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ABSTRACT. Succinyl-CoA:3-ketoacid CoA transferase (SCOT) transfers CoA from succinyl-CoA to
acetoacetate via a thioester intermediate with its active site glutamate residue, Glu 305. When CoA is
linked to the enzyme, a cysteine residue can now be rapidly modified tdifhtobis(2-nitrobenzoic

acid), reflecting a conformational change of SCOT upon formation of the thioester. Since either Cys 28
or Cys 196 could be the target, each was mutated to Ser to distinguish between them. Like wild-type
SCOT, the C196S mutant protein was modified rapidly in the presence of acyl-CoA substrates. In contrast,
the C28S mutant protein was modified much more slowly under identical conditions, indicating that Cys
28 is the residue exposed on binding CoA. The specific activity of the C28S mutant protein was
unexpectedly lower than that of wild-type SCOT. X-ray crystallography revealed that Ser adopts a different
conformation than the native Cys. A chloride ion is bound to one of four active sites in the crystal structure
of the C28S mutant protein, mimicking substrate, interacting with Lys 329, Asn 51, and Asn 52. On the
basis of these results and the studies of the structurally similar CoA transferas&duaimarichia colj

YdiF, bound to CoA, the conformational change in SCOT was deduced to be a domain rotaticn of 17
coupled with movement of two loops: residues 33P9 that bury Cys 28 and interact with succinate or
acetoacetate and residues 3886 that interact with CoA. Modeling this conformational change has led

to the proposal of a new mechanism for catalysis by SCOT.

Succinyl-CoA:3-ketoacid coenzyme A transferase (SCOT) tissues, including the heart, since they can be transported
is an essential enzyme in the metabolism of ketone bodiesthrough the blood stream. In the mitochondria of these
(acetoacetate ang@-hydroxybutyrate) in higher animals. recipient tissues, SCOT activates acetoacetate by transferring
Ketone bodies are produced from the catabolism of fatty the CoA group from succinyl-CoA to acetoacetate to produce
acids in the liver and serve as a source of energy for manyacetoacetyl-CoA and succinaté):( succinyl-CoA + ac-

etoacetate~ succinatet acetoacetyl-CoA. Acetoacetyl-CoA
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< succinate+ Glu-CoA (thioester); acetoacetate Glu- to Cys 28 or Cys 196 of SCOT, so the chemical modification

CoA (thioestery= CoA + Glu-acetoacetate (anhydride) experiments cannot be repeated with YdiF without using site-
acetoacetyl-CoA+ Glu where Glu is the active site residue directed mutagenesis to insert a cysteine residue.

of SCOT. Site-directed mutagenesis of SCOT can be used to

Experiments involving the chemical modification of cys- distinguish between Cys 28 and Cys 196 and identify Cys
teine residues in SCOT provided evidence of a conforma- X, and that research is described here. It was predicted that
tional change occurring upon binding the CoA group. The the replacement of sulfur by oxygen in the side chain of
free enzyme is slowly inactivated by the thiol-modifying residue 28 or 196 should not alter the catalytic function of
reagent, 5,5dithiobis(2-nitrobenzoic acid) (DTNB), but SCOT, so each of these cysteine residues was changed to
inactivation of the enzymethioester intermediate, - ECoA, serine and the experiments with DTNB were performed with
involves two phases, one rapid and reversible, the other slowthe mutant proteins to see which would be rapidly modified
and irreversible §). The rapid loss of enzyme activity was in the presence of acetoacetyl-CoA. If the C28S mutant
shown to be due to modifying a single cysteine residue of protein were still rapidly modified, then residue 196 must
each monomer. To prove that the reactive cysteine was notbe Cys X, while if the C196S mutant protein were rapidly
a catalytic residue, Kindman and Jencks repeated themodified, then residue 28 must be Cys X. The C28S and
chemical modification experiments using a different thiol- C196S mutant proteins were tested for catalytic activity, and
modifying reagent, 2-nitro-5-(thiocyanato)benzoic acid both were active, but the C28S mutant was less active than
(NTCB), that could label the cysteine with either the large wild-type SCOT. To investigate why there was this loss of
2-nitro-5-thiobenzoic acid group or the smaller cyano group activity, Cys 28 was also mutated to Ala, essentially
(10). Adding the small group did not inactivate the enzyme, removing the sulfur atom. Kinetic analyses were performed
leading to the interpretation that the covalent modification with both of the Cys 28 mutant proteins, and the structure
of one particular cysteine residue, Cys X, by bulky thiol of each was determined using X-ray crystallography. On the
reagents resulted in steric hindrance at the active site, thebasis of the identification of Cys 28 as the cysteine residue
cause of lower activityq, 10). Chemical modification and  exposed on linking CoA to SCOT and the structure of YdiF
peptide sequencing experiments distinguished five cysteinecovalently linked to CoA, the structure of SCOT has been
residues 11) that were identified as Cys 28, Cys 196, Cys modeled in the alternate conformation. The conformational
417, Cys 426, and Cys 465 once the gene was cloh®d (  change has been included in a new description of the catalytic
To discriminate among the five, Williams followed up on mechanism of SCOT.
the chemical modification experiments by using peptide
sequencing to identify two cysteine residues, now known to EXPERIMENTAL PROCEDURES
be Cys 28 and Cys 196, as the main ones modified upon Site-Directed Mutagenesi&ene Expression, and Protein
prolonged incubation withfC]-N-ethylmaleimide in the  Purification. Three mutations were made in the pT7-7
presence of acetoacetyl-CoAlj. One of these two cysteine  plasmid encoding SCOTLE). To change Cys 28 or Cys 196
residues was modified via the rapid pathway, whereas theto serine, mutations were made using an M13 veciéy, (
other reacted more slowly, indicating that either Cys 28 or and to change Cys 28 to alanine, the mutation was made
Cys 196 must be Cys X. Identification of Cys X would using the QuikChange XL kit from Stratagene. The oligo-
provide an understanding of the conformational change, annucleotides used for the mutagenesis wei€ BTTTGGGT-
important step in deciphering the catalytic mechanism of TATCTGGAATTCCGG-3 for C28S, 5ACCTGCCGAT-
SCOT. GTCCAAAGCTGCAG-3 for C196S, and 5GGTTGGT-

The crystal structure of SCOT shows the locations of Glu GGTTTTGGGTTAGCCGGAATTCCGGAGAATCTTATAGG-3
305, the active site glutamate residue, Cys 28, and Cys 196and its complement for C28A. When using the M13 vector,
in each subunit of the homodimet3), so it could help in the mutated plasmid was created in two steps to ensure that
the identification of Cys X. Glu 305 is located near the center much of the cDNA insert was free of mutations due to
of the monomer at the base of an open funig).(Neither misincorporation byThermus aquaticupolymerase. After
Cys 28 nor Cys 196 is located in the funnel so it is not making the mutation in the M13 vector, the gene was cleaved
obvious how the covalent modification of either residue and subcloned into the expression vector using the restriction
would lead to steric hindrance at the active site. However, enzyme sites foiXba and Hindlll to transfer the 1.5 kb
SCOT was crystallized in the free form, and the rapid, segment that included the full length of the gene. In the
reversible inactivation by chemical modification of Cys X second step for the C28S mutanBanH| restriction enzyme
requires that the enzyme be covalently bound to CoA. site 3 to the site of the mutation was used to cleave the 1.2

Structures of a CoA transferase frofscherichia coli kb BarrHI—Hindlll segment and replace it with the equiva-
YdiF, have been determined crystallographically both in the lent region excised from the plasmid encoding wild-type
free form and covalently bound to CoA4). Since YdiF SCOT. For the C196S mutant, the 0.6 ksd—Hindlll
has a similar fold to SCOT, comparisons of the structures segment was cleaved and replaced with the equivalent region
of YdiF could show what conformational change must occur excised from the plasmid encoding wild-type SCOT. The
in SCOT on binding CoA. However, in the case of YdiF, QuikChange XL kit was used essentially as described in the
no major differences were observed in the conformation of instructions, except that the modification of Wang and
the enzyme on binding CoALd). This would suggest either  Malcolm was followed to reduce dimerization of the mu-
that there is no conformational change occurring when YdiF tagenic primersX7). In the modified procedure, half of the
binds CoA or that CoA-free YdiF has been trapped in the plasmid sample was mixed with each primer and one-third
CoA-binding conformation during crystallization. Further- of the polymerase and subjected to 10 cycles of chain
more, YdiF does not have a Cys residue in a similar position elongation, before the samples were mixed and the final third
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of the polymerase was added. The standard protocol for chainsubtracted from the rate of the catalyzed reaction. From
elongation was then followed. In all cases, the sequence ofseparate measurements, it was demonstrated that less than
the mutated gene was confirmed by automated sequence8% of the initial acetoacetyl-CoA hydrolyzed spontaneously
determinations18). during this period. Second, the observed SCOT activity
For protein expression, electrocompetent or Inoue com- decreased with first-order kinetics during the time of the
petent (9) BL21(DE3) cells were transformed with the assay. To correct for this decrease, the initial rate was
pT7-7 vectorsE. coli producing the C28S mutant protein estimated from a plot of “log enzyme activity versus time”
were grown in 10 L of Luria-Bertani broth incubated in a by extrapolating to zero time. The enzyme activity was
fermenter unit with vigorous aeration. The other mutant shown to be proportional to the concentration of the C28S
proteins were produced in two to four 2.8 L Fernbach flasks mutant protein up to a concentration of 0,8@/mL.
with 1 L of Luria—Bertani broth per flask. In each case, an  The formation of acetoacetyl-CoA from higher concentra-
overnight culture was used to inoculate the broth and allowedtions of succinyl-CoA (0.2841.14 mM) and acetoacetate
to grow at 37°C to an optical density of 0.6 measured at (0.018-0.18 mM) could not be measured directly due to
600 nm prior to induction. Protein production was induced product inhibition 8). Instead, these reactions were coupled
with 0.1 mM isopropyl-p-thiogalactopyranoside, and the to the reduction of acetoacetyl-CoA by3-hydroxyacyl-CoA
culture was left to grow overnight at 2C. The cells were  dehydrogenase. This reduction was monitored by the de-
harvested by centrifugation and frozen-a80 °C prior to crease in absorbance at 340 nm, reflecting the disappearance
protein purification. The mutant proteins were purified of NADH. The assay solution consisted of 0.061 M Fris
essentially as described for the wild-type proteib)(or for SO, buffer, 0.14 mM NADH, 0.29 M Ng50O,, and 10ug of
the selenomethionine version of the proteiB)( leading to L-3-hydroxyacyl-CoA dehydrogenase at pH 8113-Hy-
similarly pure protein. Optimally, a 10 L culture yielded 50 droxyacyl-CoA dehydrogenase, either the pig heart enzyme
mg of the C28S mutant protein in pure form, while the supplied as an ammonium sulfate suspension (Sigma-Aldrich
cultures in Fernbach flasks yielded 10 mg. The homogeneity Co.) or the human enzyme expressed and purified fEom
of each protein preparation was confirmed by SIPAGE coli (24), was dialyzed against 0.5 L of 10 mM Tris-HCI, 1
analysis. mM EDTA, and 2 mM 2-mercaptoethanol (pH 8.0) prior to
Enzyme Actiity and Kinetic AssaysThe specific SCOT  use. An extinction coefficient of 6.22 10° M~ cm* was
activity was determined spectrophotometrically at-22 °C used for NADH under these condition8, 5). The rate of
by measuring the production of acetoacetyl-CoA in an assaythe catalyzed reaction was corrected for the spontaneous
solution containing 15 mM MgGJ 0.30 mM succinyl-CoA, decrease in absorbance of reaction mixtures lacking SCOT.
67 mM acetoacetate, and 50 mM Tris-HCI, pH 9.1. The The SCOT activity was shown to be linear with respect to
concentration of succinyl-CoA was measured by absorption the concentration of enzyme up to 4@/mL of C28S.
using the extinction coefficient at 232 nm of 4.50 10° The raw spectrophotometric data from kinetic assays were
M~1cm for a solution of the substrate freshly prepared in fit to single-exponential curves using the program Table-
0.10 M Tris-HCI, 10 mM MgC}, 0.1 M KCI, and 10 mM Curve 2D (Jandel Scientific, San Rafael, CA). Kinetic
sodium succinate at pH 7.2@). The extinction coefficient =~ parameters were derived from these data using standard
for acetoacetyl-CoA at 310 nm under these conditions was replotting methods for a ping-pong bi-bi reaction as described
taken to be 7.8< 10° M~ cm™! (21). The protein concentra- by Segel 26). All standard errors were calculated using
tion was measured by absorption at 278 nm uncorrected foraccepted formulas for the propagation of errdr)(
light scattering using the extinction coefficient of 0.75 (mg/  Modification by DTNB (Loss of SCOT Adty). Samples
mL)~L. This extinction coefficient was experimentally de- of purified wild-type SCOT, C28S, or C196S were treated
termined on the basis of the extinction coefficient of 0.65 with DTNB as described previously for wild-type SCOT by
(mg/mL)* when the absorbance measurements were cor-White et al. @). Prior to the analysis, the proteins were
rected for scatterl). dialyzed against 20 mM Tris-HCI, pH 8.0, and diluted in
Kinetics measurements were performed at 22 °C using 0.8 mM EDTA and 0.2 M Tris-HCI, pH 8.0. The final protein
previously published procedure8, 22). The formation of concentration was 0.21 mg/mL (wild-type), 0.64 mg/mL
succinyl-CoA from various concentrations of acetoacetyl- (C28S), or 0.24 mg/mL (C196S). In some cases the reaction
CoA (0.045-0.135 mM) and succinate (410 mM) was mixture also contained succinyl-CoA, succinyl-CoA plus
monitored by the decrease in absorbance at 310 nm in ansuccinate, acetoacetyl-CoA, or acetoacetyl-CoA plus ac-
assay solution of 0.067 M TrisSO, buffer, pH 8.1. The etoacetate. The acyl-CoA and acyl substrates were included
ionic strength of the reaction mixture was adjusted to 1.0 M at a 2-fold or 1000-fold molar excess, respectively, relative
by the addition of the appropriate amount of 8@, since to the number of active sites. DTNB was added last to the
high ionic strength increases the ionization of acetoacetyl- reaction mixture at a final concentration of 0.4 mM, and
CoA to the enolate form8). An extinction coefficient at  aliquots were removed at various times and assayed for
310 nm of 5.20x 10®* M~ cm™?, identical to that reported ~ SCOT activity. For these experiments, the enzyme assay
(23), was measured for acetoacetyl-CoA under these condi-solution consisted of 5 mM MgS£0.30 mM succinyl-CoA,
tions. The accuracy of this assay requires consideration of67 mM acetoacetate, and 67 mM TF+SO,, pH 8.1 [these
two external factors. First, reaction mixtures lacking enzyme conditions were adapted from White et &)](
consistently showed a spontaneous decrease in absorbance The reversibility of the inactivation by DTNB was assessed
with time of incubation. This spontaneous decrease occurredby adding dithiothreitol (DTT) at a final concentration of 2
at a progressively slower rate, reaching a minimum after mM to aliquots removed from the reaction mixture at
approximately 5 min, so the enzyme was added after thedifferent times. These aliquots were then incubated under
decrease occurred at a constant rate, which was thenan atmosphere enriched in nitrogem foh at 22°C prior to
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being assayed for SCOT activity. The nitrogen was included 416 1: Kinetic Constants of Wild-Type and C28S and C28A
to decrease the frequency of inactivating oxidation reactions. mutant Forms of SCOT

Modification by DTNB (Release of Thionitrobenzoic Acid).  kinetic parameter SCOT  C28S mutant C28A mutant
Samples of W|Id—type SCOT, C28S, or C196S were prepared kendforwardy 75104 29104 035: 05
and treated with DTNB in the absence or presence of (.10t min?)
succinyl-CoA, succinyl-CoA plus succinate, acetoacetyl- Ky(acetoacetyl-CoA) 0.20+0.04 0.10+0.01  0.06+ 0.01
CoA, or acetoacetyl-CoA plus acetoacetate as described (mM)

above. The final protein concentration was 0.16 mg/mL. KM((;‘ﬁfi”ate) 20+4 39+4 13+3

DTNB was added last to the reaction mixture at a f!nal kea(reverse) 59404 0554008 2.1+ 0.4
concentration of 0.4 mM. The reaction of DTNB with (x10° min?)
cysteine thiols was assayed at 22 by monitoring the Kwu(succinyl-CoA) 6.5+ 0.5 1.7+ 0.3 8+1

increase iMA412 resulting from the release of thionitrobenzoic K (m'\/')t at 010+ 003 0.05:001 0.1+ 0.3
acid (TNB). The stoichiometry of the reaction between M((r?]cl\ﬁ)oace ate) ' ' T e
DTNB and wild-type or mutant SCOT was calculated — ot T " . Py —

. . . . 1 ererenc 3 orwara reaction: acetoacetyl- Succinate
assuming a molar extlnct!on coefficient (.)f 13600M_m_ — succinyl-CoA+ acetoacetate.Reverse reaction: succinyl-CoA
for TNB (28). Each experiment was carried out a minimum  ;cetoacetate- acetoacetyl-CoA+ succinate.

of two times.

Crystallography Crystals were grown of the purified C28S
and C28A mutant proteins so that their structures could be
determined using X-ray diffraction. The mutant proteins were
purified as described for the selenomethionine prot&8), (
so the samples contained between 0.125 and 0.5 M KCl in
0.5 mM benzamidine, 0.2 mM EDTA, 20 mM 2-mercapto-
ethanol, and 5 mM Tris-HCI, pH 8.0. They were crystallized
at 14 °C in hanging drops using vapor diffusion. The
precipitant solutions contained +22% polyethylene glycol
2000, 0.1 M Tris-HCI, pH 8.0, and X15% glycerol. The
protein, at a concentration of at least 10 mg/mL, was added
to a drop of the precipitant solution in a 1:1 ratio for a total
drop volume of either 1 or ZL. Crystals often appeared
within a day. The crystals were vitrified in a stream of

alter the catalytic function of SCOT since Cys X was not a
catalytic residue. As expected, the specific activity of the
C196S mutant protein, 224 1.0 umol min~* mg™?, was
similar to that of wild-type SCOT, 25.2 1.2 umol min?!
mg*. Kinetic analyses were not done for the C196S mutant
protein because of this result. However, the specific activity
of the C28S mutant protein, 7% 0.2 umol min~* mg1,
was 3.6 times lower than that of the wild-type enzyme. The
kinetic constants determined for the C28S mutant protein
(Table 1) showed that the reduction in specific activity
compared to wild-type SCOT was due to a lowgkfor the
reaction between succinyl-CoA and acetoacetate, which was
partially offset by lowelKy, values for these substrates when
. SRR . compared to the wild-type enzyme. A kinetic analysis of the
rs"r:im%eerr]na:ol?r?eléaggh%?rr:)ﬁt?c:fzg;I?:gllilgtlitg?]gen prior to reaction between acetoacetyl-CoA and succinate catalyzed
P Y i by the C28S mutant protein indicated that tKg for

Diffraction data were collected at the Advanced Light g ccinate anél..were increased and decreased, respectively,
Source, Berkeley, CA. Data for the C28S mutant protein were compared to the wild-type enzyme.

collected at beamline 8.3.1, while data for the C28A mutant
protein were collected at beamline 12.3.1. The diffraction
images were analyzed using the HKL softwag®)( The

starting model for the C28S mutant protein was the structure
of SCOT with selenomethionine replacing the methionine

To determine which cysteine residue could be rapidly
modified by DTNB, samples of purified wild-type SCOT,
C28S, and C196S were treated with DTNB in the absence
or presence of succinyl-CoA, succinyl-CoA plus succinate,
acetoacetyl-CoA, or acetoacetyl-CoA plus acetoacetate. The

resbldues 133 The dmooj[ﬁl Oft tht_e CZSSd rlnfutatnht pcr:(;tsexl W?[S acyl-CoA substrates were included at a 2-fold molar excess
subsequently used as the starting model for the mutant o ative to the number of active sites to ensure stoichiometric

protein. Programs from the CCP4 package were used forconversion of the enzyme to the thioester intermedi@}e (

)TISIS'F of the cryst?llograp?m c?rl]culaltlor;z()l. '(Ij’he ptr ogra(;n th The acyl substrates were included at a 1000-fold molar excess
) IWas Oﬁe g \Il(ljsijt? ize y eBe ecI:: ron densi %’ ?r':h € (combined with a 2-fold molar excess of acyl-CoA substrate)
Models and 1o rebul e modeB1j. Five percent of the to promote the formation of a stable Michaelis compl@x (

reflections were set aside to calculd®g.. (32), the same i v ne SCOT and C196S were both inactivated by DTNB
reflections used for all data sets collected from this crystal | ... [ 10e rapid kinetics in the presence of succinyl- or

E’,WQ Tgsitrgo?g:\lv;‘;‘serg)fm:: dusclkr:gctli]: f%f‘é?"?g&?}%zy gpd acetoacetyl-CoA{70—80% inactivation in 25 min) than

i t using th WHATCHECIS d in the absence of acyl-CoA (onky30% inactivation in 25
refinement using the programs . . 4 an min and~40—50% inactivation in 50 min) (Figures 1 and
PROCHECK @5). The models were visualized and super- 2). The increase in the inactivation rate induced by acyl-

posed using the programs @6j and Swiss-PdbVieweB(). : o
The models and the structure factor amplitudes were submit—ocfo'g)\(lgzssss USE;FSSSL? t?sif;tgar}flIzs#tfgﬁsiﬁg) rbgtéh?)? déj;éosn

ted to the Protein Data Banl3$) where they have been . A
. : - inactivation by DTNB was accelerated to a much lesser
?:stslgAnrenc:Jttgr?tlgfgttelfilr?srsrigseBct?\gyZNRC for the C28S and extent by succinyl- or acetoacetyl-CoA, and C28S was
’ ' inactivated less rapidly than wild-type SCOT or C196S under
all conditions tested.
To assess the reversibility of SCOT inactivation, we
It had been predicted that the replacement of sulfur by examined whether the enzyme could be reactivated by adding
oxygen in the side chain of residue 28 or 196 should not DTT at various times during the incubation with DTNB.

RESULTS
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Ficure 1: Kinetics of inactivation by DTNB in the presence of 0 0
succinyl-CoA and succinate. Left panels: Graphs comparing o b oW o Wb o o b oW oW o
enzyme activities in the absence of substrates (open circles) and in R = N~ o oD
solutions containing succinyl-CoA (solid squares) or succinyl-CoA Time (min) Time (min)

plus succinate (solid triangles), determined for wild-type SCOT

(WT) (top panel), C196S (middle panel), and C28S (bottom panel). acetoacetyl-CoA and acetoacetate. Left panels: Graphs comparing

Right panels: Graphs comparing enzyme activities of WT (closed vl ; .
trignglgs) C196S F()open sq%areg) an)(lj C28S (open circles() deter&nzyme activities in the absence of substrates (open circles) and in
mined in the absence of substrates (top panel) and in so’lutionssolutlons containing acetoacetyl-CoA (solid squares) or acetoacetyl-

containing succinyl-CoA£SCoA, middle panel) or succinyl-CoA CoA plus acetoacetate (solid triangles), determined for WT (top

plus succinate{SCoA/Succ, bottom panel). The graphs in the left panel), C1965S (middle panel), and C285 (bottom panel). Right

> ! - anels: Graphs comparing enzyme activities of WT (closed
and right panels are different representations of the same data sets. : ; :
Enzyme activity is expressed as a percentage of the initial activity, iangles), C196S (open squares), and C28S (open circles), deter

o mined in solutions containing acetoacetyl-CoAXACO0A, middle
and error bars correspond to the standard deviatibs 2—5). panel) or acetoacetyl-CoA pI?Js acetoacg AACOA/AA, bottom

L panel). The graphs in the left and right panels are different
Recovery of enzyme activity in the presence of DTT would representations of the same data sets. Enzyme activity is expressed
suggest that inactivation by DTNB was due to steric as a percentage of the initial activity, and error bars correspond to
hindrance resulting from the covalent attachment of TNB to the standard deviatiolN(= 2—4).

a cysteine residue. Failure to reverse enzyme inactivation ,

with DTT would suggest that inactivation by DTNB was &toacetyl-CoA than in the absence of acyl-CoA (Table 2;
due to protein unfolding following the attachment of TNB  Supporting Information Figures S1 and S2). T.h-e accelerating
(i.e., inactivation via an unfolding mechanism should be €ffect of acyl-CoA was abolished by the addition of excess
irreversible, even in the presence of DTT). The addition of acyl substrate. Similar results were obtained with C196S,
DTT had little effect on the activity of wild-type SCOT or  although the magnitude of the increaseAm, was only
C196S treated with DTNB in the absence of acyl-CoA evident during the first-15 min of the incubation and was
substrate (Figure 3). Samples of wild-type SCOT or C196S less pronounced than for the wild-type enzyme (Table 2;
that had been partially inactivated by DTNB in the presence Supporting Information Figures S1 and S2). In contrast to
of succinyl- or acetoacetyl-CoA were substantially reacti- Wild-type SCOT and C196S, C28S did not react more rapidly
vated upon treatment with DTT. For instance, although only With DTNB in solutions containing acyl-CoA. The rate of
~20—-30% of the initial activity of these two variants the reaction was lower for C28S than wild-type SCOT or
remained after incubation for 25 min with acyl-CoA and C196S under all conditions tested, and very little increase
DTNB, ~60—70% of the initial activity was restored after in AsioWas observed when C28S was incubated with DTNB
the addition of DTT. In contrast, the inactivation of C28S in the presence of acyl-CoA and excess acyl substrate (Table
by DTNB in the presence or absence of acyl-CoA was not 2; Supporting Information Figures S1 and S2).

reversed under reducing conditions. In summary, the rate of the reaction between C28S and
In addition to assaying SCOT activity, we monitored the DTNB (determined by monitoring enzyme activity and the
reaction of DTNB with cysteine residues by measuring the increase inAs12) was not enhanced upon the formation of
increase inA41, over time. Wild-type SCOT reacted with E—CoA. The inactivation of C28S by DTNB was irreversible
DTNB more rapidly in the presence of succinyl- or ac- under all conditions, similar to the inactivation of wild-type

Ficure 2: Kinetics of inactivation by DTNB in the presence of
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- 100 5 WT-RCoA | 1004 ~ WT+SCoA| 1004  WT+AACoA Table 3: Statistics for the Crystallographic Data and Models of the
& 80188ga, | & 80qmYea € aols ;. C28S and C28A Mutant Proteins
Z 601 Rl Z 601 ° i geo- g s "o -
g 40 5 40 ° 3 g 40 e mutant protein
M I iy c28s C28A
°288988 cL2RgRS CP2RRRS wavelength (A) 111 1.07
Time (min) Time (min) Time (min) space group P2, P2,
_ 100} C1965-RCoA . 100} C1968+5CoA - 100$DC1965+AA00A cellac(i’l&r?ensmns 570 8.4
SO, | S S, b (A) 264.4 2625
S 2 0] 1| 2w °.T c(A) 61.4 60.8
< < 5] ? 5 < 5] ° o, v (deg) 90 90
ol S (deg) 109.8 109.6
cwowgwrg resolution range (A) 262.0 106-2.05
Time (min) no. of measurements 384782 298185
no. of unique reflections 114144 95166
N . 1004 C285+SCoA . Rmergé 0.137 0.113
&2 & 8048z, & high-resolution shell 0.242 0.257
z Z 601 15 Z Wavg (1 avg) B 10.4 11.3
3 3 409* =" 3 g S high-resolution shell 2.4(2.632.00) 1.9(2.09-2.05)
204 1 completeness (%) 95.1 925
0 high-resolution shell 68.2 (2.63.00) 60.8 (2.09-2.05)
“‘Tf“ teR , , Wilson B-factor 20.9 19.6
ime (min) Time (min) Ruoric (%) 221 23.0
Ficure 3: Effects of DTT on the inactivation of wild-type and  high-resolution shell 31.5(2.62.00) 34.5(2.152.06)
mutant SCOT by DTNB. Graphs showing enzyme activities in the Ryed (%) 27.5 27.2
absence of reductant (open squares) or after DTT treatment (solid high-resolution shell 35.3 (2.62.00) 33.6 (2.152.06)
squares). Enzyme activities were determined for WT (top row), no. of protein atoms 14286 14298
C196S (middle row), and C28S (bottom row), in the absence of total no. of atoms 15110 14588
substrates (left column) and in solutions containing succinyl-CoA no. of water molecules 823 290
(middle column) or acetoacetyl-CoA (right column). Enzyme heteroatoms 1(C) 0
activity is expressed as a percentage of the initial activity, and error averageB-factor 26.8 40.1
bars correspond to the standard deviatiNn= 2—4). rmsd from ideal geometry
bond lengths (A) 0.013 0.006
Tgble 2: Extent of Modificgtion of SCOT by DTNB during the Rakr)r?gghzr;]%lre;n(gﬁ)%) 1.8 1.4
First 25 Min of Incubation in the Absence or Presence of no. in most favorable 1470 (92.0) 1461 (91.4)
Substrates regions (%)
SCOT C28S mutant C196S mutant no. in additionally allowed 117 (7.3) 128 (8)
regions (%)
—subs'trate 0.95 0.28 0.77 no. in generously allowed 6 (0.4) 5(0.3)
+succinyl-CoA _ 1.6 0.29 0.71 regions (%)
+succinyl-CoA+ succinate  0.85 0.067 0.55 no. in disallowed 4(0.3) 4(0.3)
+acetoacetyl-CoA 1.7 0.18 0.68 regions (%)
+acetoacetyl-CoA- 0.87 0.067 0.63
acetoacetate @ Rmerge = (XY |l — OO)/Y YOO wherel; is the intensity of an

individual measurement of a reflection afitilis the mean value for

all equivalent measurements of this reflecti®ilCis the mean intensity

for all reflections;[d#(1)0is the mean sigma for these reflectioA&-
factor= S ||Fo| — |Fc||/3|Fol. ¢ R-factor based on data excluded from
SCOT and C196S treated with DTNB in the absence of acyl- the refinement{5%).

CoA substrate. From all of these observations, it was

concluded that Cys 28 is Cys X, the cysteine residue located To investigate the structural differences between wild-type
near the active site of SCOT. SCOT and the Cys 28 mutants, the C28S and C28A mutant
proteins were crystallized, and their structures were deter-
mined using X-ray crystallography. The structure of the
'C196S mutant protein was not pursued, since the catalytic
activity of this mutant was similar to that of wild-type SCOT

aThe data are presented as the moles of DTNB consumed per mole
of enzyme subunit.

To further investigate the role of Cys 28 during catalysis,
this residue was mutated to alanine. In contrast to serine
the alanine residue would not have the potential to form a

hydrogen bond with its side chain. In addition, the smaller and we had shown that Cys 196 was not Cys X. The statistics

Sid? chain would co_rﬁrast ,W,ith both the cysteine and seri_ne for the two data sets and the models are presented in Table
residues. The specific activity of the C28A mutant protein 3 glectron density at the site of the mutation for the C285S

was 6umol min™* mg™, similar to that of the C28S mutant 1 ant protein is shown in Figure 4A. The structure of the
protein. Surprisinglyke.for the C28A mutant proteininthe  c28s mutant shows thatyQof the serine residue adopts a
forward direction was more than 10-fold lower than that for gjfferent position than $ of the cysteine residue in wild-
either Wlld-type SCOT or the C28S mutant (Table 1) It was type SCOT (Figure 48))(1 for Ser 28 in the four monomers
partially offset by lower values fdky for both acetoacetyl-  in the asymmetric unit of the crystals ranged fronf 5d
CoA and succinate. In the reverse directikyg,for the C28A 80°, in contrast to the values betweerl71° and—174 for
mutant protein was only 3-fold lower thaa, for wild-type Cys 28 (3, 39). In the conformation adopted by the serine
SCOT, contrasting with the results for the C28S mutant residue, the side chain hydroxyl donates a hydrogen bond
protein, and the values ¢fy were similar to those for the  to the carbonyl oxygen atom of Phe 25 (Figure 4). It accepts
wild-type SCOT. a hydrogen bond from a water molecule, which is also within
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Ficure 4: C28S mutant protein in the vicinity of the mutation. (A) Stereoview of the electron density for the C28S mutant protein. The
model is drawn as sticks colored according to atom type: yellow for carbon, red for oxygen, and blue for nitrogen. The SIGMAA-weighted
(45) 2F, — F¢, a. electron density map is contoured atd &nd shaded green. Black dashed lines show hydrogen-bonding interactions for
Ser 28 and the water molecule. This figure was drawn using the programs XFland RASTER3D46). (B) Stereoview of the superposition

of wild-type SCOT and the C28S mutant protein. The models are drawn as sticks colored according to atom type: yellow for sulfur, red
for oxygen, blue for nitrogen, green for carbon in the C28S mutant, and cyan for carbon in the wild type. Black dashed lines show hydrogen-
bonding interactions. This figure as well as Figures7/Swas drawn using the programs MOLSCRIRI7)(and RASTER3D 46).

hydrogen-bonding distance of the two oxygen atoms of Ser E305
187 and the side chain nitrogen of Asn 306 (Figure 4). In E241 K329
the high-resolution structure of wild-type SCO3JY, there

N52

is an equivalent water molecule 3.3 A from the sulfur and
within hydrogen-bonding distances of the same residues, but
the C28A mutant protein does not have a water molecule in
the similar position.

The crystal structure of the C28S mutant protein shows a
chloride ion bound in one of the four copies in the
asymmetric unit. The electron density was interpreted as a
chloride ion based on the peak height and its position. The
chloride ion interacts with the side chains of Lys 329, Asn
51, and Asn 52 (Figure 5) and with a water molecule. Lys
329 adopts a different side chain conformation to form this
Eéﬁ;icélig’ tﬂgcsidlg ?f]eaicr)]?e()rf rgtl):]e(:?lgefnlgd; (g}lfrggin-'l'he FIGL_JRE 5: _ Comparison of the conformgtions of Lys _329 and nearby

. ) . ) residues in two of the monomers, chain A and chain B of the C28S
backbone atoms of residues 779 are also in different o iant protein. In chain A, Lys 329 interacts with a chloride ion,
conformations, occupying the space vacated by Lys 329 |3peled Ct, while in chain B it interacts with two glutamate
when the lysine side chain interacts with the chloride ion. residues. The model is drawn as sticks colored according to atom
The structural changes are propagated from these residuegpe: red for oxygen, blue for nitrogen, yellow for chloride, cyan
to the a-helix that follows them in the polypeptide chain. for carbon in chain A, and green for carbon in chain B.

CI™
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DISCUSSION are consistent with a model in which Cys 28 is the primary
exposed cysteine residue in the Michaelis complex, although
it is less exposed under these conditions than +#CBA.

The reaction between Cys 28 and DTNB triggers confor-
mational changes leading to the exposure and enhanced
reactivity of other cysteine residues. The modification of Cys
28 induces less exposure of Cys 196 relative to cysteine
residues at positions 417, 426, and 465 in the Michaelis
complex than in ECoA.

The identification of Cys 28 as Cys X is consistent with
the observations that the C28S and C28A mutant proteins
were less active than wild-type SCOT. On the basis of the
labeling with the cyano group of NTCB, it was known that
the essential cysteine residue of SCOT does not fulfill a direct
mechanistic role, since covalent attachment of a cyano group
to Cys 28 did not alter the enzyme’s catalytic functi@)(

The experiments contrasting the labeling of the C28S and
C196S mutant proteins and wild-type SCOT clearly show
that Cys 28 is the cysteine residue exposed on binding CoA
in E—CoA. In each experiment, labeling of the C196S mutant
protein was similar to that of wild-type SCOT, while
differences appeared for the C28S mutant protein. However,
while the data from measurements A&f;, do support our
conclusion that Cys 28 is Cys X, they also indicate that
formation of E-CoA affects the exposure of Cys 196. In
the presence of acyl-CoA;1.7 cysteine residues per subunit
of wild-type SCOT reacted with DTNB after a 25 min
incubation (Table 2; Supporting Information Figures S1 and
S2), i.e., by the end of the rapid inactivation phase (Figures
1 and 2). Because only 0.3 cysteine residue per subunit of
the C-Z-BS mutant protein reagted with DT.NB u_nder identical This leaves the question of what this residue’s role is and
conditions (Table 2; Supporting Information Figures S1 and why changing it to Ser or Ala would reduce activity. The

a%)s't\,\g? ;?gcrléjg;ig@t (tj?ew[ijlzitsfpn;esocfoqryivﬁﬁ aDcTc'gLénltrs] forstructure of the C28S mutant protein shows that replacing

. L . with a hydroxyl group does change the hydrogen bonding
solutions containing acyl-CoA. However, Cys 28 is not Sy . : .
sufficientfor this reactivity, given that only 0.7 cysteine in this region. The tur that includes Cys 28 and Phe 25

residue per mole of C196S reacted with DTNB during a 25 \évgr?;?ets)eamag?omeor:icr)lr?:jdtg);ﬁgi;rhb&:;]g? ct)?( Sirr’] zlfn;ﬁes;
min incubation in the presence of acyl-CoA, compared to ydrog Y! Oxyd

1.7 cysteine residues per subunit of wild-type SCOT under (Figure 4). A second hydrogen bond formed between Ser

; . . . . . 28 and the water molecule would also anchor this loop. The
identical conditions (Table 2; Supporting Information Figures )
S1 and S2). These findings are consistent with a model infaCt that adding a cyano group to Cys 28 does not reduce

L : the activity of the enzyme indicates that a slightly larger side
which (i) Cys 28 of wild-type SCOT becomes exposed upon . .
the formation of E-CoA and (ii) the rapid reaction of Cys chain ithan that of cysteine hcan rE)e accommodatéyl F—he |
28 with DTNB causes additional conformational changes crystal structure suggests that the cyano group could replace

leading to the exposure and enhanced reactivity of Cys 196'the water molecule. The C28A mutant protein is a suitable

: ” contrast to Ser, since Ala has no potential to form the
Although Cys 196 reacts with DTNB under these conditions, hydrogen bonds. However, Ala is smaller than both Ser and

our observation that wild-type SCOT and C196S lose activity . . :
at similar rates in the presence of acyl-CoA (Figures 1 and gysh;rh\?esrm:&eg"sg?f:rgﬂgg itrr:(ih(ézcsrAsT;tgtTLE{S:Snlilfc?rﬂs
2) indicates that the modification of Cys 196 contributes little the crystalétructure it is not evident V\?/h the C28A r.nutant
to the rapid inactivation of ECoA. So although Cys 196 is . ystal ’ y
. e . is less active than wild-type SCOT, but it must be because
being modified, it does not affect catalysis. d . .
of the absence of the thiol group, either due simply to the

The A4 data also provide insight into the degree of . X
exposure of Cys 28 and Cys 196 in the Michaelis complex. smaIIerI size of Ala_or due to the loss of the electrostatic
properties of the thiol.

The Michaelis complex is mimicked by using saturating . . S
amounts of the acyl-CoA and carboxylate substrates. Under. The interaction between Lys 329 and the chloride ion seen

these conditions, the enzyme exists primarily as two rapidly InréTgiﬁgjtalosrtt;ufr:gr\?igx ?hrz T‘;@gﬁ;gggfﬁﬁﬁ 2:?;22:
exchanging Michaelis complexes: P pp y

one of the substrates. Three pieces of indirect evidence had
o} o o0 led to the suggestion that a protonated amine forms part of
E&COA.R&- = E(l%o-.RQSCOA the binding site for the carboxylate of one of the substrates
(40). First, the enzyme is inhibited by monovalent anions
Two results suggest that wild-type SCOT adopts a different (8). Second, the enzyme is irreversibly inactivated by
conformation in the Michaelis complex than in the-EoA acylation, but this reaction does not occur at neutral pH where
intermediate. First, the C28S mutant protein failed to react a lysine side chain would be protonated and unreac8ye (
appreciably with DTNB in the presence of acyl-CoA and Third, at low concentrations of succinate where the reaction
excess acyl substrate. The stoichiometry of this reaction wasof E—CoA with succinate would be rate determining, the
uncertain because the absorbance values were only slightlyplot of activity versus pH is bell-shaped with & pf 8.4
above background and varied with drift in the instrument for the upper limb, consistent with th&pfor a lysine side
(Supporting Information Figures S1 and S2). In contrast, the chain @1). On the basis of the initial crystal structure of
C28S mutant protein reacted with DTNB in solutions SCOT, it was suggested that this lysine residue was Lys 329
containing succinyl- or acetoacetyl-CoA without excess (13). Like the substrates acetoacetate and succinate, the
succinate or acetoacetate. Second, the absorbance producethloride ion is negatively charged, so it would be attracted
by the C196S mutant protein and DTNB reached higher to the substrate-binding site. Sodium chloride is one of the
levels in the presence of acyl-CoA and excess carboxylatesalts known to inhibit SCOT: a 10 mM solution of sodium
substrate than in the presence of acyl-CoA alone, suggestingchloride was shown to inhibit SCOT by 2498)( The
that Cys 196 contributed less to the reaction with DTNB in inhibitory effect of the sodium salts were in the order SCN
the Michaelis complex than in-ECoA. These observations > CIO,~ > I~ ~ Br~ > CI~ > F~ while the type of cation
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had no effect, indicating that the anion was the inhibitor. In hydrogen bonds with Ser 187 and Asn 306, both of which
the crystallization solution, the chloride concentration would hydrogen bond to the water molecule shown in Figure 4.
be greater than 100 mM because Tris-HCI was used as theThe hydrogen bonds to lle 325 would have to be broken to
buffer and because the protein sample contained KCI. At release the residues shielding Cys 28.
this concentration, chloride would be expected to partially  Although we had believed that the mutation of Cys 28 to
inhibit SCOT, and this correlates well with seeing the Ser would not affect catalysis, we discovered that it does
chloride ion bound to only one of the four monomers. Our change the interactions with lle 325, and we now know that
view is that this monomer shows the structure in an inhibited this would lead to a different stability for the loop that covers
form. On the basis of the binding site for the chloride ion, Cys 28 and includes Lys 329. The kinetic analyses (Table
we would predict that Asn 51 and Asn 52, in addition to 1) show weaker binding for only one of the substrates,
Lys 329, interact with the substrate (Figure 5). GIn 99 had succinate, and only with the C28S mutant. Our interpretation
been postulated to serve a role in stabilizing the oxyanions of the catalytic mechanism is that acetoacetyl-CoA reacts
of the tetrahedral intermediates based on the structure ofwith the enzyme to form the £CoA intermediate, with the
glutaconate CoA-transferas#?), and that view is supported  enzyme changing conformation through movement of the
by its proximity to the chloride ion-binding site. The 6 A  loop, minimally residues 325329, to expose Cys 28. In this
distance between Lys 329 and GIn 99 would require Lys conformation, the enzyme could be rapidly inactivated by
329 to interact with the distal carboxylate of succinate/ DTNB. We speculate that when succinate is present to react
succinyl-CoA or the carbonyl of acetoacetate/acetoacetyl- with E—CoA, the loop is reorganized to interact with
CoA, not the carboxylate that forms the thioester with CoA succinate. This reorganization would block access to Cys
and Glu 305. 28, which is why high amounts of the acyl substrate block
In the crystal structure of SCOT, Cys 28 is buried, and the labeling of Cys 28 even under conditions where the
there would have to be a conformational change for it to be E—Co0A intermediate is present.
labeled by NTCB or DTNB. In addition to the residues  The conclusion that the conformational change on binding
shown in Figure 4, Cys 28 is in contact with Ala 322, Asp acyl-CoA is in the region where the succinyl or acetoacetyl
323, and lle 325, as shown in Figure 6. This figure also portion of the acyl-CoA binds leads to the question of
shows Lys 329 since this residue is near the end of the loopwhether this is the only conformational change on forming
covering Cys 28. In contrast, for the protein YdiF, the residue the covalent complex between CoA and the active site
equivalent to Cys 28, lle 40, is exposed to the solvent both glutamate residue. Although the structure of SCOT has yet
in the structure of YdiF alone and in the covalent complex to be determined with CoA covalently bound to Glu 305,
with CoA. This is because there is a much shorter loop herethe structure of this enzyme intermediate has been determined
in YdiF, from residue 341 to residue 34%4), where SCOT with YdiF. By analogy to that structure, CoA should extend
has 16 residues from 314 to 329. This loop is likely important out of the funnel and would be predicted to interact with
in providing the substrate specificity of SCOT. In the residues in the carboxy-terminal portion of SCOT, as
structure of YdiF alone, as well as in the structure of its presented in Table 4. The structure of SCOT does not
covalent complex with CoA, most of the residues of this superpose well with the structure of YdiF when taken in their
loop were not modeled because there was no electron densityentireties [root mean squared deviation (rmsd) 2.1 A based
for them. In SCOT, the movement of residues 3329 on 308 Qx atoms that superpose within 3.8 A], but the
would provide access to Cys 28 (Figure 6), and this must be superposition is much better if the amino- and carboxy-
what occurs on forming the covalent complex with CoA to terminal domains are considered separately. The carboxy-
allow for the chemical modification of Cys 28 by DTNB or terminal domains are expected to superpose better than the
NTCB. In the crystal structure of SCOT, lle 325 forms amino-terminal domains because the acyl portion of sub-

Ficure 6: Stereoview of Cys 28 buried by the loop from Ala 322 to Thr 331. The model is drawn as sticks colored according to atom type:
red for oxygen, blue from nitrogen, yellow for sulfur, and cyan for carbon. Residues that are proposed to be involved in binding and
catalysis (for example, Lys 329, Asn 51, and Asn 52) are also included to show the locations of Cys 28 and the loop with respect to the
active site.
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Table 4: Residues of YdiF Interacting with CoA4) and Their
Proposed Analogues in SCOT

YdiF residues interations SCOT residues
Arg 288 diphosphates  Arg 263
Val 309-Gly 310-lle 311  diphosphates lle 284-Gly 285-lle 286
Glu 333 thioester Glu 305
Ser 377 diphosphates  Gly 361
Ala 379-Glu 380 adenosine Met 363-GIn 364
Phe 392 adenosine lle 376
Met 397 pantetheine Lys 382
Thr 399 pantetheine Met 384
Phe 402 pantetheine Ala 387
lle 405 thioester Leu 390

Biochemistry, Vol. 46, No. 38, 200710861

The domain motion can be described as closure through a
17° rotation coupled with a 0.3 A translation, as calculated
using DynDom 43). If there were no conformational changes
other than this motion, the amino- and carboxy-terminal
domains of SCOT would clash in two regions, highlighted
in Figure 7. In one of these, the clashes would be alleviated
by the movement of residues 32329, the same stretch of
polypeptide that buries Cys 28 and must shift to allow
chemical modification of this residue. The second region
involves residues 374386, the loop where the adenosine
end of CoA is expected to bind. We propose that lle 376
provides hydrophobic interactions with the adenine ring,
analogous to Phe 392 of YdiF (Table 4). We speculate that

strates is predicted to bind to the amino-terminal domain of this loop in SCOT would shift to interact with CoA and
each enzyme, and SCOT and YdiF do not bind the samesuperpose better with the CoA-binding loop of YdiF. It would
substrates. Figure 7 shows part of the superposition of thethen not clash with the amino-terminal domain of SCOT.

amino-terminal domain of SCOT on the amino-terminal
domain of YdiF (rmsd 2.0 A based on 20GxGtoms that

superpose within 3.8 A) and the carboxy-terminal domain

of SCOT on the carboxy-terminal domain of YdiF (rmsd
1.6 A based on 177 €atoms that superpose within 3.8 A).

The conclusion is that this would be the second part of SCOT

that changes conformation on binding CoA.

The identification of Cys 28 as the cysteine residue
exposed on binding CoA leads us to propose a new model

for catalysis by SCOT. On the basis of the first experiments

FIGURE 7: Stereoview of the superposition of the two domains of SCOT on YdiF. Th&&ze of YdiF is in yellow while the @ trace

of the amino-terminal domain of SCOT is in cyan and that of the carboxy-terminal domain is in blue, with the exception of residues

321-329 and 374 386. The @ traces for these residues are in magenta to highlight the regions that must change conformation to prevent
clashes when SCOT binds CoA. The bonds within the side chain of Glu 333 of YdiF and the covalently bound CoA are shown as black

sticks. For clarity, only a slice of the superposition is shown.

€
)
Ead Rad
CoA
1 1T

succ

-
CoA CoA:
11T v

Ficure 8: Model of catalysis by SCOT. | represents the open conformation. Il represents the complex with succinate (Succ) linked to Glu
305 (E305), the anhydride intermediate. Il and IV represent the closed conformation with CoA linked to Glu 305 as the thioester, with

succinate shielding Cys 28 in 1ll and Cys 28 exposed in IV.
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inactivating SCOT with DTNB, White et al. drew an alligator
model in which the enzyme is closed until it opens to form
the thioester with CoA9). In their model, the open state
exposes the cysteine residue so that it can react with DTNB,

unless the acyl group of either acyl-CoA or the carboxylate 6.

ion blocks it. The crystal structure of SCOT and our model
of SCOT-CoA based on YdiF-CoA show that SCOT is first
open, and it closes on binding CoA (Figure 8, | in contrast
with [11). We hypothesize that the succinyl group of succinyl-

CoA interacts with Lys 329, Asn 51, and Asn 52 in the first &

step of catalysis, when the anhydride intermediate is formed o
with Glu 305 (represented in Figure 8 by Il). In the second
step, when CoA reacts with the anhydride intermediate to
form the thioester, the loop protecting Cys 28 would lift,
modifying the binding site for succinate (lll). At the same
time, SCOT would close since the loop no longer jams it

open. Succinate would diffuse off the enzyme, exposing Cys 11.

28 (IV), or be replaced by acetoacetate. Subsequently,
acetoacetate would interact with the loop, pulling it into
position to block Cys 28 and forcing the enzyme to open as

the reaction continues in reverse through the second anhy- 13

dride intermediate formed between acetoacetate and Glu 305.

Formation of the anhydride intermediate releases CoA, which 14

then reacts to form acetoacetyl-CoA as SCOT opens. We
propose that the closure of the enzyme may serve to protect
the thioester bond between Glu 305 and CoA, making itless ¢

10.

Tammam et al.
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likely to be hydrolyzed and making the transfer of CoA to
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model, with the goal of understanding on the atomic level
how SCOT uses the energy from binding CoA to undergo
conformational changes that allow it to catalyze the transfer
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