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o-Ketoisovalerate (KIV) is the biosynthetic precursor fior 25
leucine andL-valine, as well as pantothenate, the precursor of
Coenzyme A (Supplementary Information). The first enzyme in 20
theL-leucine biosynthetic pathway, theuA-encodedx-isopropyl- _
malate synthase has been shown to be feedback inhibited by the = 451
end-product of the pathway-leucine!~> Recently, two crystal f
structures ofa-isopropylmalate synthase frorfvlycobacterium <° 10 ]
tuberculosigMtIPMS) have been determined, one with boundZn 2
and KIV and the other with bound-leucine® The active site is s ]
located in the N-terminaly(,3)s barrel domain, while the-leucine
binding site is located in the C-terminal domain, more than 50 A 0

away from the active site. The only difference between these
structures is a loop in the-leucine binding site that gets ordered
upont-leucine binding. Thus, the mechanism.dgucine inhibition
cannot be deduced from these structures because the active sit

Time (min)

igure 1. Kinetics of slow-onset inhibition oMtIPMS by L-leucine.
eactions were initiated by the addition of enzyme. Solid lines represent

remains ‘_J”a'te”?d, whgnleucme blnds.. L data obtained in the absence (blue) and in the presencéeatine (cyan).
L-Leucine exhibits linear, noncompetitive inhibition versus KIV  Black lines represent the fit to eq 1. ConcentrationsLdéucine are
under initial velocity conditions, witlis andKj values of 8+ 1 indicated. Experimental methods are described in Supporting Information.

uM and 22+ 2 uM, respectively (Supporting Information). The The red line represents an experiment where the reaction was initiated by
small differences in th&;s andK; values indicate that the affinities the addition ofMUIPMS preincubated with-leucine.

of the free enzyme and substrate-bound enzyme-eucine are

very similar. We found no kinetic evidence for cooperativity,
suggesting that the two active sites as well as the itveucine
binding sites in the native homodimer behave identically, which is
also supported by the crystallographic datauring the analysis

of these data, it became apparent that the time courses of product
formation were nonlinear and were exhibiting a time-dependent
inhibition suggestive of slow-onset inhibitiéri® (Figure 1). This

type of kinetic behavior is usually due to a two-step binding process
characterized by the rapid formation of an initial inhibitory complex,

k, (min™)

followed by a slower isomerization to a more tightly bound 0400 - " " A o
complex. The resulting time-courses display a burst of product ) 4
formation followed by a linear steady-state phase (Figure 1). This [L-leucine] (uM)

pattern is a hallmark of slow-onset inhibition and has been observed Figure 2. Dependence of the burst ratk,)(on [L-leucine]. The points
in a number of enzymatic systems where inhibitors bind competi- represent data, and the solid line represents the fit to eq 2.
tively versus the substrafe.

The time courses in Figure 1 were fitted to eq 1, whergifP] Scheme 1
the concentration of product formed (Coenzyme A) at time, is 3 k
the initial reaction ratey; the final reaction rate, ankl, the burst E+ Leu E-Leu
rate’11

E*eLeu

by the rapid formation of an initial £eu complex followed by an
v — isomerization event that generates a more tightly bound étf
[P], = uft—i-'—f(l— e*kbt) (1) complex (Scheme 1). As all experiments were performed at
Ko saturating concentrations of both substrates (see below), E in
Scheme 1 represents the ternargpdKIV -AcCoA complex, and
Plotting the fitted values ok, versus the I[-leucine] yields a not free enzyme. This two-step binding model can be described by
hyperbolic dependence of, on [L-leucine] with a nonzero eq 2, wherek_; is the reverse rate for the isomerizatidn,is the
y-intercept value (Figure 2). The hyperbolic dependenck, @n forward rate for the isomerizatiok; is the inhibition constant for
the [L-leucine] indicates that-leucine inhibition can be described  L-leucine and [L] the concentration ofleucine.
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(k, + k_))[L] it is clear from the structure that the inhibitory signal must be
k, =k , TKEL 2 transmitted through the domains that link the regulatory and
I catalytic domains. One possible explanation for the slow-onset
K, nature of the inhibition involves the ordering of the loop in the
K= A 3) L-leucine binding sité leading to tighter binding af-leucine. This
1 model would account for both the rapid initial binding as well as
K, the slower isomerization to the more tightly bound form.
Ki* =Ki——— (4)
K, + k., Acknowledgment. Supported by NIH A133696.
The data in Figure 2 were fitted to eq 2 giving values Kppf Supporting Information Available: L-Leucine biosynthetic path-
0.95+ 0.12 mirr?, k_, of 0.25+ 0.1 mirr%, andK; of 17 + 8 uM, way, experimental procedures, and inhibition patterns are described.

which is in excellent agreement with thg value (22«M: L-leucine This material is available free of charge via the Internet at http://

binding to Ea-KIV -AcCOA rather than E), determined independ- PuPs-acs.org.

ently from steady-state initial velocity analysis (above). Finally,

the value of 3.6+ 2.2 uM for Ki* was calculated from eq #
Slow-onset inhibition may also be studied by preincubation of (1) Kohlhaw, G. B.Methods Enzymoll98§ 166, 414-423.

the enzyme and the competitive inhibitor followed by addition of ~ (2) Wiegel, J.; Schlegel, H. GArch. Microbiol. 1977 114, 203-210.

. . (3) Webster, R. E.; Gross, S. Biochemistryl965 4, 2309-2318.
the substrate at the start of the reaction, which generates a lag phase (4) Teng-Leary, E.. Kohlhaw, G. Biochemistryl973 12, 2980-2986.
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