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Kinetic Mechanism of the Inhibition of Cathepsin G by-Antichymotrypsin and
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ABSTRACT. Uncontrolled proteolysis due to cathepsin G (cat G) may cause severe pathological disorders.
Cat G is inhibited byay-antichymotrypsin (ACT) andu-proteinase inhibitord,P1), two members of the
serpin superfamily of proteins. To see whether these two inhibitors play a physiological proteolysis-
preventing function, we have made a detailed kinetic investigation of their reaction with cat G. The
kinetics of inhibition of cath in the presence of inhibitor and substrate evidenced a two-step inhibition
Ki* 2
mechanism: E- | = EI* — El. The cat G/ACT interaction is described Ky* = 6.2 x 1078 M and
ko = 2.8 x 1072 s71, while the cat Gd#;P| association is governed b§* = 8.1 x 10" M andk, = 5.5
x 1072571, The reliability of these kinetic constants was checked using a number of experiments which
all gave consistent results: (i) both EI* complexes were found to be enzymatically inactive, (K)*the
values were determined directly using initial velocity experiments of cat G-catalyzed hydrolysis of substrate
in the presence of inhibitor, (iii) the second-order rate constarts* were measured using second-order
inhibition experiments in the absence of substrate, and (iv) the ratio of the two second-order rate constants
was determined by measuring the partition of cat G between the two fluorescently labeled serpins. Since
the plasma concentrations of ACT angPl are much higher than thei* values, cat G released from
neutrophils will be fully taken up as rapidly forming EI* complexes, that is, 70% with ACT and 30%
with a4PI. Both ACT anda,PI are thus physiological cat G inhibitors whose inhibitory potential does
not depend on the formation of the stable inhibitory species El characteristic of serpins. Such an in vivo
inhibition mechanism might take place with other serpin/proteinase systems.

The azurophil granules of neutrophils store a number of 9). The stable inhibitory complex is thought to be an acyl-
proteins that participate in phagocytosis. One of them, cath-enzyme formed between the carbonyl group of the serpin’s
epsin G (cat @, is a cationic serine proteinase whose crystal P; residue and the hydroxyl group of the serine residue of
structure has been determined recenily (Its specificity the proteinase’s active centelQ[ 11). ACT has a leucine
is directed against substrates with a Phe or a Lys residue atresidue at Pand is specific for chymotrypsin-like enzymes
the R position @). In vitro, cat G cleaves a number of such as cat G, pancreatic chymotrypsin, mast cell chymase,
extracellular matrix and plasma proteins including type Il and human pancreatic elastad@-{14). In contrast,oPlI,
collagen, proteoglycans, elastin, fibronectin, laminin, fibrino- whose R residue is methionine, inhibits proteinases with
gen, coagulation factors VIII and XII, immunoglobulins G chymotrypsin-like, trypsin-like, and elastase-like specificities
and M, complement components (for a review see3)ef albeit with considerably different rate8)(
angiotensinogenj, and heparin cofactob]. On the other If a serpin inhibits a proteinase in one step«(8 — EI)
hand, it is able to recruit, activate, and aggregate plateletsits in vivo efficiency is best defined by its delay time of
(6). Uncontrolled release of cat G during phagocytosis or inhibition, d¢), that is, the time required to achieve full
cell death may thus lead to matrix degradation, coagulation inhibition in vivo: d) = 5/(Kassofl] 0) WhereKassocis the in
disorders, immunodeficiency, or vascular occlusion. vitro determined second-order association rate constant and

The aforementioned effects should normally be prevented[l], is the in vivo serpin concentration. Ifti(< 1 s, the
by proteinase inhibitors present in plasma and tissues. Theseerpin is likely to prevent proteolysis in viva%). If a serpin
include ACT ando,PI, two members of the serpin family inhibits a proteinase in more than one stkps.cwill have
of inhibitors. The serpins have a highly conserved secondarya complex meaning so that the delay time of inhibition no
structure comprising @-helices and 3-sheets 7). They longer predicts the in vivo inhibitor potenc¥@). The kinetic
form denaturant-stable complexes with their target protein- mechanism of inhibition must, therefore, be known to decide
ases and behave kinetically like irreversible inhibito8s ( whether an inhibitor is physiologically relevant. This is the

" | oad b - tolom g reason we have investigated the kinetic mechanism of
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dress: INSERM U 392, Facultde Pharmacie, 74 route du Rhin, inhibition of cat G by ACT and,Pl.
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1 Abbreviations: cat G, cathepsin G; ACd;-antichymotrypsinp- . . . . .
PI, as-proteinase inhibitor; Suc, succinydNA, p-nitroanilide; SBzI, Cat G was isolated and active-site titrated as described
thiobenzyl ester. previously (7). ACT ando;Pl were from Athens Research
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Technology (Athens, GA) and were found to be electro- Scheme 1

phoretically pure. Molarities of inhibitor solutions were K, Keat

calculated usingzgonm= 3.9 x 10* M1 cm™* and 2.8x E + §S ——=—E ——» E + P
10* M~ cmt for ACT and o4PI, respectively 18). Suc-
Alaz-Pro-PhepNA and Suc-Ala-Pro-Phe-SBzl came from
Bachem (Bubendorf, Switzerland), while 4,4-dithiodipyridine I
was from Sigma. Unless otherwise stated, all experiments

were done at 25C in 50 mM Hepes and 150 mM NacCl, l K,

+

pH 7.4, a solution called “the buffer” throughout the text.

Enzymatic MethodsTitration of cat G with ACT and;-

Pl was done by reacting constant concentrations of the EI
enzyme (0.18:M) with increasing concentrations of the

serpins at pH 7.4 and 25C. After an incubation time of ~ Scheme 2
15 min (ACT) or 30 min Pl), the residual enzymatic K, cat

activities of the mixtures were determined with 2.5 mM Suc- E + S —/—— ES — E + P
Alax-Pro-PhepNA.

The kinetics of inhibition of cat G by the two serpins in
the presence of substrate was assessed by adding enzyme to I
a mixture of inhibitor and substrate and continuously
monitoring the release of product. Rapid mixing of the

+

reagents was performed using a SFA-11 stopped-flow device 1|k

(High-Tech, Salisbury, UK) connected to a computerized

Uvikon spectrophotometer thermostated at’25 EI*
The second-order kinetics of inhibition of cat G by ACT

ando;Pl was assessed by reacting equimolar concentrations k,

of enzyme and inhibitor for variable periods of time before
addition of the substrate Suc-At&ro-Phe-SBzlI.
All other conditions are given in the legends to the figures EI
or in the text. Regression analyses of the data were done
using the Enzfitter software from Biosoft.

Fluorescent Labeling.One mole of ACT was reacted with  calibration curves constructed with 1:1 cat G-labeled serpin

1.5 mol of fluorescein-5-EX, succinimidyl ester from Mo-  complexes dissolved in buffer contaigi® M NaCl.
lecular Probes in 100 mM carbonate, pH 8.3. After 15 min

of continuous stirring at room temperature, labeled ACT was ResyLTS
isolated using a PD-10 gel filtration column (Amersham
Pharmacia Biotech) equilibrated with the above buffer. Cat G—Serpin Binding StoichiometryCat G was titrated
There was 0.6 molecule of label/molecule of ACT as with ACT ando,Pl as indicated in the Experimental Section.
determined spectrophotometrically usiags,m = 92 000 Both serpins gave linear titration curves which intercepted
M~ cm! for the protein-bound label. One mole afP!I the abscissae at a molar ratio of serpin (protein concentration)
was reacted with 2 mol of 6-(tetramethylrhodamine-5-(and- to cat G (active site concentration) of 1.09 for ACT and 1.14
6)-carboxamido)hexanoic acid, succinimidyl ester from Mo- for o4PI (data not shown). A stoichiometry of inhibition
lecular Probes in 50 mM TES and 150 mM NaCl, pH 7.0. greater than unity may be interpreted to mean that a serpin
After 1 h of continuous stirring at room temperature, labeled behaves like a suicide inhibitor which is partly turned over
osPl was isolated using a PD-10 column equilibrated with like a substrate during the inhibition reactioh9(. Our
the above buffer. There was 0.65 molecule of label/molecule inhibition stoichiometries are too close to unity for such a
of a;PIl as determined spectrophotometrically uséaghnm mechanism to be valid. Our data rather suggest that the cat
= 77500 M cmt for protein-bound label. Control ~G—serpin binding stoichiometry is 1:1 and that our ACT
experiments showed that the fluorescent labeling did not alterand a;Pl preparations contain 91% and 86% of active
the inhibitory properties of the serpins. inhibitor, respectively. These are fairly high specific activi-
Competition between ACT argiPI for the Binding of ties for lyophilized proteins. The serpin concentrations
cat G. Cat G (0.54M) was reacted with buffered mixtures indicated throughout this paper all refer to active inhibitor
of fluorescently labeled ACT (M) and a;Pl (20—75uM). concentrations.
After 10 min at 25°C, 500uL of each reaction medium Two-Step Mechanism for the Inhibition of cat G by ACT
was chromatographed on a mono S HR 5/5 column (Am- andoyPl. The inhibition mechanism was investigated using
ersham Pharmacia Biotech). Free serpins were eluted withthe progress curve metho2i0—23) which consists of rapidly
the buffer while the cat Gserpin complexes were eluted mixing enzyme, inhibitor, and substrate and recording the
with a mixture of buffer ad 2 M NaCl. The effluent release of product (P). Under these conditions, inhibitor (I)
containing these complexes (total volurme 3 mL) was and substrate (S) compete for the binding of enzyme (E) as
assayed fluorometrically using a Shimadzu RF 5000 spec-illustrated in Schemes 1 or 2, where EI denotes the
trofluorimeter @ex = 495 nm,lem = 514 nm for labeled irreversible serpifrproteinase complex while EI* is a rapidly
ACT; and dex = 560 nm,Aem = 580 nm for labeled,Pl). accumulating reversible complex whose equilibrium dis-
The concentration of labeled complexes was calculated fromsociation constant is given bdg* = k_,/k;.
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Ficure 1: Progress curves for the cat G-catalyzed hydrolysis of
0.3 mM Suc-Ala-Pro-Phe-SBzl in the presence of ACT: [Cat G] L4
= 3.2 nM, [ACT] = 0.18uM (curve 1), or 0.4uM (curve 2). The -

raw progress curves (not shown) were corrected as described
previously 82) and were used to calculate the pseudo-first-order
rate constank by nonlinear regression analysis based on eq 1. [P]
and [P}, are the concentrations of product at any time and at infinite
time, respectively.
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To decide between one-step inhibition (Scheme 1) and [0-PI] (uM)
two-step inhibition (Scheme 2), we have recorded progress FiGure 2: Pseudo-first-order rate constants of inhibition of cat G

curves for a wide range of inhibitor concentrations. Typical 4 a function of ACT concentration (panel A) angP! concentra-
curves describing the inhibition of cat G by ACT are shown tion (panel B). The rate constankswere measured using the
in Figure 1. These progress curves are exponentials asprogress curve method (see Figure 1). The inhibition of cat G by
predicted for an irreversible inhibitor. Their asymptotic ACT was assessed using variableqEl] o/[E]o = 15 and 0.3 mM
values, [P}, will be used later. Since in our experimental E’lue?a-sALll?e;dP';Jos_iﬁge\/_asrliaazl;.le-r[cg(fl]?[E]t)(:tfgoognga;_OGmI?/Iyézlc-vﬁ\\lgls
conditions [Ip = 10[E] and [P}, < [S]o, the progress curves  pro-phepNA.

could be fitted by nonlinear regression analysis to the
following exponential equatiorn2@):

Table 1: Kinetic Parameters Describing the Inhibition of Cat G by
ACT andoyPl at pH 7.4 and 25C?
serpin Ki* (M) ko (s79) ko/Ki* (M ~1s71)

. . S ACT (6.2+0.6)x 108 (2.8+0.07)x 102 (4.5+0.5)x 1°
wherek is the pseudo-first-order rate constant of inhibition, o,p| (8.1+£0.9)x 107 (5.5+0.15)x 102 (6.8+ 0.9) x 10¢

andv, is the rate of SUbStr,ate hydrolysistat 0. . aK* and k; were determined using the progress curve method
Schemes 1 and 2 predict eqs 2 and 3, respecti&ly ( (Figures 1 and 2).

Uy _
P=1-e o) (1)

23):
Koeooll] hyperbolically with [I}, but k, andKi* will no longer have
— _ assotd0 2) simple meanings. We therefore decided to see whether the
1+ [Sl¢/K) El* complexes are enzymatically inactive.
For a two-step inhibition process with an enzymatically
_ ko[l o 3 inactive EI* intermediate, [R] the amplitude of the expo-
- Mo+ Ki* app) ) nential (see Figure 1) is given bg3):

whereKi* aop = Ki*(1 + [S]o/Km). Figure 2 shows that the Pl = KeaKi*[E] o[S]o @)

inhibition of cat G by both ACT andyPl exhibits a * K Kol o

hyperbolic dependence &fversus [}, indicating that it is

described by eq 3 and, therefore, takes place in at least two Thus, if [P}, is measured using constant concentrations

steps. Nonlinear fits of the data of Figure 2 to eq 3 of enzyme and substrate and variable concentrations of

confirmed their adherence to the two-step model and gaveinhibitor, plots of [Pl versus [I} should be hyperboles of

the best estimates & andKi*appy TheKy, values for the the form [Pk = A/[l]o where A = KkeaKi*[E] o[ S]o/Kmko.

cat G-catalyzed hydrolysis of Suc-AtRro-Phe-SBzl and  Comparison of the experimental values of A with the

Suc-Ala-Pro-Phe-pNA were found to be 0.046 and 2.5 mM, calculated values allows one to check the inactivity of EI*.

respectively, as determined in separate experiments. These As shown in Figure 3, both ACT and;PI yield a

values were used to calculatég from Ki* @pp Thek, and hyperbolic dependence of [Pvith [I]o. With ACT, [Pl.

Ki* values for the two cat Gserpin pairs are compiled in  values close to the asymptotic value of O could be measured

Table 1, together with the calculated second-order rate which is in itself sufficient to infer that EI* is inactive.

constants of inhibitiork,/K*. Nonlinear regression analysis showed that the data adhere
Evidence that the EI* Complexes are Enzymatically to a hyperbola (see theoretical curve in Figure 3A) with

Inactive. Scheme 2 assumes that EI* is unable to bind and Aexperimenay = 3.1 x 1072 M2, a value that favorably

turnover substrate. If EI* is partially activiwill still vary compares WithAcaicuiaesy= 4 x 10712 M2 if allowance is
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Ficure 3: Concentration of Pas a function of inhibitor concentra- o

tion. [Pl., illustrated in Figure 1, was determined using the progress FIGURE 4: Determination of the second-order rate constants for

curve method. In the case of ACT (panel A), [cat §]3.2 nM the inhibition of cat G by ACT (panel A) and,PI (panel B). The

and [Suc-Ala-Pro-Phe-SBzI= 0.3 mM. Fora;PI (panel B), [cat  following concentrations were used: [cat &][ACT] = 6 nM

G] = 0.16 uM and [Suc-Ala-Pro-PhepNA] = 3 mM. (panel A), [cat G]= [a4PIl] = 80 nM (panel B), and Suc-Aja
Pro-Phe-SBzl= 0.3 mM throughout. The curves have been
calculated using eq 5 and the best estimatele/§* determined

made for the experimental errors on the four kinetic Y nonlinear regression analysis.

constants. Witlw,Pl, the asymptotic value [R}— 0 could - S _
not be approached as closely as with ACT. Nevertheless,competitively inhibited hydrolysis of substrat:
nonlinear regression analysis gave a good fit with the model

(see Figure 3B) an®\experimentay (6.5 x 10712 M?) was )= KealElo 6)
sufficiently close t0Acaicuiated)(9.3 x 10712 M?) to conclude 2 1+ KJ[Sl(1 + [11/K*)
that this EI* complex may also be considered enzymatically
inactive. Thus, study of the dependence @f upon [l provides a

Second-Order Rate Constants for the Inhibition of cat G means to estimatk;* independently. We did not use the
by ACT andosPl. If [I] o is significantly lower tharK*, a v, data from the progress curve analysis because one single
two-step inhibition process will behave like a bimolecular substrate concentration was used for each inhibitor and this
reaction governed the second-order rate conskalid* substrate concentration was much higher than khe

K/ _ rendering competitive inhibition difficult to diagnose. We

(E + I —— EI). To measurek/Ki* directly we have,  measured, in the presence of two lower substrate concen-

therefore, incubated cat G with ACT or AT under the trations, 0.K, and 1.%. Significant inhibition was

following condition: [Ep = [I]o = 0.1Ki*. After selected  gpserved for inhibitor concentrations close to the enzyme

periods of time a large excess of substrateq([S]6.5Km) ~ concentrations. Under these conditions eq 6 cannot be used
was used to stop the reaction and to measure the residuahecause it assumes thato[lz 10[El. We therefore

enzymatic activities. Under these simplified second-order employed a more general equatid6)
conditions,ko/Ki* may be calculated from eq 5:

Uz

v 1 (5) U— =1-
y_-_ - )
Vo 1+ [E]lg(k/K*)t >
(Elo+ Mo+ K*@app) — \/([E]O + 110+ K* @pp)” — 4Ell o
wherevp andv are the velocities at= 0 and at any time, 2[E],
respectively. The data are shown in Figure 4. Nonlinear @

regression analysis based on eq 5 gave the best estimates of

ko/Ki*, that is, 7x 10° and 8.8x 10* M~1 s for ACT and whereKi* app) = Ki*(1 + [S]o/Km) andvg = velocity in the

oaPl, respectively. These directly determined constants absence of inhibitor.

compare favorably with those calculated frdgmand Ki* Figure 5 shows that the titration curves calculated using

measured by the progress curve method (Table 1). eq 7 and the best estimates Kf ,,p) fit the experimental
Direct Determination of K. Progress curves character- data fairly well. With ACT,K* app) Was found to be 1x

izing two-step inhibition are described by an exponential 107 and 1.9 x 107 M for [S]o = 0.5y, and 1.K,,

equation (eq 1) in whichy, is the initial velocity of the respectively, leading to an average valuekgf = 7.2 x
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Scheme 3
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¢ a 10 min incubation time which is long enough to allow
complete conversion of the intermediates into the final
0 T inhibitory complexes, the reaction media were chromato-
2 4 graphed on a cation exchange column (Figure 6A) which
[INHIBITOR] (M) guantitatively separates free and cat G-bound serpins due to

Ficure 5: Direct determination oK* for the EI* complexes t_he enzyme’s cationic character (Figure 6B). The concentra-
formed of cat G and ACT (upper panel)@iP! (lower panel). Cat  tions of cat G-a,Pl and cat GACT complexes were then
G (final concentrationr= 0.36 uM) was added to mixtures of assayed fluorometrically as described in the Materials and
inhibitor and Suc-AlaPro-PhepNA (final concentration= 1.25 Methods section. Figure 6C shows that the molar ratio of
mM (O) or 3.75 mM @)), and the release of product was recorded 5t G-asPI to cat G-ACT is linearly related to the molar

for a few seconds. The tangent to the progress curve=ad was . .
used to calculate,, the initial rate of substrate breakdown in the ratio of freea,Pl to free ACT, as predicted by eq 8. The

presence of inhibitor. Fractional activity v,/ (see eq 7). The  slope of the straight line, that is, the ratiokefouPI)/K* @ipi)

titration curves have been calculated using eq 7 and the bestto ky(act)/Ki*(acty was found to be 0.21, a value that

estimates oK* app) determined by nonlinear regression analysis. favorably compares with 0.15, the ratio calculated from the
constants determinated by the progress curve method (Table

108 M. With o4PI, Ki* appywas 8.2x 1077 M for [S]o = 1), and 0.13, the ratio calculated from the directly determined

0.5, and 1.6x 1078 M for [S]o = 1.5 K, leading toK;* second-order rate constants (Figure 4).

= 5.9 x 107 M. These twoK;* values are fairly close to

those measured with the progress curve method (see Tablgy|scUSsSION

1).

Competition between ACT aruiPI for the Binding of The activity of cat G is regulated by several protein
cat G. Fluorescently labeled ACT anghPI were allowed  proteinase inhibitors, namely mucus proteinase inhib2dy (
tOlcompete fOI‘ the b|nd|ng Of cat G as i”ustrated il’l SCheme present in extravascu|ar Secretions alwmacrog|obu|in
3 in which E stands for cat G. 1b{Pl]o> [E]o, [a1Pl]o > (18), inter-o-trypsin inhibitor @5), ACT, and Pl present

Ki* @ipyy [ACT]o > [E]o, and [ACT} > K*[ACT], and if in plasma. Thew,-macroglobulin-proteinase complexes are
the competition mixtures are incubated long enough to allow partially active on substrated®). Besides, inter-trypsin
conversion of the reaction intermediatesoaPl* and E inhibitor forms a weak complex with cat &(= 6 uM, ref

ACT* into the final inhibitory complexes Ea,Pl and 25 ACT andayPI are therefore the major cat G inhibitors
E—ACT, the concentrations of £a;Pl and E-ACT are in plasma.

related to those of the initial free serpin concentratians [ We have conclusively demonstrated that both ACT and

Pl]o and [ACT} through: ;P inhibit cat G via a two-step reaction mechanism where
_ k * the initial formation of an enzymatically inactive reversible
[E—oPl] _ [ owpy K ac|([e4Pllo ®) complex EI* is followed by an irreversible transformation
[E-ACT] \K*@p) Kaacmy J\[ACT], of this complex into El, the final inhibitory species. We

have used the progress curve method to meak|itethe
Thus, the competition experiment provides a means to equilibrium dissociation constants of the two EI* complexes,
estimate the ratio of the two second-order rate constants ofandk, the first-order rate constants for their conversion into

inhibition. El. Initial velocity measurements of cat G-catalyzed hy-
Constant concentrations of cat G were added to mixturesdrolyses of substrate in the presence of the two serpins
formed of constant concentrations of fluoresee&CT and permitted direct measurementskf whose values did not

variable concentrations of rhodamine;Pl. These concen- differ by more than 27% from those measured by the
trations were chosen in such a way thag f] 25K*. After progress curve method. On the other hand, kinetics of
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0.30 data. Our kinetic data must therefore be considered highly
A reliable. Previous kinetic studies on the inhibition of cat G
a ! b by ACT anda,PI were done under second-order conditions
y - and low enzyme and inhibitor concentratiord 26, 27.
Under such conditions, EI* could not be detected. However,
0.15 - Kassoe that is,ko/Ki*, could be measured. Comparisonkafsoc
from the literature withk,/K;* from this paper reveals that
the data reported for the cat<;PI system are all of the
same order of magnitude3,(26, 27. In contrast,k,/K*
- found here for the cat GACT pair is 2 orders of magnitude
0 5 10 lower than theksssocreported previouslyg). It is, however,
TIME (min) close to theksssocpublished more recently27).
Kinetic measurement of proteinase inhibition using a wide
B range of serpin concentrations provides more reliable infor-
mation than second-order kinetic methods using a single
serpin concentration. For instance, if a sergimoteinase
it association that follows a two-step mechanism is monitored
- - ‘ under second-order conditions usingdE] [1] o ~ K*, the
resultingkassocWill be apparent and underestimated because
Kassoc = Ko/([I]o + K*) (16). Thus, to have a physical
meaning kassocShould be measured usingqi§ Ki* so that
1 2 a b it will be equal toky/Ki*. Since Ki* may vary from one
system to another, the kinetics of inhibition should always
3.0 be assessed using a wide range of.[l]The Kkinetic
C o investigation will then yield eithek./Ki*, a reliable estimate
of Kassos OF kK and K;* separately.

We believe our results have pathophysiological bearing.
As outlined in the first section, uncontrolled cat G-mediated
proteolysis may cause severe pathological disorders. We
may use our kinetic data to see whether ACT anil play
a proteolysis-preventing function in plasma. The concentra-
tions of ACT and a;Pl in plasma are 6 and 2@GM,

y y respectively 28, 29. Thus, the [IyYK* ratio is 100 and 32
0 7.5 15 for plasma ACT andy;PI, respectively. Under such condi-
[o;-PI]y / [ACT], tions, the two initial E+ | == EI* equilibria are almost fully
shifted toward EI*. Thus, immediately after its release in
cat G. (Panel A) A mixture of 0.aM cat G+ 5 uM fluorescein- plasma, cat G will be fu_IIy tak.e” up as EI* complexes with
ACT + 5 uM rhodamine-asPI was chromatographed as outlined ACT anda,PI. Calculation of its partition between the two

in the Materials and Methods section, the arrow indicating the start inhibitors using a distribution diagram for multiple equilibria
of the elution with the buffer containin2 M NaCl. (Panel B) SDS/  (30) shows that 73% binds as an EI* complex with ACT

p-mercaptoethanelpolyacrylamide gel electrophoresis of the and 2794 as an El*complex wiitPl. ACT is thus the most

proteins from Peaks a and b above (lanes a and b), free ACT (lane ; i ; : :
1), and freeoyPI (lane 2). Comparison of the electrophoretic prominent inhibitor from this p0|n£ of view. On the other .
mobilities of the proteins contained in pea and b with the ~ hand, we have shown that both EI* complexes are enzymati-

mobility of the free serpins indicates that peak a contains the free cally inactive. Thus, in plasma, the two serpins behave like
serpins (57 4 kDa) and small amounts of cleaved serpins while tight-binding reversible inhibitors of cat G whose inhibitory

peak b contains the cat-&erpin complexes (8& 3 kDa). (Panel  notential does not depend on the formation of the stable
C) Partition of cat G (constant concentrations) between ACT inhibitory species EI characteristic of serpins.

(constant concentrations) andP| (variable concentrations). The ) oRE . .
fluorescently labeled cat G-serpin complexes were isolated as shown Since inhibition must also be fast to be efficient in vivo
in Panel A and assayed as outlined in the Materials and Methods(15) we have tentatively calculatéd the rate constant of
section. El* formation: k* = kq[l] o + k-1 which may also be written

as k* = k4(1 + [I]o/K*). Since accumulation of EI*
inhibition of cat G under conditions where [EF [l]o < requiresk_; > k;, one getsk* > k; (1 + [I]/Ki*). This
Ki* allowed the direct measurement kffKi*, the second- leads tok* ety > 2.8 ST (typ < 0.25 S) andd* (p) > 1.8
order rate constant of association classically referred to ass-1 (t,, < 0.4 s). Thus, both EI* complexes form very
kassoe The values of these two constants did not differ by yapidly and at rates strongly suggesting physiological inhibi-
more than 55% from those calculated frdm and K* tory function (L5).
measured by the progress curve method. Last, competition The present results lead to the general conclusion that any
between ACT andw,PI for the binding of cat G and assay  gerpin that inhibits a target proteinase via a two-step mech-
of the final cat G-ACT and cat G-a,PI complexes yielded  5nism will express its inhibitory power as an EI* complex
the ratio of the two second-order rate constants, a value thats its in vivo concentration is significantly higher thag*
did not differ by more than 60% from the ratios calculated k,
either from the progress curve method data or fromkthe. and if EI* is inactive. For such serpins the Ef= El

ABSORBANCE AT 280 nm

1.57

[cat G-0i1PI] / [cat G-ACT]

Ficure 6: Competition between ACT anw,PI for the binding of
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conversion will mainly serve to change the conformation of

the inhibitor so as to ensure its rapid plasma eliminatgi). (
In short, inhibition will be governed b¥K* while plasma
elimination will depend ork,.
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