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Many biologically active agents have been dis-

covered through screening of crude natural product
extracts. While traditional pharmaceutical screens
have focussed on the search for novel antibiotics
and antitumor agents, an increasing number are
being applied to other therapeutic areas. Recent
examples include the identification of an angio-
genesis inhibitor,1} anticoagulants2) and various
receptor antagonists.3~6) During our studies of

thrombosis in cardiovascular disease, we identified
factor XHIa inhibition as a potential target for
therapeutic intervention that was suitable for

natural product screen development.
Factor XHIais a cysteine transamidase which is

important in the process of normal humanblood
coagulation.7) This enzymeexists as a free plasma
zymogen which, once activated by thrombin in the
presence of calcium, can rapidly crosslink a and
y chains of fibrin via amide bond formation at
specific glutamine and lysine residues. This cross-
linking increases both the resistance to plasmin
degradation as well as the mechanical stability of a
clot. Although congenital factor XHIa deficiency is
known to occur infrequently, it is characterized
by few side effects outside of the potential for
moderate to severe bleeding in homozygous indi-
viduals. Administration of crude factor XHIa
from plasma is an effective treatment for this
deficiency.8) Thus, temporary inhibition of factor
XHIa appears to be a potentially safe adjunct to
other thrombolytic therapies and has been inves-
tigated in animal models.9'10)
A simple assay for factor XHIaactivity in vitro

can be based on the extent of clot dissolution by
denaturants,7) as stability to denaturing conditions
reflects the number of fibrin crosslinks in a clot
(Scheme 1). In this note, we describe a convenient

high throughput method for detecting factor XHIa
inhibitors based on the urea solubility of mini
clots formed in microtiter plates. The method is
amenable to testing both synthetic compoundsand
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natural products extracts, and can be used to
generate estimates of IC50 values. Various enzy-
matic assays which are suitable for more precise
characterization of factor XHIa inhibitors have
been described elsewhere. 1 x ~ 14)

In each well, a test substance (25/il in 10%
aqueous DMSO)is premixed with either distilled
water or 200mM dithiothreitol (5 /xl). To this, 30/il
of crude bovine fibrinogen containing contaminat-
ing factor XIII (Sigma F-8630, lOmg/ml in 0.1m
sodium phosphate buffer, pH 7.2) is added. The
clotting reaction is then started by adding 40^1
of a Ca/thrombin solution, prepared by diluting
25 //1 of bovine plasma thrombin (1,000u/ml) with
3.825ml distilled water and then adding 150/^1 of
500mM CaCl2 immediately prior to use. Clots
begin forming immediately, and may be treated
with urea after two hours at roomtemperature but
are also stable under sealing tape for longer

periods of time. Before initiating the solubility test,
wells are checked visually to ensure that all have
formed clots. Incomplete clot formation at this
point is suggestive of thrombin inhibition.

To determine stability in urea, the clots are
overlayed with 160/d of 8m urea and allowed to
stand, sealed, overnight at room temperature. The
entire sealed microtiter plate is then subjected to
sonication for 30seconds. Control (crosslinked)
clots remain intact after sonication. Clots formed
in the presence of factor XHIa inhibitors show
increasing levels of visible shredding and ultimately
full dissolution as a function of inhibitor dose.
Clot solubility can be scored visually with 10fiM
iodoacetamide serving as a convenient reference
standard for complete clot dissolution. The mini-
mumconcentration of a substance required to
cause any detectable clot dissolution (MDC), such
as visible shredding of the clot or appearance of
clear patches, can be used to estimate the relative

Scheme 1. Overview of the clot dissolution screen for
factor Xllla inhibitors.

Fibrinogen ( + factor XIII zymogen) + test substance
Thrombin + Ca2

Monomeric fibrin (urea soluble)

Factor XHIa (activated)
Fibrin-y-glutamyl-e-lysine-fibrin (urea insoluble)

5m Urea
Clot dissolution => factor Xllla inhibition
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Table 1. Detection levels for reference factor XHIa
inhibitors15) and peptidic substrate analogs in the clot
dissolution assay.

Minimumdetectable
^ , concentration (um)
Compound

- DTT + DTT

Iodoacetamide 1 50
Cerulenin (1) 10 10-25
2 1 25

3 > 1,000 > 1,000
LSLSQSKVLG-NH/ 1 00 50
LSLSFSKVLG-NH/ 500 1 ,000

LSLSESKVLG-NH2a 500 > 1 ,000
LSLS(ORN)SKVLG-NH2 500 > 1 ,000

NQEQVSPLTLLK-NH2b 50 25
NCEQVSPLTLLK-NH2b 100 50

NREQVSPLTLLK-NH2b 1 00 500
NYEQVSPLTLLK-NH2b 1 ,000 500

a Substrate analogs based on casein.19)
b Analogs of the TV-terminus of a2 antiplasmin.16)

potency of factor XHIa inhibitors. Alternatively,

the extent of clot dissolution can be quantified with
a microtiter plate reader by measuring differential
turbidity (405 mm) before and after urea treatment.
In our hands, manual scoring of MDCsproved
adequate for side-by-side comparisons of inhibitor
potencies.

As a cysteine transamidase, factor XHIa is
susceptible to inhibition by general sulfhydryl
trapping agents such as iodoacetamide. Inhibitors
operating by this nonspecific mechanism have little
value for drug discovery and so a simple way to
rule them out is desirable. Such agents can be
made less effective against factor XHIa when the
assay is carried out in the presence of high levels
of thiols. Several thiols were evaluated for this
purpose, and dithiothreitol (DTT) at concentra-
tions below 100/iM was found to be most useful.
Testing samples in the presence and absence of
10fiM DTT proved to be a simple method for
discriminating against nonspecific alkylating agents
that can appear in screening. Lower sensitivity to
DTTreversal than iodoacetamide was imposed as
a requirement for identifying potential inhibitors.
With this criterion, the assay could detect a natural
product inhibitor of factor XHIa, cerulenin,15) at
concentrations achievable in crude fermentation
extracts (Table 1). Cerulenin, however, can be

easily dereplicated during screening by applying a
bioautographic check for antifungal activity in any
factor XHIa inhibiting extract.

Only one factor XHIa inhibitor lead was de-

tected out of 500 solid and liquid fermentation
extracts screened by this method. None of the
extracts showed significant thrombin inhibition.
Thus, the assay appears to be robust and selective.
Preliminary characterization of peptides related to
fibrin and a2-antiplasmin16) showed that only very
specific peptide sequences interfere with factor
XHIa crosslinking of fibrin (Table 1). This method,
although only semi-quantitative, has an advantage
over spectrophotometric and radiometric assays in
that Factor XHIa inhibition is estimated in the
presence of its natural substrate. Recent evidence
suggests that certain functions of factor XHIa are
not detectable with assays measuring transamidase
ligation of small substrates.17'18) A further refine-
ment of the general screen protocol described here
could be achieved by including human sources of
factor XHIa and fibrinogen.
A simple, high throughput microclot assay for
measuring factor XHIa activity has been described.
Our results indicate that this functional assay is
suitable for screening natural products extracts and
synthetic compounds for new factor XHIa in-
hibitors.
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