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Humana-thrombin, a 34 kD protease associated with the blood
coagulation cascade, converts fibrinogen into fibrin, which
ultimately forms blood clot$. Thrombin activity has been linked
to reocclusion of coronary arteries after thrombolytic therapy
following heart attacks and therefore is an attractive choice for
the development of new inhibitofs.

Cobalt(lll) Schiff base complexes of clagqacacen) (Figure

1)% bind histidine residues in active sites and on enzyme surfaces

in a random fashiof. Spectroscopic and chromatographic
evidence indicates that the binding of these complexes is
controlled by axial ligand substitution. With several targets,
including thrombin, binding ol to one or more histidines reduces
enzymatic activity'c

To increase inhibitor specificity and potency, a short peptide
(-dFPR-) that is known to have a high affinity for the human
o-thrombin active site was attached to the chelatéigure 1)>7
A triglycine linker was inserted between the Schiff base complex

and the active-site targeting sequence; the peptide was coupled

to the cobalt complex by modification of the Schiff base ligénd,
followed by activation and coupling to the peptide (NEGG-
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Figure 1. Structure of cobalt(lll) Schiff base complexes: =X NHs,
2-Melm; acacen= bis(acetylacetone)ethylenediimine.

d-FPR-CO-NH; 5) via standard solution and solid-phase peptide
synthesis techniqués.

The inhibition of thrombin by3 was evaluated by assaying
the activity of the peptide and cobalt complex in both the
uncoupled and coupled forms (Figure 2}! The targeting
peptide,5, was found to be a reversible inhibitor wikh = 290
uM. Complex2 does not inhibit thrombin, although it does inhibit
other enzymes such as thermoly&inThis lack of inhibition is
likely due to unfavorable interactions of the carboxylic aci®of
with the S1 aspartate located in the arginine binding pocket. In
contrast, the2—5 conjugate 8) strongly inhibits thrombin:

K;
E + CoLX,==E-CoLX + X S e CoL + X

In the reaction of3 (1 uM) with the enzyme, a reversible
interaction K; = 1.2 uM) is followed by an irreversible binding
step with a pseudo-first-order rate constakpj of 3 x 10°°
—1

Alanine was substituted for arginine in the peptide-coupled
complex @) to test whether the increased inhibition is a result of
aspecificpeptide sequence. Alanine is uncharged, and therefore
the resulting peptide lacks a critical interaction required for
binding to the thrombin active site. Indeetiwas found to be a

(9) The starting materiald(2) and products3—5) were characterized by
HPLC, MALDI/TOF, and electrospray mass spectrometry.
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rates were measured spectrophotometrically by using a Hewlett-Packard
HP8452A diode array spectrophotometer equipped with a HP89090A peltier
temperature control accessory. The peptidase activities of thrombin were
determined by following the increase in absorption at 406 nm due to the
enzymatic hydrolysis of Spectrozyme TH. Initial velocities were determined
for <10% of the reaction. All assays were performed in 10 mM Tris, 10 mM
HEPES, 0.1% poly(ethylene glycol), 0.5 M NacCl, pH 7.8 (run buffer), using
3.07 x 10° M thrombin and 40uM substrate concentration. Irreversible
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a final enzyme concentration of 1.54 107 M thrombin and a cobalt
concentrationd) of 1 uM. These samples were incubated at°25together
with controls where the cobalt complex was absentuR@liquots of these
solutions were assayed periodically for residual enzyme activity by dilution
of the solution to 3.0% 10~° M thrombin, followed by addition of substrate
to 40uM. The percent activities reported are in reference to a thrombin control,
which did not lose activity during the course of the experiments.
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Spectrozyme (10, 40, and 1@01) and peptide concentrations ranging from
1 to 20 mM. The IGy value for3 at time 0 is 1.2:M. The pseudo-first-order
rate constant for inactivatiork{,) was calculated from the initial rates of
inhibition according to the following: Iify/Es) = KapdT2 — T1), Wherek;
andE; are the observed activities at timésandT.. TheK; of 3is an upper
limit based upon 16 measurements, wheredG= K; (1 + {[S]/Kmn}) (from:
Cheng, Y.-C.; Prusoff, W. HBiochem. Pharm1973 22, 3099-3108).
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of thrombin, thermolysin, and chymotrypsin was prepared and
made 1uM in 3.> No inhibition of chymotrypsin and thermolysin
was observed, while thrombin was inhibited at this concentration.
In an experiment in which thrombin was incubated with 100
leupeptin, a competitive inhibitoik{ = 8.36 uM)),*® followed
by treatment with3 (1 xM) and removal of excess inhibitor,
enzymatic activity was not diminished. This finding indicates
that binding of3 in the active-site region leads to the observed
inhibition of the enzyme.

The active-site target d3 has not been identified, owing to

! the acid lability of the cobattenzyme complex. The cobalt
] complex may interact reversibly with the peptide backbone or
il one or more accessible side chains in the active site. This

- reversible interaction accounts for the dropKinfrom peptide5

20— to the peptide-coupled compléx However, the slow reaction

’\,‘\x leading to irreversible inhibition may involve substitution at the

i axial positions of the Co(lll) complex; in the fully inhibited

0 — —] enzyme, it is likely that protein ligands occupy these sites.

0 100 200 300 400 1200 The strategy of linking enzyme-directed groups to cobalt
Time (minutes) chelates should be applicable to other systems of therapeutic

Figure 2. Inhibition assay of humaa-thrombin: 1M 3 (®), 100uM interest. Indeed, complek has shown promise as a clinically

3(x), Ki = 1.3uM, kapp=2 x 10551 1 zM 1 (m), K; > 10° uM; 100 useful treatment of ocular infections of herpes simplex virus type

UM 2 (A), Ki > 10° uM; 1 uM 5 (®), Ki = 2.9 x 10 uM. 1 (HSV-1)* Thus, if the mechanism of HSV-1 inhibition is

through interaction with the viral serine protead&then second

100 h— *0— generation viral inhibitors may be developed by linking active-

95 —77—\‘\‘ site-directed groups against the viral protease to the cobalt chelate.

90 In the case of thrombin inhibition, modification 8fcould produce

| inhibitors of clinical interest.

In summary, we have shown that the reaction of an active-
80 site-directed peptide linked to a cobalt chelate leads to selective,
75 irreversible inhibition of thrombin. Further work on such peptide-
70 chelate conjugates could yield powerful and highly selective

1 inhibitors toward a variety of enzyme targets.
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Figure 3. Selective inhibition of thrombin by (M) in the presence of JA981191X
thermolysin @) and chymotrypsin®). Assay of thrombin and M 4
(x). (13) Witting, J. I.; Pouliott, C.; Catalfamo, J. L.; Fareed, J.; Fenton, J. W.
ThEom)b(. ;?es%gﬁia 50, 461—-468. '
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very poor inhibitor (Figure 3), consistent with the proposal that ¢ ¢.;’Burger, R, MComea1998 17, 550-557. (b) Devlin, H.; Geary, P.;
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