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Figure S1: 3D (left) and schematic (right) representation of FMN in the active site pocket
and closed residues. 3D visualization comes from snapshot from reactant state MD treated

by VMD.



Figure S2: Fcb2 flavodomain structure from our simulations. The triosephosphate

isomerase (TIM) barrel is in yellow (for B strands) and green (a helices and loops). The

reconstructed residues of loop 4, absent from the crystallographic structure, are in red.
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Figure S3: AM1/MM (A) and M06-2X:AM1/MM (B) PES of a hydride transfer mechanism

in Fcb2 for a distal position of R289. Isoenergetic lines are drawn for each 2 kcal/mol, from

purple minima to red maxima.
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WT R289 distal WT R289 Proximal D282N Y254L
TS TS TS TS
x c x c x c x c x c x c x c x c x c x c x c x c
H3-03 097 003 156 0.04 241 04 097 0.03 1.08 0.03 452 119 097 0.03 101 003 243 048 096 003 104 003 33 023
H3-NeH373 323 06 1.12 003 101 003 545 178 16 004 101 003 377 073 179 004 102 003 435 152 176 0.04 1 0.03
aH-aC 1.13 003 144 0.04 389 063 1.13 003 161 0.04 384 069 113 003 145 004 416 063 1.13 003 162 004 412 0.57
H2-NSFMN 337 048 126 0.04 1.01 003 423 1.1 113 0.03 1.01 003 381 052 124 0.04 101 003 452 112 114 0.03 1.01 0.03
Ca-03 142 002 127 0.02 124 002 143 0.02 132 0.02 124 002 142 003 137 002 124 002 142 002 132 002 124 0.02
N5-C4a 131 002 14 002 142 003 131 002 14 003 142 002 131 002 135 003 142 002 131 002 14 002 141 0.02
C4a-C10 15 003 144 003 142 002 15 003 145 003 142 002 15 003 148 0.03 142 002 15 0.03 145 0.03 141 0.02
C10-N1 134 002 136 002 138 002 134 002 136 002 138 002 134 002 135 002 138 002 134 002 136 002 138 0.02
01-NeR376 29 014 294 014 294 0.16 311 047 307 022 385 06 289 0.13 291 012 295 0.15 287 012 293 013 281 0.1
O1-NH1R376 492 0.16 506 0.16 497 02 513 048 507 021 583 057 476 014 486 0.14 495 019 488 0.14 508 0.15 486 0.14
O1-NH2R376 348 031 37 022 349 029 387 047 367 025 48 055 315 023 328 02 345 027 339 022 376 023 343 024
02-NeR376 375 037 357 021 385 029 347 03 379 022 322 035 406 026 39 022 39 029 382 012 359 023 39 024
O2-NH1R376 501 022 493 0.14 507 023 484 0.17 507 015 475 019 52 021 508 016 51 022 504 0.16 5 0.18 512 02
0O2-NH2R376 289 0.16 286 0.12 293 021 285 011 29 014 29 0.17 301 019 291 0.13 294 02 29 014 294 0.16 3.01 0.19
0O1-NeR289 482 035 533 023 445 031 496 0.16 502 0.15 511 024 392 033 459 022 465 025 576 033 564 03 538 048
O1-NH1R289 629 052 7.04 027 579 031 358 025 374 02 39 029 521 033 567 023 588 025 576 033 736 029 7.14 048
O1-NH2R289 477 059 6.06 039 441 032 288 0.13 291 0.13 295 021 378 037 418 026 452 031 439 032 631 049 624 0.55
02-NeR289 492 031 498 022 414 026 511 022 505 015 485 019 463 043 501 03 442 039 449 05 514 027 537 041
O2-NHIR289 566 046 621 026 476 026 299 0.18 298 0.14 293 0.17 503 031 52 026 489 025 506 039 639 03 673 044
O2-NH2R289 395 052 486 034 3.04 026 372 031 363 02 328 029 341 042 374 032 334 039 349 046 504 044 54 048
02-0Y143 295 023 311 041 442 076 3.12 057 297 021 433 097 329 058 289 023 393 117 334 059 348 051 3.7 059
O1-WAT491 291 0.17 3.15 03 3 0.21 - 285 017 293 0.16 3.07 028 29 019 373 079 333 0.64
03-Y254 304 03 282 012 3.08 031 432 1.01 3 0.16 358 087 384 051 29 016 315 04 774 049 665 035 673 047
03-Q377 42 096 439 061 531 075 437 126 41 043 358 087 393 071 623 048 586 0.76 486 087 418 032 328 0.27
NeH373-D289 393 064 429 0.7 487 044 375 025 359 045 378 025 494 108 507 05 504 047 372 037 33 021 391 039
N6H373-D289 344 058 3.18 036 293 028 333 021 315 039 324 02 358 046 341 029 368 052 371 032 38 03 33 023




Table S1: Average intra and intermolecular distances in the active site and associated standard deviation from MDs
simulations at reactants (R), transition state (TS) or products (P) for WT, D282N and Y254L enzymes. For WT enzyme with
R289 in a distal position, TS refers to the transition state of the hydride transfer step of the step-wise mechanism. Distances are

provided in Angstroms.



WT R289 distal WT R289 Proximal D282N Y254L

R TS P R TS P R TS P R TS P
R376 -1163 -103.8 -102.6 -106.7 -97.8 -957 -110.1 -1082 -95.7 -113.219 -985 -107.7

R289 -480 -33.7 -543 -902 -757 -868 -58.1 489 -434 -55.5 -27.7  -30.3

Y254 52 -8.6 -6.3 -33 -5.6 -6.9 -3.2 -6.1 -5.4 -0.2 0.1 0.1
Y143  -6.8 -3.00 6.3 -6.6 -5.5 4.1 -6.6 -9.8 -1.3 -5.4 2.5 4.7
D282 193 9.2 6.8 22.4 233 -5.3 0.3 -1.5 -1.6 24.1 28.8 1.7
Q377 -142 -3.8 -6.5 -200 -10.1  -141 -113 -9.9 3.7 -16.3 -8.9 -8.0

K349 -108.4 -109.7 -113.2 -1043 -1140 -1141 -111.7 -1159 -1224  -100.6  -115.6 -112.5

S228 -5.0 -8.8 -6.7 -6.3 -5.5 -9.6 -4.3 -4.6 -7.2 -3.1 -8.2 -5.9
Q252 4.1 -2.7 -4.1 -3.1 -2.7 -0.7 -3.6 -3.0 -2.0 -3.1 -2.8 1.6
T280 -113 -109 -102 -10.0 -105 -9.108 -9.9 -103  -11.7 -8.5 -10.8 -9.0

Table S2: Average electrostatic interactions (in kcal/mol) between residues in or close to the
active site pocket and QM part (L-lactate, FMN and H373 side chain) from MDs
simulations at reactants (R), transition state (TS) or products (P) for WT, D282N and
Y254L Fcb2. For WT enzyme with R289 in a distal position, TS refers to the transition state

of the hydride transfer step of the step-wise mechanism.
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Figure S4: M06-2X:AM1/MM free energy surfaces of the hydride transfer mechanism in
Fcb2 for a distal position of R289 (A), a proximal position of R289 (B), D282N variant (C)
and Y254L variant (D). Localization of TSs at M06-2X/MM level is indicated with red

Crosses.



