Plasmin degradation of the alpha chain of fibrinogen/fibrin:
improved activation constant and activity determination in
assays for tissue plasminogen activator
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SUMMARY

Objectives. The aim of this investigation was to increase the efficiency of ternary complex for-
mation (fibrin-plasminogen-tissue-plasminogen activator) in the degradation process of the
three-dimensional soluble fibrin monomer.

Materials and methods. Fibrinogen was purified from human plasma by repeating pre-
cipitation six times, using different concentrations of cold ethanol. Fibrinogen was con-
verted to DesAAfibrinogen by degradation with bathroxobin. Human plasminogen was
purified by affinity and ion-exchange chromatography, and activated to plasmin by in-
cubation with uroRinase. Digested DesAAfibrinogen was prepared by controlled digestion
with plasmin.

Results. This study demonstrates that the o-chains of DesAAfibrinogen sterically hinder the
formation of the ternary complex and are first degraded by plasmin. The degradation of
tibrin(ogen) facilitates the in vitro determination of tissue plasminogen activator activity. Fi-
nally, release of fibrinopeptide A from bathroxobin-cleaved fibrinogen was confirmed, opti-
mized and evaluated by various methods.

Conclusions. Use of digested desAAfibrinogen with plasmin yielded a more stable activation
constant of the ternary complex than that of undigested DesAAfibrinogen.
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RESUMEN

Degradacion por la plasmina de lIa cadena alfa del
fibrindgeno/fibrina: mejoria de la constante de ac-
tivacion y determinacion de Ia actividad en ensa-
yos para el activador del plasmindgeno tisular

Objetivos. El propdsito de la presente investigacion
fue incrementar la eficacia de la formacién del com-
plejo terciario (fibrina-plasmindgeno-activador tisu-
lar del plasmindgeno) en el proceso de degradacion
de la estructura tridimensional del monémero de fi-
brina soluble.

Materiales y métodos. El fibrindgeno fue purificado
de plasma humano, por seis precipitaciones repeti-
das, con diferentes concentraciones de etanol frio. El
fibrindgeno fue convertido a desAAfibrinégeno por
degradacién con batroxobina. EI plasmindgeno hu-
mano fue purificado por cromatografias de afinidad
e intercambio ionico y activado a plasmina con uro-
quinasa. El desAAfibrinogeno digerido fue preparado
por digestién controlada con plasmina.

Resultados. Este estudio demuestra que la cadena
o del desAAfibrindgeno, dificulta la formacién del
complejo terciario, por impedimentos estéricos, por
lo cual la cadena a se someti¢ a hidrolisis controlada
con plasmina, facilitando asi la determinacion in vitro
de la actividad del activador tisular del plasmindge-
no. Finalmente, la liberacion del fibrinopéptido A por
hidrdlisis del fibrindgeno con batroxobina, fue con-
firmada, optimizada y evaluada por varios métodos.

Conclusiones. El uso de desAAfibrinogeno digerido
con plasmina da una constante de activacion mas es-
table en la formacién del complejo terciario que el
desAAfibrindgeno no digerido (fibrina-plasminoge-
no-activador tisular del plasminégeno).

PALABRAS CLAVE

Activador Tisular del Plasminoégeno; Fibrina;
Fibrinégeno; Plasmina; Plasmindgeno

INTRODUCTION

Plasminogen activators (PAs) are serine proteases
that convert plasminogen (plg), a widely distributed
zymogen, into plasmin (pli), a trypsin-like protease of
broad specificity. Two types of PAs have been identified
in mammalian cells. They are produced from two
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related but distinct genes and are referred to as u-PA
(uroRinase-type) and t-PA (tissue-type) (1-3). Though
they share similar catalytic activities, u-PA and t-PA
differ in their molecular weights, immunological
reactivities, and interactions with other proteins, such
as extracellular matrix components and cell surface
binding sites.

u-PA, which is produced and secreted by a variety
of cell types, including monocytes/ macrophages (4,
5), trophoblasts (6,7) and epithelial cells, is thought
to participate in the extracellular proteolysis that ac-
companies tissue remodeling and cellular invasion
(1,2,8). By contrast, t-PA, which has a high affinity for
fibrin (9, 10) and is synthesized by endothelial cells as
a one-chain protein of 527 amino acid (a.a.) residues
and 10% carbohydrate (11), constitutes an important
protein in the fibrinolytic pathway, where its activity is
thought to play a major role in the fibrinolytic system
(12-15). The physiological role of t-PA is to activate plg
to pli. The latter enzyme possesses the capability to
degrade fibrin and its precursor molecule, fibrinogen
(fb). The t-PA molecule is present as a single chain, and
in the presence of low levels of pli (16), this protein
is converted into a two-chain form, whose peptide
chains are linked by a disulphide bond after hydroly-
sis of the peptide bond between Arg®> and Ile*®. The
two-chain form has similar plg activating potential as
the single chain form (16).

t-PA is available for use as a thrombolytic agent (17,
18), is produced by genetic engineering (19), and is
designated recombinant t-PA (rt-PA) to distinguish it
from the native material.

Fibrinolysis is regulated by specific interactions be-
tween t-PA and fibrin, as well as interactions between
pli and the specific pli inhibitor, a-antiplasmin. In the
t-PA assay, the fast-acting specific inhibitor for single-
chain t-PA, plg activator inhibitor type 1 (PAI-1), (20,
21) is usually present in large excess over t-PA and
must be blocked from quenching t-PA activity.

Abnormalities in t-PA levels are reported in a number
of diseases and conditions. Patients with deep vein
thrombosis are reported to have elevated PAI levels
(14,15,292), and a higher risk of myocardial infarc-
tion (23) and stroke (24). In recent studies, t-PA was
used as a therapeutic agent. It is effective as throm-
bolytic therapy, particularly for the treatment of acute

IATREIA VoI 26(3) julio-septiembre 2013



ischemic stroke (25-30). Treatment with t-PA requires
determination of the blood plasma t-PA concentra-
tion before and after treatment. Several assay Rits are
commercially available for the determination of t-PA
activity and t-PA antigen concentration. In this report,
we demonstrate that digested fibrin (DesAAfibrino-
gen) can be used to avoid the non-linear phase of the
assay. Manufactures of current assay Rits, particularly
the t-PA activity assay, should take into account the
data reported in this paper when developing a more
accurate assay for determining t-PA activity.

MATERIALS AND METHODS

Chemicals

All buffer components, salts and other chemicals
employed were of the highest available purity (ana-
Iytical grade). Epsilon aminocaprioic acid (e-ACA),
phenylmethanesulfonyl fluoride (PMSF), dimeth-
ylsulfoxide (DMSO), methanol, acetic acid and Tri-
ton X-100 were from FluRa; sodium citrate was from
MercRk; N,N’- methylene-bis-acrylamide, ammonium
persulphate, N ,N,N’,N’-tetramethylethylenediamine,
B-mercaptoethanol, sodium dodecyl sulphate (SDS)
were from Bio-Rad; sodium chloride (NaCl), absolute
ethanol, sodium acetate and urea were from Riedel-de
Haén; di-sodium hydrogen phosphate dehydrate was
from MercR; Lysine-Sepharose® 4B was supplied by
Amersham Biosciences; diethylaminoethyl cellulose
(DEAE), Aprotinin 7 TIU/ml, and the Bicinchoninic Acid
Kit for Protein Determination were supplied by Sigma;
the chromogenic substrate for pli was from Spectro-
zyme; H-Gly-Pro-Arg-Pro-OH *2HCI, bathroxobin and
t-PA were supplied by American Diagnostica Inc; and
the low molecular weight marker (94 RDa (phosphory-
lase b), 67 kRDa (bovine serum albumin), 43 RDa (oval-
bumin), 30 RDa (carbonic anhydrase) 20.100 kDa (Tryp-
sin) and 14.4 RDa (lysozyme)) was supplied by Bio-Rad.

Plasma samples

Human blood was collected in bags containing citrate,
dextrose and adenine (PDA-1) as an anticoagulant,
and plasma was obtained in its freshest form from
the Erasmo Meoz Hospital in Ctcuta, Colombia. All
samples were tested for hepatitis, VIH, Chagas and
other infectious diseases, and were certified to be free
of these antigens.

Human plasminogen

Affinity chromatography

Human plg was purified by affinity chromatography
on Lysine-Sepharose® 4B, according to the method of
Deutsch and Mertz (31), using 35 ml of Lysine-Sepha-
rose® 4B packed in a 12 x 2.0 cm column (Bio-Rad)
and equilibrated with three column volumes of 0.1 M
phosphate buffer containing 0.15 M NaCl pH 7.3 (PBS)
at a flow rate of 2 ml/min. The plasma sample (200
ml) was applied and the column was washed with
the same buffer until an absorbance of A< 0.01
was achieved. Bound plg was eluted with 100 ml PBS
containing 0.05M e-ACA, and 2 ml fractions were col-
lected. The plg concentration was determined at A

using (¢'%), = 1.68 as the absorption coefficient (3 Im;o
The preparation was concentrated to approximately
1 mg / ml, using an Amicon device with a 10-kRDa ex-
clusion membrane (Millipore). The plg solution was
dialyzed overnight at 4 °C against a buffer containing
0.06 M Tris, 0.06 M NaCl, and 0.02 M HCI pH 8.5 (Buffer

A) in 25 mm dialysis tubing.

lon exchange chromatography

Human plgs (Lys and Glu) were separated in a 5 cm x
0.25 cm column (Bio-Rad) packed with 4 ml of DEAE
Sepharose FF equilibrated with buffer A. Sample was
added to the column and washed with buffer A until
A, = 0.01 was achieved. Elution was performed by
using a linear gradient of Buffer A and 0.07 M Tris, 0.22
M NacCl, 0.06 M HCI pH 7.5 buffer (Buffer B) and a flow
rate of 1.5 ml/ min, according to the method of Canas

(32), and 3 ml fractions were collected,

The plg concentration was determined, and the sam-
ple was concentrated as before, converted into pellets
by dropping the protein solution into liquid nitrogen,
and stored at -80 °C until use.

Fibrinogen purification

Fb was purified from plg-depleted plasma, according
to the method used by Blomback and Blomback (33).
Briefly, the plasma was precipitated six times using dif-
ferent concentrations of cold ethanol with constant
stirring.

The precipitated fb was centrifuged and washed with
ethanol after each precipitation step. The final fb
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preparation was resuspended in PBS buffer, and the
concentration was determined at A%O using (€'*) rom =

1.51 (33, 34) as the absorption coefficient. The fb solu-
tion was pelleted and stored at -80 °C until use.

DesAAfibrinogen

The peptide Gly-Pro-Arg-Pro-OH ¢2HCI was added
to a final concentration of 3 g/L to 2.26 g/L fb. Bath-
roxobin was then added to a final concentration of
0.05 BU/ml at 25 °C. At regular time intervals (every
30 minutes) over a 5 hour period, 400 ul samples were
drawn into micro-centrifuge tubes and stored at -80
°C until analysis. The assays were performed accord-
ing to the method of Wiman and Rénby (35).

Isolation of fibrinopeptide A by HPLC
chromatography

DesAAfibrinogen samples of 400 ul were boiled in a
water bath for 10 minutes, centrifuged for 5 minutes at
10.000 rpm, and then passed through a 0.2 um mem-
brane filter. A 250 ul sample was injected onto a 50 x
5 mm column of nucleophil C-18 (5 um) equilibrated
with 0.02 M ammonium acetate (adjusted to pH 6.0
with orthophosphoric acid) containing acetonitrile,
94:6 (v/v). The column was eluted over a 30 minute
period at a flow rate of 1.5 ml/minute with a 0 to 50%
gradient of equilibration buffer and 0.05 M ammo-
nium acetate (adjusted to pH 6.0 with orthophospho-
ric acid) containing 75:25 (v/v) acetonitrile. Peptides
peaks were detected at A = 210 nm and collected (36).

Determination of fibrinopeptide A concentration

Peak 2 (represents fibrinopeptide A) was collected, dia-
lyzed against 10 mM sodium acetate pH 6.0, and con-
centrated in 25 mm dialysis tubing against PEG-2000.

The fibrinopeptide A concentration was determined
using the Bicinchoninic Acid Kit (Sigma procedure N°
BCA1) (37).

Activation of Glu-Plasminogen to Glu-Plasmin

u-PA (6.72 ul) was added to a final concentration of
739 IU/ml (“activated solution”) to 1 mg plg incu-
bated at 37 °C. The reaction was followed spectro-
photometrically at A, ,, using the pli chromogenic
substrate, Spectrozyme. The substrate (0.3 mM; 60
pl) and 3 pl of “activated solution” incubated for 0,
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1,3,6,9, 15, 25 and 35 min were added respectively
to each of eight test tubes. After 12 seconds the reac-
tion was interrupted by adding 10 pl 4 M acetate pH
3.8. Color development was followed at A, _ in each
test tube. The final concentration of each test tube
was then adjusted to 25% glycerol using pure glyc-
erol, and the solution was homogenized and stored
at -20 °C until use.

Determination of plasmin concentration

The hydroxylation of the substrate at 37 °C (10 mA
(A4os) equivalent to 1 nM pli), was performed accord-
ing to the supplier’s instructions.

Substrate (60 ul) and 3 pl “activated solution” were
added to three test tubes, which were incubated at
37 °C for 0, 1 and 2 min, respectively. The reactions
were stopped by adding 10 ul stopping solution (4 M
acetate pH 3.8). The A405 absorbance was determined
and recorded for each reaction time interval (18, 20).

Electrophoretic analysis

SDS-PAGE on a 12.5% acrylamide gel was per-
formed under reducing conditions according to the
method of Laemmli (38). Protein samples of 15 ug
were mixed with SDS sample buffer (1:1 (v/v)). The
samples were boiled in SDS sample buffer contain-
ing B-mercaptoethanol for 5 minutes at 100 °C and
applied to the gel. Protein bands were visualized by
staining the gel with Coomassie Brilliant Blue G250.
A low molecular weight range marRer was also ap-
plied to the gel to estimate the molecular weights of
the protein bands.

Densitometry scans

Densitometry scans were performed on a General
Electric scanner using the Amersham Biosciences gel
scanning accessories, the gel scanning program Im-
age Quant TL, and the software Image analysis version
2003.

Determination of t-PA activity as a function of
fibrinopeptide A release

The following components were added to a 96-well
micro test plate in the following order: 200 ul reagent
containing 60 pug/ml Glu-plg, 0.5 mM Spectrozyme
substrate for pli, 0.020 M sodium phosphate buffer (pH
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7.3), 0.1 M NaCl and 1 g/L Triton X-100; 10 pl DesAA-
fibrinogen incubated for times ranging from 0-270
minutes; and 24 ul of t-PA (1.5 [U/ml). The micro test
plate was incubated for 45 minutes at 25 °C, and the
reaction was then terminated by adding 10 ul 1 M ace-
tic acid. The absorbance at A, , was measured using a
twin reader micro test plate reader (BioteR), equipped

with a 25 °C incubator.

Digested DesAAfibrinogen preparation

Digested DesAAfibrinogen was prepared by controlled
digestion of DesAAfibrinogen with pli. Different vol-
umes (0, 4.6, 9.2 or 13.8 ul) of 4.3 uM pli were added to
four 1-ml aliquots of DesAAfibrinogen to yield a final
pli concentration of 0, 20, 40 and 60 nM, respectively.
The solutions were incubated at 25 °C for 3 minutes,
and the reactions were terminated by adding 8.1 pl
aprotinin to a final concentration of 243 nM. A 2-ul
aliquot of the digested solution was collected every
30 s and was mixed 1:1 (v/v) with electrophoresis de-
naturing sample buffer. The digestion was monitored
electrophoretically, and the digested DesAAfibrinogen
sample was stored at -80 °C until use.

Activity of t-PA with DesAAfibrinogen and
digested DesAAfibrinogen

The following components were added in the fol-
lowing order to a micro test plate of 96 wells: 200 pl
reagent containing 60 ug/ml Glu-plg, 0.5 mM Spec-
trozyme substrate for pli, 0.020 M sodium phosphate
buffer (pH 7.3), 0.1 M NaCl and 1 g/L Triton X-100; 10 pl
of DesAAfibrinogen or digested DesAAfibrinogen; 24 pl
of t-PA in the activity range of 0 to 0.2 IU/ml, dissolved
in the same buffer as above. All solutions were equili-
brated at 37 °C, and all pipetting was performed at a
constant room temperature of 37 °C. The micro test
plate was incubated at 37 °C, and the difference in ab-
sorbance at 405 nm and 492 nm was determined in a
twin reader micro test plate reader (BioteR) equipped
with 37 °C incubator.

Determination of the activation constant

The activation constant for DesAAfibrinogen and
digested DesAAfibrinogen was determined using
the following equation: K = AA/ A(tPA) x t2, where
AA is the difference in absorbance determined at
405-492 nm, At-PA is the difference of t-PA activity

between two determination points, and t is the re-
action time.

Fibrinopeptide A sequence

Sequence analysis of the HPLC peak fraction, which
was dialyzed extensively in 10 mM acetic acid, was
Rindly performed by Doctor Per-Ingvar Ohlsson (Ed-
man degradation methodology) at the Umea Univer-
sity, Umed, Sweden (39).

Peptide sequence

The peptide was submitted to SDS-PAGE using a
12.5% acrylamide gel. The digested DesAAfibrino-
gen from the SDS-PAGE gel was electroblotted to
sequence grade PVYDF membrane. The peptide band
of 26.300 Da was cut from the membrane and pro-
cessed by N-terminal amino acid sequencing (39).
The peptide sequencing was Rindly performed by
Doctor Per-Ingvar Ohlsson (using the Edman deg-
radation method and HPLC) at the Umed University,
Umed, Sweden.

RESULTS

DesAAfibrinogen was prepared by allowing 0.05
BU/mlI bathroxobin to convert 2.26 g/L b to DesAA-
fibrinogen, in the presence of 3 g/L Gly-Pro-Arg-
Pro-OH ¢2HCI. t-PA activity was monitored and
observed to be maximal and sustained after ap-
proximately 180 minutes (Fig. 1A), and HPLC analy-
sis confirmed that a peptide was released at a simi-
lar rate (Fig. 1B). This peptide appeared in the HPLC
chromatogram at positions previously reported for
fibrinopeptide A (40).

The peptide was collected during HPLC analysis, dia-
lyzed against 10 mmol/L acetic acid, and subjected to
amino acid sequence analysis. BCA protein analysis
was performed before and after dialysis, and no appar-
ent loss was observed. Amino acid sequence analysis
yielded a peptide sequence that corresponded to that
of fibrinopeptide A. Peaks 1 and 3 in Fig. 2 correspond
to the positions of phosphorylated fibrinopeptide A
(Ser-5-P) and fibrinopeptide A lacking the N-terminal
alanine residue, respectively. BCA analysis of the col-
lected peak 2 revealed that 3.75 mg fb was released
about 36 ug fibrinopeptide, which corresponds to 90%
of the theoretical value.
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Figure 1. Bathroxobin conversion of fb to DesAAfibrinogen. Digestion was monitored (1A) by an increase in t-PA promoter
activity, and (1B) by release of fibrinopeptide A. These experiments were performed at 25 °C
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Figure 2. HPLC analysis of fibrinopeptide A. Peaks 1 and 3 correspond to phosphorylated fibrinopeptide A (Ser-5-P
and fibrinopeptide A lacking the N-terminal alanine residue, respectively). Peak 2 represents fibrinopeptide A

The desAAfibrinogen obtained after 180 minutes of
bathroxobin digestion (Figs. 1A-B) was digested for 3
minutes by pli at final concentrations of 20, 40 or 60
nM to obtain degraded DesAAfibrinogen preparations,
which were designated as digested DesAAfibrinogen
20, digested DesAAfibrinogen 40 and digested DesAA-
fibrinogen 60, respectively. Fig. 3A-B shows the results
of SDS-PAGE analysis of these preparations.
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The SDS-PAGE gels were stained with Coomassie
brilliant Blue and submitted to densitometry analy-
sis, (Fig. 3B). Pli digestion was seen to first affect the
a-chain of DesAAfibrinogen (20 nM pli) and then the
B-chain (40 nM pli).

The y-chain appeared less sensitive to pli digestion, as
can be seen in Fig. 3B, position D.
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Figure 3. A. Coomassie Brilliant Blue stained SDS-PAGE gel of DesAAfibrinogen and three preparations of
digested DesAAfibrinogen. Lane 1, mixture of standard proteins of low molecular weight. The sizes of
the standards are indicated to the left. Lane 2, DesAAfibrinogen. Lanes 3, 4, 5, DesAAfibrinogen diges-
ted with 20, 40 and 60 nM pli, respectively. Figure 3B. Densitometry scans of the SDS-PAGE gel depicted
in Fig. 3A. Results for A through to D in figure 3A correspond to lanes 2, 3 ,4, and 5, respectively, in Fig. 3B

The potencies of the digested DesAAfibrinogen prepa-
rations as promoters of t-PA activity were studied, and
differences in the activation constants were observed
between DesAAfibrinogen and digested DesAAfibrino-
gen (table 1). The digested DesAAfibrinogen showed
a constant and linear activation, while undigested
DesAAfibrinogen showed decreasing activation.
These results were confirmed by the linearity of t-PA
activity in the presence of digested DesAAfibrinogen,

and the low level of activity, referred to as the ‘lag
phase’, in the presence of undigested DesAAfibrino-
gen (Fig. 4). Furthermore, the promotion of t-PA ac-
tivity by digested DesAAfibrinogen gradually became
lower when the preparations were more extensively
digested with pli (60 nM) (Fig. 5). It was noted that
all digested DesAAfibrinogen preparations could be
used to promote t-PA activity, as evidenced by the
linear standard curves.
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Table 1. Activation constant for DesAAfibrinogen and digested DesAAfibrinogen

. Digested
tPA(IU/ml) DesAAfibrinogen DesAAfibrinogen
0,150 1,72 2,09
0,100 1,90 2,28
0,075 1,50 2,57
0,050 1,18 2,82
0,025 0,74 2,48
0,012 0,48 2,24
05 0,45
045 y=2,1038x + 0,0424 o4 y=2,1218
o R?=0,9987 £ o3 R*= 0,998
E 035 § 03
5 03 I 0,25 y=1,6399x
8 g R?=0,9951
5 0,25 = 02
g o2 s
P 2 o015
< 015 < y = 0,94x
] 0.1 R?=0,9944
@ o1
0,05 0,05
0 0
0 0,05 0.1 0.15 02 0,25 0 0,05 0,1 0,15 0,2 0,25

tPAACTIVITY IU/ml

Figure 4. One chain t-PA mediated fibrinolysis with ® DesAAfibrinogen
and B digested DesAAfibrinogen, with 20 nM pli for 3 minutes, at 37 °C

N-terminal amino acid sequencing was performed
on fibrinopeptides previously obtained by HPLC
(Mw 26.300 Da) and on one peptide band from
the pli digested DesAAfibrinogen preparation (Mw
26.500 Da).

tPAACTIVITY IU I ml

Figure 5. One chain t-PA mediated fibrinolysis with digested
DesAAfibrinogen B20 nM; @ 40 nM; A 60 nM pli for 3 minutes at 37 °C

The N-termini were sequenced by Edman degrada-
tion. Table 2 shows the sequence results of DesAA-
fibrinogen and fibrinopeptide A, as well as the pep-
tides separated by SDS-PAGE analysis after digestion
of DesAAfibrinogen with pli.

Table 2. Edman degradation of N-terminal sequences of fibrinopeptide A
and the peptide bands released after DesAAfibrinogen digestion, localization sites, and approximated molecular weights

No. sequences
1. GPRVW (202 a.a.)
2. ANSGE (16 a.a.)
3.5QLQK (204 a.a.)
4.TGKEK (185 a.a.)
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Localization in DesAAfb
G/7-PIE-RIS-V-21 | K219
A-N2-S*-GH-ES

§20.Q221-| 22)_ Q223 K224, R424
T425-GA6_K427-E428-K429 /610

Approximated M
26.300 Da
1.800 Da
26.500 Da
24.000 Da
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DISCUSSION

The a-chain of fb is digested by bathroxobin be-
tween amino acid positions 16-17 (Arg-Gly) (41)
to form DesAAfibrinogen and fibrinopeptide A. N-
terminal peptide sequencing of DesAAfibrinogen
(Table 2, position 1) indicated the anchor sites of
bathroxobin, and that of isolated fibrinopeptide A
confirmed the release of a 16 amino acid peptide
with residues in the order A'-N*-S$3-G*-E°......... R'®
(Table 1, position 2). Upon formation, DesAAfibrino-
gen may act as a t-PA stimulator in t-PA assays by
binding both plg and t-PA. It was noted that DesAA-
tibrinogen greatly enhanced the rate of plg proteolytic
hydrolysis to form pli. Bathroxobin digestion of fb is
highly selective at the low concentration (0.05 BU/
ml) used in the assay. HPLC analyses of digested fb
showed only fibrinopeptide A, and no trace of fibri-
nopeptide b or any other possible peptide products
(Fig. 2). Other studies show that bathroxobin is able
to further digest the fb a-chain when used at higher
concentrations or for longer incubation times (42).
The amino acid sequence analysis confirmed that
only fibrinopeptide A, with the sequence A'-N2-S3-
G*E®°....R'®, was released under the assay condi-
tions used.

Digestion of DesAAfibrinogen with increasing con-
centrations of pli showed digestion characteristics
that were different from that of bathroxobin. This
was revealed by the many different peptide prod-
ucts seen after HPLC analysis of the products of pli
digestion, even when a lower concentration of pli
(20 nM) was used. Two primary sites of pli hydroly-
sis in the DesAAfibrinogen a-chain were identified
as pli anchor sites; these were positions Lys, -Ser,,,
as previously described by Doolittle et al (43). (Table
9, position 3 and 4). Pli cleavage of desAAfibrinogen
contributed to a more stable activation constant for
the ternary complex, as compared with that of un-
digested DesAAfibrinogen (Table 1). This indicates a
constant affinity of plg- and t-PA- for digested DesAA-
fibrinogen during the t-PA assay. The results of the
digestion of DesAAfibrinogen with pli indicated that
pli first begins its digestion of DesAAfibrinogen in the
a-chain. This digestion of the a-chain occurred at
especially low pli concentrations (20 nM), and within
three minutes of incubation (Fig. 3b), as can be seen
when the a-chain peakR in position A is compared

with that of position B in Fig. 3b. These results also
demonstrate that it is the a-chain that interferes with
DesAAfibrinogen-plg-t-PA complex formation. After
digestion of DesAAfibrinogen with pli, the linearity
of the t-PA assay was improved considerably when
compared to the non-linearity of t-PA assays using
undigested DesAAfibrinogen (Figure 4); the dissocia-
tion constant of the ternary complex with digested
DesAAfibrinogen (DesAAfibrinogen-plg-t-PA) was
lower than that of the ternary complex with undi-
gested DesAAfibrinogen.

Therefore, digestion at pli concentrations greater
than 20 nM is not required to produce DesAAfi-
brinogen or to improve the accuracy of tPA activ-
ity determinations. All these results clearly demon-
strate and support the notion that the a-chain is the
least important one for the binding of both plg and
t-PA to DesAAfibrinogen. After degradation of De-
sAAfibrinogen with 60 nM pli for 3 minutes, only
8.3% of the a-chain (Fig 3b) remaining in positions
A through D remained intact. Despite extensive deg-
radation of the a-chain, the digested DesAAfibrino-
gen preparation still stimulated the conversion of
plg to pli, and the t-PA activity determination assay
was still operational (Fig. 5). These results confirm
and extend the previously proposed mechanism of
plg activation by t-PA in the presence of digested
DesAAfibrinogen, which involves binding of both
t-PA and plg.

The affinity of enzymes plg and t-PA for desAAfibrino-
gen dramatically increases in the presence of digested
desAAfibrinogen, and at the same time, the activation
constant of the reaction significantly improves, thus
allowing a better determination of t-PA activity. The
findings of the study presented here must be taken
into account, not only in t-PA activity determinations
for biological specimens such as blood plasma, but
also in t-PA assays performed directly in pharmaceu-
tical formulations and Rits using chromogenic sub-
strate, as well as for the definition of the t-PA interna-
tional standard (44).
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