Acta Chim. Slov. 2011, 58, 671-677

Review

Structural and Functional Characterization
of Anticoagulant, FXa-binding Viperidae Snake
Venom Phospholipases A,

Grazyna Faure* and Frederick Saul

Institut Pasteur, Unité d’ Immunologie Structurale; CNRS, URA 2185, Département de Biologie Structurale et Chimie,

25, rue du Dr. Roux F-75015, Paris, France
* Corresponding author: E-mail: grazyna.faure-kuzminska@pasteur.fr
Received: 06-07-2011

Dedicated to the memory of Professor Franc Gubensek

Abstract

Certain snake venom phospholipases A, (PLA,) have been identified as specific, non-competitive blood coagulation in-
hibitors that bind with high affinity to human activated blood coagulation factor X (hFXa). Recent determination of the
three-dimensional structures of PLA, isoforms which differ in anticoagulant activity contributes to a better understan-
ding of their mode of binding to human FXa. Detailed analysis of the crystal structures of natural PLA, isoforms from
Viperidae snake venom which differ in binding affinity to hFXa allows us to detect local conformational changes and
precisely delineate the role of critical residues in the anticoagulant function of these PLA,. We find conformational
changes at conserved position Lys127 and mutated position Lys128 > Glu in the C-terminal regions of less potent anti-
coagulant PLA, (AtxC and CBa,), which contribute to the observed decrease in affinity for hFXa. The mutation His1 >
Ser in less potent CBa, is associated with a significant displacement of the side chain of Lys69 and Trp70 in the loop
65-72 and could also explain the reduced anticoagulant activity of the CBa,-FXa complex. Knowledge of the spatial ar-
rangement of the sites of interaction of PLA, with hFXa is important for understanding of the hemostatic process at the
molecular level and could provide new anticoagulant drug leads.

Keywords: Snake venom anticoagulant phospholipases A,; coagulation factor Xa; anticoagulant site; SPR affinity; cry-
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1. Introduction

Snake venom PLA, (sSPLA,, EC 3.1.1.4) are interfa-
cial enzymes which bind to the cell membrane surface and
catalyze hydrolysis of the 2-acyl ester bond of 1,2-diacyl-
3-sn-phosphoglycerides.' These small disulfide-rich enzy-
mes (13-18 kDa) also selectively interact with various tar-
gets such as phospholipids (PL), proteins and heparan sul-
fate proteoglycans. Interestingly, individual snake venom
contains several PLA, isoforms which differ in enzymatic
activity and toxic effects.> The presence of various PLA,
isoforms with diverse pharmacological activities could be
explained by accelerated evolution of exon regions after
duplication of a common ancestral gene, indicating rapid
adaptation of snakes for defense and predation.* Although
the catalytic site (residues His48, Asp99, Tyr52, Tyr73),

the Ca®*-binding loop, and the interfacial binding surface
(IBS), as well as intra-chain disulfide bonds and the ove-
rall 3D-structure of snake venom PLA, groups I and II are
highly conserved, small differences in exposed surface re-
sidues could play an important role in determining func-
tional specificities.

In addition to their catalytic function, snake venom
PLA, exhibit diverse activities including neurotoxic, myo-
toxic, myonecrotic, anticoagulant, convulsant, hypotensi-
ve and oedema-inducing activities.>® Bactericidal, antitu-
moral, anti-HIV, anti-Leishmania, and anti-Plasmodium
activity have also been reported.'®'? Interactions with va-
rious protein targets determine the specific function of
PLA, (i.e. neurotoxic, anti-coagulant or other activities).
The presence of pharmacologically distinct sites indepen-
dent of the catalytic site was first proposed by Kini.'® In-
creasing experimental evidence has shown that the vari-
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ous receptor-mediated functions of PLA,s may be either
dependent or independent of their enzymatic activity.'*"”
The molecular mechanism and structural basis by which
the PLA,s, with a highly conserved three-dimensional
scaffold, exhibit diverse biological functions are still to be
elucidated. In this short review, we analyse by structural
and functional studies, several Viperidae venom sPLA s
that exert an anticoagulant effect by a non-enzymatic PL-
independent mechanism through direct binding to
hFXa.'®' Other mechanisms by which PLA, may inhibit
the coagulation process have been recently reviewed.'”**
Factor Xa plays a central role in the coagulation cas-
cade, converting prothrombin to thrombin by limited pro-
teolysis, and is essential for the blood clotting process.”
FXa contains two polypeptide chains linked by a single
interchain disulfide bond. The light chain consists of an
N-terminal Gla domain containing post-translationally
modified y-carboxyglutamate residues and two epidermal
growth factor-like (EGF-like) domains. The heavy chain,
which contains a serine protease catalytic domain, con-
sists of two subdomains of antiparallel -barrel structure
each comprising a -sheet of six strands and four o-heli-
ces. Residues His236, Asp282 and Ser379 form a catalytic
triad at the active site cleft between the two subdomains.
Thrombosis occurs in a variety of cardiac disorders
and a search for new, non-competitive FXa inhibitors with
high selectivity is challenging. The anticoagulant FXa-

binding sPLA, present a novel family of agents useful in
identifying the site of interaction of anticoagulants at the
level of specific amino acid residues and could provide a
promising structural template for the 3D structure-based
design of new, non toxic hFXa inhibitors.

2. Structural Scaffold
and Anticoagulant Properties
of FXa-binding PLA,

FXa-binding PLA,s of the Viperidae family, such as
myotoxin II (MtxII) from Bothrops asper, two isoforms of
the basic CB subunit (CBc and CBa,) of the crotoxin com-
plex from Crotalus durissus terrificus, two isoforms of
ammodytoxin (AtxA and AtxC) from Vipera ammodytes
ammodytes, the basic subunit (CbII) of the CbICbII com-
plex from Pseudocerastes fieldi, the basic PLA, from Ag-
kistrodon halys pallas (bAhp) and Daboia russelli pulc-
hella (DPLA,) are basic enzymes with a molecular weight
of 13—17 kDa containing seven conserved disulfide bonds.
Their sequences with secondary structure elements (heli-
ces A,B,C, D and the B-wing) are presented in Figure 1,
showing the conserved 25-33 Ca®* binding loop and the
catalytic diad residues His48 and Asp99.>*** The IBS is
formed by a hydrophobic channel'* surrounding the en-

helix A helix B ca?*-loop helix C

MExII SLFELGKMIL QETGKNPAKS YGAYGCNCGV LGRGKPKDAT DRCCYVHKCC YKKLTGCNPK
CBc HLLQFNKMIK FETRKNAIPF YAFYGCYCGW GGRGRPKDAT DRCCFVHDCC YGKLAKCNTK
AL XA SLLEFGMMIL GETGKNPLTS YSFYGCYCGVY GGKGTPKDAT DRCCFVHDCC YGNLPDCSPK
CBaz SLLQFNKMIK FETRKNAVPF YAFYGCYCGW GGQGRPKDAT DRCCFVHDCC YGKLAKCNTK
CbII NLFQFTKMIN GKLGAFAVLN YISTGCYCGW GGQGTPKDAT DRCCFVRDCC YGRVKGCNPK
AtxC SLLEFGMMIL GETGKNPLTS YSFYGCYCGV GGKGTPKDAT DRCCFVHDCC YGNLPDCSPK
bAhp HLLQFRKMIK KMTGKEPVVS YAFYGCYCGS GGRGKPKDAT DRCCFVHDCC YEKVTGCDPK
DPLA2 SLLEFGKMIL EETGKLAIPS YSSYGCYCGW GGKGTPKDAT DRCCFVHDCC YGNLPDCNPK
AGTX NLLQFNKMIK EETGKNAIPF YAFYGCYCGW GGQGKPKDGT DRCCFVHDCC YGRLVNCNTK

B-wing helix D C-terminal region
MEXITI KDRYSYSWKD KTIVCGENNS CLKELCECDK AVAICLRENL NTYNKKYRYY LKPLCK-KAD AC
CBc WDIYPYSLKS GYITCGKGTW CEEQICECDR VAAECLRRSL STYKYGYMFY PDSRCRGPSE TC
ALXA TDRYKYHREN GAIVCGKGTS CENRICECDR AAAICFRKNL KTYNYIYRNY PDFLCKKESE KC
CBaz WDIYRYSLKS GYITCGKGTW CKEQICECDR VAAECLRRSL STYKNEYMFY PDSRCREPSE TC
ChII LATYSYSFQK GNIVCGKNNG CLRDICECDR VAANCFHQNK NTYNRNYRFL SSSRCRQTSE QC
AtxC TDRYKYHREN GAIVCGKGTS CENRICECDR AAAICFRKNL KTYNYIYRNY PDILCKEESE KC
bAhp WDDYTYSWKN GTIVCGGDDP CKKEVCECDK AAAICFRDNL KTYKKRYMAY PDILCSSKSE KC
DPLA2 SDRYKYKRVN GAIVCEKGTS CENRICECDK AAAICFRQNL NTYSKKYMLY PDFLCKGEL- KC
AGTX SDIYSYSLKE GYLTCGKGTN CEEQICECDR VAAECFRRNL DTYNNGYMFY RDSKCTETSE EC

Figure 1: Amino-acid sequences of FXa-binding PLA, from Viperidae venom. MtxIl: myotoxin II from Bothrops asper (PDB 1CLP); CBc and
CBa,: isoforms of the basic subunit of the crotoxin complex from Crotalus durissus terrificus (PDB 2QOG); AtxA and AtxC: isoforms of ammody-
toxin from Vipera ammodytes ammodytes (PDB 3G8G and 3G8H, respectively); Cbll: basic subunit of the CbICbII complex from Pseudocerastes
fieldi;¥ bAhp: basic PLA, from Agkistrodon halys pallas (PDB 1JIA); DPLA,: basic PLA, from Daboia russelli pulchella (PDB 1ZWP) and
AGTX: agkistrodotoxin, a neutral PLA, from Agkistrodon halys pallas (PDB 1BJJ) used as a negative control for absence of FXa-binding. Strictly

conserved residues, including the catalytic site, are underlined.
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trance to the active site and contains a ring of cationic and
hydrophobic residues which make contact with lipid du-
ring association of PLA, with the membrane surface.'
The crystal structures of PLA, analyzed here have
been previously determined (the PDB accession codes are
shown in Table 1). These sPLA, from Viperidae snake ve-
nom are structurally homologous to the inflammatory,
non-pancreatic mammalian sPLA, of group IIA which
also exhibit anticoagulant activity by interacting with
FXa."® Figure 2a shows the canonical structural features
of group IIA PLA s for the case of AtxA, which was sol-
ved in our laboratory in collaboration with the group of
Igor KriZaj (Institute JoZef Stefan, Ljubljana).?” The struc-
ture contains an N-terminal a-helix (A), a short helix (B),

C-terminal |
region

b)

Figure 2: Overall structure of group IIA PLA, from Viperidae ve-
nom which interact with FXa. (a) The crystal structure of AtxA
(PDB 3G8G)*" shown in the classical front face orientation. The ca-
talytic diad (residues His48/Asp99) are shown in red and the seven
conserved disulfide bonds are in yellow. (b) The superimposed
structures of seven FXa-binding PLA, (shown in blue) and AGTX
(PDB 1BJJ, negative control, shown in red).

a Ca®*-binding loop, a long o-helix (C), an anti-parallel
two-stranded beta sheet (B-wing), a long a-helix (D) anti-
parallel to helix C, and an extended C-terminal region.
Two anti-parallel disulfide-linked o-helices (C and D)
form a rigid scaffold to which the Ca**-binding loop, the
C-terminal loop and the B-wing are covalently linked by
disulfide bonds. The highly conserved active site residues
His48, Asp99, Tyr52, are clustered on helices C and D and
interact via Asp49 with the Ca®*-binding loop.!”?’

All PLA, presented in Figure 1 inhibit formation of
the prothrombinase complex. Several studies have propo-
sed that FXa-binding PLA, compete with factor Va for the
FXa-binding site, introducing a lag time in the production
of thrombin.'®2!*-3! The binding affinities between these
group IIA sPLA, from Viperidae snake venom and FXa,
and their inhibition of prothrombinase activity are presen-
ted in Table 1. These results show a strong correlation bet-
ween the dissociation constant K" and prothrombinase
inhibition, and allow the classification of anticoagulant
PLA, into three groups displaying strong, medium and
weak anticoagulant activity, respectively (Table 1)*!.

Table 1. SPR kinetic parameters of FXa-binding PLA, and their ef-
fect on prothrombinase activity.

PLA, k,, K, K,/ IC,, PDB
M's™ ™ mM) (M)

MtxII  10.4x10° 1.78x 102 1.8 3 1CLP
CBc 3.2x10°  1.6x10* 0.6 0.7 2Q0G
AtxA  2.2x10°  7.0x10° 30 25 3G8G
CBa, 2.9x10° 1.5x10% 52 41 2Q0G
Cbll 4.2x10° 8.5x10° 20 20 -
AtxC  3.9x 10 1.4x10% 346 240 3G8H
bAhp  4.0x10*  1.6x10%2 400 90 1JIA
DPLA, 4.5x10* 2.6x10% 578 130 1ZWP
AGTX NB NB NB  >10* 1BJJ

Kinetic parameters of FXa-binding PLA, and effects on prothrom-
binase activity.”*?' K = k 4/, , determined by SPR. IC,, corres-
ponds to 50% inhibition of thrombin generation in the absence of
phospholipids for the different PLA,s. NB: non-binding. The pro-
tein data bank access code for each structure is shown.

Figure 2b shows the superposition of the a-carbon
backbone of agkistrodotoxin (AGTX, a neutral PLA,
from Agkistrodon halys pallas used as negative control for
absence of FXa binding) with the crystal structures of the
FXa-binding PLA, presented in Figure 1. AGTX displays
a 3D profile similar to the FXa-binding PLA,. Small va-
riations in the topology of the C-terminal region and the
loop preceeding the B-wing are observed for all FXa-bin-
ding PLA,. The electrostatic charge distribution in FXa-
binding PLA, suggests that small differences in confor-
mation and charge might have functional significance.
Comparison of the 3D structures of different SPLA, and
their isoforms, together with mutagenesis and affinity-
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binding studies, could help to understand the role of the
mutated residues in the anticoagulant function of FXa-
binding PLA,.

3. Search for the Anticoagulant Site
of FXa-binding PLA,
To date, co-crystallisation experiments of PLA, with
FXa have been unsuccessful, and elucidation of the three-

dimensional structure of the PLA ,-FXa complex presents
a major challenge. Various approaches have been used to

2 iz mq\m

Ly5127

Lysl!!

Arg?7

\,\:5’1

Figure 3: FXa-binding site of AtxA (a) and three-dimensional mo-
lecular model of the PLA -FXa complex obtained by molecular
docking (b).

(a) Crystal structure of AtxA?’” showing residues (in green) previ-
ously identified as important for binding to FXa and anticoagu-
lant activity.”

(b) The 3D molecular model of the complex shows the contact in-
terface between the two molecules.”' The light chain of hFXa
(PDB 2BOH, without the Gla- and EGF-likel domains) is
shown in orange and the heavy chain is shown in brown. The
catalytic triad His236 (His*")/Asp282 (Asp'®)/Ser379 (Ser'®)
(the chymotrypsinogen numbering is shown with residue num-
bers in superscript) is in red and the single disulfide bridge lin-
king the light and heavy chains is shown in yellow. The structu-
re of AtxA (shown in blue) in the complex is oriented as in Fi-
gure 2a. The docking model shown here*' does not include the
EGF-like domain-1, which is not visible in the crystal structure
of hFXa. However, we predicted that the B-wing will be in con-
tact with the EGF-like 1 domain considering the model of hFX-
a by Bajaj and coworkers* based on homology with the crystal
structure of porcine FIXa.%

study the structure-function relationship of anticoagulant
PLA, with hFXa: site—directed mutagenesis, molecular
docking, affinity binding studies, physiological tests for
inhibition of prothrombinase activity, and comparison of
crystallographic structures of natural PLA, isoforms
which differ in binding affinity for FXa.

By site-directed mutagenesis and SPR affinity bin-
ding studies we demonstrated the importance of basic re-
sidues Arg72, Lys74, His76,Arg77 in the B-wing and
Argl18, Lys128, Lys127, Lys132 in the C-terminal re-
gion, for binding of AtxA to FXa (Figure 3A).%°

Using molecular docking simulations between PLA,
and FXa, we have mapped the interaction sites on Viperi-
dae snake venom PLA s and hFXa.”' Figure 3B shows the
three-dimensional molecular model of the AtxA-FXa
complex obtained by molecular docking. We proposed
that the potential FXa-binding site for PLA, comprises
two adjacent regions: region A (residues 1-19 and 52-77),
which includes solvent-exposed residues of helices A and
B and part of the loop between helix C and the B-wing,
and region B (residues 23-34 and 118-133), which cor-
responds to the Ca®* binding loop and the C-terminal re-
gion.”!

Interestingly, residues 5277 of the PLA, proposed
here as one of the regions important for FXa-binding, ha-
ve previously been identified as the putative positively
charged anticoagulant site of the PLA,s exerting pharma-
cological effect through binding to anionic PL during the
anticoagulation process.'*'®¥ Previously, it was sugge-
sted that a glutamic acid residue in position 53 may be im-
portant for anticoagulant activity.>* However, in the FXa-
binding PLA,, shown in Figure 1, position 53 is occupied
by glycine or lysine (the only exception is bAhp which
displays weak FXa-binding activity). These differences
suggest that anticoagulant mechanisms such as binding to
anionic PL or binding to FXa involve different residues in
the anticoagulant site.

Surface Plasmon Resonance (SPR) studies using
whole FXa and FXa without the Gla-domain show similar
affinity for immobilized PLA,, indicating that the N-ter-
minal Gla domain is not important for PLA,-FXa interac-
tion.”! Molecular docking calculations indicated that the
potential PLA, binding site of FXa is composed of five re-
gions of the heavy chain and two segments of the EGF-Ii-
ke 2 domain of the light chain.*""'” The PLA, catalytic site
and FXa catalytic site are accessible and not involved in
the binding interface.

The importance of the B-wing and C-terminal re-
gions (Figure 3A) of PLA, for binding to FXa is based on
mutagenesis experiments.”’ The molecular docking mo-
del (Figure 3B) is based on mutagenesis data and on the
hFXa structure (PDB 2BOH, which does not include the
EGF-like domain-1 not visible in the crystal structure).
However, we predicted that the B-wing can make contact
with the EGF-like 1 domain considering the model of h-
FXa by Bajaj and coworkers,** which includes the EGF-
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like 1 domain based on homology with the structure of
porcine FIXa.*® The orientation of the EGF-like domain 1
in this model allows contact with the B-wing region of
PLA,.

In addition, an exosite which binds heparin in the
heavy chain of FXa is probably important for interaction
with anticoagulant PLAZ.17 Interestingly, a particular
structural motif of FXa (residues 233-243 in the C-termi-
nal region of the heavy chain), important for binding of
anticoagulant protein NAPc2 from the hematophagous
nematode Ancylostoma caninum (PDB 2H9E), is also im-
portant for interaction with anticoagulant PLA,.

By analysing the crystallographic structures of anti-
coagulant PLA, isoforms which differ in binding affinity
to hFXa, we aim to detect local conformational changes
which occur in these natural isoforms and precisely deli-
neate the role of critical residues in the anticoagulant
function of PLA,. In particular, we have compared the
crystal structures of isoforms AtxA and AtxC of ammody-

AtxA

CBc

Gly 128

Arg 127

toxin, which differ in sequence by only two amino-acid
substitutions (Phe124 > Ile and Lys128 > Glu) but display
significant differences in toxicity and anticoagulant acti-
vity.?” The crystal structures allow us to explain the 10-
fold decrease in binding affinity of AtxC for FXa (Table
1). Briefly, the side chain of Lys128 in AtxA (residue
identified by mutagenesis as important for interaction
with FXa)? is fully exposed and accessible for binding to
FXa, whereas the side chain of Glul28 in AtxC makes a
stabilizing hydrogen bond with the main chain nitrogen
atom of Thr35, leading to reorientation of the polypeptide
chain backbone at positions 127 and 128 and a significant
shift in the side chain of the conserved residue Lys127.%
Lys127 has been identified by mutagenesis as important
for the interaction of AtxA with FXa® and has been iden-
tified by molecular docking calculations as part of the an-
ticoagulant site.”!

We find similar conformational changes at position
127 and 128 in isoforms CBc and CBa, of the basic subu-

AtxC

Figure 4: Crystallographic structures of PLA, isoforms AtxA, AtxC, CBc and CBa, showing critical residues responsible for differences in anticoa-
gulant activity. The mutations Lys128 > Glu in AtxC and Gly128 > Glu in CBa, lead to a significant decrease in binding affinity for FXa. The ad-
ditional mutation His1 > Ser in CBa,, leading to a displacement of Trp70 and Lys69, could also be responsible for the decreased binding affinity for

hFXa.
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nit of crotoxin from Crotalus durissus terrificus. The
pharmacological properties of these individual CB iso-
forms have been previously reported.**’ Isoforms CBc
and CBa, differ in sequence by eight substitutions (His1 >
Ser, Ile18 > Val, GIn33 > Arg, Pro65 > Arg, Glu82 > Lys;
Tyr105 > Asn, Gly106 > Glu and Gly117 > Glu) and dif-
fer significantly in binding affinity to FXa (CBa, displays
100-fold lower affinity for FXa and 60-fold lower anticoa-
gulant activity) (Table 1).?' Since the crystal structure of a
tetrameric complex formed by a mixture of isoforms CBc
and CBa, has been reported,™ we compared the structures
of these individual CB isoforms with the structures of
AtxA and AtxC. We concluded that, similarly to the struc-
ture of AtxC, the mutation in position 128 in CBa, leads to
a shift in the side chain of unmutated Arg127 (Lys127 in
AtxC) due to interaction between Glul28 and the main
chain nitrogen atom of residue 35 (Arg 35 in CBa,), and
displacement of the main polypeptide chain at positions
127-128 contributing to the observed decrease in affinity
for FXa."” The conserved residues at position 127 in both
isoforms of ammodytoxin and subunit CB display diffe-
rent conformations detectable only by comparison of the
3D structures.

Moreover, by comparing the superimposed structu-
res of CBc and CBa, we detected important structural dif-
ferences in the N-terminal region adjacent to the loop pre-
ceeding the B-wing (Figure 4). The mutation His1 > Ser in
CBa, is associated with a significant displacement of the
side chains of Lys 69 and Trp70 in the loop 65-72. These
conformational differences could inhibit interaction with
FXa and thus explain the reduced anticoagulant activity
observed for the CBa,-FXa complex (Figure 4 and Table
1). The electrostatic charge distribution and molecular
surface in this region differ significantly (Figure 4).

4. Conclusions and Remarks

In this review we analyse the structure and function
of several Viperidae venom sPLA,s that exert an anticoa-
gulant effect by a non-enzymatic, PL-independent mecha-
nism through direct binding to human FXa. Precise know-
ledge of the crystallographic structures of PLA, isoforms
and their functional properties allows us to detect confor-
mational differences of residues important for interaction
with FXa and to show the local effects induced by natural
mutations. The significantly reduced anticoagulant acti-
vity of AtxC and CBa, is due to the lower binding affinity
for FXa resulting from the mutation Glu128 > Lys. Addi-
tionally, the mutation Hisl > Ser in CBa, is associated
with a displacement of Lys69 and Trp70 compared with
isoform CBc, which could also inhibit interaction with
FXa. Further structural studies involving crystallization of
the complex are required to provide a detailed view of the
PLA ,-FXa interface and confirm our proposal for the anti-
coagulant site.
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Nekatere fosfolipaze A, (PLA,) kacjih strupov se z visoko afiniteto veZejo na ¢loveski aktivirani faktor Xa (hFXa) v kr-
vi in delujejo kot specifi¢ni, nekompetitivni inhibitorji strjevanja krvi. Zadnje dolocitve tridimenzionalnih struktur
izooblik PLA,, ki se razlikujejo v antikoagulantni aktivnosti, prispevajo k boljSemu razumevanju nacina njihove vezave
na hFXa. Podrobna analiza kristalnih struktur naravnih izooblik PLA, iz strupov viperidnih ka¢ z razli¢no afiniteto ve-
zave na hFXa nam omogoca proucevanje lokalnih konformacijskih sprememb in natan¢no prepoznavanje klju¢nih ami-
nokislinskih ostankov, pomembnih za antikoagulantno delovanje teh PLA,. Tako smo v C-terminalni regiji PLA, s §ib-
kejSim antikoagulantnim delovanjem (AtxC in CBa,) zasledili konformacijske spremembe na mestu ohranjenega
Lys127 na raCun zamenjave sosednjega Lys128 > Glu, ki pomembno vplivajo na zmanj$anje afinitete do hFXa. Prav ta-
ko k zmanjSanju antikoagulantnega delovanja kompleksa CBa,-FXa verjetno prispeva tudi zamenjava His1 > Ser v manj
ucinkovitem CBa,, povezana z ve¢jim premikom stranskih verig Lys69 in Trp70 v podrocju zanke 65-72. Poznavanje
prostorske ureditve na mestih interakcije med PLA, in hFXa je pomembno za razumevanje procesa strjevanja krvi na
molekulski ravni in lahko privede do razvoja novih antikoagulantnih zdravil.
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