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Summary. Thrombin-activatable fibrinolysis inhibitor (TAFI)

is a procarboxypeptidase that, once activated, can attenuate

fibrinolysis. The active form, TAFIa, is a labile enzyme, with a

half-life of a fewminutes at 37 �C.Understanding themolecular

mechanisms of TAFIa inactivation will allow the development

of compounds that modulate TAFIa activity. Based on their

three-dimensionalmodel of TAFI, Barbosa Pereira et al. [JMol

Biol (2002), vol. 321, pp. 537–547] suggested that Ile182 and

Ile183were involved in the instability ofTAFIa.However, these

carboxypeptidases are, unlike TAFIa, stable proteases. There-

fore, we constructed, expressed and characterized a TAFI

mutant in which Ile182 and Ile183 were changed into the

residues found in pancreas carboxypeptidase B at correspond-

ing positions, Arg and Glu. The active form of the mutant,

TAFIa-I182R-I183E, had a similar half-life as wild-type

TAFIa, showing that Ile182 and Ile183 were not involved in

the regulation of TAFIa stability. Remarkably, however,

TAFI-I182R-I183E was activated at a lower rate by

thrombin–thrombomodulin (mutant: 45 ± 2 U L)1 s)1 and

wild type: 103 ± 3 U L)1 s)1), thrombin (mutant: 1 ±

0.1 U L)1 s)1 and wild type 3 ± 0.2 U L)1 s)1) and plasmin

(mutant: 0.8 ± 0.04 U L)1 s)1 and wild type: 5.0 ±

0.2 U L)1 s)1) compared with wild-type TAFI. Accordingly,

it had a sixfold reduced antifibrinolytic potential. In conclusion,

analysis of TAFI-I182R-I183E showed that I182 and I183 are

not involved in TAFIa inactivation by conformational insta-

bility but that these residuesmaybe involved in the activation of

TAFI and stabilization of the fibrin clot.

Keywords: carboxypeptidase, coagulation, fibrinolysis, muta-

genesis, TAFI.

Introduction

Thrombin-activatable fibrinolysis inhibitor (TAFI, procarb-

oxypeptidase U, procarboxypeptidase R, or procarboxypept-

idase B, EC3.4.17.20) is a pro-enzyme of a carboxypeptidase B

(CPB), the active form of TAFI (TAFIa), that is specific for

C-terminal lysine and arginine residues. TAFIa is assumed to

attenuate the fibrinolytic system by removing the C-terminal

lysine residues of partially degraded fibrin. These lysine residues

act as cofactors for the stimulation of tissue-type plasminogen

activator-mediated plasmin formation. Furthermore, they are

involved in the protection of plasmin from inactivation by

antiplasmin [1]. Hence, the removal of the C-terminal lysine

slows down breakdown of the fibrin clot [2–4].

Thrombin-activatable fibrinolysis inhibitor consists of two

structural domains: the activation peptide and the catalytic

domain. The activation peptide shields the catalytic site and

needs to be cleaved at Arg92 by enzymes such as thrombin and

plasmin resulting in the release of the activation peptide from

the catalytic domain [5], giving substrate access to the catalytic

center. TAFIa is a labile enzyme that has a half-life of only a

few minutes at 37 �C [5–7], but at lower temperatures the

enzyme is more stable [7]. The current hypothesis for TAFIa

inactivation is that it inactivates as a result of instability of its

conformation [8,9]. The changes occurring within the molecule

that result in conversion of the active form TAFIa into the

inactivated active form TAFIai are, however, unclear. Once in

its inactive conformation, it becomes more susceptible to

proteolytic degradation by thrombin [8,9].

Thrombin-activatable fibrinolysis inhibitor is classified as a

member of the metallocarboxypeptidase subfamily. Barbosa

Pereira [10] proposed a three-dimensional model of TAFI

based on the known crystal structures of other pro-CPAs and

pro-CPBs, which share approximately 40% identity with

TAFI. Although residues of carboxypeptidase A and B that

were implicated in catalysis (Glu363, Arg217; residue number-

ing of TAFI), substrate binding (Arg235, Tyr341, Asn234) and

zinc binding (His159, Glu162, His288) are conserved in the

309-amino acid catalytic domain of TAFIa [5], CPBs are stable

proteases whereas TAFIa is spontaneously inactivated.
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Analysis of the TAFI model showed the presence of two

hydrophobic residues, Ile182 and Ile183, that are unique for

TAFI and that show high positive values of pseudo-potential

energy [10]. Ile182 and Ile183 are located in a surface-located

loop that precedes an exposed a-helix that has little intrinsic

tendency to form such a helix [10]. Based on their analyses,

Barbosa Pereira et al. [10] hypothesized that destabilization of

the region containing and surrounding these two residues could

lead to TAFIa inactivation.

Understanding the molecular mechanisms of TAFIa inac-

tivation will allow the development of compounds that

modulate TAFIa activity. These compounds may show if

inhibition of TAFIa is a useful therapeutic approach to treat

cardiovascular diseases. In this study, we constructed and

characterized a TAFI mutant in which Ile182 and Ile183 were

mutated into the corresponding residues of pancreas pro-CPB,

an Arg and a Glu residue, respectively.

Methods

Materials

Rabbit-lung thrombomodulin was purchased from American

Diagnostica (Greenwich, CT, USA), hippuryl-arginine and H-

D-Phe-Pro-Arg-chloromethylketone (PPACK) from Bachem

(Bubendorf, Switzerland), and potato carboxypeptidase inhib-

itor from Calbiochem (La Jolla, CA, USA). Thrombin was a

generous gift from Dr W. Kisiel (University of New Mexico,

Albuquerque, NM) and plasmin from Dr A. Reijerkerk

(University Medical Center, Utrecht, the Netherlands).

Tissue-type plasminogen activator (t-PA) was obtained from

Chromogenix (Mölndal, Sweden). Plasminogen and human

fibrinogen free of von Willebrand factor and fibronectin were

purchased from Enzyme Research Laboratories (South Bend,

UK).

Cloning, expression and purification of recombinant TAFI

and TAFI-I182R-I183E

The cloning of TAFI was described previously [8]. The

I182R and I183E mutations were generated according to the

QuikChangeTM site-directed mutagenesis protocol (Strata-

gene, La Jolla, CA, USA), using the forward primer 5¢-
GGC CAT CTA ACT CAA TTC TAT GGG AGA GAA

GGG CAA TAT ACC AAT CTC C-3¢ and the reverse

primer 5¢-GGA GAT TGG TAT ATT GCC CTT CTC

TCC CAT AAA GTT GAG TTA TAT GGC C-3¢
(mutated bases underlined). The construct was confirmed

by sequencing, and found to contain the Thr147 and the

Thr325 isoform of TAFI as our wild-type TAFI. The

constructs were used to make stably transfected baby

hamster kidney cells as described [11]. Stably expressing

clones were cultured to confluency in cell factories, the

medium was changed to UltraCHO (BioWhittaker, Walk-

ersville, MD, USA), and medium was harvested twice a

week. The mutant was named TAFI-I182R-I183E. TAFI

was purified from the media as described [8]. Concentrations

were determined using a BCA kit (Pierce, Rockford, IL,

USA) using bovine serum albumin (BSA) as the standard.

TAFI activation and TAFIa activity assay

The assay was basically performed as described [12]. To follow

the activation of TAFI and inactivation of TAFIa in time,

TAFI and TAFI-I182R-I183E (12.5 nM, all concentrations are

final concentrations) were added to a premix of thrombin

(16 nM) and thrombomodulin (32 nM), or plasmin (50, 100 or

200 nM), both in the presence of CaCl2 (5 mM), in 20 mM

HEPES, pH 8.0/0.1% BSA. The mixtures were incubated at

37 �C. To measure the rate of activation, 12.5 nM TAFI or

TAFI-I182R-I183E, 4 nM thrombin, 8 nM thrombomodulin,

and 5 mM CaCl2 were used and the mixtures were incubated at

4 �C.Moreover, the rate of activation by thrombin (500 nM) or

plasmin (200 nM) was determined at 37 �C. At several time

points, 20 lL of samples were withdrawn and added to 50 lL
of a mixture of PPACK (30 lM) to stop thrombin activity or

aprotinin to stop plasmin activity, and hippuryl-arginine

(21.4 mM) as the substrate. To determine the rate of TAFIa

inactivation, TAFI or TAFI-I182R-I183E were incubated with

thrombin/thrombomodulin for 1 min or with plasmin for

5 min (with plasmin more TAFI-I182R-I183E (87.5 nM) than

TAFI (12.5 nM) was used to reach more or less similar levels of

activity after 5 min) after which thrombin or plasmin activity

was stopped by addition of PPACK or aprotinin, respectively,

and the mixture remained at 37 �C to allow spontaneous

TAFIa inactivation. At different time points, samples were

withdrawn and added to substrate as described above. After

30 min of incubation with the substrate at 37 �C, substrate
conversion was stopped by adding 50 lL of 1 M HCl. Then,

o-methyl hippuric acid (22.5 lM) was added as an internal

standard, and both o-methyl hippuric acid and hippuric acid

were extracted using a solid-phase extraction unit according to

the manufacturer’s recommendation (Waters Oasis, Wexford,

Ireland) and samples were analyzed by high-performance

liquid chromatography (HPLC) as described [12]. The TAFIa

activity is expressed in units per liter (U L)1). One unit of

enzyme activity was defined as the amount of enzyme required

to hydrolyze 1 lmol of substrate per minute at 37 �C under the

conditions described [12].

Fibrinogen and plasminogen binding

Fibrinogen or plasminogen (3 lg mL)1) in carbonate buffer

(50 mMNa2CO3/NaHCO3, pH9.6)was immobilized overnight

at 4 �C to a 96-well plate (Maxisorp; Nunc International,

Roskilde, Denmark). The wells were blocked by incubation

with blocking buffer, Tris-buffered saline (TBS; 50 mM Tris,

150 mMNaCl, pH 7.4) containing 1.5%BSA, at 37 �C for 2 h.

Samples of TAFI and TAFI-I182R-I183E (0–1.7 lM for

fibrinogen binding and 0–333 nM for plasminogen binding, in

duplicate) were allowed to bind at room temperature for 1.5 h.

Binding was detected using a mouse anti-TAFI monoclonal
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antibody (Nik-9H10, 3 lg mL)1) [13] and a swine antimouse

peroxidase-conjugated secondary antibody (diluted 1:1000 in

blocking buffer).

All binding data were analyzed by fitting them to the one

site-binding equation Y ¼ BmaxÆX/(KD + X), where Bmax is

the maximal binding and KD the concentration of ligand

required to reach the half-maximal binding.

Affinities of anti-TAFI antibodies for TAFI and TAFI-I182R-

I183E

Thrombin-activatable fibrinolysis inhibitor and TAFI-I182R-

I183E (3 lg mL)1, 50 lL per well) were immobilized overnight

at 4 �C to a 96-well plate (Maxisorp, Nunc International). The

wells were blocked by incubation with blocking buffer, TBS

containing 1.5% BSA (100 lL per well), at 37 �C for 2 h.

Samples of a polyclonal sheep anti-TAFI antibody or a mouse

anti-TAFI monoclonal antibody (Nik-9H10) (0–67 nM, 50 lL
per well) were allowed to bind to the proteins at room

temperature for 1.5 h. After washing with TBST (TBS contain-

ing0.1%Tween20) theplateswere incubatedwithaperoxidase-

conjugated rabbit antisheep antibody or a swine antimouse

peroxidase-conjugated antibody, diluted 1:1000 in blocking

buffer (50 lL per well) at room temperature for 1 h. After

washing, the peroxidase activity was detected with o-phenylen-

ediamine (0.4 mg mL)1) in phosphate citrate buffer (100 mM

Na2HPO4, 50 mMcitric acid, pH5.0)with0.035%H2O2 (50 lL
perwell). Colorwas allowed todevelop, afterwhich the reaction

was stopped by the addition of 1 M sulphuric acid to each well

(25 lL per well) and absorbance was measured at 490 nm.

Clot-lysis assay

The clot-lysis assay was performed essentially as described

previously [13]. Briefly, 70 lL of citrated human TAFI-

depleted plasma [14] was mixed with various concentrations

of TAFI or TAFI-I182R-I183E. The volumes were adjusted to

100 lL with HBS (25 mM HEPES, 137 mM NaCl, 3.5 mM

KCl, pH 7.4) containing 0.1% BSA. A mixture (50 lL) of

thrombin (final concentration: 20 nM), CaCl2 (final concentra-

tion: 10 mM) and tissue-type plasminogen activator (final

concentration: 30 U mL)1), was added to the plasma. The

volume was adjusted to 150 lL with HBS/0.1% BSA. The

experiments were performed in the presence or absence of 5 lL
carboxypeptidase inhibitor (final concentration: 7.8 lM). A

sample of 100 lLwas then transferred to amicrotiter plate and

turbidity was measured in time at 37 �C at 405 nm in a

Thermomax microplate reader (Molecular Devices Corpora-

tion,Menlo Park, CA,USA). The clot-lysis time was defined as

the time at which half-maximal lysis occurred.

Results

In order to identify the amino acids involved in TAFIa

inactivation, we synthesized a mutant form of TAFI, TAFI-

I182R-I183E, in which the residues Ile182 and Ile183 were

mutated into an Arg and a Glu residue, respectively. Wild-type

TAFI and TAFI-I182R-I183E were stably expressed in baby

hamster kidney cells and the recombinant proteins were

purified from culture media. TAFI-I182R-I183E was charac-

terized and compared with recombinant human TAFI.

SDS-PAGE and Western blotting of TAFI and TAFI-I182R-

I183E

To characterize TAFI-I182R-I183E, the migration pattern of

the mutant on an sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE) gel was compared with that of

wild-type recombinant TAFI. Purified TAFI-I182R-I183E

migrated, similar to TAFI, just above the molecular weight

marker of 55 kDa on an SDS-PAGE gel (Fig. 1A, lane 1 and

2). Both wild-type TAFI and the mutant were recognized by a

monoclonal antibody raised against human plasma TAFI,

Nik-9H10 (Fig. 1B) and a polyclonal sheep anti-TAFI anti-

body (Fig. 1C). We also determined the affinities of these two

anti-TAFI antibodies. The KDs of the monoclonal antibody

Nik-9H10 were similar for TAFI and TAFI-I182R-I183E (1.5

and 0.6 nM, respectively) (Fig. 2A) and so were the KDs of the

sheep anti-TAFI antibody (1 and 0.9 nM, respectively)

(Fig. 2B).

Cleavage pattern of TAFI by thrombin–thrombomodulin

During incubation with the thrombin–thrombomodulin com-

plex TAFI (approximately 55 kDa) is cleaved at Arg92,

releasing the activation peptide (approximately 19 kDa, not

visible on Coomassie-stained SDS-PAGE gels [15]) from the

catalytic domain (36 kDa). The catalytic domain is degraded

further by cleavage at Arg302, resulting in fragments of 25 and

11 kDa. SDS-PAGE analysis of samples of the activation

mixtures after 30 min incubation revealed that the cleavage

pattern of TAFI-I182R-I183E was identical to the cleavage

pattern of TAFI (Fig. 1A, lanes 3 and 4).

Binding of TAFI and TAFI-I182R-I183E to fibrinogen

and plasminogen

To further characterize the TAFI mutant, the binding to

fibrinogen and plasminogen was studied. Fibrinogen or

plasminogen was immobilized on a 96-well plate, several

dilutions of TAFI or TAFI-I182R-I183E were applied to the

plates and bound TAFI was detected using a TAFI specific

antibody. TAFI and TAFI-I182R-I183E bound to the same

extent to plasminogen (KD of 19 and 11 nM, respectively)

(Fig. 3A) and fibrinogen (KD of 445 and 665 nM) as wild type

TAFI (Fig. 3B).

Activity profile of TAFI during incubation with thrombin–

thrombomodulin

Thrombin-activatable fibrinolysis inhibitor and TAFI-I182R-

I183E were incubated with the thrombin–thrombomodulin
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complex at 37 �C. At various time points samples were

removed, the reactions were stopped by addition of PPACK,

and TAFIa activity was measured using hippuryl-arginine as

the substrate. Under these conditions, the maximal TAFIa

activity of TAFI and TAFI-I182R-I183E was reached after

approximately 1 min, after which it decreased (Fig. 4A).

Stability of activated TAFI and TAFI-I182R-I183E

To investigate the stability of TAFIa and TAFIa-I182R-I183E,

the zymogens were activated for 1 min by the thrombin–

thrombomodulin complex. Then, thrombin activity was inhib-

ited by addition of PPACK to prevent proteolytic inactivation

of TAFIa by thrombin, whereas spontaneous inactivation

could still proceed. In the meanwhile, the samples were kept at

37 �C to allow spontaneous conformational inactivation. The

rate of inactivation of TAFIa, and TAFIa-I182R-I183E in the

presence of PPACK did not differ from the rate of inactivation

in the absence of PPACK (Fig. 4A), suggesting that inactiva-
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Fig. 2. Affinity of two antibodies for TAFI and TAFI-I182R-I183E. The

binding affinity of (A) Nik-9H10 and (B) the sheep anti-TAFI antibody

was determined by coating TAFI (squares) or TAFI-I182R-I183E (circles)

to a well. The antibodies were allowed to bind and the complexes were

detected using a rabbit antimouse HRP-conjugated antibody or a rabbit

antisheep HRP-conjugated antibody, respectively. All the data are repre-

sented as mean ± SEM of duplicates. The lines represent the results of

nonlinear regression of the data to the binding equation described in the

Methods section.

A

B

C

Fig. 1. SDS-PAGE and Western blot analysis of purified recombinant

TAFI and TAFI-I182R-I183E. (A) Purified TAFI (lane 1) and TAFI-

I182R-I183E (lane 2) were subjected to SDS-PAGE (12.5% gel) under

reducing conditions. TAFI (lane 3) and TAFI-I182R-I183E (lane 4) were

also incubated with thrombin–thrombomodulin at 37 �C. Aliquots of the

activation mixtures were removed after 30 min and subjected to SDS-

PAGE. Protein bands were visualized by staining with Coomassie Blue

and the positions of molecular mass standards (kDa) are indicated to the

left of the gel. (B/C) Proteins (TAFI, lane 1; TAFI-I182R-I182E, lane 2)

were blotted on a PDVF membrane and detected with a B, mouse anti-

human TAFI monoclonal antibody (9H10) or (C) a sheep anti-TAFI

polyclonal antibody.
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tion results from the intrinsic instability of the enzyme and not

proteolysis. The half-life of TAFI-I182R-I183E

(4.0 ± 0.5 min) was similar to that of wild-type TAFIa

(4.9 ± 1.1 min).

Activation of TAFI by thrombin–thrombomodulin or thrombin

To study the rate of activation of TAFI and TAFI-I182R-

I183E in more detail, the system had to be modified to slow

down the reaction. To this end, the concentrations of thrombin

and thrombomodulin were reduced and the reaction mixtures

were incubated at 4 �C. The rate of activation of TAFI-I182R-

I183E (45 ± 2 U L)1 s)1) was approximately twofold lower

than the rate of activation of TAFI (103 ± 3 U L)1 s)1)

(Fig. 4B).

In addition, the rate of activation of TAFI andTAFI-I182R-

I183E by thrombin alone was assessed. In the absence of

thrombomodulin much higher concentrations of thrombin

were required for TAFI activation. When using 500 nM

thrombin (at 37 �C), TAFI-I182R-I183E (1 ± 0.1 U L)1 s)1)
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Fig. 3. Comparison of the binding of TAFI and TAFI-I182R-I183E to

plasminogen and fibrinogen. (A) The capacity of TAFI (squares) and

TAFI-I182R-I183E (circles) to bind to (A), plasminogen and

(B), fibrinogen was assessed in an enzyme-linked immunosorbent assay

(ELISA)-type of assay in which plasminogen or fibrinogen were coated

to a well, TAFI was allowed to bind, and the complex was detected

using an anti-TAFI antibody (Nik-9H10). All the data are represented

as mean ± SEM of duplicates. The lines represent the results of non-

linear regression of the data to the binding equation described in the

Methods section.
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Fig. 4. Activation and inactivation of TAFI and TAFI-I182R-I183E

during incubation with thrombin–thrombomodulin or thrombin. (A)

TAFI (squares) and TAFI-I182R-I183E (circles) were activated for 1 min

by incubation with thrombin–thrombomodulin at 37 �C. Then, thrombin

activity was (open symbols) or was not (closed symbols) stopped by

addition of PPACK while the activated species remained at 37 �C. At
various times, aliquots were removed and the TAFIa activity was meas-

ured (data are expressed as mean ± SD, n ¼ 3). (B/C) TAFI (squares)

and TAFI-I182R-I183E (circles) were incubated with thrombin–throm-

bomodulin at 4 �C (B) or thrombin alone (C). At various time points,

aliquots were taken from the activation mixtures and thrombin activity

was inhibited by addition of PPACK. The TAFIa activity toward the

substrate hippuryl-arginine was measured. The lines represent the results

of linear regression of the data (data are expressed as mean ± SD, n ¼ 3).

Note the difference in time scale in Fig. 4A compared with 4B and 4C.
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was activated at a rate of approximately three fold lower than

TAFI (3 ± 0.2 U L)1 s)1) (Fig. 4C).

Activation of TAFI and inactivation of TAFIa by plasmin

In the past, plasmin was shown to be able to activate TAFI and

to inactivate TAFIa by proteolysis [16]. Therefore, we inves-

tigated the activation of TAFI and the inactivation of TAFIa

by incubating TAFI and TAFI-I182R-I183E with various

concentrations of plasmin and measuring the TAFIa activity

over time. TAFI and TAFI-I182R-I183E reached maximal

TAFIa activity at the same time, after which the activity

decreased again (Fig. 5A). Activation of TAFI-I182R-I183E

(0.8 ± 0.04 U L)1 s)1) was seven times less efficient than

activation of TAFI (5.0 ± 0.2 U L)1 s)1) (Fig. 5B). When

plasmin activity was inhibited by aprotinin after 5 min, TAFIa

and TAFIa-I182-I183 activity decreased at a faster rate than

when plasmin activity was not inhibited. The half-life of

TAFIa-I182R-I183E (4.8 ± 0.4 min) was similar to that of

wild-type TAFIa (4.3 ± 0.6 min) (Fig. 5C) and no differences

in the cleavage pattern were observed by SDS-PAGE analysis

(Fig. 5D).

Functionality of TAFI and TAFI-I182R-I183E in a plasma

system

The ability of TAFI and TAFI-I182R-I183E to protect a fibrin

clot from lysis was studied in a clot-lysis assay in which tissue-

type plasminogen activator-mediated clot lysis of a thrombin-

induced clot was followed spectrophotometrically in time.

TAFI-depleted human plasma was reconstituted with different

concentrations of TAFI or TAFI-I182R-I183E, either in the

absence or presence of a TAFIa-specific inhibitor, potato

carboxypeptidase inhibitor (CPI). TAFI-I182R-I183E could

prolong the lysis time in a concentration-dependent manner,

although it was sixfold less efficient than wild-type TAFI

(Fig. 6). Addition of CPI completely inhibited the TAFI or

TAFI-I182R-I183E-dependent prolongation of the lysis time.

Discussion

So far, the process that leads to TAFIa inactivation is not well

understood on a molecular level. Previous research revealed

several amino acids of TAFI that seem to influence TAFIa

stability as changes in these amino acids resulted in TAFIa
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were incubated with plasmin (50 nM triangles, 100 nM circles, and 200 nM squares) at 37 �C. At various time points, aliquots were removed from
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TAFI (squares) and TAFI-I182R-I183E (circles) were activated for 5 min by incubation with plasmin at 37 �C. As TAFI-I182R-I183E was

activated less efficient than wild-type TAFI, much higher concentrations of TAFI-I182R-I183E (87.5 nM) than TAFI (12.5 nM) were used. Then,

plasmin activity was (open symbols) or was not (closed symbols) stopped by addition of aprotinin while the activated species remained at 37 �C. At
various times, aliquots were removed and the TAFIa activity was measured (data are expressed as mean ± SD, n ¼ 3). Note the difference in time

scale in Fig. 5A/C compared with 5B. (D) purified TAFI (lane 1) and TAFI-I182R-I183E (lane 4) were subjected to SDS-PAGE (12.5% gel) under

reducing conditions. TAFI (lane 2, 30 min; lane 3, 60 min) and TAFI-I182R-I183E (lane 5, 30 min; lane 6, 60 min) were also incubated with

plasmin (lane 7) at 37 �C and samples were subjected to SDS-PAGE. Protein bands were visualized by staining with Coomassie Blue and the

positions of molecular mass standards (kDa) are indicated to the left of the gel.
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forms with altered stabilities. Among these amino acids are

Thr/Ile325 [17], Arg302 and Arg330 [9]. Our study of two

TAFI-CPB chimeras showed that replacing the C-terminal

stretch of amino acids from His333 to Val401 by the

corresponding amino acids of pancreas CPB results in a

TAFIa form that is far more stable than wild type TAFIa, with

a half-life of approximately 1.6 h compared with approxi-

mately 3 min of wild-type TAFIa [18]. Hence, these data

suggested that certain elements within the C-terminal region

are important for the stability of TAFIa. However, based on a

three-dimensional model of TAFI, it was suggested that two

other amino acids, i.e. Ile182 and Ile183, are important for

TAFIa’s stability [10]. To investigate whether this was indeed

the case, we mutated those two residues. We choose to mutate

Ile182 and Ile183 into the residues found in pancreas CPB at

corresponding positions, an Arg and a Glu, as pancreas CPB

and TAFI share a high degree of identity but differ tremen-

dously in their stability. In addition, a similar approach of

making TAFI-CPB chimeras had been successful in the past

[18]. Nevertheless, the Arg andGlu differ considerably from Ile

residues, and more subtle changes might render a different

outcome.

Similar to wild-type TAFI, the mutant, TAFIa-I182-I183,

was expressed in baby hamster kidney cells, it was recognized

by anti-TAFI antibodies, and it bound to plasminogen and

fibrinogen. The mutant had a half-life (4.0 ± 0.5 min) that

was similar to that of wild-type TAFIa (4.9 ± 1.1 min), hence

showing that Ile182 and/or Ile183 are not involved in TAFIa

stability. The half-lives determined after activation with

plasmin (TAFIa-I182R-I183E: 4.8 ± 0.4 min and wild-type

TAFIa: 4.3 ± 0.6 min) were not statistically different from

those found when thrombin–thrombomodulin was used as

activator. Surprisingly, however, TAFI-I182-I183 (45 ±

2 U L)1 s)1) was activated at a rate twice as slow as wild-

type TAFI (103 ± 3 U L)1 s)1) when activated by thrombin–

thrombomodulin, threefold slower when activated with throm-

bin alone (1 ± 0.1 and 3 ± 0.2 U L)1 s)1, respectively), and

sixfold slower when plasmin was used (0.8 ± 0.04 and

5.0 ± 0.2 U L)1 s)1, respectively). This showed that Ile182

and/or Ile183 are somehow involved in the TAFI-activating

process. The mutations might have resulted in a slight change

in the positioning of the activation peptide relative to the

catalytic domain. Alternatively, one or both the amino acids

might be involved in optimal positioning of the activator for

TAFI activation. It also showed that the decreased rate of

activation was determined by characteristics of the TAFI

molecule as it was observed when thrombin–thrombomodulin

was used, but also when thrombin alone or plasmin was used.

Although thrombomodulin accelerated activation of both

TAFI and the mutant by thrombin, it did not rigorously

influence the ratio between the rates of activation of TAFI and

TAFI-I182R-I183E.Moreover, TAFI-Ile182R-Ile183E was six

times less efficient in prolonging the clot-lysis time of TAFI-

depleted plasma, nicely reflecting its reduced rate of activation.

Possibly, however, the radical changes (Ile to Arg and Glu

substitutions) may have had far reaching effects on the

structure of the protein and hence protein movement at a

distant site may affect the way the protein is activated.

So far, it remains unclear how TAFIa is inactivated.

Previous research showed that TAFI is not inactivated by

proteolysis [8,9], although this may play a role when plasmin is

present [16]. Moreover, TAFIa inactivation was not the result

of release of the zinc ion that is coordinated to the active center

of TAFIa [19]. In this study, we showed that Ile182 and Ile183

are not involved in this process. Analysis of TAFI-CPB

chimeras demonstrated the importance of the C-terminal part

of TAFI [18] and it is therefore likely that further research into

this region will give valuable information on the process of

TAFIa inactivation.

In conclusion, analysis of TAFI-I182R-I183E showed that

I182 and I183 are not involved in TAFIa inactivation by

conformational instability but that they may play a role in the

activation of TAFI and the stabilization of the fibrin clot.
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Assay of procarboxypeptidase U, a novel determinant of the fibrino-

lytic cascade, in human plasma. Clin Chem 1999; 45: 807–13.

13 Mosnier LO, Von dem Borne PA, Meijers JC, Bouma BN. Plasma

TAFI levels determine the clot lysis time in healthy individuals in the

presence of an intact intrinsic pathway of coagulation. Thromb

Haemost 1998; 80: 829–35.

14 Marx PF, Wagenaar GTM, Reijerkerk A, Tiekstra MJ, Van Rossum

AG, Gebbink MF, Meijers JC. Characterization of mouse thrombin-

activatable fibrinolysis inhibitor. Thromb Haemost 2000; 83: 297–303.
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