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1 Rotational diffusion in HeLa cell cytoplasm

—— Translation Rotation

w

In(Do/D)

N

1073 1072 1071 10° 107 107 103
a[nm]

Figure 1: Translational and rotational diffusion coefficients inside HeLa cell cytoplasm as a function of the hydrodynamic
radius of the probe particle. Continuous blue line: natural logarithm of the inverse of the normalized translational dif-
fusion coefficient, Do/D = (heLa (a) /67npa, with translational friction coefficient (yera (a) described in Figure 2 from
the main text. Continuous orange line: natural logarithm of the inverse of normalized rotational diffusion coefficient,
Do/D = (%, . (a) /8mnoa® with (& , (a) calculated from the formula (14, main text) with (ger, (@) as an input.



2 Wave-vector dependent viscosity and rotational diffusion in polymer solutions
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Figure 2: Figure (a) shows translational and rotational diffusion coefficients in aqueous solutions of polyethylene glycols
(PEGs) of different molecular weights, M (6 x 10% (PEG 6k) , 20 x 10% (PEG 20k), and 2 x 10% (PEG 2M) g/mol), as a
function of the hydrodynamic radius of the probe particle, Do/D = ( (a) /67noa. Here ¢ (a) was calculated in the same
manner as for aldolase protein in PEG solutions (main text, Figure 4). Concentration of PEG ¢ was equal to ¢ = 0.3 for
PEG 6k and 20k and ¢ = 0.01 for PEG 2M. ¢ (a) = 6mngexp [y (Resr (a) /€)® /RT)a; here R;7 (a) = Rpp +a™2,
&(c) = Ry (c/ )0 e = 3M/ (4mR2N 4). Rotational friction was calculated according to equation (14) from the main
text. The parameter v = 4 kJ/mol was assumed the same as for macroscopic flow of the PEG solution [5]. Hydrodynamic radii
of polymers Rpgg were equal to 2.1nm, 4.1nm and 56.6nm for PEG 6k, PEG 20k, and PEG 2M, respectively. Corresponding
gyration radii, R, were equal, respectively, to 3.3nm, 6.7nm, and 97 nm. Fig. (b): wave-vector-dependent viscosity calculated
from formula (11) from the main text for friction coefficients presented in panel (a).



3 Rotational diffusion in micellar solutions
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Figure 3: Translational and rotational diffusion coefficients in solution of hexaethylene glycol monododecyl ether in phosphate
buffer as a function of the hydrodynamic radius of the probe particle. Continuous line: natural logarithm of the inverse of
the normalized translational diffusion coefficient, Do/D = (uic (a) /6mnoa, with translational friction coefficient (. (a) for
auqueous micellar solutions described in the caption of Figure 1a from the main text. Dashed line: natural logarithm of the
inverse of normalized rotational diffusion coefficient, Do/D = (™ (a) /8mnoa® with (™ (a) calculated from the formula
(14, main text) with (e (a) as an input.



4 Short-time rotational diffusion coefficients of proteins from the proteome of
K12 strain of E. coli
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S Effective diffusion coefficients (D) of sliding of transcription factors along
DNA strand in the cytoplazm of E. coli
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Table S2: Table contains: transcription factor name (TF Name), its molecular weight (M,,),
hydrodynamic radius (7,), and the effective diffusion coefficients (D) of sliding of transcription factors
along DNA strand in the cytoplazm of E. coli. Values of D, are recalculated and includes the
dependence of the rotational friction on the size of the protein. Previous data for constant rotational
friction (reference 46 from the main text) were also shown.

TF Name M,, [kDa] | r, [nm] | Dy [um?/s] Ref. (31)) | Dy [um?/s]
MarA 15.184 22 0.3300 0.4503
SoxS 12.911 2.1 0.4000 0.5698
Rob 33.145 3.0 0.1100 0.1378
AraC, 66.768 4.0 0.0410 0.0442
RhaS, 64.630 4.0 0.0430 0.0467
RhaR, 71.334 4.1 0.0370 0.0396
CaiF, 30.872 3.0 0.1200 0.1540
MelR, 69.856 4.1 0.0380 0.0410
XyIR, 89.738 45 0.0260 0.0268
ChbR, 65.936 4.0 0.0420 0.0452
FeaR, 69.240 4.1 0.0390 0.0416
YdeO, 57.450 3.8 0.0510 0.0568
YqhC, 71.914 4.1 0.0360 0.0391
YgiV, 35.654 3.1 0.1000 0.1228
AdiYs 58.014 3.8 0.0500 0.0559
GadW, 56.056 3.7 0.0530 0.0592
GadX, 63.124 3.9 0.0440 0.0486
GadW-GadX 59.590 3.8 0.0480 0.0535
AppYs 57.526 3.8 0.0510 0.0567
EnvYs 58.038 3.8 0.0500 0.0559
ZntR, 32.358 3.0 0.1200 0.1431
MIrA, 55.092 3.7 0.0540 0.0609
CueR, 30.470 2.9 0.1300 0.1572
SoxR, 34.300 3.1 0.1100 0.1306
YcgE, 56.528 3.8 0.0520 0.0583
UidR, 43.598 3.4 0.0770 0.0891
NemR 44.550 3.4 0.0740 0.0861
FabR, 53.106 3.7 0.0570 0.0647
AcrR, 49.534 3.6 0.0640 0.0725
Betl, 43.630 3.4 0.0760 0.0890
RutRo 47376 35 0.0680 0.0779
EnvR, 50.396 3.6 0.0620 0.0704
PaaX 70.590 4.1 0.0380 0.0403
MngR, 56.546 3.8 0.0520 0.0583
GleCs 57.652 3.8 0.0510 0.0565
McbR, 50.302 3.6 0.0620 0.0707
PdhR, 58.850 3.8 0.0490 0.0546
NanRo 59.048 3.8 0.0490 0.0543
CsiR, 49.982 3.6 0.0630 0.0714
FadR, 53.938 3.7 0.0560 0.0630
LIdR, 58.332 3.8 0.0500 0.0554
UxuR, 58.616 3.8 0.0500 0.0550
ExuR, 59.672 3.8 0.0480 0.0534
FNR, 55.934 3.7 0.0530 0.0594
CRP, 47.280 35 0.0680 0.0782
YeiL, 50.588 3.6 0.0620 0.0700
MarRs 32.130 3.0 0.1200 0.1447
MprA, 41.126 33 0.0830 0.0979
SlyA. 32.706 3.0 0.1200 0.1407
Furs 33.590 3.1 0.1100 0.1350
Zur, 38.508 3.2 0.0910 0.1087
OmpR, 54.708 3.7 0.0550 0.0616
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TF Name M, [kDa] | r, [nm] | D [um?/s] (Ref. 31)) | Dy [um?/s]
KdpE, 50.724 3.6 0.0610 0.0697
TorR-Torl 33911 3.1 0.1100 0.1330
TorRy 52.466 3.6 0.0580 0.0660
ArcAs 54.584 3.7 0.0550 0.0618
BaeR, 55.312 3.7 0.0540 0.0605
CpxR, 52.624 3.7 0.0580 0.0656
CreBs 52.250 3.6 0.0590 0.0664
PhoB, 52.866 3.7 0.0580 0.0651
PhoP» 51.070 3.6 0.0610 0.0689
RstAs 54.096 3.7 0.0560 0.0627
ArgP, 66.944 4.0 0.0410 0.0441
DsdCs 70.664 4.1 0.0370 0.0402
MetR, 71.258 4.1 0.0370 0.0397
ModE, 56.562 3.8 0.0520 0.0583
IIvYs 66.408 4.0 0.0410 0.0446
Dan, 70.630 4.1 0.0370 0.0403
BirA, 70.624 4.1 0.0370 0.0403
CynR, 65.922 4.0 0.0420 0.0452
HcaR, 65.676 4.0 0.0420 0.0455
AllSo 69.024 4.1 0.0390 0.0418
NhaR, 68.568 4.1 0.0390 0.0423
Cbl, 71.712 4.1 0.0370 0.0392
Nac, 65.670 4.0 0.0420 0.0455
HdfR, 63.492 39 0.0440 0.0481
GadE- 41.198 33 0.0830 0.0976
LrhA, 69.188 4.1 0.0390 0.0417
TdcA, 69.078 4.1 0.0390 0.0418
GevA, 68.804 4.1 0.0390 0.0421
GcvA-GevR 55.171 3.7 0.0540 0.0607
LysRo 68.730 4.1 0.0390 0.0421
LeuO- 71.390 4.1 0.0370 0.0395
XapRs 67.254 4.0 0.0400 0.0437
CysBy 144.600 5.4 0.0120 0.0116
OxyR4 137.104 53 0.0130 0.0128
CytRo 75.640 4.2 0.0340 0.0359
TreRo 69.062 4.1 0.0390 0.0418
PurR, 76.350 4.2 0.0330 0.0353
IdnR, 75.334 4.2 0.0340 0.0361
GalR, 74.188 4.2 0.0350 0.0371
GalS, 74714 4.2 0.0340 0.0366
AscGoy 73.888 4.2 0.0350 0.0373
Mall, 73.250 4.2 0.0350 0.0379
EbgR, 72.420 4.1 0.0360 0.0386
RbsR, 73.224 4.2 0.0350 0.0379
GntR, 72.884 4.1 0.0360 0.0382
FruR, 151.996 5.5 0.0110 0.0106
Lacly 154.360 5.6 0.0110 0.0103
ResB-GadE 44.270 34 0.0750 0.0869
RcsBy 47.342 3.5 0.0680 0.0780
BglJ-RcsB 47.156 3.5 0.0680 0.0785
RcsBRcsA 47.187 3.5 0.0680 0.0784
EvgA, 45.380 34 0.0720 0.0835
NarL, 47.854 35 0.0670 0.0766
NarP, 47.150 3.5 0.0680 0.0785
CsgDo 49.870 3.6 0.0630 0.0717
SdiA, 56.234 3.7 0.0530 0.0589
UhpA, 41.779 3.3 0.0810 0.0954
YoeB-YefM, 28.832 29 0.1400 0.1713
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TF Name M, [kDa] | r, [nm] | D [pm?/s] Ref. 31)) | Dy [um?/s]
YefM, 18.616 2.4 0.2500 0.3333
RelE-RelBy 29.367 2.9 0.1300 0.1665
RelBs 18.142 2.4 0.2600 0.3464
HipB2-HipA, 118.584 5.0 0.0170 0.0165
HipB, 20.032 2.5 0.2300 0.2987
MgsAoMgsR, 51.870 3.6 0.0590 0.0672
MgsAs 29.406 2.9 0.1300 0.1662
NadR, 94.692 4.6 0.0240 0.0244
MhpRs 62.644 3.9 0.0450 0.0492
KdgR» 60.058 3.8 0.0480 0.0528
IcIRy 118.956 5.0 0.0170 0.0164
AllRy 117.080 5.0 0.0170 0.0169
Yial, 62.134 3.9 0.0460 0.0499
DpiAs 50.906 3.6 0.0610 0.0693
QseB, 49.356 3.6 0.0640 0.0729
CusRs 50.788 3.6 0.0610 0.0696
BasR, 50.062 3.6 0.0630 0.0712
NagCs 89.082 4.5 0.0260 0.0271
DgsAq 89.632 4.5 0.0260 0.0268
IscRo 34.674 3.1 0.1100 0.1284
NsrRo 31.186 3.0 0.1200 0.1516
TdcR, 17.216 2.4 0.2800 0.3744
GutM, 25.906 2.8 0.1600 0.2021
TrpRo 24.710 2.7 0.1700 0.2173
Metl, 24.282 2.7 0.1700 0.2232
MntR, 35.280 3.1 0.1000 0.1249
DcuRj, 54.977 3.7 0.0540 0.0611
ArsR, 26.506 2.8 0.1500 0.1951
CdaR, 87.374 4.5 0.0270 0.0281
MtlIRy 43.980 3.4 0.0760 0.0879
CadC, 115.626 5.0 0.0170 0.0172
SgrRs 127.950 5.2 0.0150 0.0144
BolA, 23.988 2.7 0.1800 0.2274
AccB, 33.374 3.1 0.1100 0.1363
LexAs 44.716 3.4 0.0740 0.0855
AlaS, 192.064 6.1 0.0075 0.0069
PutA, 287.640 7.1 0.0037 0.0033
TyrR, 115.312 5.0 0.0170 0.0173
PrpR, 117.298 5.0 0.0170 0.0168
RtcRy 120.598 5.1 0.0160 0.0160
DhaRs 141.124 54 0.0130 0.0121
MalT 103.118 4.8 0.0210 0.0211
HyfR, 150.610 55 0.0110 0.0108
FhlA, 156.936 5.6 0.0110 0.0100
ZraR, 96.788 4.6 0.0230 0.0235
GIrRo 98.320 4.7 0.0220 0.0229
NorRs 110.472 4.9 0.0190 0.0187
PspFs 73.972 4.2 0.0350 0.0372
NtrC, 104.510 4.8 0.0200 0.0206
AtoC, 104.352 4.8 0.0200 0.0206
AgaRy 118.288 5.0 0.0170 0.0166
UlaRy 104.408 4.8 0.0200 0.0206
GatRy 113.008 4.9 0.0180 0.0180
FucRy 109.448 4.9 0.0190 0.0190
GutRy 112.944 4.9 0.0180 0.0180
GlpRy 112.192 4.9 0.0180 0.0182
DeoRg 228.384 6.5 0.0056 0.0050
MurRy4 124.770 5.1 0.0150 0.0151
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TF Name M, [kDa] | 7, [nm] | Dy [um?/s] (Ref. (31)) | Dy [um?/s]
AlsRy 129.448 52 0.0140 0.0141
RcnRy 40.536 3.3 0.0850 0.1002
AidB4 242.360 6.6 0.0050 0.0045
NikR4 60.376 3.9 0.0470 0.0523
LsrRy 135.188 5.3 0.0130 0.0131
FIhD4-FIhC, 96.396 4.6 0.0230 0.0237
ArgRg 101.960 4.7 0.0210 0.0215
PepAg 329.280 7.5 0.0029 0.0025
Yqjlg 140.406 5.4 0.0130 0.0122
NrdRg 137.832 53 0.0130 0.0126
AsnCg 135.104 53 0.0130 0.0131
Lrpg 151.096 5.5 0.0110 0.0107
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