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Here we present the results for all nine bridge sites and all four harmonic constraint values
used. As the data presented is extensive, we have used a consistent colouring code to

distinguish between constraint values:

Colour Kk (kcal mol! A%

Blue 0.1
Green 1
Red 10

S1



DISTANCES

Distance between Collagen Atoms in Bridge Groups

1 2 3 4 5 6 7 8 9
Mean 423 411 419 418 417 428 4.09 4.09 4.07
7202 Standard Deviation 031 035 035 034 036 038 031 029 030
; g Mean 412 389 416 399 4.08 4.06 4.00 4.02 4.11
§>‘3 g Standard Deviation 022 023 025 023 024 024 023 022 023
&8 g | Mean 4.07 388 425 401 413 408 4.04 406 4.14
Eé: Standard Deviation 0.16 0.16 0.17 0.16 0.17 0.17 0.17 0.16 0.17
5 = | Mean 4.05 388 427 404 415 409 405 4.07 415
Standard Deviation 0.14 0.13 0.15 0.14 0.15 0.14 0.14 0.14 0.15

Table S1. Mean distance and standard deviation between the carboxyl oxygen and the

amide

hydrogen of the nine different bridge sites. Colours correspond to the different harmonic constraints

used on the backbone collagen molecules.
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Figure S1. Distributions of the distance between the carboxyl oxygen and the amide hydrogen of the

nine different bridge sites for the 10 ns simulations. Boxes show the 25" to 75" percentiles, the white

line is the median value. Colours correspond to the different harmonic constraints used on the

backbone collagen molecules.
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Distance between Collagen Atoms and Water Molecules

1 2 3 4 5 6 7 8 9

M 2.31 235 2.36 2.33 231 2.33 227 222 2.19
can 2.100  (207) (2090 (205  (2.06) (205 (205 (205  (2.04)
Maxima 2.05 2.02 2.04 1.96 2.00 1.97 1.99 2.01 1.98
2.05) (202 (204) (2000 (198  (2.03)  (200)  (201)  (1.98)

M 2.24 231 2.36 2.22 2.22 2.23 2.14 2.08 2.17
can (2.09) (205 (212 (204 (205 (205  (203) (202)  (2.04)

< s 2.12 1.99 2.10 1.95 1.99 1.96 1.98 1.98 1.97
o | vaxima (2.05)  (2.00)  (2.10) (195  (2.00)  (1.97)  (1.98)  (198)  (2.02)
T M 225 226 233 2.22 2.00 2.22 2.16 2.11 2.11
S| e (2.09) (205 (214 (205  (2.06)  (2.07) (204  (2.04)  (2.05
Maxima 2.06 2.00 2.11 1.95 2.03 2.00 1.95 2.01 2.00
(2.06) (194  (2.11) (2000 (203  (200) (201)  (201)  (2.01)

M 2.24 2.24 2.34 2.30 2.19 2.23 2.16 2.10 2.35
can (2.09) (205  (216)  (206)  (2.06)  (2.07)  (2.04)  (2.04)  (2.08)
Maxi 2.03 1.96 2.15 1.97 1.97 1.99 1.96 1.95 2.03
UL (203)  (196) (2150  (1.97)  (2.04)  (2.02)  (198)  (1.98)  (2.03)

Table S2. Mean distance and maxima value of the distribution of distances between the amide
hydrogen and the oxygen atom in the closest water molecule to nine different bridge sites.
Corresponding values for when a strict bridge is formed are shown in brackets. The closest water
molecule to a bridge site is determined by Equation (2). Colours correspond to the different harmonic
constraints used on the backbone collagen molecules.

1 2 3 4 5 6 7 8 9

Mean 2.11 2.04 2.05 2.38 237 2.52 2.15 2.05 2.12
(191)  (1.89)  (1.91) (194 (194 (195  (19) (19 (191

Maxima 1.82 1.82 1.83 1.85 1.86 1.82 1.84 1.79 1.82
(1.82)  (1.83)  (1.83) (183  (1.86)  (1.86)  (1.84)  (1.83)  (1.82)

M 2.02 2.00 2.07 2.22 2.20 2.29 2.11 2.12 2.17
can (19)  (1.90) (192 (195 (194 (194 (192 (193 (195

< e 1.83 1.80 1.85 1.86 1.85 1.81 1.81 1.83 1.84
z | VAXIMA g3y (184 (1.85)  (1.89)  (1.85)  (1.85)  (1.85)  (1.83)  (1.86)
S M 2.02 1.99 2.11 2.34 2.22 2.30 2.17 2.13 2.26
S| e (191)  (1.90)  (1.98) (2000  (196)  (1.95 (194 (195  (1.99)
Maxima 1.85 1.83 1.92 1.90 1.87 1.87 1.84 1.84 1.89
(185  (1.83) (192 (1900 (187  (1.87)  (1.89) (184  (1.92)

M 2.00 1.97 2.14 241 2.26 231 221 2.12 2.19
can 191  (190)  (200) (2000 (197  (196) (195 (195  (1.98)
Maxi 1.81 1.80 1.88 1.86 1.85 1.84 1.84 1.84 1.86
UL (1.87)  (1.80)  (1.95)  (1.93)  (1.85  (1.90)  (1.88)  (1.84)  (1.89)

Table S3. Mean distance and maxima value of the distribution of distances between the carboxyl
oxygen and the hydrogen atom (in the closest water molecule) closest to the carboxyl oxygen for the
nine different bridge sites. Corresponding values for when a strict bridge is formed are shown in
brackets. The closest water molecule to a bridge site is determined by Equation (2). Colours
correspond to the different harmonic constraints used on the backbone collagen molecules.
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Figure S2. Mean (left column) and Mode (right column) of the distributions of the distances between
the closest water molecule to the nine bridge sites and the collagen bridge atoms. Shown are the
distance between a) and b) the oxygen atom in the closest water and the amide hydrogen; c) and d)
the oxygen atom in the closest water and the amide hydrogen when a strict hydrogen bond is formed;
e) and f) the closest hydrogen atom in the closest water and the carboxyl oxygen; g) and h) the closest
hydrogen atom in the closest water and the carboxyl oxygen when a strict hydrogen bond is formed.
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RESIDENCE TIMES AND OCCUPANCIES

1 2 3 4 5 6 7 8 9

Mean 8.71 723 9.54 1.91 2.01 1.32 509 1779 993
% Weighted Median 69.1 89.0 1004 19.2 14.4 7.6 383 110.8 87.9
% = Mean* 18.80  9.39 6.79 3.68 4.65 2.96 930 23.81 17.92
i % Weighted Median * 1322 785 101.2 369 37.4 21.3 63.6 1447 140
§ E Mean 14.39 14.00 8.25 3.67 6.19 4.18 859 26.88 27.25
§ Weighted Median 1742 111.1  87.6 34.0 17.3 26.8 63.2 1452 125.0
2
6 Mean 17.15 16.89 836 242 577 421 7.08 46.08 15.01

Weighted Median 159.7 12777 72.0 254 422 28.8 443 2102 952

Table S4. Mean and time-weighted median residence times of the closest water to each bridge site
(determined from Equation (2)).Colours correspond to the different harmonic constraints used on the

backbone collagen molecules. *Shown in Table 1 in manuscript.

1 2 3 4 5 6 7 8 9

g Mean 4.27 440  4.89 1.25 1.23 0.82 2.76 5.49 4.14
é Weighted Median 28.1 34.7 36.0 10.6 6.3 3.4 16.5 22.9 20.7
E Mean* 8.54 5.32 434 234 267 1.76  4.11 5.63 443
§n g Weighted Median * 453 36.1 46.0 18.4 15.0 9.8 20.2 22.0 17.9
E é Mean 7.11 6.93 444 227 3.01 2.29 341 5.38 3.97
FT a Weighted Median 54.8 39.7 35.3 16.4 15.6 12.4 17.3 19.7 14.7
17

§ Mean 7.52 8.47 429 1.66 2.63 2.27 3.28 6.23 4.03
© Weighted Median 48.5 52.3 30.8 13.1 13.7 11.5 16.3 20.4 15.0

Table S5. Mean and time-weighted median residence times of the closest hydrogen atom, in the
closest water, to the carboxyl oxygen at each bridge site. Colours correspond to the different
harmonic constraints used on the backbone collagen molecules.*Shown in Table 1 in manuscript.
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1 2 3 4 5 6 7 8 9
Occupancy 074 0.72 0.70 0.76 0.76 0.76 0.77 0.83 0.86
Mean Time (ps) 073 086 0.73 095 093 092 1.08 128 1.52
Time-Weighted Median (ps) 14 19 14 19 17 18 24 27 31
Occupancy* 080 0.75 0.69 0.82 083 0.82 0.88 092 0.88
O Mean Time (ps)* 0.86 1.05 056 121 1.19 1.13 1.64 218 1.72
ml Time-Weighted Median (ps)* 16 22 10 24 24 22 32 45 37
% Occupancy 080 0.77 0.70 0.82 0.84 0.82 0.87 091 091
g Mean Time (ps) 0.88 1.00 050 121 123 1.18 158 199 1.86
Time-Weighted Median (ps) 16 21 08 26 24 22 32 42 37
Occupancy 080 0.79 0.69 0.77 085 0.82 0.88 092 0.79
Mean Time (ps) 088 1.05 047 102 126 1.14 160 213 1.23
Time-Weighted Median (ps) 16 23 07 22 25 23 32 43 29

Table S6. Mean and time-weighted median residence times of the water oxygen, in the closest water
molecule, making a strict bond (dy _ ..o < 2.4) with the amide hydrogen at each of the bridge sites.
Colours correspond to the different harmonic constraints used on the backbone collagen
molecules. *Shown in Table 1 in manuscript.

1 2 3 4 5 6 7 8 9
Occupancy 0.83 0.88 0.88 0.68 0.66 0.56 0.8 0.86 0.81
Mean Time (ps) 207 267 25 108 093 071 175 215 1.72
Time-Weighted Median (ps) 52 71 62 30 25 21 47 54 48
Occupancy* 089 091 087 0.76 0.77 072 0.82 081 0.77
E Mean Time (ps)* 256 236 240 129 138 1.18 170 155 1.24
? Time-Weighted Median (ps)* 61 53 62 29 33 30 43 38 3.1
2 Occupancy 090 091 086 068 0.76 0.70 0.78 0.81 0.71
g Mean Time (ps) 273 250 172 090 122 120 143 135 0.89
Time-Weighted Median (ps) 66 57 37 1.8 27 30 35 31 2.0
Occupancy 091 092 084 0.63 072 069 0.76 082 0.77
Mean Time (ps) 294 263 1.5 0.82 1.1 1.14 1.3 1.37 1.14
Time-Weighted Median (ps) 73 65 3.1 1.8 25 28 32 31 28

Table S7. Mean and time-weighted median residence times of the closest water hydrogen, in the
closest water molecule, making a strict bond (d¢ - ¢ .y < 2.4) with the carboxyl oxygen at each of the
bridge sites. Colours correspond to the different harmonic constraints used on the backbone collagen
molecules.*Shown in Table 1 in manuscript.

S6



1 2 3 4 5 6 7 8 9
Occupancy 062 0.64 061 048 046 037 060 071 0.69
Mean Time (ps) 058 0.72 0.60 065 0.57 055 073 0.83 0.86
Time-Weighted Median (ps) 1.0 14 1.1 1.1 1.0 10 14 15 1.6
Occupancy* 072 0.69 0.60 061 0.63 057 072 074 0.67
g, | Mean Time (ps)* 0.68 0.76 048 0.72 0.72 070 092 094 0.72
=
E Time-Weighted Median (ps)* 1.2 14 08 1.2 1.2 1.2 1.6 1.8 1.3
S | Occupancy 073 071 059 054 0.63 056 0.68 074 0.64
% Mean Time (ps) 071 0.74 039 054 0.66 064 081 0.8l 0.59
Time-Weighted Median (ps) 1.2 1.3 06 09 1.1 1.1 1.5 1.5 1.0
Occupancy 0.74 0.74 0.57 045 0.60 055 0.66 075 0.58
Mean Time (ps) 071 077 035 048 0.63 060 0.78 0.82 0.52
Time-Weighted Median (ps) 12 14 05 08 1.1 10 14 15 09

Table S8. Mean and time-weighted median residence times of water molecules making a strict water
bridge (dy_n.0o < 2.4 and dc - o .y < 2.4) at each of the bridge sites. Colours correspond to the
different harmonic constraints used on the backbone collagen molecules.*Shown in Table 1 in
Manuscript.
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Figure S3. Occupancies of the three bond states with strict hydrogen bonds; a) the bond between
water oxygen in the closest water and the amide hydrogen; b) the bond between a water hydrogen and
the carboxyl oxygen; c) the strict bridge state where with both hydrogen bonds. The occupancies in a)
and b) include instances were a strict bridge is formed.
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Figure S4. Residence time of all five bond state; a) and b) the closest water molecule to the bridge
site determined from equation 2; c) and d) the hydrogen atom, in the closest water molecule, closest
to the carboxyl oxygen; e) and f) a strict bond (dy_py..o < 2.4) between the water oxygen in the closest
water and the amide hydrogen; g) and h) a strict bond (dc - o .y < 2.4) between a water hydrogen in

the closest water and the carboxyl oxygen; a strict bridge (dy _y.0o < 2.4 and dc - o .z < 2.4).

Number-weighted mean times are shown in the left column; time-weighted median times are shown in

the right column. Colours correspond to the different backbone constraints.
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WATER BRIDGE ENERGIES

The ten water molecules that spent the longest time as the closest water molecule to each
bridge site were identified. The energies of the ten water molecules while they were at the
bridge site were calculated. The average, mean energy of 50 bulk water molecules from a 900
ps bulk water simulation was (-9.63 £ 0.04) kcal mol™; the average standard deviation was (-

1.74 + 0.02) kcal mol ™.

1 2 3 4 5 6 8 9
Mean Energy (kcal mol) -10.05 -10.15 -10.21 -11.28 -10.52 -10.90 -9.96  -9.66
Standard Deviation (kcal mol™) 1.61 1.57 1.62 1.54 1.69 1.70 1.50 1.46
Mean Energy (kcal mol ™) -10.21 -10.38 -10.82 -11.29 -10.76 -10.90 -9.76 943
Standard Deviation (kcal mol™) 1.66 1.56 1.61 1.51 1.70 1.66 1.43 1.41
Mean Energy (kcal mol) -10.21 -10.28 -10.76 -11.03 -10.59 -10.64 -9.67  -9.32
Standard Deviation (kcalmol™) | 1.69 ~ 1.60 149 156 171 175 139 139
Mean Energy (kcal mol ™) -10.20 -10.29 -10.80 -11.09 -10.57 -10.62 -9.59  -9.24
Standard Deviation (kcal mol™) 1.68 1.56 1.50 1.48 1.70 1.76 1.38 1.46

Table S9. The mean energy and standard deviations of water molecules at the bridge sties calculated

across the ten water molecules which spent the longest times as the closest water molecule to a
particular bridge site. Colours correspond to the different harmonic constraints used on the backbone

collagen molecule.

Energy (kcal mol™)

Residence Time (ps)

600

400

200

Bridge Sites

o 1
-10.5  -10.0 -95 -9.0
Energy (kcal mol™')

1
-11.5 -11.0

Figure S5. a) The mean energy across all ten water molecules for each bridge site. The dashed line
indicates the mean bulk water energy value; the dotted lines indicate the first standard deviation of
the bulk water energy distribution. b) Relationship between the residence time of each of the ten water
molecules for each bridge site and the mean energy of the water molecule during its time at the bridge
site. (Colours correspond to the different backbone constraints).
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MOBILE-PROTON ROTATIONAL CORRELATION

The correlation functions of sin’ ¢ are shown below (right column) for the nine bridge sites,
with the distribution of rotational angles, ¢, (left column) of the mobile O-H vector around
the mean bridge O-H vector axis. The histograms below are shown as lines for clarity. Error
bars in the correlation curves are standard errors, not standard deviations. Only data for the
closest water molecule is shown, data for the case when a strict bridge is formed is not
shown. The bridges are broken up into four groups according to similar rotational motion;

bridgel; bridges 2, 3 and 4; bridges 5, 6 and 7; bridges 8 and 9.

Bridge 1 Bridge 1 14
g‘ 121 0.8
S sl I o -
’% {04 =
n% 041 410.2
oy 1 e SO L 1 1 !
90° 180° 270° 5 10 15 20 25

Angle around mean bridge O-H vector, ¢, (degrees) Time (ps)

Figure S6. Rotation of the mobile O-H vector around the mean bridge O-H vector for water
molecules at bridge site 1. Colours correspond to the different harmonic constraints used on
the backbone collagen molecules.
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Figure S7. Rotation of the mobile O-H vector around the mean bridge O-H vector for water
molecules at bridge site 2, 3 and 4. Colours correspond to the different harmonic constraints

used on the backbone collagen molecules.
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Figure S8. Rotation of the mobile O-H vector around the mean bridge O-H vector for water
molecules at bridge site 2, 3 and 4. Error bars are large in these groups as a result of shorter
closest hydrogen times (Table S5). Colours correspond to the different harmonic constraints

used on the backbone collagen molecules.
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Figure S9. Rotation of the mobile O-H vector around the mean bridge O-H vector for water
molecules at bridge site 2, 3 and 4. Colours correspond to the different harmonic constraints
used on the backbone collagen molecules.
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INTRA-PROTON VECTOR ROTATIONS

1 2 3 4 5 6 7 8 9 <H-H>
Closest Water 69.3 682 565 322 620 63.02 600 646 652 17.5
Strict Bridge 68.8 69.1 564 354 60.8 60.8 59.6 644 645 14.4
Closest Water* 704 46.0 469 339 61.6 633 621 66.1 664 15.9
Strict Bridge* 70.7 482 498 343 614 61.8 61.1 644 657 13.2
Closest Water 71.0 459 339 335 599 60.6 625 667 650 18.3
Strict Bridge 713 479 343 319 595 594 610 651 644 14.7
Closest Water 70.5 509 338 375 592 602 621 660 66.0 19.9
Strict Bridge 70.6 521 337 364 586 583 604 616 663 16.2

Table S10. Angle between the z-axis (collagen axis) and the sum the intra-molecular H-H
vectors throughout the 10 ns simulation. The angle between the z-axis and the total time-
average H-H vector, <H-H> across all bridge sites is also shown. Colours correspond to the
different harmonic constraints used on the backbone collagen molecules.*Shown in Table 1 in
manuscript.

This distribution of angles between the inter-proton vector of the closest water molecule and
the z-axis for all nine groups are shown below. The bridges are separated into the same four
groups according to rotational motion as above. The left column shows distributions when a
strict bridge is formed, the right column includes all data points from the closest water

molecules to the bridge site. The histograms below are shown as lines for clarity.

Strict Bridge Closest Water

Bridge 1 Bridge 1
20t g L g

1.6 -
121
0.8}
0.4+F

Probability Density

g 3
45° 90° 135° 45° 90° 135°

Angle with z-axis Angle with z-axis

Figure S10. Angle between z-axis and the H-H vector of the closest water molecule at Bridge
1. Colours correspond to the different harmonic constraints used on the backbone collagen
molecules.
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Figure S11. Angle between z-axis and the H-H vector of the closest water molecule at Bridge
2, 3, 4. In addition to the bridge bonds, these water molecules may make a third bond with
the THR OH group (see manuscript Figure 9). Colours correspond to the different harmonic
constraints used on the backbone collagen molecules
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Figure S12. Angle between z-axis and the H-H vector of the closest water molecule at Bridge
5,6, 7. Colours correspond to the different harmonic constraints used on the backbone collagen
molecules
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Figure S13. Angle between z-axis and the H-H vector of the closest water molecule at

Bridge 5,6, 7. Colours correspond to the different harmonic constraints used on the backbone

collagen molecules
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