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ABSTRACT. Tissue factor (TF) binds the zymogen (VII) and activated (Vlla) forms of coagulation factor
VII with high affinity. The structure determined for the sTWIla complex [Banner, D. W., et al. (1996)
Nature 380 41—46] shows that all four domains of Vlla (Gla, EGF-1, EGF-2, and protease) are in contact
with TF. Although a structure is not available for the-T¥#ll complex, the structure determined for free

VII [Eigenbrot, C., et al. (2001ptructure 9 675-682] suggests a significant conformational change for

the zymogen to enzyme transition. In particular, the region of the protease domain that must contact TF
has a conformation that is altered from that of Vlla, suggesting that the VIl protease domain interacts
with TF in a manner different from that of Vlla. To test this hypothesis, a panel of 12 single-site sTF
mutants, having substitutions of residues observed to contact the proteolytic domain of Vlla, have been
evaluated for binding to both zymogen VII and Vlla. Affinities were determined by surface plasmon
resonance measurements using a noninterfering anti-TF monoclonal antibody to capture TF on the sensor
chip surface. Dissociation constant&] measured for binding to wild-type sTF are A52.4 nM for

VIl and 5.1+ 2.3 nM for Vlla. All of the sTF mutants except S39A and E95A exhibited a significant
decreaseX2-fold) in affinity for Vlla. The changes in affinity measured for VII or Vlla binding with
substitution in STF were comparable in magnitude. We conclude that the proteolytic domain of both VII
and Vlla interacts with this region of sTF in a nearly identical fashion. Therefore, zymogen VII can
readily adopt a Vlla-like conformation required for binding to TF.

Coagulation upon vascular damage in vertebrates isand by providing contacts for the physiological substrates,
initiated when blood contacts the integral membrane protein IX and X (7). The allosteric linkage is most apparent in the

tissue factor (TF) expressed on cells surrounding the
vasculaturel). TF initiates a cascade of proteolytic events
ultimately resulting in activation of prothrombin to thrombin
which converts fibrinogen to fibrin2). Fibrin polymerizes

to form the meshwork of a clot. TF initiates coagulation

TF-dependent increase in the amidolytic activity of Vlla
against synthetic peptidyl substrate® 9). The structure
determined for the TFVIla complex containing a covalent
active site inhibitor shows that the active site of Vlla is
distant from the TF contact regiori@. The TF binding

through its role as the obligate cofactor for serine proteasesurface involves all of the domains of Vlla (Gla, EGF-1,

coagulation factor Vlla (Vlla). Binding of Vlla to TF is
required for full enzymatic activityd). Factor Vlla in plasma
is found predominately in the zymogen or inactive, single-
chain form (VII), with only~1% present as the active, two-
chain polypeptide (Vlla)4). Calcium-dependent binding of
VIl to TF promotes the activation of VII through proteolytic
cleavage of the Arg152lle153 peptide bond. Activation is
catalyzed by many proteas#svitro, but the most efficient
catalystin vivo is probably Xa §). Autocatalytic activation
of VII by the TF—Vlla complex may be important in the
initiation stage of coagulation.

TF promotes the enzymatic activity of Vlla through an
allosteric linkage that fosters formation of the active sie (

EGF-2, and protease). The Fprotease contact region is
presumed to be important for the allosteric linkage to the
active site since mutations on Vlla in this interface result in
weakened enhancement of amidolytic function upon TF
binding @1). Additional TF residues that are important for
full enzymatic activity with the macromolecular substrates
are found on the C-terminal domain of TF, outside of the
interface with Vlla ).

A structure of a truncated form of VII comprising only
the EGF2 and catalytic domains (rF7) has recently been
determined by X-ray crystallographyl?). Crystals were
obtained in the presence of an exosite peptide inhibitor but
without TF or an active site inhibitor bound. Although the
rk7 construct included the Arg152 activation cleavage site,

*To whom correspondence should be addressed: Department ofthe crystals only contained uncleaved protein. Further
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analysis of the structure suggested that the protein had
crystallized in the zymogen conformation as indicated by

1 Abbreviations: TF, tissue factor; sTF, soluble tissue factor (residues the improper formation of the S1 binding pockgtStrand

1—-219); VIl and Vlla, factor VII and factor Vlla, respectively; IX and
IXa, factor IX and factor IXa, respectively; X and Xa, factor X and
factor Xa, respectively; Glg;-carboxyglutamic acid; EGF, epidermal
growth factor; SPR, surface plasmon resonance.

B2 (residues 153162) was also shifted three amino acids
from its position in the TFVlla complex, and the confor-
mation of the region on the protease domain that contacts
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TF was quite different. These conformational changes may formed between Vlla and wild-type or mutant sTF were
be important for the allosteric linkage between TF binding performed as described previously 14) using Chromozym-
and enzymatic activity. Modeling of the rF7 structure onto tPA as the substrate.

the structure determined for the sTWFlla complex revealed Activation of X by the Soluble TFVIla Complex.This

a steric clash between the protease domain of zymogen Vll gsqay was carried out essentially as described previotsly (
and the N-terminal flbrqnectln type 11 _doma!n of TF. T_h|s 14). Phospholipid vesicles were prepardd)(using oleoyl
suggests 'ghat VII may interact with this region of TF_ in a 1,2-diacylsnglycero-3-phosphocholine (PC) and dioleoyl
manner different frpm that qf Vllq. If this hypothesis is 1,2-diacylsnglycero-3-(phospha-serine) (PS) (7:3 molar
correct, then mutations in this region of STF should have \4ii0y The PC/PS vesicles together with Vla and increasing

different gffects on binding of VI anq '\./Ila. To test this concentrations of sTF mutants were incubated for 20 min in
hypothesis, we have measured the affinities for both Viland | ,os A puffer. The reaction was started by adding X. The

Vila binding to a panel of sTF mutants. These mutant concentrations of the reactants in this mixture were as

proteins comprise amino acid changes in the N-terminal follows: 0.1 nM Vlla. 0.5 mM PCPS. 200 nM X. and 025

domain of TF that is in contact with the protease domain of ; : :
. , i . 256 nM sTF mutant. Aliquots (50L) of the reaction mixture
Vlla in the TFVIla structure. We find that substitutions in were taken at different time points up to 2 min and the

TF in this region have nearly identical consequences for reactions quenched in 156L of 20 mM EDTA. After

binding of VIl and Vlla. addition of 50uL of 1.5 mM S2765, the increase in
MATERIALS AND METHODS absorption at 405 nm measured on a kinetic microplate reader
(Molecular Devices) and the linear rates of Xa generation
were calculated. The data were fit to a four-parameter
equation using Kaldeidagraph 3.6 (Synergy Software, Read-
ing, PA), and the maximal velocities{.y) as well as the
STF mutant concentrations that gave 50%gf (ECso) were
determined.

ReagentsPurified human recombinant VII, expressed in
human 293 cells, was a gift from Mark O’Connell (Genen-
tech Inc.) and was described recentlyd), Xa was from
Haematologic Technologies Inc. (Essex Junction, VT).
Chromozym-tPA was from Boehringer Mannheim (India-
napolis, IN). The monoclonal anti-TF antibody 5G6 was
described previouslyld) and binds to TF outside the TF Determination of Binding Constants for Binding of VII
Vlla binding region. Kunitz domain inhibitor 1V-49-C16) and Vlla to sTF MutantsBinding affinities were determined
was the kind gift of M. Dennis (Genentech Inc.). Fatty acid- by surface plasmon resonance (SPR) measurements on a
free BSA was from Calbiochem (La Jolla, CA). Dioleoyl BlAcore 3000 instrument (Biacore, Inc.). Monoclonal anti-
1,2-diacylsnglycero-3-(phospha-serine) (PS) and oleoyl ~ TF antibody 5G6 was immobilized at a density of 6600
1,2-diacylsn-glycero-3-phosphocholine (PC) were from 8000 resonance units (RU) on all four flow cells of a Pioneer
Avanti Polar Lipids Inc. (Alabaster, AL). B1 sensor chip. Immobilization was achieved by random

Site-Directed Mutagenesi&xpression, and Purification ~ coupling through amino groups using a protocol described
of Soluble TF (sTF) Mutant€Expression of sTF(#219) by the manufacturer. Wild-type or mutant STF was captured
mutants inEscherichia coliand subsequent purification on  on flow cells 2-4 at a level of 206-300 RU, whereas flow
a D3 antibody affinity column were carried out as described cell 1, containing only the antibody, was used as the reference
previously (L6). Protein concentrations were determined by cell. Sensorgrams were recorded for binding of VIl and Vlla
absorbance measurements usinganof 29.4 mM* cm? to these surfaces by injection of a series of solutions ranging
calculated from quantitative amino acid analysis data. in concentration from 12.5 to 400 nM in 2-fold increments.

Purification of VII. To remove the Vlla content (:20%) The signal from the reference cell for the same injection was
of VII preparations, they were incubated with a 20-fold molar subtracted from the observed sensorgram. At the end of each
excess of biotin-X-FPR chlormomethyl ketone (Haemato- sensorgram, bound VII or Vlla was eluted by injection of
logic Technologies) in 20 mM Tris-HCI (pH 8.0), 150 mM 50 mM EDTA. In these measurements, data were collected
NaCl, and 5 mM CaGlfor 2 h. Additional biotin-X-FPR for the complete zymogen series before injections of the
chlormomethyl ketone was added (20-fold molar excess) andactivated enzyme were made. Kinetic constants were calcu-
the mixture incubated overnight. The reaction mixture was lated by nonlinear regression analysis of the data according
dialyzed extensively against 20 mM Tris-HCI (pH 8.0), 150 to a 1:1 binding model using software supplied by the
mM NaCl, and 5 mM CaGlusing a 10 kDa cutoff dialysis  manufacturer. Upon completion of the VIl and Vlla binding
cassette (Pierce, Rockford, IL) and then incubated with avidin series, the antibody-bound sTF was eluted with 10 mM HCI.
agarose resin (Sigma, St. Louis, MO) overnight aC4After The antibody surfaces were then reused for binding analysis
a brief centrifugation, the supernatant was collected and theusing a different set of STF mutants.
protein analyzed by SDSPAGE usig a 4 to 20%gradient
Tris-glycine gel (Invitrogen, Carlsbad, CA). The protein RESULTS
concentration was determined by quantitative amino acid
analysis. The functional integrity of the thus purified VII Selection of TF MutantResidues on TF were chosen for
was verified by an X activation assay with relipidated mutagenesis on the basis of their proximity to the protease
recombinant TF(3243) (7). The initial rates of X activation =~ domain of Vlla in the STFVIla complex structure. The 12
by the purified VII were indistinguishable from those of fully ~ residues that were selected (Q37, S39, G43, D44, W45, R74,
converted Vlla, indicating that VIl is converted into a fully F76, Y78, E91, Y94, E95, and N96) form a contiguous patch
active enzyme. on the N-terminal fibronectin type 11l domain of TF (Figure

Amidolytic Actiity of the Soluble TFVIla Complex. 1A). This surface is in intimate contact with the protease
Measurements of the amidolytic activity of the complexes domain of Vlla in the TFVlla complex (0). Modeling
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Table 1: Factor X Activatioh

ECso ECsp ratio Umax ratio
(STF, nM) (STRnudSTRw) (STRnu/STRw)
wild type 2.0£0.5 1.0 1.0
Q37A 44.6+ 16.6 22.3+7.2 1.0+0.1
S39A 3.4+ 0.9 1.7+ 1.0 1.3+0.2
G43A 8.6+ 3.0 4.3+ 2.0 1.3+ 0.3
D44A 68.4+ 17.4 34.8+15 0.9+ 0.1
WA45F 111.4+13.8 61.64+10.5 0.9+ 0.2
S47A 1.7 0.9 0.8
R74A NDP NDP NDP
F76A 103.0+ 47 52.0+25.1 1.0+:0.2
Y78A 12.1+4.8 5.3+ 0.9 1.0+0.1
E91A 78.3+ 22.6 34.9+ 0.8 0.9+ 0.01
: L93A 2.0 0.7 1.0
Q166H " Y94A 59.9+ 39.6 26.0+11.7 1.0+ 0.2
s E95A 1.0+ 0.3 0.6+ 0.3 0.9+0.2
N96A 12.5+ 35 8.3+ 4.7 0.8+ 0.1

2The values are the averagesthe standard deviation from three
or more experiments, except for the values for S47A and L93A which
are the average of two experimerité\ot determined.

Cofactor Function of sTF Mutants for X Agétion. The
ability of the sTF mutants to support the enzymatic activity
of Vlla was examined using X as the substrate. These
experiments used a fixed concentration of Vlla, X, and
phospholipids but a varied concentration of the STF mutant.
Initial rates of Xa generation were determined, and the
dependence on sTF concentration was analyzed using a four-
parameter equation to yield thg.x and EGo values given
in Table 1. All of the mutants except S39A, S47A, L93A,
and E95A gave a significant increase in the concentration
B i (EGs0) of sTF required to produce 50% of the total change

=SSN iN max. The increase in E4g primarily reflects a decrease in
G|n166|_-["- = the affinity of Vlla for the sTF mutant. Upon saturation of
= Vlla with sTF, all of the mutants were equivalent to the wild
Tissue ' type in supporting Vlla-catalyzed cleavage of X as indicated
Factor by thevmaxvalues. Similarly, in experiments with the peptide
] substrate Chromozym-tPA, the mutants stimulated the ami-
dolytic activity of Vlla to the same extent as wild-type sTF
when the enzyme was saturated with the cofactor (data not
shown).
‘ Preparation of Zymogen VIA preparation of VIl free of

Vlla was needed to compare the binding epitopes on sTF
<~ Met164H for VIl and Vlla. However, most preparations of zymogen
Ficure 1: Structure of the interface between TF and the proteolytic from plasma or recombinant sources are contaminated with
domain of Vila. (A) Contact region defined by Banner et ai0)( Vlla. The reactivity of the enzyme toward active site
s ey Bes e on e et s S s s loromelryl ketone nibiorsif) could be exploed o
vgith a T suffix; residues from the Vlla proteolytic dome)llin havean 'cMove Vlla from rec.om_b|_nant VII. BY using a blofu_nylated
H suffix and are numbered on the basis of the alignment with Chloromethyl ketone inhibitor, the active site-modified Vila
chymotrypsin. (B) Superposition of structures determined for could be removed on an avidin column. As shown by SDS
zymogen VII (white ribbon) and the sFFVIla complex (red ribbon  PAGE on reduced samples (Figure 2), the Vila contaminant
fgr Vila ell(rjldbaqua ribbon fof[_ sTF_).hS_Ii_?:e ch%ins [Ir_on;jymogeln V'(; (two bands with molecular weights of approximately 25 000
It Would b I st confct i TF residue Ty re S99%ed and 32 000) in the Vi preparation was completey removed

by the biotin—avidin procedure, resulting in homogeneous,
studies suggest a steric hindrance between this patch andingle-chain VII with an apparent MW of 50 000. Zymogen
the protease domain of VII; for example, Leul63 of VII VII prepared in this fashion is stable and does not autoac-
would clash with Tyr94 of TF (Figure 1B). The 12 residues tivate during storage at20 °C but can be activated by Xa
on TF, with the exception of W45, were individually to yield the fully active enzyme (data not shown).
substituted with alanine. Since the W45A mutant was poorly  Affinity of sTF for VII and VIlaWe have previously used
expressed, a Phe substitution at this position was used. TwaSPR to measure Vlla affinities for a panel of alanine mutants
residues that do not contact Vlla but are adjacent to this of sTF by using a biotinylated active site inhibitor of Vlla
patch, Serd7 and Leu93, were also chosen for alaninefor the site-specific immobilization of Vlla on the sensor
substitution. chip surface 16). Binding of active site inhibitors is known
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FiGUurRe 2: Preparation of zymogen VII. SDFAGE assay of
removal of Vlla from the VII preparation by chromatography on
avidin agarose following reaction with biotin-X-FPR chloromethyl 50
ketone: VII before (lane 1) and after (lane 2) treatment to remove
Vlla. 0

Resonance Units

100

to influence the affinity of Vlla for TF 19), and zymogen -50
VIl reacts poorly with the active site inhibitor. Direct

coupling of Vlla via amino groups has been shown to hinder

TF binding @0), and immobilization of each sTF mutant 350
would require standardization of multiple chip surfaces. Thus, B

we have employed an alternative immobilization strategy in 300 - -
which a non-neutralizing monoclonal antibody is used to
capture wild-type or mutant sTF and then binding of VIl or
Vlla to these surfaces is measured. The monoclonal anti-TF
antibody 5G6 14) used for these experiments binds to an
epitope distinct from the Vlla binding site and similar to
that determined by X-ray crystallography for the D3H44
STF complex 21). In experiments where sTF was im-
mobilized on the sensor chip surface, prebinding of 5G6 50 |
caused only a small increase (from 13.6 to 16.9 nM) in the
Kp for Vlla binding. Binding of 5G6 has no significant effect
on the amidolytic activity of Vlla in complex with wild- 50 L L - L
type (L4) or mutant sTF (data not shown). Mab 5G6 does 0 100 200 300 400 500

inhibit the activity of the TFVIla complex toward macro- Time (s)

molecular substrates X and IX)(and blocks autoactivation  pgure3: Surface plasmon resonance (SPR) measurements of Vila
of VII (D. Kirchhofer, unpublished results). Th& measured (A) or zymogen VII (B) binding to sTF. Monoclonal antibody 5G6

for 5G6—-sTF binding by SPR is 1.7 nM, and most Wwas used tocapture sTF on the sensor chip surface, and then binding
importantly, theko is 4-fold slower than that measured for data were collected for six different concentrations of VIl or Vlla.

. . The value from a reference cell having only the immobilized
the sTF-Vlla complex (L4). Under the experimental condi- antibody was subtracted from the data to yield the sensorgrams

tions of high-density 5G6 immobilization with a small  that are shown. Solid lines depict experimental data, and dashed
amount of sTF captured, the binding kinetics reflect thesTF lines are the result of a simultaneous fit of the data for the six

VIl or —Vlla interaction and not dissociation of STF from concentrations to a 1:1 binding model.
the antibody.

Typical sensorgrams observed for binding of Vila or viI 10-fold lower mass than Vila, and would produce a smaller
to wild-type sTF, immobilized via binding to 5G6, are shown SPR signal, we used a higher-density surface in wkit800
in panels A and B of Figure 3, and the results of an analysis RU of sTF was bound to the antibody. If autoactivation does
according to a 1:1 binding model are summarized in Table occur during the binding measurements, then the higher-
2. The kinetic constants and th&, value determined for  density surface should promote that reaction. Strong binding
Vlla binding agree with previous results obtained using active Was detected for the Kunitz domain with the 5&6IF—
site-immobilized Vlla (6). Zymogen VII binds to wild-type ~ VIla complex, as indicated by the positive SPR signal shown
sTF with an affinity only 1.5-fold weaker than that measured in Figure 4. At approximately the same level of complex
for Vila. The small change in affinity primarily reflects an ~ formation, no Kunitz domain binding was detected with the

increased off-rate for VII, whereas the on-rates measured>G6-sTF-VII complex (Figure 4). These results suggest
for the two proteins are not significantly different. that VIl does not become activated to Vlla during the binding
Although STF is a poor cofactor for autoactivation of VIl measurements.
in the absence of high concentrations of phospholipids and Effects of sTF Mutations on VII and Vlla Affinitjl of
Vlla (22), it is possible that activation of VIl to Vlla does the substitutions in the Vlla contact region, with the
occur on the sensor chip surface, leading to apparent similarexception of S39A and E95A, gave significantZ-fold)
affinities of VII and Vlla for sTF. To test this possibility, decreases in the affinity for both VIl and Vlla (Table 2 and
we examined binding of a Kunitz domain active site inihibitor Figure 5). For mutants examined previously using active
to the ternary complexes of the 566TF complex and VII site-immobilized Vlla (6) (Q37A, D44A, W45F, and
or Vlla. Kunitz domain inhibitors usually bind tightly to  Y94A), a comparable loss of Vlla affinity was determined
activated serine proteases and only weakly to the zymogenby using the capture method with 5G6. For the entire set of
forms 23). Since the Kunitz domain has an approximately 12 sTF mutants, changes in affinity for VII and Vlla were

0 100 200 300 400 500

250 |

200

150

100

Resonance Units
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Table 2: Binding of VII and Vlla to 5G6-Captured sTF

VI Vila
ka (x10°5M~1s1) ke (x10°s1) Ko (NM) ka (x105M~1s1) ke (x10°s1) Ko (NM)
wild type 7.7+21 5.6+ 1.4 75+23 5.6+ 1.5 2.6+ 0.4 51+23
Q37A 1.9+ 0.6 5.4+ 0.6 31+ 10 1.9+ 0.1 8.0+ 0.7 413+ 1.0
S39A 5.8+ 1.6 6.9+ 0.9 12.3+ 2.3 6.1+ 0.6 3.3+ 0.4 5.5+ 0.2
G43A 2.7+ 0.4 6.7+ 0.6 25.2+ 1.4 3.9+ 0.3 5.7+ 1.4 14.6+ 2.5
D44A 1.4+ 0.4 42405 323+ 87 2.3+ 0.4 8.2+ 1.8 35.5+ 2.0
WA45F 1.4+ 0.6 6.2+ 0.3 53+ 27 1.9+ 0.1 10.4+ 4.7 56+ 27
R74A 2.0+0.2 7.9+ 0.9 39.3+ 5.3 2.3+ 0.7 8.1+ 3.5 35.0+ 6.8
F76A 1.3+ 0.4 7.0+ 0.7 57+ 19 1.8+ 0.1 8.9+ 2.9 50+ 17
Y78A 22401 6.2+ 0.5 28.14 2.7 3.3+ 0.5 6.7+ 0.1 20.6+ 2.5
E91A 1.4+ 0.3 5.2+ 0.9 37.4+2.2 2.6+ 0.4 15.2+ 3.8 57+ 6
Y94A 1.2+0.2 5.7+ 0.5 48+ 12 2.6+ 0.3 16.7+ 4.5 66+ 23
E95A 4.4+0.1 6.9+ 0.1 15.7+ 0.3 5.3+ 0.3 4.5+0.3 8.5+ 0.4
N96A 1.3+£0.2 6.5+ 0.9 51+ 12 2.5+ 0.2 11.7+ 1.5 471+ 2.7

aValues are the means the standard deviation of three or more determinations.
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FiGure 4: Kunitz domain (IV-49-C) binding to the 5G&TF

Vlla (—) or 5G6-sTFVII (- - -) ternary complex. An aliquot of

a 1uM solution of Vlla or 2.5¢M VII was injected onto the sensor
chip surface containing the 5G8TF complex; dissociation was
allowed to occur for 180 s, and then an aliquot of a0 solution

of the IV-49-C Kunitz domain15) was injected (indicated by the
arrow). The section of the sensorgram corresponding to binding of
the Kunitz domain has been magnified in panel B.

comparable in magnitude (Figure 5). The decreased affinity
for VII binding resulted mostly from a decreased on-rate
(Table 2); decreased Vlla affinity was usually the result of

Mutant

N96A
E95A
Y94A
L93A
E91A
Y78A
F76A
R74A
S47A
WA45F |
D44A
G43A
S39A
Q37A

0.1

VI
L1 Vila

10 100

K, ratio (mutant/wild-type)

Ficure 5: Effect of substitutions of sTF on the affinity for VII
(black bars) or Vlla (hatched bars). Values are the ratios oKthe
values determined for the mutant relative to that of wild-type sTF.

of two residues, Ser47 and Leu93, that do not contact Vlla
in the TFVlla structure but are close to this region of
interaction. Alanine substitution of these residues produced
an insignificant change<(2-fold) in affinity for binding to
both VII and Vlla.

DISCUSSION

Results of previous structurdunction studies 16, 24)
indicated that the free energy of the binding of Vlla to TF
is primarily contributed by interactions between the EGF-1
domain of Vlla and TF. The contribution to binding from
the protease domaiiTF interaction is more modest; how-
ever, this interface is critical for the allosteric linkage by
which TF binding promotes the amidolytic and proteolytic
activity of Vlla. Indeed, alanine substitution of Met164 in
Vlla results in only a small loss in TF affinity but causes a
dramatic decrease in the magnitude of the TF-dependent
increase in the amidolytic and proteolytic activity of Vlla
(11, 19). In contrast, we find that mutations on the TF side
of this interface mainly affect the affinity for Vlla but not
the level of enzymatic activity upon saturation. Substitution
of key residues in Vlla can disrupt the linkage between
docking of the protease to TF and formation of the active

both an increased off-rate and a decreased on-rate. Insite. The M164A mutant of Vllall, 19) would appear to

addition, data are included in Figure 5 for alanine substitution

be less capable of assuming the conformation required for
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full activity. Single-point mutations in TF do not appear to and alanine substitution of this residue causes a 12-fold
disrupt the allosteric linkage, suggesting that the active decrease in affinity. The second explanation postulates that
conformation of Vlla is not highly dependent on the specific the Vlla conformation observed in the crystal structure of
contacts with TF side chains. The results are consistent withthe TFVIla complex is the only one capable of high-affinity
a model where TF promotes activity by selecting and TF binding, and both VIl and Vlla can readily assume this
stabilizing the active conformation of Vlla that is in conformation. Since VIl binds TF with kinetics and affinity
equilibrium with one or more less active formg, (L1). comparable to those of Vlla, the energy barrier must be small
One difference from earlier work is our observation that between the active conformation and the conformation
the D44A mutant of TF does not cause a decrease in theobserved in the zymogen structure. Further changes in the
maximal velocity of X activation upon saturation of Vlla active site related to the activation cleavage, and thus only
with the cofactor. Gibbs et al2p) showed that D44A sTF  accessible to Vlla and not VII, render the active enzyme.
gave 50% of the maximal activity observed with wild-type These additional changes in the active site could occur prior

sTF in a chromogenic peptide assay of Vlla activity.
However, it is unclear whether concentrations of D44A sTF
that were sufficiently high to saturate Vlla were used. Kelly
et al. £6) observed a 7-fold decrease in the maximal rate of
X activation for D44A compared to that for wild-type TF.
Their assay used detergent-solubilized full-length TF, whereas
our assay of X activation employed sTF in the presence of

to or concomitant with TF binding. Given the good agree-
ment between the structural and functional epitopes for Vlla
binding, this second explanation is more consistent with the
data.

The observation that VII and Vlla bind the same epitope
on TF is consistent with earlier studies on the mechanism
of VII autoactivation 28—30) and can be contrasted with

phospholipids. The presence of phospholipids may suppresshe modes of binding predicted for substrates IX and’X (

the defect in cofactor function measured for D44A TF.
The SPR experiments show that VIl and Vlla bind to STF
with similar kinetics and affinity. A contribution to the results
from a significant level of VII activation during the binding
experiments can be excluded for the following reasons. First,

Both IX and X, binding as substrates to the -T¥lla
complex, appear to interact with a portion of TF outside of
the Vlla binding region. Since Vlla and VIl bind to the same
sites on TF, a TFVIlla—VIl ternary complex cannot be
formed. Activation of VII bound to TF must be catalyzed

we depleted the VII preparation of active enzyme such that by Vlla bound to a second molecule of TF. The kinetics of
the trace levels of protease required for autoactivation were VIl autoactivation on a membrane surface have previously
not present. Second, the anti-TF antibody 5G6 used to capturébeen explained with a model in which a molecule of the

TF on the sensor chip surface inhibits VII autoactivation.
Third, sTF is normally a poor cofactor for VII autoactivation
in the absence of high concentrations of phospholipids or
polylysine 7). The dextran matrix comprising the sensor
chip has a net negative charge and thus would not be
expected to mimic the effects on VIl autoactivation observed
for the positively charged polylysine. Finally, a significant
level of Kunitz domain binding was only observed for the
TF—Vlla surface, and not for TFVII, consistent with a lack

of VII activation during the binding experiments.

We have shown here that substitutions on the TF surface
that contacts the protease domain of Vlla have nearly
identical effects on the affinities for both VII and Vlla. The
contact region on TF for the proteolytic domain of VII does
not appear to extend beyond the region observed in the TF
Vlla structure since the S47A and L93A mutants of sTF did
not impair binding to VII. Despite the steric clash implied
by the modeling studies, the protease domains of both VIl
and Vlla seem to interact with the same surface on TF with
nearly identical residue energetics. Two explanations for
these results appear to be possible. Since the binding
experiments did not employ an active site inhibitor, and
because all of the reported structures for-Mila complexes
have inhibitors bound, the conformation of both VIl and Vlla
detected in the binding experiments may be different from
that observed in the crystal structures. This model requires
a secondary conformational change in the initiaHNdla
complex for realization of full activity. VII would not be
able to undergo this transition. This explanation appears to
be unlikely since the pattern of changes in Vlla affinity with
TF substitution is consistent with the side chain contacts
observed in the TFVlla structure (0). For example, TF
residue Tyr94 forms both hydrophobic and hydrogen bonding
interactions with Vlla in the TFVIla complex structure,

TF—VII complex is the substrate for activation by a FF
Vlla complex 9). In addition, dimerization of sSTF has been
shown to promote autoactivation of VIBQ). A common
binding site on TF for both VII and Vlla is consistent with
observations that VII can antagonize the activity of Vlla
when TF is in limited supply32). In the clinical situation
where Vlla is used to treat bleeding disorde38)( enough
Vlla must be provided to overcome the antagonism due to
VIl and restore normal bleeding times. The molecular details
of how the TFVlla complex recognizes the FVII
complex as a substrate await further experimentation.
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