Power method for calculating the B-factors (PowerB)
The calculation of B”™ requires complete eigenvalue decomposition of the Kirchhoff
matrix 7] the computing time of which scales with N°, making the solution intractable for
large networks. Because 7 has one zero eigenvalue (Ay), its decomposition can be written
as
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If we perturb 7" by adding a small number, ¢ = 10"4, to the first element, 7/7;, the new

matrix, I”, becomes invertible. Let us denote the inverse of I” by A; the N eigenvalues of

A can be ordered as:
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Ay ,|Where Ay 1s the dominant eigenvalue

(replacing 1/1y). Because 4 has dominant eigenvalue, it is possible to employ the power
method (Wilkinson, 1965) to solve for a subset of dominant eigenvectors. Mainly, the
product of 4 with any N-dimensional vector, X), is expressed in terms of A’s eigenvalues,
A';, and associated eigenvectors, v;, as
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i=0
and repeating this multiplication & times, we obtain A'X, = A% Cyv,, as (/1'l. /A, )k -0
for large k, and i #0. The normalized eigenvector v, is obtained from X, using
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and the eigenvalue is deduced from the inner product of Equation 4 with a normalized

random vector Y using the ratio
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provided that X, and Y are not orthogonal. This method can be used to estimate the
leading eigenvalues and eigenvectors for a fixed number of iterations (e.g. £ = 100)
through a deflation process, when the difference between consecutive iterations is smaller
than a threshold (8 = 1077). The convergence rate depends upon the ratio of the dominant
eigenvalue to the next largest eigenvalue, but in general, the computing time is in the
order of N” for the first 10 modes.



We note that the pseudo-inverse of Iis related to 4 simply by I = 4 — A, u,u, which

provides us with an efficient method to estimate B;"*" using
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We term this fast algorithm for calculating B;°*" the PowerB method.
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Figure S1. Correlation coefficients <pg> between experimental and theoretical B-
factors. Results are shown as a function of cutoff distance (7.) for discrete values along
the abscissa and X-ray diffraction temperatures (XDT), averaged over 1250 non
homologous proteins. The different colored bars refer to subsets of structures determined
at XDT > 70 K (all structures; blue bars), XDT > 273 K (235 structures; dark red), and
XDT > 297 K (59 structures; yellow). The first set of results (labeled as 1/Contact) refers
to the correlation <p> between B“” and the inverse residue coordination number (1/7;)
averaged over all proteins, based on a cutoff distance of 7.3 A. The average <pp> are
computed using PowerB approach. The mean <pp> values of different groups are
considered statistically identical by a paired student t-test if the symbols above the group
columns are the same. Groups with different symbols have statistically different mean

values.

These results show that the GNM results are rather insensitive to 7. in the range 7.3 <r. <
15 A. Another interesting observation is the higher correlation with experiments
observed in the case of higher XDTs, indicating that the GNM results agree better with
experiments when the structures are subject to less constrained (or larger) fluctuations. At

r.=1.3A, the force/spring constant averaged over all structures is found to be kzT/y =



1.10 + 0.50 A? in close agreement with the result of kzT/y = 0.87 + 0.46 A* obtained for a
set of 113 monomeric proteins (28). This spring constant provides a measure of a generic

‘stiffness’ that controls residue fluctuations in folded proteins.
Supplemental Table 1. 1250 proteins used in the study of cutoff distances (Figure S1)

12as, 1a0b, 1al2, lalx, 1a28, 1a32, 1a3k, 1a49, la4i, 1a53, 1a6j, 1abm, 1a76, 1a79,
la7w, 1a8d, 1a8e, 1a8h, 1a8l, 1a8p, 1aa7, 1ad6, lado, 1af7, lafr, lagq, 1ah7, 1ail, 1aj2,
1aj8, 1ajs, 1ak0, lako, lamf, lamm, lamx, laoc, 1aq0, laqt, lass, latz, laul, laui, lava,
lavq, layo, 1az9, lazs, 1b00, 1b0y, 1b2p, 1b33, 1b35, 1b3a, 1b3u, 1bdp, 1bSe, 1b5p,
1b63, 1b74, 1b77, 1b7g, 1b8a, 1b8o, 1b9h, 1b9w, 1baz, 1bbz, 1bd0, 1bd3, 1bdS, 1bea,
Ibeb, 1beh, 1bf2, 1bf6, 1bfd, 1bgf, 1bgv, 1bhe, 1bht, 1bif, 1bis, 1bja, 1bk5, 1bkr, 1bms§,
1bn8, 1bol, 1bou, 1bgk, 1bgs, 1br9, 1brf, 1brt, 1bt4, 1btn, 1bu7, Ibwv, 1bxa, 1bxr, 1byq,
Ibyr, 102, 1cOp, Iclk, 1cll, 1¢30, 1c39, 1c4q, 1¢52, 1c5e, 1c5k, 1c7j, 1c7k, 1c7q, 1c7s,
1c8k, 1c8u, 1¢96, 1c90, 1cal, 1cbf, 1cc8, lcew, leez, ledk, lcfr, 1cfz, 1chk, 1cip, Icjc,
Icjw, lcjx, lenz, 1coz, 1ep2, lepq, 1cq3, lcgk, 1cgx, leqy, leru, les6, lctq, 1cun, 1evs,
levr, lewv, ley), 1cz3, 1¢z9, 1cza, 1d09, 1d0c, 1d0q, 1d1m, 1d1q, 1d20, 1d2u, 1d3b,
1d4o, 1d4t, 1d4v, 1d7p, 1d7u, 1d9c, 1dbf, 1dbt, 1dce, 1dci, 1dd4, 1ddz, 1de6, 1del, 1dfx,
ldgw, 1dj0, 1djn, 1djt, 1dk0, 1dk8, 1dkq, 1dlj, 1dlw, 1dmh, 1dmr, 1dmt, 1dos, 1doz,
1dp0, 1dp4, 1dq3, 1dqa, 1dqge, 1dqg, 1dqi, 1dgp, 1dqt, 1dqw, 1ds1, 1dtd, 1dvo, 1dx5,
ldxe, 1dy9, 1dz3, 1dzf, 1dzi, 1dzk, 1e0b, 1el9, lela, 129, 1e30, 1e39, 1e3u, led4, le4c,
1e59, le6i, lebp, lebu, 179, 1e9e, leai, leaj, leao, leaz, 1eb6, 1ebf, lecs, ledl, ledg,
ledq, lee6, lee8, leej, leeo, leer, leex, lefv, lefy, leg3, lega, lehd, leil, 1ei9, lej2,
lekg,lel6, lelk, 1em9, 1e09, leoi, leok, lep3, lep9, leqf, lerz, lesS, lesj, lesw, lete,
leu3, leus, leua, leuc, leum, leuv, levh, lew0, lew4, lew6, lex1, lex2, lex7, lext,
ley4, leyh, leyq, leys, leyv, lezg, lezv, 1100, 1108, 110;, 110k, 1120, 124, 1f2d, 1f2t,
1f2u, 1f2v, 1139, 1f3m, 146, 141, 1f5m, 1{5v, 1160, 1f7d, 1{7s, 182, 1f8e, 1f8m, 118y,
1tbq, 1fc3, 1fc9, 1fcj, 1fcu, 1fcz, 1ffv, 112, 1fil, 152, 1fjr, 11k5, 1fkn, 110, 1{12, 1fle,
Iflm, 1flt, 1fmO0, 1fm4, 1fn0, 1fn9, 1fnf, 1fns, 1fob, 1{p2, 1{p3, 1fqj, 112, 1113, 1s7, 1fsg,
Ift5, 1fth, 1ftr, 1fur, 1fwl, 1fw9, 1fxk, 1fxq, 1fy7, 1fzc, 1g0o, 1g0s, 1g12, 1glk, 1glt,
1g29, 1g2a, 1g2q, 1g2w, 1g3q, 1g40, 1g4y, 1g5b, 1g5¢c, 1g5t, 1g61, 1g6g, 1g6h, 1g6s,
1g6u, 1g71, 172, 1g73, 1g79, 1g8a, 1g8e, 1g8k, 1g8l, 1g8q, 1g97, 1ga6, 1gak, 1gcs5,
lgcq, 1gd0, 1gd8, 1gdv, 1gef, 1gg6, 1gjw, 1gkl, 1gk2, 1gk8, 1gl4, 1gmu, 1gn0, 1gnu,
lgny, 1go4, 1got, 1gp0, 1gp2, 1gpe, 1gpi, 1gpq, 1gpu, 1gpw, 1gqi, 1gqn, 1gqv, 1gqy,
1gs5, 1gs9, lgtz, 1gu2, 1gu3, 1gu7, lgui, 1gux, 1gv4, 1gvc, 1gvj, 1gvn, 1gvp, 1gvr,
lgwy, 1gxj, 1gxm, 1gxy, 1gy6, 1gyj, 1gzf, 1gzs, 1h03, 1h09, 1hOo, 1hly, 1h2b, 1h2c,
1h2w, 1h34, 1h30, 1h3q, 1h4g, 1h4i, 1h4k, 1h4p, 1h4dr, 1hdy, 1h59, 1h6d, 1h6h, 1h6l,
1h6t, 1Théw, 1h70, 1h7e, 1h7w, 1h8e, 1h8p, 1h8u, 1h9s, 1ha4, 1hb6, 1hbk, 1hbn, 1hd2,



1hdk, 1hel, 1hf2, 1hf8, 1hh2, 1hhs, 1hi9, 1hk9, 1hkf, 1hpl, 1hq0, 1hgk, 1hs6, lhsj, 1hsk,
1ht9, 1Thtw, lhuf, Thw5, Thw7, 1hxa, 1hxs, 1hyo, lhzd, 1hzi, lhzt, 1107, 1i0d, 1i0r, 110z,
lild, 1ili, liln,1ilr, 1ilx, 1127, 1i2a, 112k, 1i2t, 1139, lidg, 114}, 1i4m, 1i4du, 1i5t, li6a,
li6bp, 1171, 1176, 1i7n, 1i7p, 117q, 1i8d, 1180, 118t, 119d, 1i19¢g, 1ia9, liak, liam, liap, liat,
1ib2, 1ic6, licf, licr, lidp, lifg, 1ig0, 1ig8, lihg, lihr, 1ii7, 1ijy, 1ik7, likt, 1im3, 1imj,
1in0, 1inl, 1100, liol, lio7, lioo, liow, lig4, 1iq6, 1ig8, ligz, lird, lire, lirj, lisl, lisi,
lisp, 1it2, litu, litv, litw, liul, 11u8, 1iuj, liuk, liup, liv3, livu, liwm, liye, liyh, liyk,
lize, lizn, 1509, 1j0m, 1j0p, 1j18, 1j1b, 1j1j, 1j1n, 1j1t, 11y, 1524, 1j2j, 121, 1j2r, 152z,
1330, 1333, 1534, 1j4a, 1j6r, 1571, 1j7d, 1384, 1j8e, 1j8q, 1j8u, 196, 1j9j, 1jal, 1jak, 1jbc,
1jbo, 1jc5, 1jc9, ljcl, 13d5, 1jdf, 1jdw, 1jel, ljet, 1j£2, 15£8, 1519, 1jfl, 1jfr, 1jfu, 1jfx, 1jfz,
1529, 1jgs, 1jh6, 1jhf, 1jhj, 1jhs, 1511, 1jig, 1jiw, 1jjf, 15k7, 1jke, 1jkg, 1j11, 1315, 1517, 1jlt,
1jlv, 1jly, 1jmj, 1jnr, 1jo0, 1jo8, 1job, 1joc, 1jou, 1jpe, 1jgb, 1jqi, 1jr2, 1jr8, 1js1, 1jtd,
Ljtg, 1jtk, 1ju2, ljuv, 1jx6, 1jye, 1jyh, 1jyo, 1k04, 1k12, 1kla, 1k20, 1k2e, 1k2x, 1k32,
1k3b, 1k3r, 1k3y, 1k46, 1k4g, 1k4i, 1kd4m, 1kdz, 1k66, 1kow, 1k7c, 1k7h, 1k71, 1k7w,
1k94, 1k9k, 1ka2, 1kaf, 1kbl, 1kcm, 1kdg, l1kek, 1kfr, 1kg2, 1kgn, 1khO, 1khi, 1kiy, 1kkh,
1kkt, 1k11, 1kne, 1knl, 1ko3, 1ko5, 1koe, 1kol, 1kp6, 1kp8, 1kpf, 1kph, 1kql, 1kq3, 1kqp,
1kr7, 1krh, 1ks8, 1kt6, 1kuu, 1kv9, 1kwg, 1kxg, 1kyf, 1kzq, 110g, 1101, 110w, 113a, 113j,
1155, 116w, 116x, 1lam, 1lbq, 11bv, 11d8, 11dg, 11f2, 11f6, 11fd, 11h0, 1lhp, 1135, 11;9, 11k2,
11k5,11kd, 111f, 1107, 1lov, 1lp1, 1lpl, 11g8, 11q9, 1lgb, 11r5, 11sl, 11tu, 11vf, 11w3, 11w6,
11xk, 1lxy, 1lxz, 1ly1, 1ly2, 1lyc, 1lyv, 11zl, Im15, Im2d, Im2k, 1m2r, Im2t, 1m3k,
Im4i, 1m4j, Im4r, Im4y, 1m50, 1m55, Im5w, 1m6j, Im70, Im76, Im93, 1m98, 1m9z,
Imai, 1mb4, 1mb8, Imbm, 1mbx, Imby, Imd6, Imdu, Ime3, Imfl, Img4, 1mgq, 1mgt,
Imgv, 1mh9, 1mhl, Imhn, Imhq, Imhw, Imix, 1mjg, 1mju, 1mk0, Imk4, Imkf, Imkk,
Imkm, Iml4, 1mn8, 1mo9, Imog, 1moo, 1moq, 1mgk, 1msk, Imtp, Imty, Imug, 1mum,
Imvn, Imwk, Imwp, Imww, 1mxr, Imy7, Imzj, In08, 1n0q, Inle, 1nlj, In26, 1n2a,
In2s, 1n31, 1n52, In5d, 1n5u, 1n67, 1n69, In71, In7e, In81, 1n83, 1n&f, 1n8;j, 1n8k,
In8n, 1n91, Inbf, Inbu, Inbw, Incl, Inc5, Incw, Ind4, 1nd6, 1nd7, 1ndd, 1ne9, Inep,
Inez, 1nf5, 1nf9, 1ng2, Ing4, 1ng5, 1ng6, Inhw, 1nij, 1njg, Inkr, 1nln, Inm8, 1nmp,
Inmu, Inof, 1noy, 1np3, Inp6, Inp8, 1npe, InrS, Inrz, Insf, Insj, Insx, Inte, Intm, Intv,
Inu7, 1nv0, 1nvj, Invm, Inwa, 1nyt, Inzo, 100s, 100w, 100y, 1026, 103x, 1o4r, 104t,
lody, 105u, lo6e, 1071, 107n, 107v, 107z, 108x, 109h, 1091, 109r, 109s, 10a8, loaa, 1oai,
loao, loap, lobn, lobo, lock, locx, locy, 1od3, 1oe0, loej, lofs, 1ofu, 1oga, 1ogd, 1ogi,
logq, logv, 10h0, 1ohl, 1014, loia, loio, loiz, loja, 10jx, 1okq, 1okr, lomr, 1on2, 1on3,
long, lons, 1000, looe, 1ooh, lopc, lopk, lopm, 1oqq, lor7, lorj, lorr, lorv, losy, 1ot5,
lotk, 10v9, low4, 1low6, 10x0, 1oxj, 10z2, 1029, lozn, 1plj, 1plm, 1p36, 1p38, 1p3u,
1p4k, 1p4o, 1p4x, 1p6o, 1p80, 1p8c, 1p99, 1p9a, 1p9l, 1p9y, 1pa7,1pbl, Ipct, 1pdo,
Ipdq, 1pgt, 1pil, 1pix, 1pjc, 1pju, 1pk6, 1pkh, 1pl3, Ipm4, 1pmm, 1poS5, 1ppr, 1prg,
1ps9, lpsr, 1ptl, 1pt7, Ipvm, 1pvy, 1pwb, 1pxf, 1pxr, 1py9, 1pyo, 1pz4, 1pzw, 1pzx,



1q08, 1q0e, 1q0n, 1q0r, 1q16, 1q19, 192y, 1q30, 1q3q, 1q4k, 1g4u, 195z, 1q7f, 1q71,
1998, 1ga7, 1qam, 1qaz, 1gb0, 1qb2, 1gb5, 1gb7, 1qc7, 1qcx, 1qd9, 1qdv, 1qex, 1qft,
lqge, 1qgi, 1qgo, 1qgx, 1gh5, 1qhd, 1qho, 1ghq, 1ghv, 1ghw, 1qi7, 1qi9, 1qip, 1qjc, 1qks,
1qkt, 1910, 1ql6, 1qla, 1qlm, 1qmg, 1qmy, 1qnf, 1qnr, 1qnx, 1qo3, 1qoy, 1qpo, 1qqf,
1qqgh, 1qqm, 1qqp, 1qqr, 1qr0, 1gsa, 1gsd, 1qsm, 1gst, Iqtn, 1qto, 1qtr, 1qtw, 1qvb, 1qvc,
Iqw9, 1gxr, 1qyc, 1qyn, 1qyo, 1929, 110r, 1129, 1r31, 1rda, 1151, 1r5z, 1r6x, 1189, 118q,
118s, 1ra9, 1rf6, 1rfs, 1115, 1116, 1rie, 1rif, 1rj1, 1158, 1rjd, 1rkd, 1116, 1rlk, 1rmd, 1rmg,
1ro0, 1roc, 1119, 1rtq, 1rw7, lrwz, lryp, 1s0p, 1531, 1s7j, 1scj, Iskz, Ismt, Ispp, 1srv,
Isur, 1tfe, 1thf, 1t12, 1toa, 1tvx, 1tx4, 1tyf, luad, luas, lubk, luca, luds, ludv, lueh,
luek, luf6, Tufb, luth, 1ufi, 1ug6, lugx, luhv, 1ui0, luiu, luku, lunn, luoh, luok, luol,
luoy, 1uqg5, lurs, lusg, lusl, luso, luuz, 1v3e, 1v7c, 1v7r, 1v7z, 1v8c, 1vfy, lvie, 1vj2,
lvps, lvsr, lwde, 1wer, 1whi, 1who, 1wwec, 1xgs, 1xva, 1xwl, lyac, lyge, lyvs, 1zei,
1zin, 1zpd, 2azo, 2¢cb5, 2cmk, 2¢pg, 2e2a, 2fcb, 2fha, 2gsa, 2hgs, 2hrv, 2hvm, 2igd, 2kin,
2lis, 2mas, 2ptd, 2pth, 2rbi, 2sak, 2scu, 2sli, 2sqc, 2tdx, 2tnf, 2tps, 2wea, 2yas, 3chb, 3eip,
3fap, 3ran, 3thi, 3tss, 3vub, 4eug, 41zt, 4ubp, 6fiv, 7fd1, 7taa



Supplemental Table 2. Set of 64 nucleotide/nucleotide-protein complexes.

PDBid | residues | nucleotides | Resolution (A) name

lex0 95 72 2.30 Hepatitis 6 virus ribozyme

ldrz 95 72 2.30 Hepatitis o virus ribozyme

ImS5Sk 184 226 2.40 rProtein A — hairpin ribozyme complex
luéb 95 222 3.10 Group I intron

1hr2 0 315 2.25 P4-P6 ribozyme domain

118v 0 314 2.80 P4-P6 ribozyme domain

1u9s 0 155 2.90 Ribonuclease P

1yOq 0 234 3.60 Group I ribozyme

lgid 0 316 2.50 P4-P6 ribozyme domain

Inbs 0 270 3.15 Ribonuclease P

1y26 0 72 2.10 A-riboswitch

legk 0 108 3.10 Nucleic acid four-way junction
lehz 0 76 1.93 Phenylalanine tRNA

levv 0 76 2.00 Phenylalanine tRNA

1 fir 0 76 3.30 HIV reverse-transcription primer tRNA
1i9v 0 76 2.60 tRNA-neomycin B complex

1tn2 0 77 3.00 Phenylalanine tRNA

ltra 0 76 3.00 Phenylalanine tRNA

2tra 0 74 3.00 Aspartic acid tRNA

3tra 0 72 3.00 Aspartic acid tRNA

4tra 0 76 3.00 Phenylalanine tRNA

lyfg 0 75 3.00 Initiator tRNA

1qf6 641 77 2.90 Threonyl-tRNA synthetase-tRNA
1qu3 880 76 2.90 Isoleucyl-tRNA synthetase-tRNA
lqu2 917 76 2.20 Isoleucyl-tRNA synthetase-tRNA
1cOa 586 79 2.40 Aspartyl-tRNA synthetase-tRNA
lefw 1160 146 3.00 Aspartyl-tRNA synthetase-tRNA
1f7u 607 76 2.20 Arginyl-tRNA synthetase-tRNA
1ty 917 76 2.20 Isoleucyl-tRNA synthetase-tRNA
1h4s 948 69 2.85 Prolyl-tRNA snthetase-tRNA

ljlu 300 74 1.95 Trosyl-tRNA synthetase-tRNA

1j2b 1152 148 3.30 tRNA-Guanine tansglycosylase-tRNA
100c 530 75 2.70 Glutaminyl-tRNA synthetase

lrc7 220 41 2.15 Ribonuclease III — dsSRNA complex
1u0b 461 74 2.30 Cysteinyl-tRNA synthetase-tRNA
1h3e 428 84 2.90 Tyrosyl-tRNA synthetase-tRNA
1qtq 530 75 2.25 Glutaminyl-tRNA synthetase-tRNA
1gtr 529 75 2.50 Glutaminyl-tRNA synthetase-tRNA
Iser 793 65 2.90 Seryl-tRNA synthetase-tRNA

lasy 980 150 2.90 Aspartyl-tRNA synthetase-tRNA
1qrs 529 75 2.60 Glutaminyl-tRNA synthetase-tRNA
1b23 406 75 2.60 EF-TU — Cys-tRNA complex




ImS5o 187 226 2.20 rProtein A-ribozyme complex
lvby 167 73 2.90 rProtein A — hepatitis 0 virus ribozyme
1vec0 95 73 2.50 rProtein A — hepatitis J virus ribozyme
lves 167 70 3.40 rProtein A — hepatitis 0 virus ribozyme
1sj3 95 73 2.20 rProtein A — hepatitis O virus ribozyme
1ttt 1218 231 2.70 EF-TU — Phe-tRNA complex
119a 87 126 2.90 SRP19 — SRP RNA complex
lIng 87 97 2.30 SRP19 — SRP RNA complex
1 mfq 215 128 3.10 SRP19 — SRP RNA complex
Imms 203 116 2.57 rProtein L11 — rRNA fragment complex
1fg0 0 499 3.00 Domain V of 23S rRNA
1194 2410 1514 3.20 30S ribosomal subunit
1j5e 2396 1513 3.05 30S ribosomal subunit
1n32 2389 2876 3.00 30S ribosomal subunit
1fjg 2404 1507 3.00 30S ribosomal subunit
1k 3656 2828 2.40 50S ribosomal subunit
1s72 3775 2876 2.40 50S ribosomal subunit
152 3701 2876 2.40 50S ribosomal subunit
1j5a 385 2774 3.50 50S ribosomal subunit
1jzx 385 2774 3.10 50S ribosomal subunit
lyhq 3775 2876 2.40 50S ribosomal subunit
lyij 3775 2876 2.60 50S ribosomal subunit
References

Wilkinson, J. H. (1965) The algebraic eigenvalue problem Clarendon Press, Oxford.




