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Stopped-flow fluorescence kinetic studies of Glu-plasminogen

Conformational changes triggered by AH-site ligand binding
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Binding of 6-ninimnohexanoic acid ta the AH.site, ¢ weak lysine binding site in Glu-plasminugen, ulters the conformation of the melecule The kinet-

s of the binding and the accompanying conformational chunge are invesugualed at pH 7 8, 25°C Changes of intnnsic protein fluorescence were

mensured as a funcuion of time slter rupid mixing in & stopped-New apparatus, The results reflect u tworsiep reuction meehanism. Rupid ussociation

of Glusplasminogen and S-aminohexanoic ueid (K, =44 mM) lallawed by the conformational ehange (k, =69 8- and & , =33 1) with an overall

dissociation constant K =20 mM. Thus the conformational change is rather fast, ¢, , =001 s ltx iImportanve for the rates of Glu-plasminogen
activation reacuions is discussed,

Stopped flow fluorescence, Glu-plisminogen, AH-site, 6-Anunohexuanoic aeid, Canformutionul change, Plasminogen activation

1. INTRODUCTION

Native human Glu-plasminogen (Glu-1-Asn-790)
is the precursor of the fibrinolytic enzyme, plasmin
(EC 3.4.21.7). Conformational changes of Glu-plasmi-
nogen mediated by lLigand binding to the AH-site, a
weak lysine binding site probably located in the kringle §
domain of the molecule [1~3], are important for its
binding to fibrin and its rate of conversion into plasmin
catalyzed by the plasminogen activators, urokinase and
tissue plasminogen activator [4-10].

In order to elucidate these important physiological
processes we have undertaken studies of the Glu-plas-
minogen conformational changes. Here we report the
results of a stopped-flow fluorescence investigation of
the kinetics of the change of conformation that follows
AH-site binding of 6-aminohexanoic acid to Glu-plas-
minogen.

2. EXPERIMENTAL

2.1. Reagenis

Lysine-Sepharose 4B and AH-Sepharose 4B were obtained from
Pharmacia (Uppsala, Sweden), §-aminohexanoic acid from Fluka
(Buchs, Switzerland) Aprotinin (Trasylol) was kindly provided as a
gift from Bayer (Leverkusen, Germany) All other chemicals were
anlytical grade either from Fluka (Buchs, Switzerland) or Merck
(Darmstadt, Germany)

Human Glu-plasminogen was prepared essentially as descnibed in
[11] from frozéen human plasma kindly provided as a gift fiom Novo
Nordisk A/S (Copenhagen, Denmark) It was separated from munor
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amounts of partially degraded plasminogen on AH-Sepharose 4B asin
(2] Glu-plasnunogen was stored in 0.050 M Tris-HC1/0 10 M NaCl,
pH 7 80 a1t = 20°C. The approximate concentration of Glu-plasm-
nogen wasdetermined from absorbance measurements, using the value
Elf = 162 [12).

22 Stopped flow hinetic experiments

Kinctic experiments were performed in a Hi-Tech Scientifie
PQ/SF-53 spectrofluorimeter equipped with a high intensity xenon
arc tamp The excitation wavelength was 280 nm, shit 5 nm Energy
emitted from the reaction mixtures passed a WG 320 filter before
ieaching the photomultiplier Series of stopped-flow experiments were
performed at 25 0°C 1n 50 mM Trnis-HCI, 100 mM NaCl, pH 7 80
Afier mixing of Glu-plasminogen (1 § M, final concentration) and
6-amuinohexanoic acid (0-200 mM, final concentrations) the intrinsic
protein fluorescence intensity (arbitrary units, V) was recorded for
200 ms Mixing was achieved 1n less than 1 ms In each experiment
400 pairs of data were recorded, and sets of data from 5-6 experiments
at |dentical conditions were averaged Each averaged set of stopped-
flow data was then fitted to a number of non-linear analytical equa-
nons using the Hi-Tech HS-1 Data Pro software The regression
analysis used 1s based on the Gauss-Newton procedure

3. RESULTS

Fig. 1 shows the result of a typical stopped-flow ex-
periment measuring the intrinsic protein fluorescence
change after mixing of Glu-plasminogen and 6-amino-
hexanoic acid. The fitted curvellustrated is the one cor-
responding to a single exponential progress (Eqn 1):

AF(L,1) = AF(L,®)(1 —exp(—Kobs1)) (1

where Kobs 15 the observed first-order rate constant, and
AF(L,1 s the relative fluorescence change observed at
the actual ligand concentration, [L], and time, ¢, which
attains the value 4 F(L,0) at equilibrium. Eqn | showed
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Fig. 1. A typieal time ¢ourse ablained after mixing of Glu-plasmi.

nogen and -aminvhexanaie acld in the stopped-Aaw Nuarimeter. In

this example the final concentrations were: 1.8 4M Glu plasminegen

and 100 mM G.aminehevaneie acid The flited curve carrespends to
an averall first-order progrews (Eqnl in the texn)

the most accurate fit to the measured data at all concen-
trations of 6-aminohexanowe acid employed.

The values of kqs and 4 F(L,0) for the interactions
of Glu-plasminogen with é-aminohexanoic acid, ob-
tained from fits to Eqn |, were analysed according to
ihe two plausible reaction models, Schemes I and II
(Fig. 2).

Figs 3 and 4 show the dependences of ke, and
AF(L,o), respectively, on the concentration of 6-amino-
hexanolc acid. Obviously the dependence of &ons On the
ligand concentration 1s non-linear and not 1n agreement
with Schemne I.

Scheme Il on the other hand is1n good agreement with
the experimental results as seen from Figs 3 and 4. The
kinetic parameters obtained were K= (44 = 4) mM,
hea=@x1)s™  ky=(69+4)s™!, K2 = (0.04 £ 0.01),
and Ky = (2.0 £ 0.3) mM.

It 1s further worth noticing that low concentrations of
6-aminohexanoic acid (<10~* M) did not give rise to
significant changes of the intrinsic protein fluorescence
of Glu-plasminogen (Fig. 4).

4 DISCUSSION

Conformational changes of Glu-plasminogen med-
ated by binding of ligands to the AH-site, as defined in
[1], are generally considered important for its rate of
conversion into plasmin [4-10]. Several laboratories
have studied the overall kinetic and binding properties
of the Glu-plasminogen activation systems, but the rate
of the conformational change has hitherto not been
determined.

In this paper we report the results of a series of
stopped-flow kinetic experiments in which the change
of intrinsic protein fluorescence in Glu-plasminogen

FERS LETTERS

Januvary 1991
SCHEME |
Pel <= PL
-rhl‘-—
< APLLLL o ko
Kp iPLI ,
haps ® K IL1 ok, (11}
JF
JF(L =) = —2. (1 2)
‘.;.J-(.L
Ll
SCHEME II
Pol z==r PL <t pU
k.7
. LPULT Y LYY
R = IO [ I TeK
kobs T k.o (21)
(L]
AF(Lw) = oo (2 2)
P BAL LY S
ITT-K;)

Mg 2 To explain the results on the relative fluorescence changes in
the reaction of Glu-plasminogen, P, with 6-anunohexanoic acid, L,
two reaction schenies are considered Scheme [ assumes asimple inter-
action with the formation of only one complex, PL, giving rise to the
intrinsic protem fluorescence changes Schieme 1l further takes 1nto
account a change of conformation of the first complea, and relates
the change of fluorescence to a second complex, PL’' The corre-
sponding concentration dependences of experimentally determined
parameters, Aow and AF(L,0), are given in Eqns1 1-2 2 kops and
AF(L,») are defined in the text (Eqn 1). K15 the overall dissociation
constant, X, s that of the association complex, PL, and X3 is the
equihibrium constant of the two conformations of the Glu-plasmi-
nogen-G-aminohexanoic acid complexes, PL and PL’, of which the
individual first-order rate constants are k; and X-» 4 Fraa 15 the max-
imal relative fluorescence change at saturating concentration of L

after rapid mixing with 6-aminohexanoic acid was meas-
ured (example in Fig. 1). No changes were observed at
concentrations of 6-aminohexanoic acid in the range
107%-10"* M. Saturation of the high affimty lysine bind-
ing site (Ka =10"° M [13]) accordingly 1s of little im-
portance for the induction of the gross conformational
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Fig 1 The observed value of the rate constant, Aw,, plotied againa

the comentration of G-anunohexansie aefdd  The eurve shown iv vb.

tned from o N 1o Bynd 3 (g 2) with the resulting paramelers
At mM, A s=3 57" andky =69 !

change in Glu-plasminogen. This 1s in accordance with
the results of recently published small angle seattering
studies of the system [14].

The most simple reaction model that Fits the observed
data s Scheme Il of Fig. 2, according to which the bind.
ing of the ligand involves two steps: (1) an association,
which 1s the faster step, followed by (ii) a rate-deter-
mining, but rather fast conformational change, ¢, =
0.01 s The concentration dependences (Figs 3 and 4)
clearly show that the fluorescence changes involve AH-
site binding. The overall dissociation constant of this
6-aminohexanoic actd-Glu-plasminogen complex 1§
Ka = 2.0 mMin good agreement with previous AH-site
results [1,13,14]

The conformational change determines the overall
rate of the ligand binding process. its rate constant,
70 5! (pH 7.8, 25°C), 1s approximately 20 times larger
tnan the values of the catalytic constant of plasminogen
activator catalyzed conversion of Glu-plasminogen-
ligand complexes into plasmin. Although such values
differ somewhat, the reported 4.5 are of the order of
magnitude 0.5-5 s™' [6-10]. Ligands that induce con-
formational changes in Glu-plasminogen facilitate its
activation. But as we have seen here the rate deter-
mining step(s) of the activation reaction 1n the presence
of ligands are to be found 1n the actual plasminogen ac-
tivator catalyzed process. The ligand induced confor-
mational change of Glu-plasminogen 1s definitely not
the slowest step. In the absence of ligands the situation
15 quite different The same change of Glu-plasminogen
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Fig 3 The equhibrium valués of the relative Muoreweners Jhange,
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canformation may be required, and when no ligand is
present, that change may proceed at a very low rate and
thus determine the rate of the activation.
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