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Abstract

Plasminogen (PIg)-binding M protein (PAM) is a group A streptococcal cell surface receptor that is crucial for
bacterial virulence. Previous studies revealed that, by binding to the kringle 2 (KR2) domain of host Plg, the
pathogen attains a proteolytic microenvironment on the cell surface that facilitates its dissemination from the
primary infection site. Each of the PAM molecules in their dimeric assembly consists of two Plg binding motifs
(called the a1 and a2 repeats). To date, the molecular interactions between the a1 repeat and KR2 have been
structurally characterized, whereas the role of the a2 repeat is less well defined. Here, we report the 1.7-A
x-ray crystal structure of KR2 in complex with a monomeric PAM peptide that contains both the a1 and a2
motifs. The structure reveals how the PAM peptide forms key interactions simultaneously with two KR2 via the
high-affinity lysine isosteres within the ala2 motifs. Further studies, through combined mutagenesis and
functional characterization, show that a2 is a stronger KR2 binder than a1, suggesting that these two motifs
may play discrete roles in mediating the final PAM-Plg assembly.

Crown Copyright © 2019 Published by Elsevier Ltd. All rights reserved.

Introduction

Group A streptococcus (GAS) is a human patho-
gen that causes a range of clinical conditions from
superficial skin and pharyngeal infections to much
more serious conditions such as rheumatic fever,
necrotizing fasciitis, and streptococcal toxic shock
[1]. There are over 600 million cases of GAS
infection reported each year, which pose significant
global economic and healthcare burdens [2]. GAS
expresses a number of virulence factors to colonize
host tissues [3], disseminate from primary infection

sites [4,5], and evade host immune surveillance
[3,6]. One of the key virulence determinants is the
surface-bound M protein [7,8].

M proteins are typically a-helical coiled-coil pro-
teins consisting of a hypervariable N-terminal region,
followed by variable A and B repeat domains, and
the conserved C repeats and D domain [9]. There
are more than 250 M proteins documented to date
via sequence analysis of the hyper-variable N-
terminal region [10]. Plasminogen-binding group A
streptococcal M-like protein (PAM) belongs to a
subgroup of the M protein family with the Plg binding
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Fig. 1. Schematics of PAM and domains. (a) The domains of PAM from GAS strain AP53 (PAM53) and the sequence
alignment of PAM peptides discussed in this article are shown. The N-terminal signal peptide (S) is followed by the
hypervariable region (HV), ala2 repeats, B domain, C1-C3 repeats, D domain, Pro-Gly rich (PG) domain, and LPXTG
sortase signal (SS). Shown in the sequence alignment are VEK75 and VEK30 peptides from PAM53 and VKK38 from
GAS strain NS455. The a1 and a2 repeats are highlighted in yellow-orange and blue, respectively, with their RH motifs
shown in bold. The first and last amino acids of each peptide and the RH motifs are numbered. Underlined are the residues
modeled in the VEK75-KR2 crystal structure described in the current study. Residues colored in gray are those of the
thrombin cleavage site. (b) Sequence alignment of the a1 and a2 repeat in VEK75.

ala2 repeat located at the variable A domain [11].
PAM on the bacterial surface recruits plasminogen
(Plg) and facilitates the formation of plasmin (PIm) by
streptokinase, a plasminogen activator also secret-
ed by GAS, thus enabling the pathogen to dissem-
inate from the primary infection site and recolonize
within the host [12].

Plg, the inactive precursor of the protease PIm
[13,14], is a 92-kDa multi-domain glycoprotein. It
consists of seven domains, an N-terminal PAN-
apple (PAp) domain followed by five homologous
kringle (KR1-5) domains, and a C-terminal serine
protease (SP) domain. All KR domains, except for
KRS3, have a functional lysine-binding site (LBS: Asp-
X-Asp for KR1, 4-5, and Asp-Arg-Glu for KR2) that
binds to C-terminal lysine or internal lysine or
arginine residues present on target substrates or
receptors [14]. Previous crystallographic and NMR
studies on VEK30, an internal peptide with the a1l
repeat from PAM53 (GAS strain AP53, Fig. 1),
revealed that it binds to the lysine binding site (LBS)

Table 1. Comparison of the molar masses of VEK75, KR2
and VEK75-KR2 complex derived from MALS and the
molar masses calculated based on amino acid sequences
(Protparam, Expasy server)

Experimental mass (kDa) Calculated mass (kDa)

VEK75 8.94 = 0.89 9.02
KR2 13.09 + 0.79 13.19
VEK75-KR2 31.74 = 0.98 35.38°

2 Predicted molar mass for VEK75:KR2 molar ratio of 1:2.

of Plg KR2 via an internal lysine isostere site on the
peptide [15—-17]. Specifically, VEK30 binds to KR2
via the key residues Arg}&° and His{&° (hence, it
is also called the RH motif, Fig. 1) [15,16,18].
Intriguingly, PAM53, as well as many PAM variants
[19], has a second RH motif (RH2) located at the a2
repeat. A recent study on a peptide called VKK38
(isolated from GAS strain NS455, Fig. 1), which
contains both the a1 and a2 repeats with a 3-residue
insertion (Valigo—His{10—Aspi11) between the re-
peats, suggested that the RH2 motif is also a KR2
binder [20] and that both RH motifs are located at the
disordered regions of the apo-peptide. Using com-
bined analytical ultracentrifugation, isothermal titra-
tion calorimetry, and NMR, this study further
suggested that VKK38 binds to two KR2 domains
in solution. Exactly how the RH motifs interact with
two KR2 domains simultaneously and their molec-
ular interaction remain to be fully elucidated
experimentally. )

In the present study, we report a 1.7-A co-crystal
structure of VEK75 (an a1a2 containing peptide from
PAMS53 residues 76—150 [21]; Fig. 1) simultaneously
bound to two molecules of KR2, which contains its
native LBS motif, confirming the aforementioned
VKK38 data. We further characterize the functional
and binding affinity of RH1 and RH2 for Plg using
enzyme kinetics and surface plasmon resonance
(SPR) studies on the RH deletion mutants. Our
results reveal unexpectedly that RH2 has a higher
affinity for Plg than RH1, suggesting that a1 and a2
might play a different role in the final PAM-PIg binary
complex.
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Results

Stoichiometry of VEK75-KR2 complex

Size exclusion chromatography (AdvanceBio
SEC 300 A column; Agilent) combined with multi-
angle light scattering (SEC-MALS) was used to
determine the molecular masses of VEK75, KR2,
and VEK75-KR2 complex in solution. The SEC-
MALS studies reveal that VEK75 is a monomer in
solution (8.94 + 0.89 kDa; Table 1 and Fig. 2)
instead of a weakly associated dimer as reported
previously [21]; KR2 is also a monomer in solution
(13.09 + 0.79 kDa) as expected. The molar mass of
VEK75-KR2 complex is 31.74 + 0.98 kDa. The
closest assembly would consist of two copies of
KR2 bound to one VEK75 (expected molar mass of
35.38 kDa).

Crystal structure of VEK75-KR2 complex

Previous studies on the binary complexes of
VEK30-KR2 and VEK30-angiostatin (PDB ID:
115K, 2DOH, and 2DOQI) [15,16] revealed that KR2
anchors to the a1 region of PAM via the RH1 (Argqo4
and Hisqgp) together with the residues Lysgg and
Gluqo4 on either side of the RH motif.

The present crystal structure (Fig. 3a and Table S1)
of the VEK75-KR2 complex is a ternary structure
consisting of one VEK peptide with two KR2 molecules,
which is accordingly in agreement with the above SEC-
MALS data and also the VKK38 studies [20]. The first
KR2 (termed KR2a) forms interactions with the RH1
motif (residues 92—104; Figs. 1b, 3b, and S3a) [15,16],
while the second KR2 (termed KR2b) binds to the RH2
motif of a2 (residues 105-116; Figs. 1b, 3¢, and S3b)
[20]. Both KR2 molecules bind to the lysine isosteres on
opposite sides of the a-helical peptide and are
separated by 3.6 helical turns.

In the crystal structure, 34 residues of VEK75
(residue 89-122, underlined in Fig. 1a) adopt an
end-to-end a-helical structure and are well resolved

(eQ) ssewt Je[OJA]

— VEK75
KR2

— VEKT75-KR2

Fig. 2. SEC-MALS analysis. SEC-
MALS analysis of VEK75 (blue), KR2
(green), and VEK75-KR2 complex
(red). Note that despite its smaller
mass, VEK75 elutes earlier than
KR2, presumably due to its relaxed
molecular shape. Molar masses ob-
tained are tabulated in Table 1.

in the electron density map. In the al repeat,
ArgeeX”® forms side-chain salt bridges with Gluyg<”®
(Fig. S1a), whereas in the a2 repeat, residue Argsog
vews forms side-chain salt bridges with Gluy&"® as
well as GluyF" (Fig. S1b). No other intramolecular
side-chain interaction is observed within the struc-
ture of VEK75.

The remaining 43 residues of the VEK75 peptide
(15 of the N-terminal and 28 of the C-terminal residues)
outside the KR2 binding sites could not be modeled into
the electron density. Mass spectrometry studies on the
VEK75-KR2 co-crystals (~6 weeks post-purification)
(Fig. S2) revealed that 11 residues were missing from
the VEK75 peptide (3 and 8 residues from N- and
C-terminus, respectively), with all the other residues
remaining intact. Taken together, these data suggest
that residues flanking the KR2 binding sites are
structurally disordered. Similar observations have
been reported on the solution structure of VKK38
determined by NMR [20].

Structural alignment of the two KR2s suggests that
they are essentially identical (r.m.s.d. = 0.199 over
492 atoms) (Fig. S1c). Both molecules bind to a
sulfate ion, present in the crystallization solution
(Fig. S1d). The biggest main chain variation is at
residues 202-209 of KR2b, where Proz¢g” moved by
1 A (Fig. S1c). This structural difference is a result of
an extra H-bond formed between residues Lys5ac®
and Gluy&® (Fig. 3c) that is not found in the
equivalent position of KR2a (equivalent residues are
Lys5i?® and Glugs<’%; Fig. 1b). The C-terminal
c-myc and hexabhistidine tags of KR2 could not be
modeled into the density. Analysis of the crystal by
SDS-PAGE (data not shown) and mass spectrom-
etry (Fig. S2) indicated that the tags were absent
from the protein sequence, presumably as a result of
proteolytic degradation.

Intermolecular interactions between a1 and
KR2a versus a2 and KR2b

The molecular interactions between ai/a2 and
KR2 are different (Table S2). Specifically, residues
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Fig. 4. Plasminogen activation assay. (a) A representative plasminogen activation assay in the presence of VEK75 and
RH mutants. VEK75 was not added to the negative control. RFU: relative fluorescence unit. (b) Initial rate comparison
correlating to plasmin generation in the presence of VEK75 and RH mutants. Data represent mean values from three
independent experiments, and error bars represent S.E.M. Statistical significance was determined by unpaired Student's t

test. **p < 0.01; ns: not statistically significant.

between AspyF<"® and Gluy&® bind to the LBS of
KR2a forming an extensive network of direct
interactions (Fig. 3b and S3a), as previously
reported [16]. Outside the LBS, other interactions
observed in the structure are found between
VEK75 and KR2a as shown in Fig. 3b. Here,
residue Glui<’®, which is also a part of the a2
repeat, forms H-bonds with KR2a and is unique to
the VEK75-KR2a interaction. Further to these
direct interactions, there are three additional inter-
actions mediated by water molecules (Fig. S3c). At
the a1-KR2a interface, the total buried surface is
613.1 A% with a A G of —0.5 kcal/mol.

VEK75 binds to KR2b via residues Glu}&"® and
AspY8*’® (Fig. 1b); in particular, the LBS of KR2b also
forms an extensive network of direct interactions with
residues of the RH2 motif (Figs. 3c and S3b) similar to
that of KR2a but with three additional interactions
unique to a2 and KR2b as shown in Fig. 3c. The
interaction formed between Gluy&<"®/LyskE2® is about
three helical turns upstream of the Hisy{#"® of the RH2
motif (Fig. 3c), and its involvement in VEK binding has
not been reported previously. An additional interaction
between GIuYE"*/Lysii#® leads to the structural
variation between KR2a and KR2b observed at
residues 202-209 described above. Compared to
RH1 and KR2a, three more (a total of six) water-
mediated interactions are seen here at the RH2—KR2b
interface (Fig. S3c and d). Although the total buried
surface area of the a2—KR2b interaction is similar to
that of a1-KR2a, at 564.6 A2, the A G (-2.2 kcal/mol)

is four times higher than that of the al-KR2a.
Accordingly, our structural data suggest that a2 is the
high-affinity site.

Taken together, the VEK75 peptide was crystal-
lized in its monomeric form with one molecule of KR2
bound to a1 and the other to the a2 repeat. The two
KR2 molecules bound to the helical VEK peptide are
220° or 3.6 helical turns apart, which is comparable
to the NMR model of VKK38 [20]. Further analysis on
the KR2 binding interface reveals a very distinct
charge complementarity in the al/a2 repeat and
KR2 interface (Fig. S4). To date, the functional
significance of having both a1 and a2 domains is not
well understood. To investigate this further, bio-
chemical and biophysical studies were performed to
gain insights into the properties of the al and a2
repeats.

Role of RH2 in the activation potential of Plg

The binding of Plg to VEK peptides promotes
conformational change, and as a result, the Plg
activation loop becomes accessible to Plg activators
[21]. Here, enzyme assays were performed to compare
the PIg—VEK interactions using mutants generated in
this Study, namely, VEK754RH (R101A and H102A),
VEK75%F"2 (Ry14A and Hy5A), and VEK754RHRH2
(R101A, H402A, R414A, and H115A), and the results are
compared with that of the wild-type VEK75.

Consistent with current understandings [11], mutat-
ing both the RH1 and RH2 motifs in VEK754RH"/RH2

Fig. 3. Cartoon representation of VEK75-KR2 crystal structure. (a) The structure of the VEK75-KR2 complex. VEK75
is colored in yellow-orange and teal to represent the a1 and a2 repeat, respectively. The N and C-termini of the molecules
are labeled; KR2a and KR2b are also shown in transparent surface (gray). Interactions between KR2a (magenta) and
KR2b (green) with (b) a1 and (c) a2 repeat, respectively, are shown. Asp and Glu residues of the KR2 LBS (Aspaio—
Argo20—Glussq) and the RH motifs are highlighted in bold font. Salt bridge and hydrogen bond are shown as dashed lines,

and Van Der Waals interaction is shown as red line.
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Fig. 5. SPR experiments. SPR binding assays of Plg to VEK75 and RH motif mutants. (a) The binding of Plg (0.625 to
10 nM) to immobilized VEK75 and RH mutants was monitored via single-cycle kinetics experiment. The sensorgrams
were fitted using a 1:1 Langmuir binding model. Kinetic constants k, (b) and kq (c) derived are compared between VEK75
and RH mutants. (d) Overall affinity constant (Kp) of VEK75 and RH mutants for Plg. Data represent mean and S.E.M.
values from three independent experiments. Statistical significance was determined by unpaired Student's t test.
*p < 0.05; **p < 0.01; **p < 0.001; ns: not statistically significant.

completely abolishes VEK75-dependent Plg activation
(Fig. 4a). Interestingly, while the activity of VEK7547H1
is comparable to that of VEK75, VEK75""2 shows ~ 3-
fold lower activity [24.3 + 3.1 RFU/min (x10°) and
8.3 + 1.1 RFU/min (x10%), respectively; Fig. 4b].
Based on these observations, we confirm that the
RH2 is the dominant and higher affinity site of the two
RHs. To further verify this hypothesis, we assessed the
affinity of Plg for VEK75 and the RH mutants by SPR.

RH2 is important for the stability of the
VEK75-Plg complex

Single-cycle SPR experiments were carried out
with VEK75 and mutants immobilized on a NiHC
1000 M chip (Xantec, Germany) followed by five

injections of Plg (0.625 nM to 10 nM; Fig. 5a).
Consistent with the Plg activation studies dis-
cussed above, no Plg binding to VEK754RH1/RH2
is detectable. Although the k, of VEK75 is
marginally higher than that of VEK754RH!
(Fig. 5b and Table 2), the overall affinity
increases in the order of VEK75%RH2 < VEK75-
ARHT < VEK75 (Kp of 5.69 + 0.48, 2.20 = 0.11
and 1.29 + 0.12 nM, respectively) (Fig. 5d and
Table 2). Interestingly, the dissociation constant
(kg) for VEK75%RH2 (7,05 + 0.55 s™' (x107%)) is
higher than that of VEK75 and VEK75%F"" (2.61
0.05 and 2.92 + 0.10 s™" (x107*), respectively;
Fig. 5c]. This observation confirms further that
RH2 plays a dominant role in stabilizing the Plg—
VEK?75 complex.

Table 2. Affinity constants (Kp) of the binding of VEK75 and RH motif mutants to Plg

ks M7"s7") x 10° kg (s7') x 107* Ko (nM)
VEK75 1.68 + 0.01 2.61 + 0.05 1.29 + 0.12
VEK754RH! 1.33 + 0.02 2.92 + 0.10 2.20 + 0.11
VEK75RH2 1.27 + 0.21 7.05 + 0.55 5.69 + 0.48

VEK752RH1/ARH2 Not determined

ka, kg, @and Kp values represent mean + S.E.M. of data obtained from

three independent experiments.




3810

ala2 Motifs of Streptococcus pyogenes M Protein

Discussion

PAM is a key virulence factor of skin-tropic GAS
strains and also the highest-affinity Plg receptor
described [20,22]. Despite its pathological signifi-
cance, the structural details of the full-length PAM
and how it binds to Plg are not known. Prior to this
study, the binding of al to KR2 has been well
documented [15,16,23,24]; however, the molecular
interactions between a2 and KR2 have not been
defined in detail experimentally.

The x-ray crystal structure provides the atomic
details of the interaction between the VEK75 peptide
with two KR2 molecules. Furthermore, structural
analysis revealed that a2 has a 5-fold higher affinity
for KR2 than a1 (A G of —0.4 kcal/mol and —2.6 kcal/
mol for a1 and a2, respectively). This was further
supported by biophysical and biochemical experi-
ments (Figs. 4 and 5); specifically, in both assays,
the affinity of VEK75°R"" for Plg is ~3 times higher
than that of VEK7547H2,

Unlike the A and B fragment from the serotype M1
protein, which adopts an parallel dimeric coiled-coild
structure (PDB ID 20TO) [25], recent NMR studies
[25] revealed that in solution, the structure of apo-
VEK75 consists of short segments of helical
structures connected by random coils instead of
the long helix observed in the crystal structure. High
resolution NMR studies on VKK38 further revealed
that the RH motifs are located at random coiled
regions, which are separated by a short helix,
indicating that KR2 binding promotes a significant
conformational change [20].

Structural comparison between the crystal and
solution structures suggests that residues 89-122
in VEK75 transform to an extended helical struc-
ture upon its binding to the KR2s. Specifically, in
the apo-VEK75, RH motifs at the flexible loop
region are expected to facilitate the initial docking
of KR2 via the LBS to the peptide. Subsequent
interaction of the vicinal residues outside the RH
and LBS leads to the conformational change of
VEK75 from a flexible to a helical structure. In
support of this notion, there are eight direct
interactions flanking the RH motifs observed
between VEK75 and KR2a, and four between
VEK75 and KR2b. These interactions, together
with water-mediated interactions at each binding
interface, are expected to facilitate the conforma-
tional change of VEK75 upon binding to KR2 and
stabilize the complex formed (Fig. S3c and d).
Although the VEK75 molecule was found to be 11
amino acids shorter than the starting material in the
crystal (based on mass spectrometry studies), a
total of 43 residues outside the two KR2 binding
regions cannot be modeled into the electron
density. This suggests that VEK75 sequences
outside the KR2 binding sites remain highly
flexible. Further structural studies will unveil

whether the proposed two-step binding mode of
KR2 to VEK75 is legitimate and also takes place
in the binding of Plg to other receptors without a
C-terminal lysine residue.

Further to the induction of conformational change
in VEK75 by KR2 binding and the new structural
information on the interactions between KR2b and
RH2, another insightful observation gained in the
current study is from the enzyme kinetic studies
and SPR experiments performed using the ARH
mutants. The results show that the RH2 motif plays
a more important role in both VEK75 mediated Plg
activation and the stability of the VEK75-PIg
complex.

Based on the structural data, interactions
between ail with KR2a and a2 with KR2b are
structurally different and highly specific, such that
a2 and KR2b form two unique intermolecular
interactions, one between Glu}&%/Lys5az® and
the other between Glujos VEX"®/Lysii?®. Se-
quence alignment of human Plg kringle domains
showed that LysX§¥? is only found in KR2,
whereas Lysi&? is also found in KR3 (Fig. S5).
Further comparison of the crystal contacts
between the two sites reveals that Argiie®
(which is only found in KR2, Fig. S5) is heavily
involved in the a1l interactions via residues Aspg;
verrs, GlIngeR7°, and Lys3&<’® but does not play
any role in the intermolecular interaction between
KR2b and a2 repeat. Structural alignment of the
current crystal structure with full-length Plg [14]
excludes the possibility that a VEK peptide can
bind simultaneously to two full-length Plg be-
cause of steric clashes. The observation that RH1
and RH2 each binds to a separate KR2 suggests
that this may represent two different Plg binding
modes, or alternatively, one of two RHs actually
binds to a non-KR2 kringle domain in the final
complex [26]. Further structural studies using full-
length PAM and Plg would be essential to
address these questions.

Materials and Methods

Mutagenesis and protein purification

Recombinant VEK75 fused to the B1 domain of
streptococcal G protein (GB1) is expressed using the
pET-15b plasmid (Fig. S6a). RH1 and RH2 mutations
were introduced using primers listed in Table S3and a
standard Quikchange site-directed mutagenesis
protocol. Using RH1 mutant (VEK75%F"") as the
DNA template, RH2 mutation was introduced to
obtain VEK752°H"RH2 - Mutations were verified by
Sanger sequencing (Micromon DNA Sequencing
Facility, Monash University). VEK75 and mutants
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were expressed in Escherichia coli and purified as
previously described [21].

Recombinant human KR2 with a C169A mutation
(Fig. S6b) in pSecTag2a was expressed in Expi293
cells as a C-terminal c-myc-hexahistidine fusion
protein (Thermo Fisher Scientific) according to the
manufacturer's recommendations. KR2 was purified
from the culture supernatant using Ni?* Sepharose
(GE Healthcare) followed by size-exclusion
chromatography using a Superdex 75 16/60 (GE
Healthcare) in a buffer containing 25 mM Hepes—
NaOH and 150 mM NaCl (pH 7.4). Human Plg was
purified from human plasma as described
previously [28].

When required, protein samples were concen-
trated at 4 °C by ultrafiltration and concentrations
were determined by UV absorbance using the
extinction coefficients of 1490, 21,345, and
152,200 M~' ecm~' for VEK75, KR2, and Plg,
respectively.

SEC-MALS

Samples were purified through an AdvanceBio
SEC 300 A column (Agilent) in a buffer containing
25 mM Hepes—NaOH and 150 mM NaCl (pH 7.4)
and analyzed immediately using the DAWN
HELEQOS light-scattering detector, an Optilab T-rEX
differential refractive-index detector and a quasi-
elastic light-scattering detector (Wyatt Technology
Corporation). The light scattering intensity and
refractive index profiles were analyzed using
ASTRA 6.0 (Wyatt Technology Corporation). Data
were exported and plotted using GraphPad Prism
8.0 (GraphPad).

Crystallization of the VEK75-KR2 complex

An excess amount of KR2 was mixed with
VEK75 for at least 30 min at room temperature
prior to purification using a size exclusion column
(Superdex 75 16/60; GE Healthcare). The peak
obtained, consisting of the stable complex of
VEK75-KR2 obtained, was pooled and concen-
trated to 10 mg/ml in a centrifugal filter. Crystals of
VEK75-KR2 were obtained by sitting drop vapor
diffusion at 20 °C in the presence of 0.1 M Hepes
(pH 7.0) and 2 M ammonium sulfate after 6 weeks
of incubation.

Collection of diffraction data

Crystals of VEK75-KR2 were flash cooled with
liquid N> in the presence of 20% glycerol as a
cryo-protectant. Diffraction data were collected
at MX2 beamline of the Australian Synchrotron
[27].

Structure determination and refinement

The structure was determined by molecular
replacement using PHASER [28] and KR2 from the
crystal structure of full-length human plasminogen
(PDB ID: 4DUR) [14] and VEKS30 from the crystal
structure of angiostatin—VEK30 (PDB ID: 2DOI) [16]
as search models. Model building was carried out in
COOT [29], and refinement was done first in
BUSTER [30] and completed in PHENIX [31]. Data
collection and refinement statistics are summarized
in Table S1.

Plg activation assay

Human Plg (0.25 pM) was activated by 0.01 uM
tissue-type Plg activator (tPA) in the presence of
50 uM VEK75 and RH mutants. tPA was chosen as
it is the most sensitive to Plg's conformational state,
which is perturbed upon VEK75 binding. No VEK75
was added to the negative control reaction. Plasmin
generation at 37 °C was monitored using fluorogenic
plasmin substrate H-Ala-Phe-Lys-AMC (Bachem) in
a Fluostar Omega plate reader (BMG labtech) via
excitation and emission wavelengths of 355 and
460 nm, respectively. The initial rate of reaction,
which is proportional to the amount of plasmin
generated, was obtained by performing linear
regression of the first 2.5 min of the progress
curve. Three independent experiments were carried
out, and Student's t test was used to determine
statistical significance of the differences in Graph-
Pad Prism 8.0 (GraphPad Software).

SPR

Hexahistidine-tagged VEK75 was immobilized to an
NiHC 1000 M chip (Xantec) and the binding of Plg
ranging from 0.625 to 10 nM at 25 °C was analyzed
using Biacore T200 (GE Healthcare). In a buffer
containing 10 mM Hepes (pH 7.4), 150 mM NaCl,
50 uM EDTA, and 0.05% (v/v) Tween 20, Plg in
increasing concentration was injected at 30 pl/min in
five successive 180-s cycles followed by a 600-s
dissociation cycle. The chip surface was regenerated
between cycles by injecting 0.5 M EDTA followed by
25 mM NiCl,. Sensorgrams were fitted with 1:1
binding model using Biacore T200 Evaluation
software (GE Healthcare). SPR experiments were
repeated twice or more, and statistical significance
of kinetics and affinity differences were analyzed
using the Student's t test available in GraphPad
Prism 8.0 (GraphPad Software).

Accession numbers
Coordinates and structure factors have been

deposited in the Protein Data Bank with accession
number 60G4.
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