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Table S1. Molecular docking MD-based analysis summary for CUB1-CUB2 domain/GAG interaction.

GAG |'m, e z s ‘AG, 5TopMM_GBSA 10 residues for GAG binding 6Polari’fy
# |Size |kcal/mol

CS6, 13,3 1|17 |-202+12.1 |A64, R66, R85, Y187, R189, R206, K209, F210, C211, |16/1
dp4 P216

219 -24.1+6.7 A64, R66, R82, L83, G84, R85, Y187, R189, R206, 8/1
-50.6+5.4 V231

315 -4.8+6.0 R82, G84, R85, P92, A93, Y187, R189, 5204, R206, 5/0
-27.946.7 K209

45 -22.247.2 A64, R66, R82, R85, F86, F90, Y187, R189, R206, 4/1
-30.7£11.5 K209

CS6, 3,3 |1|17 |-28.8+7.8 H62, R66, R82, R85, Y187, C188, R189, R206, K209, [17/0
dp6 -21.6+6.5 F210
-13.6+£8.4

-31.0+11.0

DS, (3,3 |1|4 |-154+98  |R66, Y67, R82, R85, R105, R189, R205, R206, G208, | 2/2
dp6 K209

2|3 -34.9+8.2 A64, R66, R82, R85, R105, T186, C188, R189, R206, |2/1
-25.749.6 K209

HP, [12,4]1 9 -16.0+£10.1 R66, N81, R82, G84, R85, R105, F180, L180, A199, 9/0
dp2 -15.9+4.9 D202
-21.3+6.6

217 -22.8+7.0 A64, R66, R82, G84, R85, R105, F180, L180, A199, 7/0
-10.4+8.3 D202

-37.9+14.7
315 |-169+11.4 | A64, R66, R82, R85, F86, C87, F180, L180, A199, 5/0
824140 | D202
-13.947.5
HP, [21,2 (1|5 |-189+64 |A64, R66, R82, G84, R85, F180, L180, G198, A199,  |5/0
dp4 146482 | D202
-14.0+8.5

213 -28.1+£9.1 R66, N81, R82, G84, R85, R105, L180, G198, A199, 3/0
-37.7£13.7 | D202
-41.1+£12.6

313 -6.3+13.1 R66, R82, R85, R105, F180, L180, G198, A199, 5201, |3/0
-7.4+154 D202




-34.9+10.9

HP, (27,2117 22.149.8 R66, R82, R85, R105, F180, L180, A199, S201, D202, |7/0
dp6 -27.5+15.6 D203
-9.2412.5

216 -5.7+154 R66, N81, R82, R85, R105, F180, L180, G198, A199, |6/0
4.2+11.7 D202
-20.6+£9.7

313 -22.2+26.1 A64, R66, R82, R85, R105, F180, L180, G198, A199, |2/1
-27.3+14.0 D202
-16.4+11.1

' DBSCAN parameters 71, the minimal neighborhood size and €, neighborhood search radius [33]; *Cluster
number; ° Cluster size; * Free energy of binding obtained by MM-GBSA; ° Residues identified in the top 10 for
binding according to MM-GBSA calculations pro cluster. ® The polarity of a GAG binding pose was defined
as its preferred orientation in relation to the reducing and non-reducing end.

Table S2. Similarity of GAG binding poses for the CUB1-CUB2 domains as of the number of common amino
acid residues identified in the top 10 for binding according to MM-GBSA calculations per cluster.

GAG CS6, dp4 CS6, dp6 | DS, dp6|  HP, dp2 HP, dp4 HP, dp6
CS6,dp4 |10| 6 | 5 | 7 7 5166|777 5 6 7 6 7
6|10 6 | 7 6 516|787 |8 6 6 6 6 7
5/ 6 10| 6 6 557|767 6 6 6 6 6
7171610 7 6 7|78 9 |8 6 7 7 7 8
CS6,dp6 | 7| 6 | 6 | 7 10 6 |77 17|77 6 7 8 7 7
DS,dp6 | 5|5 |5 |6 6 0071717116 |7 8 9 8 8 8
6|6 |57 7 711017877 7 7 7 7 7
HPdp2 (6|7 |7 |7 7 7,719 |7 |8 9 8 8 9 8
71878 7 7,819 ]10| 8|9 8 8 8 8 9
717169 7 6 |77 ]8 |10 8 6 7 7 7 8
HPdp4 |7 | 8 | 7 | 8 7 71718198 10, 8 8 7 8 9
56|66 6 8 7198 |6 | 8 10| 8 7 9 8
66|67 7 917,887 |8 8 | 10 | 9 9 9
HPdp6 | 7| 6 | 6 | 7 8 8 7|88 |7 |7 7 9 |10 | 8 8
66|67 7 8171918 | 7|8 9 9 8 |10 | 9
717168 7 8 8| 89|89 8 9 8 9 | 10

Each line/column in front/below each GAG reflects a separate cluster, for which average values were taken
into account.



Table S3. Similarity of GAG binding poses for the CUB1-CUB2 domains as of the number of common amino
acid residues identified in the top 10 for binding according to MM-GBSA calculations per GAG.

GAG CS6,dp4 | CS6,dp6 | DS, dpé HP, dp2 HP, dp4 HP, dp6
CS6,dp4 |10 7 7 9 9 7
CS6,dp6 |7 10 7 7 7 7
DS, dp6 |7 7 10 6 8 7
HP,dp2 |9 7 6 10 8 8
HP, dp4 |9 7 8 8 10 8
HP, dp6 |7 7 7 8 8 10

Table S4. Molecular docking MD-based analysis summary for PCPE-1 UNRES models/GAG interaction.

Structure  'me  *# Size ‘AG, kcal/mol “Topwmwcssa 10 residues for GAG binding *Polarity
-90.5 £ 13.
1 7 Zg i N 12 Z R275, R323, K287, R288, R324, 7/0
DS K320, K271, L273, K204, K
-80.8 + 23.0 320, ’ 3, K204, K393
-87.3 £20.3
7 7 7
e RO mmmee
# P 788+ 10.6 PRI R R
- /17,
3 3 ;20774_ 2(1)754 R323, R288, K287, R324, R275, 3/0
1022 213 K320, K279, R422, K393, K271
-58.1 £12.6
K394, R348, K K295, K2
b1z 93=1s3 R§§4’ Rizir ngg, KS(?? P29983 / /1
-82.5+234 ’ ’ ’ ’
-54.9 +£ 129
Model 2 2 30 > 4 ?0 1487 R288, K295, K293, K344, V294, 3/1
HP, T e K287, G289, K394, K204, K271
» dp6 -60.0 + 14.3 87, G289, K394, K204,
-66.7 +
3 3 gg; I ;57‘2 K295, R288, K293, R348, V294, 3/0
4614127 K394, K344, K287, K393, K299
-63.1 £11.6
e D mmemmooves
-67.6 £11.1 ’ ’ ’ ’ ’
-84.0 £10.9
Model K K394, R348, R422 4
oo W moesss
PP 909 +13.2 PR T
-61.5+23.1
K393, K394, R348, K344, R422,
3 3 -58.3+9.2 2/1

-94.1+15.6

G395, K387, K320, V396, Q388




Table S5. Molecular docking MD-based analysis summary for NTR domain/Ca*"/GAG system.

GAG |'m,e *# |’Size |*AG, kcal/mol |*Topm.cesa 10 residues for GAG binding Polarity
HP, [4,0.85|1 19 -46.2 +7.6 R323, C389, Q321, C322, P390, 19/0
dp2 -37.5£8.0 P391, R324, P414, Q388, K320
-39.0 £ 12.8
2 10 -42.0 + 8.7 R323, R348, K393, R324, K394, 10/0
-20.6 £59 K387, K320, Q388, Q321, M346
-33.2+9.6
3 6 -19.6 £5.5 K436, K365, K434, C437, R435, 6/0
-12.7+9.7 G367, T366, Q440, R324, R408
-14.8 £5.8
HP, 2,251 17 -46.7 £ 7.8 R324, R323, R422, K393, Q321, 14/3
dp4 -45.1 £ 10.6 L420, V419, P391, K320, K387
-52.1+114
2 6 -449 +14.3 R324, R323, Q321, K393, R422, 4/2
-495+74 K320, V419, P391, L420, C322
-39.1+£79
3 3 -455+7.6 R323, K320, Q321, R422, V419, 3/0
-61.1 £8.2 C322, T327, R324, T325, K393
-62.1+6.7
HP, 2,251 3 -469 + 11.6 R348, K393, K394, K387, R324, 3/0
dp6 -68.0 + 18.3 K320, R323, Q388, P391, V347
-50.6 £ 12.7
2 3 -72.8+£9.0 K393, R323, K394, R324, R348, 2/1
-88.6 124 K387, R422, K320, P391, L420
-44.5 + 6.6
3 3 -422+11.2 K436, K365, R435, G368, K434, 3/0
-31.5+11.3 G367, L369, S336, C437, T366
-18.8 £ 10.6

' DBSCAN parameters m, the minimal neighborhood size and &, neighborhood search radius [33]; > Cluster
number; ° Cluster size; * Free energy of binding obtained by MM-GBSA; ° Residues identified in the top 10 for
binding according to MM-GBSA calculations pro cluster.



Table S6. Molecular docking MD-based analysis summary for CUB1-CUB2 domain/Ca*"/GAG interaction.

GAG |'m,e *# |’Size |*AG, kcal/mol |*Topm.cesa 10 residues for GAG binding Polarity
HP, |41 1 |10 -14.0 £ 10.5 R231, K234, R107, L120, Q254, 10/0
dp2 -46.9 +6.3 R214, V256, 1108, V121, G109
-46+11.1
2 |6 -16.1 +84 R107, R231, K234, R110, Q106, 6/0
-28.6 +10.4 G109, R214, Y212, G233, R130
-20.2+84
3 |5 -21.1+70 K234, R107, Q106, Y212, G233, 5/0
-270+7.8 F221,1.232, R231, L108, S219
-159 +13.5
HP, |3,2 1 |7 -13.6 £9.2 R231, K234, R107, Q106, R91, 7/0
dp4 14+9.1 G233, R110, R214, R130, R230
6.9 +10.0
2 16 -42.1+14.2 R231, R130, R110, R91, K234, 6/0
-31.1+95 Q106, Y212, R107, R214, G233
-404 +11.6
3 |5 -14.4 +10.9 K234, R231, R107, R110, T211, 5/0
-04+5.6 F235,Y212, G233, Q106, C236
-29.9 + 8.8
HP, (2,245|1 |17 -14.4+17.0 R130, R91, R231, K234, Y212, 17/0
dp6 -319+94 R214, R107, R230, Q106, R110
-21.1+18.7
2 19 -31.3+11.1 R110, K234, R130, R231, Y212, 9/0
-31.2+12.2 R214, G109, R107, R91, K61
-414+7.38
3 |3 -51.3+£99 R91, R231, K234, Q106, R107, 3/0
-42.2 +19.4 R214, K61, G109, R110, R230
-29.0+11.7

' DBSCAN parameters m, the minimal neighborhood size and €, neighborhood search radius [33]; > Cluster
number; ° Cluster size; * Free energy of binding obtained by MM-GBSA; ° Residues identified in the top 10 for
binding according to MM-GBSA calculations pro cluster.



Table S7. Molecular docking MD-based analysis summary for PCPE-1 UNRES models/Ca*/GAG
interaction.

Structure  'm,e *# °Size ‘AG, kcal/mol  °Topwmwcssa 10 residues for GAG binding *Polarity
1 6 -7708'20_:‘_1200'02 K393, R324, R323, K394, R288, K287, K320, 3/3
7764157 M392, C322, K271
-99.1 £20.0
MODEL 1 R323, R288, K320, R348, R324, K393, K279,
Mb e 230 23 oa0wlos o S e 2/1
»9p 81.4+153 P RET
s s 'igg‘i f ﬁi R323, R275, R288, R324, K287, K393, K271, »
112.9 + 16.9 R422,1.273, R348
- 2+ .
1 6 12; é . ;172 K394, R348, K393, K295, K293, R324, M392, 3/3
S V347 46, R422
-81.3 +£8.3 347, M346,
MODEL 2 843 +11.2 K295, R348, K394, K293, K393, K299, V347
HP do6 3,295 2 4 -60.7 £11.2 K305’ L296’V294, ! ! ! ! 4/0
» 9P 72,0 +102 » a7
- +
3 4 j?g I 122 K295, R288, K293, K344, K204, V294, R348, 4/0
265+99 K299, K394, K287
6.6 +111 R275, K165, K271, K305, R288, K287, L.273
1 13 -349+15.0 Q403’ P274’ N407’ ! ! ! ! 7/6
-41.6+11.0 ! !
-37.5+239
MODEL 3 2 390 5 3 414+ 169 R275, K271, K165, R162, K287, K293, 1.273, 2/1
HP, dp6 502+126 K295, P274, R288
-68.9 + .
3 3 gg z . 15 g K287, K271, K165, R288, K293, R275, K305, 2/1
1334175 K295, K279, T290

DBSCAN parameters m, the minimal neighborhood size and &, neighborhood search radius [33]; * Cluster
number; ° Cluster size; * Free energy of binding obtained by MM-GBSA; ° Residues identified in the top 10 for
binding according to MM-GBSA calculations per cluster ordered by the impact (starting from the most
favourable one). ® The polarity of a GAG binding pose was defined as its preferred orientation in relation to
the reducing and non-reducing end.



Table S8. Fragment-based molecular docking MD analysis summary for PCPE-1 UNRES models/Ca*//HP

dp11 interaction.

MODEL 1 1 - -144.6£257 R323, R324, K287, R275, K394, R348, K393, K271, L273, R288
HPdpll 2 - -1155+22.4 K393, R323, K394, R324, R275, K287, K305, R348, M392, R288
3 - -139.9+17.6 R323, R348, K279, K394, R324, R275, K393, R288, K344, R422
MODEL 2, 1 - -105.0+28.5 R422, K295, R288, K393, K293, K394, K344, R348, R324, K436
HPdpll 2 - -121.1£225 R422, K394, R324, K393, K293, K287, K434, R435, K295, K320
3 - -103.9+18.3 K394, K295, K293, K393, R422, R348, R324, K287, V294, R275
MODEL 3, 1 - -66.9+164 R422, K394, R324, R323, N424, K393, P423, Q427, K320, K387
HPdpll 2 - -111.4+19.1 K393, R422, K394, K344, R435, R348, V396, R324, G395, K436
3 - -90.9+26.9 R324, K393, K344, K394, R422, R348, R323, K320, M392, T325
MODEL 1, 1 + -157.1+18.3 R323, K287, K271, R275, K165, K320, R288, K393, R324, K394
HPdpll 2 +  -151.4+24.5 R348, R324, R323, R275, K393, K394, K287, K320, K271, R288
3 + -110.4+16.6 R323, R324, R288, K436, K271, K287, K165, K320, K279, K299
MODEL 2, 1 + -135.3+33.6 R288, K394, K393, R422, R348, K436, R435, K287, K295, K299
HPdpll 2 +  -130.7+26.3 K293, R422, R348, R324, K393, K295, K394, K287, R288, K299
3 +  -141.2+21.7 R324, K394, K393, R422, R323, R348, K295, K299, K293, K287
MODEL 3, 1 +  -52.1+26.8 K287, K299, K271, K279, R288, R275, K293, K295, R162, K165
HPdpll 2 +  -99.0£33.0 K165, K271, R275, K295, K293, K287, P292, K204, R288, K279
3 + -69.7+13.8 R288, K287, R275, K293, K279, K295, T290, R323, K204, K165

! Pose number; > Ca* presence; ° Free energy of binding obtained by MM-GBSA; * Residues identified in the
top 10 for binding according to MM-GBSA calculations per cluster ordered by the impact (starting from the
most favourable one).



Model 1 Model 2 Model 3

Linker CUB1-CUB?2 CUB1-CUB2
- ! :

Linker

Figure S1. Models 1, 2, 3 (upper panel). NTR domain: green; CUB1-CUB2: red; the interdomain
linker between the CUB2 and NTR domains: black. Positive electrostatic potential isosurfaces of
PCPE-1 models (2.0 kcal/mol e") in the absence of Ca*" ions obtained by PBSA calculations.



Figure S2. Molecular docking and MM-GBSA results for CUB1-CUB2-GAG complexes. The
structure of the CUB1-CUB2 domains is shown in cartoon representation at the top. For each GAG,
the analyzed clusters of docking solutions are shown in blue, red, yellow and green (from the most
to the least populated cluster); the top 10 residues binding to GAGs according to MM-GBSA
calculations averaged per GAG are highlighted in red surface, respectively.



33 PYV FLCGGDVEGESGYVASEGFPNL YPPNEECIWTITVPEGQTYVYSLSBSFRTYVF 82
Cs6 dp4
Cs6 dp6
Ds dp6
HP dp2
HP dp4
HP dp6

83 DLELHPACRYDALEVFAGEGTSGQERLGRFCGTFRPAPLYVAPGNQVTLRMT 132

cs6 dp4 * * * * ok x
Cs6 dp6 ] " W L

Ds dpé * * * * * *
HP dp2 * * * * ok x

HP dp4 * * * * * *
HP dp6 * * % * *

133 TDEGTGGRGFLLWYEGRATSESGTEHQFCGGRLERKAQGTLTTPNWPEGEDTY?PP 182
Cs6 dp4
cs6 dpé
Ds dp6
HP dp2
HP dp4
HP dpé6

183 G ISCEWHIIAPPDQVIALTFEERKFDLEPDTYCRYDSVSVFNGAVSDDSRERTL 231
cs6 dp4 * ox * *
cs6 dpé * ok ok * ok
DS dpé * * * *
HP dp2 * * * *
HP dp4 * * * *
HP dp6 * a* * ok a*

232 GKGCGDAVPGSISSEGNELLVQFVSDLSVTADGFSASYEKTLPR 275
Cs6 dp4
Cs6 dpé
DS dpé
HP dp2
HP dp4
HP dpé

Figure S3. CUB1-CUB2 amino acid residues identified in the top 10 for binding GAGs according to
MM-GBSA calculations per cluster are labeled as an asterisk.



Figure S4. Molecular docking and MM-GBSA results for NTR/Ca*"/HP systems. For each length of
HP, the analyzed clusters of docking solutions are shown in blue, red and yellow (from the most to
the least populated); the top 10 residues for binding GAGs according to MM-GBSA calculations
averaged pro GAG are highlighted in red surface, respectively.

Figure S5. Molecular docking and MM-GBSA results for CUB1-CUB2/Ca*"/HP systems. For each
length of HP, the analyzed clusters of docking solutions are shown in blue, red and yellow (from
the most to the least populated); the top 10 residues for binding GAGs according to MM-GBSA
calculations averaged pro GAG are highlighted in red surface, respectively.



MODEL 1 MODEL 2 MODEL 3

Figure S6. Molecular docking results for the models of full-length PCPE-1 protein in the absence and
presence of Ca” ions and HP dp6. The clusters of docking solutions are shown in blue, red and yellow
(from the most to the least populated clusters). NTR domain: green; CUB1-CUB2: red; the interdomain
linker between the CUB2 and NTR domains: black.



MODEL 1 MODEL2

Figure S7. Molecular docking results for the models of full PCPE-1 protein in the absence (in blue) and
presence (in red) of Ca® ions and HP dp11 corresponding to the most favourable free binding energies.



