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ABSTRACT. To probe the mechanistic origins of convex Eyring plots that have been observed for
o-chymotrypsin ¢-CT)-catalyzed hydrolysis of specifignitroanilide substrates [Case, A., and Stein, R.

L. (2003)Biochemistry 423335-3348], we determined the temperature-dependent®efinetic isotope
effects for theo-CT-catalyzed hydrolysis dfN-succinyl-Phep-nitroanilide (Suc-Phe-pNA). To provide

an interpretational context for these enzymatic isotope effects, we also deteAtNRKtE for alkaline
hydrolysis ofp-nitroacetanilide. In 0.002 a2 N hydroxide (30C), 15N-KIE values are 1.035 and 0.995
(£0.001), respectively, and are consistent with the reported JHi@pendent change in rate-limiting step
from leaving group departure from an anionic tetrahedral intermediate in dilute base, to hydroxide attack
in concentrated base. For theCT-catalyzed hydrolysis of Suc-Phe-pNE&N-KIE is on k/Kn, and thus
reflects structural features of transition states for all reaction steps up to and including acylation of the
active site serine. The isotope effect at®5is 1.014 {0.001) and suggests that in the transition state

for this reaction, departure of leaving group from the tetrahedral intermediate is well advanced. Significantly,
15N-KIE does not vary over the temperature range45 °C. This result eliminates one of the competing
hypotheses for the convex Eyring plot observed for this reaction, that is, a temperature-dependent change
in rate-limiting step within the chemical manifold of acylation, but supports a mechanism in which an
isomerization of enzyme conformation is coupled to active site chemistry. We finally suggest that the
near absolute temperature-independenc®{KIE may point to a unique transition state for this pro-
cess.

It has been recognized for decades now that protein Scheme 1: Minimal Kinetic Mechanism for Serine Protease
conformational isomerizations must play some role in Catalysis
enzyme catalysis. Examination of the literature reveals at Binding
least three ways in which conformational changes of the 0 K, 0
enzyme can participate in catalysis: (i) allowing the binding E—OH + R)I\ R ——= E-OH :RLN/R'

of substrate or departure of product, (ii) preorganizing active ” k1 H
site residues for optimal interaction with substrates, and (iii) )
directly reducing activation energy by coupling to active site “A%/@on
chemistry in catalytic transition states. In a recent study, Case ) i ' K j\
and Stein {) reported evidence supporting the third hypo- E-oH: R E—o” MR *+ MN—R
thesis for reactions ofx-chymotrypsin &-CT),! a well- H
studied member of the family of serine proteases. Deacylation
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reaction’s second product and regenerates free enzyme. For Reaction mixtures were extracted with diethyl ethex 3

this mechanism, the steady-state rate parameigls,, ke,
andK, are related to the mechanistic rate parametéys,
ko, andks, as shown in eqs-13.

K _k o
Km KS
k2k3

= 2

=tk 2)
k

K, =K{— (3)

ko + K

In these expressionks = (k-1 + kp)/ki, which for hydrolyses
of most amides can be simplified #; = k-1/k;.

In their study, Case and Stein determined the temperature-,

dependencies oK, k,, and ks for the a-CT-catalyzed
hydrolyses of Suc-Phe-pNA, Suc-Ala-Phe-pNA, and Suc-
Ala-Ala-Pro-Phe-pNA 1). For reaction of all three substrates,
the van't Hoff plots for 1Ks and the Eyring plots foks were
linear, while the Eyring plots fok, were convex. Of the
several hypotheses offered to account for the curved Eyring
plots for k,, the one that was favored posited that protein
conformational isomerization was coupled to active site
chemistry. A feasible competing hypothesis was also offered
and involved partially rate-limiting formation and decom-
position of the tetrahedral intermediate that is thought to form
during acylation by amide substrates. To distinguish these
hypotheses, Case and Stein proposed conductidtNa
isotope effect experiment with the anticipation of a temper-
ature-independenttN-isotope effect, if the curved Eyring
plot was due to coupling of protein motion to chemistry, or
a temperature-dependéfitl-isotope effect, if partially rate-
limiting formation and decomposition of a tetrahedral
intermediate were obtained. In this paper, we now report the
results of these isotope effect experimerifée for the
acylation ofa-CT by the specific substrate Suc-Phe-pNA
was found to be temperature-independent and thus rules ou
the latter mechanism.

MATERIALS AND METHODS

General Buffer salts, Suc-Phe-pNA, and PNAA were from
Sigma Chemical Co. PNAA was recrystallized from water
before use. Bovinex-CT was a crystalline product from
Sigma (C 7762) and was used without further purification.
Preparative TLC was performed using 2020 cm silica
gel GF 1000 micron plates from Analtech.

Isotope Effects foo-Chymotrypsin-Catalyzed Reaction of
Suc-Phe-pNA.Suc-Phe-pNA (38.5 mg, 10@mol) was
dissolved in 35 mL of HEPES buffer (0.1 M, pH 7.4) at
20 °C. A total of 3 mg ofa-chymotrypsin was then added
and the reaction was allowed to proceed for 48 h until half
of the substrate had been cleaved {[S]2.9 mM; [E], =
3.3 uM). Reaction progress was accessed by periodically
adding 5QuL of the reaction mixture to 3 mL of pH 9 buffer
and monitoring ORye Treating an aliquot of the reaction
mixture with 1 N NaOH and monitoring Of, for 10 half-
lives established the final QR Control experiments showed
no measurable release pfnitroaniline in the absence of
enzyme.

50 mL, which control experiments determined quantitatively
removedp-nitroaniline from the aqueous layer, while leaving
unreacted Suc-Phe-pNA. Ether layers were dried over MgSO
and concentrated in vacuo. The aqueous layer was made 1
N in HO™ by addition of solid NaOH and allowed to stand
overnight at 25°C, resulting in complete release @f
nitroaniline from the remaining Suc-Phe-pN#Nitroaniline
thus produced was isolated as described. Sampleg- of
nitroaniline representing product and unreacted substrate
were purified by preparative TLC eluting with diethyl ether.
The N/*N ratios of the samples were analyzed by isotope
ratio mass spectrometry using an ANCA-NT combustion
system working in tandem with a Europa-220 isotope ratio
mass spectrometer.

Reactions at 48C were run on a similar scale, bt#20
mg of enzyme ([E] ~ 23 uM) was used to achieve sufficient
product formation for isotope ratio mass spectrometry before
thermal inactivation of the enzyme occurred. When sufficient
turnover was achieved, the reactions were cooled with ice
and extracted with ether, as for the 20 reactions.

Alkaline Hydrolysis of gNitroacetanilide PNAA (18 mg,

100 umol) was dissolved in 6 mL of THF. This solution
was added to 95 mL of 2.1 N KOH with stirring. Reaction
was periodically monitored as described above for the
enzymatic reactions. After 2680 min the reaction was
stopped by rapidly adjusting the pH to 9 by addition of cold
HCI, and chilling the reaction mixture. The reaction was then
extracted with ether (3« 100 mL), which quantitatively
removed both the@-nitroaniline and unreactegtnitroaceta-
nilide. The ether layers were dried over magnesium sulfate
and concentrated in vacuo. Preparative TLC eluting with
ether was used to separate fhaitroaniline andp-nitroac-
etanilide, and samples of each were prepared for isotope ratio
mass spectrometry.

For reactions at 0.002 N HQ CAPS buffer (10 mM, pH
11.3) was used. Higher initial amounts of reactant (28 mg,
156umol) were used, anticipating lower fractions of reaction
fiue to the much slower rate of reaction at this pH. PNAA
was dissolved in 6 mL of THF and added to 95 mL of buffer
with stirring. Reactions were allowed to proceed at°80
for 5 days. The reactions were stopped by chilling with ice,
and the product and remaining reactant were isolated and
separated as described for the reactions tuhd HO.

RESULTS

Kinetic Isotope Effect Data Analysigor each isotope
effect, at least three reactions were run. Each reaction was
stopped at some fraction of reactifyrand the!>N/1*N ratios
measured for the produdgy), the remaining starting material
(Ry), and the original mixtureR;). The isotope effects were
calculated using egs 4 and 3)(

isotope effect= log(1 — f)/log[(1 — H)(RIR,)]
isotope effect= log(1 — f)/log(1 — f(R/R,))

(4)
(5)

For each isotope effect, the value calculated fignandRs

(eq 4) and fronR, andR; (eq 5) agreed within experimental
error, and these were averaged to give the results reported
(see Table 1).
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Table 1: Nitrogen Isotope Effects for Hydrolysis piNitroanilides PNAA is rate def[ermlnlng, whilet2 N H(T_’ .nUCIGOph'“C
e attack by hydroxide becomes rate determiniflg Thus, we
W= B = see that th.ellarge normal effect for [sz 0.092 N reflects
reaction system T (°C) e 10000 10023 de_com_posmon of the tgtrahedral mterm_edlate and results
primarily from a weakening of the stretching force constant
Emﬁ: SB'O';%HO gg (1):82;5&* 8:8882 g:ggg (l):ggg during C—N bond rupture. The observed value of 1.035 is
PNAA, 0.002NHO 55 1.0163:0.0001 1.033  1.031 close to the theoretical maximum of 1.044 that has been
EUC-EEe-pma-CT 5 1.0074+0.0002 1.015  1.013 calculated for breaking a-©N bond (7). In contrast, the
SoenVAEST 20 10060 00002 10l 1%L smal inverse isolope effect @ N HO_ reflect adduct
Suc-Phe-pNA@-CT 45  1.0068: 0.0002 1014  1.011 formation and most likely results from the hybridization
change of the carbonyl carbon fron?$pward sp. For this
reaction,®kamido iS @ secondary KIE resulting from isotopic
substitution at a position adjacent to a carbon atom undergo-
éng a change in hybridization and is predicted to be inverse
due to compression of bending mod&3. Apparently, this
effect is more pronounced than the reduction inNCbond
order from loss of amide resonance, which would result in

The leaving group in both the reactions studied here,
p-nitroaniline, contains two nitrogen atoms that contribute
to the isotope ratio measurements and thus to the observe
isotope effect!%k.ns Equation 6 relates the contribution of
the isotope effects at these two sites

- - a normal isotope effect.
(15 ] 1 =+ (1 ] ) 1
151 = Kamico 5 Sknmo (6) Enzymatic Hydrolysis of Amides and Anilideeveral
Kobs pertinent measurements of nitrogen isotope effects on the

enzymatic hydrolysis of amides and anilides have been
to "kob¢ (3). For the enzymatic reactions, the corresponding reported 15ke for the a-CT-catalyzed hydrolysis dfi-acetyl-
terms are'ke in place of*k whereke is ki/Knm (4). L-tryptophanamide9) and the papain-catalyzed hydrolysis
The amido nitrogen atom will exhibit a primary isotope  of N-benzoylt-argininamide {0) are 1.010+ 0.001 and
effect, while the nitro nitrogen atom should contribute a much 1 921+ 0.001, respectively (pH 8, 25C). While the latter
smaller secondary isotope effect, and only to the extent that, 55 interpreted as perhaps reflecting rate-limiting decom-

negative charge develops on the leaving group in the oition of the tetrahedral intermediate that is formed from
tr?nr;sltlon statje. An ?fstlmanonbfor thedm?xmurr? cgnLrlbqtlon ¢ attack of papain’s active site cysteine on substrate, the former
of the secondary effect can be made from the behavior of, o4 thought to result from a situation in which both

15 .. i i i i i i
the o Isotope effgct In reactions '“VO'V'@”'”Ophenﬁ'- formation and decomposition of the tetrahedral intermediate
Deprotonation op-nitrophenol is accompanied Bk, = are partially rate limiting. Even in cases where-I€ bond

1.0023, arising from negative charge delocalization involving fission is entirely rate limiting, nitrogen isotope effects are

the nitro group %). .y : ;
The observed isotope effects were corrected assumingantlupated to be sma_IIer than the theqretlcal_mammum of
1.044 due to protonation of the departing amihé)(

Yo is unity, and also assuming that.w, equals its _ _
maximum expected value of 1.0023. The differences are very In another study, théN-isotope effect was determined
small and do not affect the interpretation of the results. Thesefor the acetylcholinesterase-catalyzed hydrolysisodfi-

results are all summarized in Table 1. troacetanilide §) and found to be 1.011% 0.0005. In
addition, the authors also observed a solvent deuterium
DISCUSSION isotope effect ok of 1.6+ 0.1 and a small but real solvent
The principal goal of this study was to determitl- deuterium isotope effect on theN-isotope effect. Combined,

isotope effects at several temperatures footf@T-catalyzed ~ these data led the authors to conclude that acylation of AChE
hydrolysis of Suc-Phe-pNA and then to use this temperature by ONAA is partially rate-limited by three serial steps:
dependence to distinguish among competing hypotheses thathduced-fit binding of substrate, formation of a tetrahedral
had been advanced to explain convex Eyring plots for this intermediate, and decomposition the tetrahedral intermediate.
and relatech-CT-catalyzed reactiond). As a mechanistic Theoretical Considerations fof*N-Isotope Effects on
backdrop to these studies, we first descril-isotope  serine HydrolasesThe 15N-isotope effects that we report
effects on the alkaline hydroly;is of PI_\IAA (see Table 1) as here for then-CT-catalyzed hydrolysis of Suc-Phe-pNA, and
well as several literature studies &N-isotope effects for  hose reported elsewhere in the literature for related hydro-
mechanistically related systems. _ N lytic enzymes (see above), were all determined by competi-
*N-Isotope Effects for Hydrolysis of Amides and Anilides. {ye methods relying on the natural abundancedf. In
Alkaline Hydrolysis of gNitroacetanilide In this study, we such experiments, the measured isotope effect must neces-
determined’ N-isotope effects for alkalline hydrolysis of sarily be onkg and’thus reflects all reaction steps up to and
PNAA and found that at 0.002 N HO “Kamiao = 1.035, including the first irreversible step. For-CT and mecha-

while & 2 N HO™, %gmigo = 0.995 (see Table 1). These . _. Ilv related : d serine hvdrol hi i
results are consistent with a previous study of this reaction mSt'CQ y related cysteine an | SETIne Nyarolases, t- 's step is
that showed that at 0.002 N HO decomposition of a acylation by substrate of active site nucleophile (ike.of

tetrahedral adduct formed from addition of hydroxide to Scheme 1).
Now, a key mechanistic feature of all these enzymes is
2 Implicit in this equation is the assumption that the inifE/*“N that acylation proceeds through a tetrahedral addition adduct.

ratios at the two position unit or cal/mol. The inclusion of this tetrahedral intermediate into the general
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Scheme 2: Expanded Mechanism for Serine Protease Applying the egs 1612 to the'®N-isotope effect for the
Catalysis Including Intermediacy of Tetrahedral Addition mechanism of Scheme 2 we see that
Adduct TI
1 15 1 15
Koa s K = C,(*%ky) + C("Ks) + C (K 13
E+S == ES == TI —% E-acyl — E + products SkE 1( 1) 2a( 26) Zb( Zb) (13)
Ks -2a
where
mechanism is shown in Scheme 2. The kinetic expressions
of eqs 1-3 still hold but now — k_E
Cl k (14)
1
ke = 1ijiaa (7) ke
and K2a
KiKoq ke
= 8 Cp=— 16
ke K1+ ) + ke ® 2Kk (16)
where Equation 13 can be simplified to eq 17 if we make the
K reasonable assumptions that b&th and*5k;, have values
a= k—za 9) near unity andC; is very nearly zero (i.ek; > kg):
2b
15kE =Gyt Czb(lsKEb) (7)

Equations 7 and 8 were expressed as shown here to
intentionally center attention on the tetrahedral intermediate Note that under this circumstand@sz, and Cap, simplify to

and how its partitioning, as reflected in the ratiB  1/(1 4 @) anda/(1 + ), respectively, and sincgC; always
determines rate limitation for the overall process of acylation. equals unity, the sum dE. plus Co, must equal one.

For sequential reactions, such as the one shown Scheme \ye see then that in cases in which formation of the
2, it has been showrllp) that the observed isotope effect ietrahedral intermediate is entirely rate limiting (i.e..<

has the general form: 1) andCz, equals 1, the observed isotope effect will equal 1
n (or perhaps be slightly inverse), while for those cases in
K. =S5CK 10 which decomposition of the tetrahedral intermediate is
kobs |Kk ( ) . N .

= entirely rate limiting (i.e.,o > 1) and C,, equals 1, the

observed isotope effect will equkap, which can range from

wherex is the isotope for which the kinetic effect is being 1.01 to 1.04 8, 9, 10, 13). For intermediate situations in
determinedkoss is the observed-isotope effectn is the  which formation and decomposition of the tetrahedral

number of sequential steps in the reactidk; is the intermediate are both partially rate limiting, a virtual transi-
x-isotope effect on the reaction process that is governed bytion state 12) will be observed and will generate an isotope
k', andC; is a weighting factor for théth step. effect that is of intermediate magnitude.

K" reflects the free energy difference between the reactant *°N-Isotope Effects fonCT-Catalyzed Hydrolysis of Suc-
state of enzyme and substrate free in solution and the Phe-pNA.(**kg)amiao for the a-CT-catalyzed hydrolysis of
transition state fok. K* is a composite rate constant and Suc-Phe-pNA is 1.014, and, given a maximéfiN-isotope
will be a function of all the mechanistic rate constants that €fféct on C-N bond fission of about 1.044, it suggests that
“connect” the reactant state to the transition statefofor the process governed Ity is at least partially rate limited

sequential reactions” has the following form: by departur_e of Iea}ving grou;p)-n.itroaniline from the
tetrahedral intermediate. Indeed, it may be the case that

J'=(i—l)kj leaving group expulsion entirely rate limikg, in light of
K= I‘I — |k (11) the general-acid catalysis that likely accompanies this step
= k—j and the damping effect that general catalysis is anticipated

to have on the'®N-isotope effect 11). Formation of a
wherej denotes the several steps preceding and leading toransition state proton bridge between the active site imida-
reaction step. o _ zolium moiety of Hi§” and the departing aniline is predicted

Ci is the weighting factor for the contribution of thith to considerably reduce the magnitude of the nitrogen isotope
step to rate determination of the overall process and thuseffect for G-N bond fission from the theoretical maximum
also for the weighting factor for the contribution of the of 1.044 (4).

isotope effect on théh step to determining the magnitude (*5e)amido for the a-CT-catalyzed hydrolysis of Suc-Phe-

of the overall iSOtOpe effect. For Sequential reactions, pNA is temperature independent and he|ps exp|ain the
Kk, convex Eyring plots that have been observed for this reaction
C = o (12) (Figure 1). For enzyme-catalyzed reactions, there are two

' K’ general explanations for convex Eyring ploi3: ((i) partial

rate limitation by two or more steps in a sequential, multistep
where kqps is the observed rate constant for the reaction reaction process and (ii) temperature-sensitive coupling of
process under question. an enzyme conformational change to the chemical step of
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Ficure 1: Temperature dependencies of steady-state kinetic
parameters for the-CT-catalyzed hydrolysis of Suc-Phe-pNA. pH-
independent mechanistic paramet&gsk,, andKs were taken from
the work of Case and Steiri)(and plotted here as dependencies
on reciprocal temperature. In these pldts,is expressed as the
productke[E]standare state OF ke, andKs is expressed as the product
(Ks™)[Slstandare-state OF Kjeeoc Where the standard-state concentra-
tions are set to 1® M. The line through the data sets fijr were
drawn using the thermodynamic form of eq 18 and best-fit
parametersAHg, = 14.8+ 0.5 kcal/mol andAS., = 29.9+ 0.2
e.u. with the constraints akH, = 17.9 kcal/mol andAS, = 57
e.u. The line through the data sets fky were drawn using
the thermodynamic form of eq 7 and best-fit parameters:
AH3, = 22.4+ 3.7 kcal/mol andAS,, = 9.5+ 13.3 e.u., and\H],

= 17.9 + 7.3 kcal/mol andAS; = 57.0 + 20.3 e.u. The line
through the data foK}.,.was based on a simple van't Hoff plot
with AHgssoc= —8.05+ 0.58 kcal/mol and\S,ssoc= —40.6+ 1.9
e.u.

catalysis® As we show below, our observation of tempera-
ture-independertfN-isotope effects for the-CT-catalyzed
hydrolysis of Suc-Phe-pNA allows elimination of the former
alternative.

Hengge and Stein

1.040 , , ;
1030 L 0.002N HO +PNAA S
7
Ve
/
g 1020 [ 7 i
g
xﬂ!
2 1010 7 a-CT+Suc-Phe-pNA |
_ 7
_ -~
1.000 F— —
2N HO + PNAA
o)
0.990 ! ' L
0 20 40 60 80
T (°C)

Ficure 2: Temperature dependencies 8f-isotope effects for
alkaline andx-CT-catalyzed hydrolysis gi-nitroanilides. The data
points are from Table 1, while the dashed line was drawn using eq
17 and the temperature dependence.¢éee legend of Figure 1)

with 133, and %G, set equal to unity and 1.035, respectively.

of Scheme 2, at low temperature,< 1 andk, = kz,, While
at high temperaturey > 1 andky; = (koo/K—23)kp.

Now, if this mechanism were to obtain, th&N-isotope
effect would display a significant temperature dependence.
This is illustrated in Figure 2 which displays the temperature
dependence ofkamigo for a hypothetical case based on eq
17 and the temperature dependenceaofsee legend of
Figure 1) with®%;, and 15, set equal to unity and 1.035,
respectively. Other reasonable values'fé,, which might
range from 0.99 to 1.005, ant},, which might range
from 1.010 to 1.045, give no better fit to the temperature-
independent®™N-isotope effects for this reaction. On the basis
of this analysis, it is clear that the curved Eyring plots of
Figure 1 and related-CT-catalyzed reactionsl) do not
originate from a mechanism involving a temperature-
dependent change in rate-limiting step.

The other mechanistic alternative involves the coupling
of conformational isomerizations of-CT to the chemistry
that occurs during transformation of the Michaelis complex
to acyl-enzyme 1). While the idea that protein conforma-
tional changes can be directly coupled to active site chemistry
to enhance enzyme catalytic efficiency is not a new dse-(
19), interest in it has recently been renewed with the
observation of the apparent coupling of protein motions to
active site hydrogen tunneling in a number of hydrogen
transfer reactions2Q, 21).

The specific model that Case and Steft) &dvanced
previously to explain the convex Eyring plots for acylation

We start with the general mechanism of Scheme 2 and of a-CT by specific substrates is a thermodynamic model

the observation that the data of Figure 1 kerandk, can

be successfully fit to forms of eqs 7 and 18 which have been

recast in thermodynamic form. Note that eq 18 is a simplified
form of eq 8 in which, for reaction o&-CT with Suc-Phe-
pNA and related substrates,; > ky, (1).

kZe{ Ks — kEa
1+ta 1+a

ke = (18)

The results of this fit indicate that according to the model

summarized in eq 19:

AG? = AG'czhem_ V(AG:hem_ AG'iygom) (19)
where AG,, the energy of activation for the process
governed byk,, is a function of AG},,, the energy of
activation for the chemical conversion that occurs in the
absence of any protein conformational change, AG{,,,

the energy of activation for the protein isomerization that
occurs in the absence of chemistyyis the coupling constant
and can range from 0 to 1.

3 Cast in mechanism-independent, thermodynamic terms, this amounts  YWe see from this expression that coupling of chemistry

to a nonzero heat capacity of activation.

to a conformational fluctuation of the protein allows the rate
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of the chemical process to increase by a factor that is re-REFERENCES

lated to the free energy difference between uncoupled active
site chemistry and conformational isomerization. In the
limiting situation in which there is no couplingy (= 0),
turnover of the Michaelis complex proceeds inefficiently and
with a rate constark. that equals,em Protein conforma-
tional changes may of course also occur, but since these are 3,
uncoupled to chemistry they cannot act to increase the
magnitude ok.. Now, in situations in which coupling occurs,
chemistry and protein isomerization comprise a single,
concerted process that is governed by the single rate con-
stantk;, which necessarily is larger thdqn.m but smaller
than kisom If coupling is perfectly efficient ¥ = 1), ke
becomes equal in magnitude to the limiting valligym. If
coupling is viewed from the point of view of active site
chemistry, it appears that as coupling efficiency increases,
the rate constant for chemistry increases at the expense of
protein isomerization, finally to equadsom in the case of
perfect coupling.

Significant questions remain concerning the nature of
coupling and how it can be described and explained in terms
of protein chemical/structural determinants. At least for
o-CT, it appears that coupling efficiency is at least partly
determined by structural features of the substrate and
increases with increasing chain length of peptide substrates
(). It remains a challenge to understand how occupancy 11.
of active site subsites on-CT, and perhaps other ser-
ine proteases, leads to more efficacious coupling and
enhanced reaction rates. Specifically in the context of
this model, we need to understandand whether it is
temperature dependent, a condition that is necessary if we
are to explain the convex Eyring plots which motivated this 14,
work.

The above analysis of coupling of chemistry and protein
conformational isomerizations stemmed from our observation
of temperature-independefiN-isotope effects on the-CT-
catalyzed hydrolysis of Suc-Phe-pNA. But what is remark-
able is that this temperature independence is absolute, that
is, there is no statistically significant change #tke)amido
over the temperature range from &nd 45°C (see Table
1). Over this increase in temperature, one can calculate,
strictly using zero-point energy considerations, a decrease
in the >N-isotope effect of 0.30.4%. And this is just what
we see for the alkaline hydrolysis of PNAA in 0.002 N  19.
hydroxide. Here one calculates and observes a 0.2% decrease20
in ®kamido from 1.035 to 1.033 as the temperature increases
from 30 to 55°C. The near temperature independence of
15N-isotope effect on the enzymatic reaction is unexpected,
and to our knowledge unprecedented, but may reflect
properties of a unique transition state for this process in
which we have postulated coupling of protein dynamics with
active site chemistry.
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