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Fig. S1 Total energy as function of time for the first 10 ns of simulation for studied systems. Red
circles indicate chosen structures (example plots for one trajectory for each analog).




Table S1. Sequences and secondary structure interactions for four mitochondrial tRNAanalogs (tRNA™*, tRNAY, tRNA™ and tRNA™). Color code
represents WC pairing fragments for amino-acyl (orange), D-loop (lime) anticodon (blue) and T-loop (pink) stems respectively. The sequence numbering is

based on the well-accepted numbering of phenylalanine tRNA from yeast, following the rules proposed by the participants of the Cold Spring Harbor Meeting
on tRNA in 1978.
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Table S2. Average backbone heavy atom and all atoms RMSD for tRNA molecules and backbone heavy atom and all atoms) RMSD for anticodon stem

loops along their standard deviations.

Backbone Ba:\ckbone ~ All atoms A," atoms -
anticodon loop anticodon loop

Alal 6.24 +2.02 2.44 +£0.68 6.12+1.92 3.02 + 0.66
Ala2 6.97 £1.86 2.07 £0.38 6.67 £1.75 3.21+0.62
Ala3 4.80 + 0.87 1.83+0.43 4.73+£0.81 2.05+0.32
Average 6.00 +1.89 2.11£0.57 5.84 +1.77 2.76 £ 0.75
Glyl 7.61+2.11 2.33+0.30 7.44 +1.87 3.91+0.47
Gly2 7.59+1.58 3.81+0.94 7.34 £1.48 4.49 £ 0.83
Gly3 8.57 £1.96 2.05+0.32 8.42 +1.74 3.36+0.34
Average 7.92+1.95 2.73+£0.98 7.73+£1.77 3.92+0.74
Hisl 8.22+2.97 1.58 £0.21 7.92+2.82 2.19+0.31
His2 7.10+£0.91 1.68 £0.26 6.73£0.26 2.34+0.31
His3 10.31+1.76 1.64 £0.20 9.63+1.60 2.34+£0.27
Average 8.54+2.45 1.63 +0.23 8.09 +2.27 2.29+0.31
Phel 5.35+0.93 2.23+0.46 5.51+0.84 2.72+£0.50




Phe2 6.05+0.98 2.30+0.40 6.21 +0.96 2.80+0.49
Phe3 6.70 +1.27 2.11 +0.36 6.58 +1.20 2.61+0.43
Average 6.03 £1.21 2.21+0.42 6.10+1.10 2.71+0.48
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Fig. S2a Local RMSD (values on the color scales on the right-side of each panel) analysis for
tRNA™® where each residue was considered together with 0, 1, 2 and 3 former and subsequent in the

sequence neighboring residues, respectively.
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Fig. S2b Local RMSD (values on the color scales on the right-side of each panel) analysis for
tRNA®Y, where each residue was considered together with 0, 1, 2 and 3 former and subsequent in the

sequence neighboring residues, respectively.
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Fig. S2¢ Local RMSD (values on the color scales on the right-side of each panel) analysis for
tRNA™®, where each residue was considered together with 0, 1, 2 and 3 former and subsequent in the
sequence neighboring residues, respectively.
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Fig. S2d Local RMSD (values on the color scales on the right-side of each panel) analysis for
tRNAP™, where each residue was considered together with 0, 1, 2 and 3 former and subsequent in the
sequence neighboring residues, respectively.
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Fig. S3a Local RMSD (values on the color scales on the right-side of each panel) analysis for

tRNA™", where each residue was considered together with 1 former and subsequent neighboring

residues, for three independent 100 ns simulations
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Fig. S3b Local RMSD (values on the color scales on the right-side of each panel) analysis for
tRNAYY, where each residue was considered together with 1 former and subsequent neighboring
residues, for three independent 100 ns simulations

1007 I 1007 1007

val val val

507

Simulation Progress [ns]

a

]

\

i
Simulation Progress [ns]

2

\

o m & oo

Simulation Progress [ns]

0 '

1 [T e s e A M bl | i e i ol it oo sl s s . T e e ot B s et vt e g o i e e b
2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66
Nucleotide Nucleotide Nucleotide

0

Fig. S3c Local RMSD (values on the color scales on the right-side of each panel) analysis for
tRNA"S, where each residue was considered together with 1 former and subsequent neighboring
residues, for three independent 100 ns simulations
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Fig. S4a Principal components analysis for three individual 100 ns simulations of tRNA,
respectively. Three colored subplots for each tRNA analog represent molecular trajectories
projected onto the three first principal components, colored from blue to red in a function of
time. The fourth plot presents percentage of the total variance of atom positional fluctuations
for each principal component.
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Fig. S4b Principal components analysis for three individual 100 ns simulations of tRNASY,
respectively. Three colored subplots for each tRNA analog represent molecular trajectories
projected onto the three first principal components, colored from blue to red in a function of
time. The fourth plot presents percentage of the total variance of atom positional fluctuations
for each principal component.
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Fig. S4c Principal components analysis for three individual 100 ns simulations of tRNAMES,
respectively. Three colored subplots for each tRNA analog represent molecular trajectories
projected onto the three first principal components, colored from blue to red in a function of
time. The fourth plot presents percentage of the total variance of atom positional fluctuations
for each principal component.
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Fig. S4d Principal components analysis for three individual 100 ns simulations of tRNAP,
respectively. Three colored subplots for each tRNA analog represent molecular trajectories
projected onto the three first principal components, colored from blue to red in a function of
time. The fourth plot presents percentage of the total variance of atom positional fluctuations
for each principal component.

512



Table S3 RMSD, INF (Interaction Network Fidelity) and DI (Deformation Index) values for 100

selected conformations having the lowest total energy.

tRNAAR tRNAY tRN A tRNAPe
structure | RMSD | INF | DI | RMSD | INF| DI |RMSD | INF| DI |RMSD | INF| DI
1 333 081 411 | 178 083 214 | 345 080 429 | 392 076 5.15
2 376 080 471 | 399 079 504 | 339 079 428 | 420 071 591
3 331 073 457 | 405 074 551 | 345 073 471 | 408 068 598
4 380 079 481 | 413 075 551 | 377 078 | 483 | 537 068 7.94
5 326 077 421 | 460 083 554 | 419 082 513 | 452 074 6.11
6 433 079 550 | 451 076 591 | 405 079 511 | 551 073 7.54
7 409 076 540 | 637 076 835 | 406 081 504 | 497 070 7.8
8 332 079 418 | 496 080 623 | 479 078 610 | 547 069 7.92
9 394 075 524 | 468 077 606 | 440 079 558 | 452 071 636
10 390 078 497 | 481 076 634 | 507 080 632 | 498 069 7.18
1 341 078 439 | 455 076 597 | 38 073 523 | 629 070 9.02
12 453 081 561 | 437 076 573 | 423 074 571 | 58 072 820
13 410 086 474 | 465 082 566 | 421 084 500 | 569 077 7.43
14 403 077 523 | 465 081 575 | 455 075 610 | 585 067 874
15 397 078 511 | 447 079 565 | 432 070 615 | 517 073 712
16 449 077 583 | 501 074 673 | 414 076 544 | 472 070 673
17 430 078 555 | 7.09 077 916 | 419 078 539 | 449 072 627
18 354 080 445 | 729 079 928 | 442 076 580 | 524 068 7.67
19 357 077 461 | 645 079 822 | 538 082 657 | 473 068 698
20 369 073 503 | 570 083 687 | 612 077 791 | 520 0.69 7.55
21 359 074 483 | 575 079 729 | 641 081 794 | 522 072 729
2 352 078 450 | 633 |08 763 | 503 075 674 | 554 071 779
23 316 072 436 | 630 077 822 | 515 076 674 | 476 075 6.38
24 335 078 429 | 570 080 7.7 | 493 085 576 | 495 076 651
25 333 079 421 | 590 080 738 | 460 076 602 | 467 069 674
26 329 076 | 432 | 751 076 991 | 454 076 600 | 436 071 6.13
27 408 078 525 | 826 078 1060 | 498 079 632 | 491 075 658
28 436 072 605 | 7.09 079 9.00 | 495 080 621 | 497 076 654
29 560 072 782 | 751 080 935 | 457 081 565 | 456 077 5.96
30 520 072 7.7 | 635 080 790 | 484 076 633 | 475 074 642
31 482 071 683 | 727 081 902 | 58 079 744 | 370 069 5.40
32 409 066 617 | 734 073 1004 | 579 078 742 | 394 076 521
33 654 066 998 | 758 073 1042 | 746 074 1007 | 436 078 5.59
34 761 068 1116 | 793 077 1026 | 687 075 9.15 | 3.80 0.77 496
35 622 075 826 | 721 081 888 | 639 077 830 | 388 071 546
36 671 067 995 | 640 079 812 | 699 074 943 | 490 075 6.57
37 912 070 13.10 | 625 076 825 | 776 073 10.67 | 449 069 651
38 953 069 1388 | 656 077 851 | 766 077 991 | 404 068 597
39 799 0.66 1204 | 785 077 1024 | 723 076 954 | 406 075 541
40 933 067 1397 | 719 075 954 | 732 076 961 | 370 073 5.06
41 869 068 1282 | 714 073 974 | 794 080 998 | 476 074 643
4 840 074 1129 | 685 078 882 | 879 078 1123 | 610 070 8.66
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tRNA® tRNAMS

Fig. S5 Superimposed contact maps of A—A contacts for studied analogs of tRNA. Red areas on both
axes represent bad contacts between model and reference structure. Red-yellow-green coloring scheme
represents contact presence: red (in reference structure only), yellow (in both), and green (in model
structure only).
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A—A, CAD-score: 0.77
No-smoothing

S-S stacking, CAD-score: 0.68
No-smoothing

S-S non-stacking, CAD-score: 0.54
No-smoothing

Fig. S6a Local differences between the reference structure (left) and the final conformation from 100
ns simulation for tRNA®" (right).
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Fig. S6b Local differences between the reference structure (left) and the final conformation from 100
ns simulation for tRNA®Y (right).
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A—-A, CAD-score: 0.71
No-smoothing

JSmol JSmol

S-S stacking, CAD-score: 0.66
No-smoothing

S-S non-stacking, CAD-score: 0.58
No-smoothing

Fig. S6c Local differences between the reference structure (left) and the final conformation
from 100 ns simulation for tRNA™" (right).
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S-S stacking, CAD-score: 0.67
No-smoothing

S-S non-stacking, CAD-score: 0.52
No-smoothing

JSmol

Fig. S6d Local differences between the reference structure (left) and the final conformation from 100
ns simulation for tRNA™ (right).
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Fig. S7a The 3D model of D-T loop-loop interaction for tRNA** analog extracted from the simulation

at Ons (reference), 9ns, 17ns, 28ns, 33ns, 46ns, 58ns, 70ns, 77ns, 81ns, 92ns respectively.
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Fig. S7b The 3D model of D-T loop-loop interaction for tRNA®Y analog extracted from the simulation
at Ons (reference), 2ns, 11ns, 27ns, 37ns, 48ns, 54ns, 63ns, 74ns, 89ns, 93ns respectively.
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Fig. S7¢ The 3D model of D-T loop-loop interaction for tRNA"™* analog extracted from the simulation

at Ons (reference), 10ns, 14ns, 29ns, 35ns, 47ns, 57ns, 63ns, 79ns, 90ns, 92ns respectively.
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Fig. S8a The 3D model of anticodon loop for tRNA** analog extracted from the simulation at

Ons (reference), 9ns, 17ns, 28ns, 33ns, 46ns, 58ns, 70ns, 77ns, 81ns, 92ns respectively.




Fig. S8b The 3D model of anticodon loop for tRNA®Y analog extracted from the simulation at
Ons (reference), 2ns, 11ns, 27ns, 37ns, 48ns, 54ns, 63ns, 74ns, 89ns, 93ns respectively.




Fig. S8¢ The 3D model of anticodon loop for tRNA"* analog extracted from the simulation at
Ons (reference), 10ns, 14ns, 29ns, 35ns, 47ns, 57ns, 63ns, 79ns, 90ns, 92ns respectively.




Fig. S8d The 3D model of anticodon loop for tRNA™ analog extracted from the simulation at

Ons (reference), Sns, 19ns, 25ns, 37ns, 44ns, 54ns, 70ns, 75ns, 89ns, 92ns respectively.
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Fig. S9 All atoms RMSD values for tRNA™®, tRNA™™ trajectories in the course of 500 ns calculation
and structure snapshots for every 100 ns.
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