA, 5 mM for AcCoA, and 8.6
respectively. mM for CoA. The final total dilution in each case was 1.07
A point that must be considered when carrying out (a-Kg), 1.08 (OAA), 1.10 (AcCoA), and 1.06 (CoA), and
inhibition studies is related to the effect of monovalent ions all the data were corrected for dilution.

In egs 2-4 Kis and K; are slope and intercept inhibition
constants, respectively,is the concentration of inhibitor,
and all other terms are as defined above.
Fluorescence Determination of the HEBigand Dis-

sociation Constant-luorescence spectra were measured as
"previously describedl(l). Emission spectra were measured
from 310 to 400 nm with the excitation monochromator fixed
at 298 nm. Spectra were recorded on a Shimadzu RF-5301
PC spectrofluorometer equipped with circulating water bath
¢to maintain the temperature at 2&8. Fluorescence quartz
cuvettes with a volume of 1 mL and a path length of 1 cm
q were used to measure sample and blank spectra. Excitation
and emission slit widths were set to 1.5 and 5 nm, respec-
tively. Because all of the reagents and buffer components
have no absorbance above 310 nm, the inner filter effect is

v
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Table 1: Kinetic Parameters for HCS

Andi et al.

synthase from the TCA cycle, although homocitrate synthase
has no homology to citrate synthase in terms of sequence

parameter A= kg A= OM and probably three-dimensional structure (citrate synthase
ﬁa 8’%) gii 8-3 i%gi 8-(1)1 has an all-helical structure while the structure of homocitrate
Kux (MM) 251425 140+ 1 synthase is pr_edlcted to contain afp TIM barr_el domain
VIE: (s9) 0.60+ 0.03 0.30+ 0.02 (11, 14)). Kinetic parameters for HCS using eitheiKg or
VIKE; (M~1s7Y) 1804+ 14 9.8+£0.7 OAA are shown in Table 1.

VIKpE; (M1 s71) (2.5+0.2) x 10° (2.0+0.1) x 10°

To calculate theKy based on the fluorescence intensity,

The V/E; values obtained wittw-Kg and OAA are very
similar, butV/KE; values differ by more than an order of
magnitude withV/K,—kgE: > VIKoansE:. There is no differ-

data were fitted to the equation for a rectangular hyperbola ence in terms of specificity of the HCS for AcCoA using

shown in eq 5,

_ Al:maxl-

AF_Kd+L

(5)

whereAF is the change in intrinsic tryptophan fluorescence
upon addition of ligand to enzymé\Fnax is the maximum

eithero-Kg or OAA.

Product Inhibition StudiesThe only product inhibition
patterns obtained were with CoA, which is UCoxsKg and
NC vs AcCoA, Table 2. Th&; of 20 uM for CoA suggests
that it still binds with reasonably high affinity without the
acetyl group.

Dead-End Inhibition Studie©n the basis of preliminary

change in fluorescence at infinite ligand concentration, L is studies, HCS did not show any detectable inhibition by 10

ligand concentration anlq is the dissociation constant for
the enzyme-ligand complex.
Data Analysis Initial rates and fluorescence intensity

mM L-glutamate, 50 mM/-ketopimelate, or 50 mM succi-
nate (data not shown).
Dead-end inhibitors are invaluable in establishing order

changes were plotted as reciprocal plots vs substrate or liganchf pinding in an enzyme mechanisttdj. Desulfo-CoA was
concentration, and all plots and replots were linear. Data wereysed as a dead-end analogue of AcCoA, and it is NC against

fitted using the appropriate equations and the Marquardt
Levenberg algorithm supplied with the EnzFitter program
from BIOSOFT, Cambridge, U.K. Rate, kinetic, and dis-

AcCoA and UC againgat-Kg. The uncompetitive inhibition
againsta-Kg suggests an ordered mechanism wittKg
binding prior to AcCoA. The noncompetitive inhibition by

sociation constants and their corresponding standard errorscoA and desulfo-CoA suggests two combinations by the two
were estimated using a simple robust weighing method for jnhibitors, one identical to the enzyme form to which AcCoA

the activity or affinity of the enzyme by fitting the curves to

combines, and a second on the product side of the reaction,

the data either in the absence or in the presence of inhibitorsjikely the E:Hc form of the enzyme. The lack of a slope

or ligands.

RESULTS

Initial Velocity StudiesThe initial velocity pattern obtained
by varying the concentration afi-Kg at different fixed
concentrations of AcCoA is shown in Figure 1. The lines
intersect to the left of the vertical axis consistent with the
sequential Bi Bi mechanisni®). Data could not be obtained

effect in the case of the inhibition by CoA wititKg varied
at a low AcCoA concentration suggests an irreversible
reaction consistent with the downhill nature of the reaction
as a result of the hydrolysis of the intermediate homocitryl-
CoA.

Citrate was used as a dead-end analogue-Kfj, and it
is C vsa-Kg and NC vs AcCoA. Data are consistent with
the proposed ordered addition @fKg before AcCoA with

in the reverse reaction direction because of the irreversibility a dead-end Ec-Kg:CoA complex. All kinetic constants are
of the reaction (see below). However, the inhibition patterns summarized in Table 2.

provide a great deal of information about the sequential

mechanism.

Fluorescence Studiek order to further test the proposed
kinetic mechanism, fluorescence titrations were utilized to

An intersecting pattern is also observed when OAA is used estimate the dissociation constants for enzymeactant
as ana-Kg substrate analogue (data not shown). Thus, HCS complexes. Table 3 gives a list of the dissociation constants
is capable of catalyzing a reaction that is specific to citrate measured. All of the ligands quench the fluorescence

Table 2: Inhibition Kinetic Constants for Product and Dead-End Inhibitors of HCS

varied fixed Kig® K& inhibition

substrate substrate inhibitor (mM) (mM) pattern

a-Kg AcCoA citrate 13.5+1.0 C
(0.031 mMm)

AcCoA a-Kg citrate 19+ 2 200+ 60 NC
(5 mM) 17+ 2) (744 24)

o-Kg AcCoA desulfo-CoA 0.02%# 0.001 uc
(0.031 mMm)

AcCoA o-Kg desulfo-CoA 0.014+ 0.002 0.18+ 0.05 NC
(5 mM) (0.0023+ 0.0004) (0.11-0.03)

o-Kg AcCoA CoA 0.0240+ 0.0005 uc
(0.031 mm)

AcCoA o-Kg CoA 0.008+ 0.002 0.033t 0.009 NC
(5 mM) (0.0013+ 0.0003) (0.02Gt 0.006)

2 The values in parentheses are the corrected values for the fixed reactant where applicable.
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Table 3: Dissociation Constants of LiganHCS Complexes from
Fluorescence Titration

ligand Kg (MM)
a-Kg 26+1
o-Kg (+0.5 mM CoA) 111+1
OAA 3.70+ 0.02
CoA 0.17£0.01
AcCoA 0.45+ 0.01

A 25
2
1.5 4
'S
<
1
05 . B —
1U[Acetyl-CoA] (mM)
0 . )
0 0.1 0.2 0.3 04 0.5
[Acetyl-CoA] (mM)
B 0.8
0.6
3
£ 04
'8
<
0.2 -
0o 1 2 S‘I[::M:(m':.‘)‘l 8 9 10

0 T T 1
0.1 0.2 0.3 0.4 0.5
[CoA] (mM)

Ficure 2: (A) Determination of th& for AcCoA via fluorescence
titration. A plot of AF vs the concentration of AcCoA is shown.
The inset shows a double reciprocal plot of the data, with the
x-intercept equal to-1/Kq. (B) Determination of thé<y for CoA

Biochemistry, Vol. 43, No. 37, 2004.1793

a-Kg AcCoA CoA He
k1I k2 k31 k4 k9 N kﬂ[
E E:a-Kg (E:a-Kg:AcCoA — E:Hc:CoA) E:Hc E
k's
E:a-Kg:CoA E:Hc:CoA

Ficure 3: Proposed kinetic mechanism for the HCS. E represents
the HCS. Kinetic data suggest that the reaction is irreversible in
agreement with the thermodynamics of the reaction. CoA (and
desulfo-CoA) can bind to both &:Kg and E:Hc forms of the
enzyme, while citrate binds to K5 is the net catalysis rate and is
defined asksks/(ks + k).

NC inhibition vs both substrates in an ordered mechanism
as a result of reversal of the reaction. In this case, however,
equilibrium is far to the right as a result of hydrolysis of the
intermediate homocitryl CoA, and the reaction is practically
irreversible. (Homocitrate and CoA are products since the
absorbance of the thioester bond decreases as AcCoA is used
up and the appearance of CoA can be monitored using the
DCPIP assayl(1).) Both CoA and desulfo-CoA can thus be
treated as dead-end inhibitors. An analogue of the first
substrate bound in an ordered mechanism would be expected
to be C van-Kg and NC vs AcCoA, as is observed for citrate.
A kinetic mechanism can thus be proposed as shown in
Figure 3. The mechanism is ordered wiihKg binding
before AcCoA and with CoA released before Hc. The
reaction is practically irreversible, and the product CoA can
bind to the Ea-Kg and E:Hc complexes.

Quantitatie Analysis of Inhibition DataSince all inhibi-
tors, including CoA, can be treated as dead-end inhibitors,
correction of the observel; values for the fixed variable
substrate should give the same tiKievalues whichever of

via fluorescence titration. The curves are theoretical based on a fitthe substrates is varied. The competitive inhibition by citrate

to eq 5, while points are experimental in both cases.

emission of the single tryptophan of HCS with the exception
of CoA, which gives a slight enhancement of fluorescence
(12).

Although AcCoA binds to free HCS, itKq (450 uM)
(Figure 2) is much higher than ity (2 uM). The Kq for
E:a-Kg, however, is identical within error to the;, value
reported in Table 1. Although CoA binds better to E than
does AcCoA (3-fold), it still has a weaker affinity than it
does to the E:Hc complex {&-fold). Interestingly, the
presence of CoA (3 times it&y) decreases the affinity of
a-Kg by 4-fold, while OAA binds better to free HCS than
doesa-Kg (7-fold).

DISCUSSION

The initial velocity pattern gives a family of lines that

intersect to the left of the ordinate suggesting a sequential

kinetic mechanism for HCS. The ordered nature of the
mechanism is suggested by the UC inhibition by desulfo-
CoA and CoA vsa-Kg. In both cases these inhibitors are
NC vs AcCoA, the substrate they mimic structurally. Data
thus indicate that the inhibitors combine with two separate
enzyme forms, one the same as that to which AcCoA binds,
the En-Kg complex, and a second, likely the normal product
complex to which CoA binds, E:homocitrate. In a reversible
reaction, binding of CoA to the E:Hc complex would give

vs o-ketoglurate gives the trul§; for the inhibitor for the
E:citrate complex, 14M. With AcCoA varied, however,

the observe;s and K; values must be corrected for the
concentration of the fixed substrate. Given the rate equation
for the ordered kinetic mechanism, eq 1, the presence of the
inhibitor adds a (- I/K;) term to each of the denominator
terms representing free enzym@,Ky, andK,B, to give eq

6, wherek; is the intrinsic dissociation constant for El.

VAB
(K. Ky, + KaB)(l + |'<—) + KA + AB
i

(6)

U:

With B varied, eq 6 in double reciprocal form is given by

e

The observed or affp is then obtained from the expressions
for slope and intercept vs when the slope is zero. As an
example, the expression for the slope inhibition constant is

derived below.
Ko KiaKp
; V) ; (V&A |

1
MY
(

LK

el el

\%

1

v

KiaKb
VA

slope= ( (8)
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and with slope equal to zero where HcCoA is homocitryl-CoAks and ks represent
formation of HcCoA and its decomposition to reactai<g
| =apK, =K1+ A ) and AcCoA k; represents hydrolysis of HCcCoA to products
Ki Hc and CoA, and andk;; represent release of CoA and

_ _ _ Hc, respectively. The expression .y is then given below
where apf is the measurel{s value given in Table 2. The  in terms of enzyme forms that build up in the steady state.
expression folK; can be derived in a similar manner, and

the trueK; can be calculated. The calculatédvalues of 13 E

uM and 17 uM agree very well, Table 2 (values in V= ks + K =

parentheses). Although the correctéd and K;; values for o Ty 1 + 1 + 1

the inhibition by citrate vaB (Table 2) are different, they ksky k7 kg Ky

are the same order of magnitude, and the value obtained from E

Ki has a high error associated with it. E'a-Kg:AcCOA + E:HCCOA+ E:He:CoA+ EHe )
Inhibition by desulfo-CoA or CoA results from binding

to E:a-Kg, represented by thi&,A term, and a form of the If E:Hc is 2-5% of the total enzyme at saturating

enzyme present at saturating concentrations of both reactantsypstrates, the remaining 998% is made up of some
represented by theB term. Equation 1 can thus be modified  combination of the remaining enzyme forms. The determi-
as follows to give the rate equation for inhibition by either nation of distribution will have to await further studies

desulfo-CoA or CoA. including those using isotope effects to probe the chemical
VAB steps.
v= (10) Fluorescence Binding Studieghe dissociation constant
KK, + KB + KbA(l 4 |_) 4+ AB (1 4 |_) for tr_le Eu—l_<g complex praineq from steady state kinetic
Kiz Kiz studies Ki, in Table 2) is identical to that obtained from

) o _ fluorescence titration, Table 3. However, fluorescence data,
In eq 7,Ki, is the intrinsicK; for E:o-Kg:l, but Kiz is an ~ Taple 3, indicate finite binding of AcCoA and CoA to free
apparent; with a value determined by the amount of the enzyme. TheK, for E:AcCoA (450u4M), Table 3, is more
E:Hc complex that builds up in the steady state at saturatingthan 200 times higher than tig, for AcCoA (2uM), Table
substrate concentrations. Values fién and K, can be 2. |n addition, the<g for E:CoA (170uM), Table 3, is almost
evaluated as above, from the noncompetitive inhibition vs 100 times higher than itk; for the En-Kg:CoA complex
AcCoA, giving 1uM and 20uM, respectively, for CoA, (1 ,4M), Table 2. Itis thus possible that the kinetic mechanism
and 2uM and 110uM, respectively, for desulfo-CoA. Thus,  of HCS is random with a high degree of synergism of binding
CoA binds better by a factor of 2 to &Kg. betweena-Kg and AcCoA. (There is a similar but less
The observed; from the UC inhibition pattern obtained  pronounced difference in the dissociation constant for

for CoA or desulfo-CoA vsa-Kg cannot so easily be  enzyme-a-Kg complex and itskKy.) Since the ordered

evaluated. The expression fki is given in eq 11. mechanism suggested for HCS may arise as a result of a
K high degree of synergism. 8) as described above, we suggest
(1 + _b) a preferred ordered mechanism. Although one would expect
inhibition by CoA vso-Kg in this case, the concentration
B (11) NC inhibition by CoA Kgin thi h [

" 1 K, of CoA used in these studies would not be sufficient to
K. + BK.. generate a significant slope effect as a result of CoA binding
2 1 to E at lowa-Kg.
Interestingly, the binding of CoA (in contrast to AcCCoA)
to the HCS enhances the intrinsic fluorescence of the HCS,

and 19 uM for desulfo-CoA and CoA, respectively, in suggesting a conformational change that alters the microen-

excellent agreement with the measured values gfand vironment of the strategically located single tryptophan

24 uM, respectively. Data are consistent with the proposed residue of the enzyme toward an increased hydrophobicity.
ordered kinetic mechanism. The reasoning for this phenomenon may be the closure of

If the assumption is made that: = Ky, perhaps the active site upon binding of the CoA to the free enzyme

reasonable due to the similarity in the structures of the OF E‘0-Kg complex, consistent with the increaséd of
desulfo-CoA to CoA and AcCoA, the amount of E:Hc that E¢-Kg:COA, Table 3. o .

builds up in the steady state can be estimated. The Katio Active Site Specificity and Kinetic Mechanis@n the

Ki, is directly proportional to the amount of E:Hc that builds basis of the inhibition studies a_nd data_ obtained W|th_the
up in the steady state. Estimates that are obtained from Coa@lternative substrate OAA, some information can be provided
and desulfo-CoA are 25%, suggesting a significant but ©On the active site of HCS. As shown in Table 3, the
small contribution of the release of homocitrate to overall dissociation constankg) of E:OAA (3.7 mM) is less than

rate limitation undeNqs conditions. A reasonable kinetic  that for En-Kg (25 mM), suggesting that the binding of
mechanism for HCS und@f sy conditions is given below, OAA is favored by about 1.1 kcal/mol. On the other hand

the second-order rate constawit{ ) is a factor of 16 higher
ks K, for a-Kg than for OAA. This reflects a kinetic preference
Eo-Kg:AcCoA==E:HCCOA— for binding of oa-Kg of about 1.7 kcal/mol. (Th¥/K for the
ke Ky first substrate in an ordered mechanism is its rate constant
E:Hc:CoA— E:Hc— (12) for combination with enzyme. For a simple, single step

Substituting values foB, Ky, and the calculated values for
Ki; andKj; from Table 2 in eq 11 giveK; values of 25uM
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binding process this rate constant would be expected to equaREFERENCES

the diffusion limit of 1 M~ s™%. The low values observed 1

for both substrates suggest a multistep binding process with
the first reactant inducing a conformational change in enzyme
to facilitate binding of the second substrate.) 2

The value ofK/Kj, is almost the same for botitKg and
OAA, and the crossover point for the intersecting initial

velocity pattern is above the horizontal axis for both 3.

substrates due to be less than unity of Kaé, ratio. The
kinetically determinedK, for E:o-Kg is the same as the 4
fluorescently determinedy. However, this is not the case

for OAA. This discrepancy may be explained by some 5

randomness in the kinetic mechanism in which OAA can
bind productively to the E:AcCoA complex (preliminary data ¢
agree with this suggestion). It is also possible that, with OAA

as a substrate, some nonproductive binding is observed.
However, in this case a decreasekin and Vimax would be 7
expected for OAA compared ta-Kg, and this is not
observed.

The lowKq for OAA binding relative toa-Kg, see above, 8.

and inability of the enzyme to accommodate the carboxyethyl
moiety of they-ketopimelate suggest thatkKg, when bound, 9
may be somewhat strained, i.e., it does not bind in an
extended conformation, and the shorter OAA may fit better

in the active site. The fact that succinate is not an effective
inhibitor suggests that thee-carbonyl group is important for
binding, as expected since the carbonyl oxygen must be
protonated as homocitryl CoA is formed. In the case of HCS
from T. thermophiluso-ketoadipate and.-ketoisovalerate
have no effect on enzyme activity as reporté@)( so that
chains longer than 5 carbons or with bulkier side chains are
not accommodated. Additional kinetic experiments are
required to better understand active site specificity.
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