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We replaced the cosine function by its algebraic approximation to speed the computations up. The

approximation is [1]:
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Comparison of the cosine function and its algebraic approximation.
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2 Distance and PID

angle distributions
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Figure S2: Distributions of the PID angles (in radians) in the contacts from the PDB survey that
include a given type (green histograms). Local i,i+3 and ¢, 1+ 4 contacts are excluded. Each contact
has two angles. Distribution of the first is on the top panels, of the second on the bottom panels.
Subdistributions made from contacts that obey the directional criteria defined in |2] are shown as red
histograms. The potential resulting from Boltzmann Inversion procedure (blue dots, unit of energy
e ~ 1.5 kcal /mol) was fitted to an analytical function (purple line).

2.1 Right-handedness

Distributions of PID angles are different for the first and second angle for 7,7+ 3 and 7,7+ 4 contacts
due to the right-handedness of most of a helices (and in our statistics the first PID angle is for
the residue earlier in the sequence). This is visible in Fig. S3. Distributions for i,7 + 5 and more
nonlocal contacts are mostly symmetric for the operation of exchanging the first and the second
PID angles in a contact, with the exception of backbone-sidechain cases (see the subsection about

backbone-sidechain contacts).
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Figure S3: Two-dimensional distribution of backbone-backbone contacts, where the first PID angle
in a contact is on one axis and the second PID angle (counting from the N to C terminal) is on the
other axis. The assymetry probably comes from the right-handedness of an a-helix. The distribution
is taken for C,-C, distances r in a 0.3 A window to avoid noise from other distances. Note that for
those distances the distribution is extremely narrow (each dot has size 0.1 rad x 0.1 rad).



2.2 Distance distributions

ros.. |GIn|Cys|Ala|Ser |Val |Thr|Ile [Leu|Asn|Asp|Lys|Glu|Met His Phe |Arg|Tyr |Trp
Gln [8.63
Cys |7.72|7.56
Ala |7.39]6.97 6.42
Ser |7.64(6.97/6.53|6.65
Val [7.81|7.56|7.06|7.17|7.65
Thr |7.77|7.40 (6.94(6.97|7.54|7.30
Ile (8.24|7.95|7.45|7.52|8.06|7.93(8.53
Leu |8.44(8.07|7.65|7.68(8.29|8.12 |8.77(8.93
Asn [8.19(7.49|7.02|7.18|7.54|7.46 |7.96|8.14|7.74
Asp |8.15|7.186.73|6.99(7.22|7.19|7.65|7.86|7.50
Lys |8.69|7.83(7.26|7.73|7.69|7.79(8.16|8.39|8.11 |8.59
Glu (8.41|7.45(7.04|7.41|7.50|7.51 |7.97]8.20 |8.00 8.90
Met|8.8418.29 7.91|7.94|8.48|8.33 8.95(9.14(8.49 |8.15 |8.80(8.61 [9.29
His |8.64(8.17|7.50|7.88|7.92|7.98 |8.37(8.57|8.36 |8.50 |8.58|8.84|8.93 (8.83
Phe [8.95|8.50 [8.17|8.24|8.69|8.58 |9.11]9.34|8.65 [8.51 |8.79(8.75|9.55 [8.98(9.73
Arg |9.26(8.24|7.99(8.27(8.31|8.50 |8.76(8.98 |8.87 |9.12 9.5219.27 19.23]9.26
Tyr |9.27]8.26 [8.02(8.36(8.39|8.58 |8.78(9.02(8.96 |9.35 [9.04/9.48 |9.28 [9.38|9.56 {9.51{9.34
Trp |9.58(8.95(8.65(8.75(9.22]9.14|9.57(9.79(9.11 |9.10 {9.21/9.48|10.02{9.66|10.17|9.82{10.08{10.85

Table S1: Average distances, in A, for the ss contacts as derived from the CATH database, first

defined in [2|. Empty boxes indicate same-charged residues that cannot form ss contacts (as well as
GLY and PRO). 7 =56 A, r?~ —6.2 A,
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Figure S4: Two-dimensional distributions of contacts, where PID angle (in radians) for a given amino
acid is on one axis and C,-C,, distance is on the other axis. 7,7+ 3 and 7, ¢ + 4 contacts are excluded.



2.3 Backbone-sidechain contacts

Backbone-sidechain contacts have very broad distributions of PID angles and C,-C, distances. We
tried to distinguish the case where the first residue is the backbone and the second is the sidechain
(bs) from the opposite case (sb) in the contact distributions that can be of more than one type. The
main difference occurs for C,-C,, distance 5.3 A < r < 5.6 A, where a peak seems to be associated
with a given type of contact (Fig. S5). However, a closer analysis of structures in VMD revealed that
this peak corresponds to backbone-backbone contacts, and the sidechain is just a steric hindrance
that makes only one combination of PID angles possible. This was confirmed by plotting distributions
of contacts belonging to only one overlap type: distribution containing only bb contacts had both
peaks (left part of Fig. S6). Most of the bs contacts are also of the bb type (see Table 1 in the main
article), so we decided to indicate those mixed bs contacts by arrows in Fig. S4 and in Fig. 3 in the
main article.

The only bs (containing also sb) distribution (right part of Fig. S6) was very broad and showed
a combination of two cases: ¥%,, ~ 0 rad and ¥, ~ 1.5 rad or vice versa: %  ~ 0 rad and
U4, ~ 1 rad. This is consistent with the results in Fig. S2, as one residue donors a backbone, and
the second residue donors a sidechain. These distributions are, however, very broad and range for
distances 5.5 A< r < 7 A (and become even broader for larger distances, see Fig. S7).
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Figure S5: Two-dimensional distribution of contacts, where the first PID angle (in radians) in a
contact is on one axis and the second angle is on the other axis. Those contacts could also include
other types of overlaps (bb or ss). C,-C, distance r is within the range given on top of the graphs.
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Figure S6: Two-dimensional distribution of contacts, where the first PID angle (in radians) in a
contact is on one axis and the second angle is on the other axis. Contacts that contain only bb
overlaps (left panel) or only bs and/or sb overlaps (right) were included. C,-C, distance r is within

the range given on top of the graphs.
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Figure S7: Two-dimensional distribution of contacts, where the first PID angle (in radians) in a
contact is on one axis and the second angle is on the other axis. Contacts that contain only bs
overlaps (left panel) or only sb overlaps (right) were included. C,-C,, distance r is within the range
given on top of the graphs. Note that the number of contacts is smaller than in all other distributions.

2.4 Statistics without dividing into bb, bs and ss types

The bs contacts were hard to quantify, so total distributions were also plotted (Fig. S8). It turns out
that bb and ss contacts have pretty distinguishable peaks even without using the information about
the contact type from the overlaps. The top panels of Fig. S8 show that bb contacts have two peaks
corresponding to ¢8b+ = 1.05 rad and ¢8b_ = —1.44 rad, while ss contacts correspond to one broader

58 = —0.23 rad peak (shown on the bottom panel). Those are the same peaks as in Fig. S2.
It is interesting to note that ¢p;p ~ 41 rad is common for smaller C,-C, distance than those

~ e . . bb+ _ .bb—
for ¥p;p = —1 rad, which is reflected in our potential (r,)" =" — 0.6 A)
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3 The parameterization

3.1 Proteins used for the parameterization

We used a set of 23 intrinsically disordered proteins with different lengths, occupying different areas
of the Das-Pappu diagram (see Fig. S9) and the Uversky plot (see Fig. S10) [6]. Full Das-Pappu
diagram S11 shows the whole state space with unused regions (proteins usually do not have that
many charged residues [7]).
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Figure S9: Das-Pappu diagram of the 23 IDPs used for the parameterization, labeled by their number
in Table S2.

Uversky plot
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Figure S10: Uversky plot of the 23 IDPs used for the parameterization, labeled by their number in
Table S2. The vertical axis uses Kyte-Doolittle hydropathy score [8] rescaled to 0-1 range.
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It is interesting to note that the value of the screening length used significantly affects the results.
Using uniform s = 10 A resulted in worse agreement with experiment (we were unable to find a
model better than Gaussian chain with b = 6.7 A, results not shown).

nr id| n R,/A | s/A | source
1 B5| 73| 27.0+10 136 9]
5| Ashl| 81| 284+34| 7.9 9]
3 I[Iing | 141 41.1 £ 1.0 | 13.6 19]
1| RNaseE | 248 | 52.6 £ 0.3 | 7.85 9]
5| ACTR| 71| 25.1+13] 68 [10]
6| NHEL|131| 363+18]| 638 10|
7| sNase | 136 | 21.2+1.0 233  [10]
8 5AAA | 142 | 22.15 + 0.87 | 4.3 [11]
9 6AAA | 110 281 £0.1| 7.7 [11]
10| SAAC | 59| 14.6=£05]136 11
11| 9AAA | 92| 299+ 0.3 7.55 11
12 his5 | 24| 13.6 £0.2 | 7.85 12]
13 RS | 24 [ 12.62 £ 0.07 | 6.7 13|
14 | tauK10 | 168 40.0 £ 1.0 | 7.4 | [14, 19|
15 | tauK17 | 144 36.0 £ 2.0 | 7.4 |14, 19|
16 | tauK1s | 130 | 38.0 £ 3.0 | 7.4 | [14, 19]
17 | tauK19 | 99 35.0 £ 1.0 | 7.4 |[14, 19|
18 | tauK25 | 185 41.0 £ 2.0 | 7.4 | |14, 19|
19 | tauK44 | 283 52.0 £ 2.0 | 7.4 |[14, 19]
20 RNF4 | 57 25.8 £3.9| 85|15, 19]
21 NRG1 | 75 26.8 £ 1.1 | 7.4 |16, 19]
22 PIR | 75| 265 =£05]| 7.8 (17, 19]
23 pd3 | 93 28.7+£ 03| 6.6 |18, 19|

Table S2: Properties of the 23 IDPs used for the parameterization: id used for identification, number
of residues n, experimental Iz,, screening length s and source of information.
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IB5

SARSPPGKPQGPPOQEGNKPQGPPPPGKPOGPPPAGGNPQQOPQAPPAGKP
QGPPPPPQOGGRPPRPAQGQQPPQ

Ashl

GASASSSPSPSTPTKSGKMRSSSPVRPKAYTPSPRSPNYHRFALDSPPQS
PRRSSNSSITKKGSRRSSGSSPTRHTTRVCV

IT1lng

ISGKPVGRRPOGGNQPQOQRPPPPPGKPQOGPPPOGGWQOSQOGPPPPPGKPEGR
PPOGRNOSQGPPPHPGKPERPPPOGGSQGTPPPPGKPERPPPOGGNQSHR
PPPPPGKPERPPPQOGGNQSRGPPPHRGKPEGPPPQOEGNKSR

RNaseE

ERQODRRKPRONNRRDRNERRDTRSERTEGSDNREENRRNRROAQQQOTAE
TRESROOAEKARIADTADEQQAPRRERSRRRNDDKROAQQEAKALNVEEQ
SVOETEQEERVRPVQPRRKOQROLNQKVRYEQSVAEEAVVAPVVEETVAAE
PIVOQEAPAPRTELVKVPLPVVAQTAPEQOEENNADNRDNGGMPRRSRRSP
RHLRVSGORRRRYRDCRYPIQSPMPLTVACASPELASGKVWIRVPIVR

ACTR

GTONRPLLRNSLDDLVGPPSNLEGQSDERALLDQLHTLLSNTDATGLEET
DRALGIPELVNQGQALEPKQD

NHE1

MVPAHKLDSPTMSRARIGSDPLAYEPKEDLPVITIDPASPQSPESVDLVN
EELKGKVLGLSRDPAKVAEEDEDDDGGIMMRSKETSSPGTDDVETPAPSD
SPSSOQRIQRCLSDPGPHPEPGEGEPFEFPKGQ

sNase

ATSTKKLHKEPATLIKAIDGDTVKLMYKGOPMTFRLLLVDTPETKHPKKG
VEKYGPEASAF TKKMVENAKKIEVEFDKGORTDKYGRGLAYIYADGKMVN
EALVROQGLAKVAYVYKPNNTHEQHLRKSEAQAKKEK

S5AAA

MDYKDDDDKNRALSPMVSEFETIEQENSYNEWLRAKVATSLADPRPAIPH
DEVERRMAERFAKMRKERSKOQMDYKDDDDKNRALSPMVSEFETIEQENSY
NEWLRAKVATSLADPRPATPHDEVERRMAERFAKMRKERSKQ

6AAA

VRTKADSVPGTYRKVVAARAPRKVLGSSTSATNSTSVSSRKAENKYAGGN
PVCVRPTPKWOKGIGEFFRLSPKDSEKENQIPEEAGSSGLGKAKRKACPL
OPDHTNDEKE

8AAC

MEATAKHDF SATADDELSFRKTQILKILNMEDDSNWTRAELDGKEGLIPS
INY TEMKNHD

9AAA

GSMTPSTPPRSRGTRYLAQPSGNTSSSALMOGOKTPQKPSONLVPVTPST
TKSFKNAPLLAPPNSNMGMTSPENGLTSPORSPFPKSSVKRT

hisb

DSHAKRHHGYKRKFHEKHHSHRGY

RS

GAMGPSYGRSRSRSRSRSRSRSRS

tauK10

QTAPVPMPDLKNVKSKIGSTENLKHQOPGGGKVQIVYKPVDLSKVTSKCGS
LGNIHHKPGGGQVEVKSEKLDFKDRVQSKIGSLDNITHVPGGGNKKIETH
KLTFRENAKAKTDHGAEIVYKSPVVSGDTSPRHLSNVSSTGSIDMVDSPQ
LATLADEVSASLAKQGL

tauKl7/

SSPGSPGTPGSRSRTPSLPTPPTREPKKVAVVRTPPKSPSSAKSRLQTAP
VPMPDLKNVKSKIGSTENLKHQPGGGKVQIVYKPVDLSKVTSKCGSLGNT
HHKPGGGQVEVKSEKLDFKDRVQOSKIGSLDNITHVPGGGNKKIE

taukKl8

MOTAPVPMPDLKNVKSKIGSTENLKHQPGGGKVQIINKKLDLSNVQSKCG
SKDNIKHVPGGGSVQIVYKPVDLSKVTSKCGSLGNIHHKPGGGQVEVKSE
KLDFKDRVQSKIGSLDNITHVPGGGNKKIE

taukKl9

MOTAPVPMPDLKNVKSKIGSTENLKHQPGGGKVQIVYKPVDLSKVTSKCG
SLGNIHHKPGGGQVEVKSEKLDFKDRVQOSKIGSLDNITHVPGGGNKKIE

tauk25

MAEPROEFEVMEDHAGTYGLGDRKDQGGYTMHODQEGDTDAGLKAEEAGI
GDTPSLEDEAAGHVTQARMVSKSKDGTGSDDKKAKGADGKTKIATPRGAA
PPGOKGOANATRIPAKTPPAPKTPPSSGEPPKSGDRSGYSSPGSPGTPGS
RSRTPSLPTPPTREPKKVAVVRTPPKSPSSAKSRL

tauK44

MAEPROEFEVMEDHAGTYGLGDRKDQGGYTMHODQEGDTDAGLKAEEAGIT
GDTPSLEDEAAGHVTQARMVSKSKDGTGSDDKKAKGADGKTKIATPRGAA
PPGOKGOANATRIPAKTPPAPKTPPSSGEPPKSGDRSGYSSPGSPGTPGS
RSRTPSLPTPPTREPKKVAVVRTPPKSPSSAKSRLOQTAPVPMPDLKNVKS
KIGSTENLKHQPGGGKVQIVYKPVDLSKVTSKCGSLGNIHHKPGGGQVEYV]
KSEKLDFKDRVQOSKIGSLDNITHVPGGGNKKIE

RNEF'4

GHMGSWEAEPIELVETAGDEIVDLTCESLEPVVVDLTHNDSVVIVDERRR
PRRNARR

NRG1

MEIYSPDMSEVAAERSSSPSTQLSADPSLDGLPAAEDMPEPQTEDGRTPG
LVGLAVPCCACLEAERLRGCLNSEK

PIROSVSPMRSVSENSLVAMDE SGOQKTRVIDNPTEALSVAVEEGLAWRKKGCI

RLGNHGSPTAPSQSSAVNMALHRSQ

P53

MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDI
EQWFTEDPGPDEAPRMPEAAPPVAPAPAAPTPAAPAPAPSWPL

Table S3: Sequences of the 23 IDPs used for the parameterization.
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3.2 Model ranking

We considered 246 different versions of our model. All symbols used in their names are explained
in the legend (Table S4). A few of them were not defined in the main text: we considered versions
(indicated by letter W) where the PID angle potential was fitted to the Boltzmann inversion potential
based on all overlap contacts (green histograms in Fig. 2 in the main text).

We also checked L-J potential with a bump (indicated by a subscript g), designed to mimic the
potential barrier resulting from a hydration shell made by water molecules surrounding the residues.

In charged residues the charge is located near the end of the sidechain, so we tried using the PID
potential for the electrostatic interactions (denoted by letter D) to take account of that directionality.

The best fit to the experimental data for the Kuhn length of the Gaussian chain is b = 6.7 A, but
we also included other values of b for comparison.

In the Table S5 we list the models sorted by their Pearson coefficient P (see the main text). We
eTP _ psim\2
also included x* = + 3 :;]:/:1 (M

O imtolep
defined by the jacknife resampling method and o, is the experimental uncertainty from Table 52.
Uncertainties are much smaller than R{™ — R;im, so the values of x? are large (values bigger than
1000 are indicated as ,,>>1000").

For each protein and each version of the model we made 20 trajectories. For the quasi-adiabatic
models (letter A) the equilibration time was 75 000 7 and the total simulation time was 150 000 7.
For PID models (letters P and W) both times were 10x smaller (based on the times needed for R,
to stop depending on the initial conditions). This difference may indicate that the timescales in the
PID model are longer than in the previous one, so Fig. 6 in the main text may underestimate the
efficiency of the PID model.

> , where o0, is the uncertainty of the simulation result

P | PID potential (fit to red histograms in Fig. 2)
A | Quasi-adiabatic potential
W | PID potential, wide version (fit to green histograms in Fig. 2)
superscript | 7,7 + 4 attractive contacts on
superscript ~ | 7,7 + 4 attractive contacts off
L | Standard Lenard-Jones potential
F | Lenard-Jones potential with flat region between r

b and 55, for ss contacts

man min

Lp | potential defined by equation ¢(r) = €=/ [(“’ﬂ)12 — 5% (’—”)7 + 13 (”"—”)6}

T r 2 r

Fp | Same as L, but with flat region between 7% and 735 for ss contacts

ME | Matrix of interactions where each contact has the same amplitude (default 1 €)
MJ | Miyazawa-Jernigan matrix of interactions |3|

MD | MDCG matrix of interactions [4]

Subscript ¢_; | scaling factor for the matrix (from ¢ to )

SS

C | Classic Debye-Hueckel electrostatics with permittivity 80
T | Debye-Hueckel electrostatics with permittivity 4 A/r [5]
R | Electrostatics only for residues with the same sign
(oppositely charged residues interact via the ss contacts as uncharged residues)
D | Directional electrostatics with PID potential Aa(¥4) A (¢¥5)Vp_n(r),

where Vp_pg(r) = ig%a(oj/s) is the classic Debye-Hueckel potential

GC | Gaussian chain model with Kuhn length b

Table S4: Legend for the names of the model variants.
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A7 L MDg4 C

0.725

99.5

W+ Fg MDgy; C

0.679

156.6

P~ F MEy, C

0.812

14.4

A7 L MDy, C

0.725

99.5

PT Fp MD; T

0.679

>1000

PT F MDys, C

0.811

14.3

PTF MDy, R

0.723

21.2

W+ Fg MDg; D

0.677

147.3

P~ F MEg, T

0.809

11.6

W+ Fg MDg; R

0.723

130.0

Pt Fp MDg; C

0.677

32.9

P~ F MDgy, C

0.809

13.9

AT L MDy; C

0.721

137.0

Pt Fp MDgs C

0.675

32.2

P~ F MDgs R

0.808

29.6

AT L MDy4 C

0.721

136.7

W+ Fg MDgs R

0.674

173.5

Pt F MDg, C

0.806

16.7

AT Lg MDg,4 C

0.721

136.7

AT F MDg, R

0.673

197.3

Pt F MDgy D

0.803

13.6

AT L MEgs R

0.721

80.7

AT Fp MDgs R

0.673

197.3

P~ T MDy, D

0.802

10.7

PT T MDys C

0.720

113.1

AT F MDDy, R

0.673

197.5

Pt F MDg; D

0.799

13.0

PT Fp MDgs C

0.720

27.0

AT Fz MDy, R

0.673

197.5

Pt F MDg, D

0.790

13.1

W+ Fg MDgs R

0.718

136.4

AT F MDg4 R

0.673

202.1

GC,b=6.7T A

0.788

89.1

P~ F MDys R

0.718

386.9

AT Fp MDg4 R

0.673

202.1

P~ Fg MDg5 C

0.788

17.9

P~ F MDg; R

0.718

386.9

Pt Fp MD; C

0.673

>1000

P~ Fp MDgy; C

0.788

17.9

P~ Fp MJOJ R

0.716

24.2

W™ Fp MDgy4 D

0.673

125.2

P~ Fp MJys C

0.786

17.3

Pt Fp MD; R

0.713

525.2

Pt Fp MDgo D

0.672

29.4

P~ F MEyyD

0.786

13.6

PT Fp MDy, D

0.713

29.0

PT Ty MDy, D

0.672

27.7

P~ F MDy; D

0.786

13.4

P~ Fp MDys R

0.712

24.5

W+ Fg MDg, D

0.670

146.0

P~ Fp MEg; C

0.785

61.6

P~ Fpg MDg; R

0.712

24.5

W~ Fp MDy; D

0.669

123.0

P~ T MDy, D

0.783

12.5

P~ F MDy; R

0.707

25.2

Pt Fp MDg4 C

0.669

34.0

PTF MDys R

0.783

43.1

P~ F MJOJ R

0.707

333.2

W~ Fp MDDy, D

0.668

127.7

A7 L MDy4s R

0.765

62.8

P~ IF MEgy R

0.704

27.6

P~ Fp MDg; C

0.666

34.4

A7 LMDy; R

0.764

62.5

P~ F MDg2 R

0.702

25.9

P~ F MEop: R

0.666

677.3

AT L MDg4 R

0.752

94.2

GC,b=52A

0.700

513.4

PT Fp MDys R

0.665

35.1

AT L MDg4 R

0.752

95.0

W+ Fg MDg, C

0.698

144.3

Pt Fp MDg4 D

0.663

29.8

AT L MDg; R

0.751

95.3

P* F MDgs R

0.698

211.5

P~ Fg MDy; D

0.663

33.8

P~ Fp MEO.l R

0.744

19.8

PTF MDy, R

0.698

211.5

P~ Fp MDO.4 C

0.659

35.9

W~ Fg MDy4 R

0.744

97.0

W™ Fg MDg4 C

0.698

118.2

P~ Fp MDO_2 C

0.658

35.1

P~ F MDy3 C

0.738

214.6

Pt Fp MDgs R

0.692

34.1

P~ Fp MDg3 R

0.656

36.9

P~ Fp MDg3 C

0.733

24.1

Pt Fp MDg; R

0.692

34.1

P~ F MDg5 C

0.655

629.9

W~ Fp MDO.Q R

0.730

101.2

W~ Fg MDg3s R

0.688

127.8

P~ F MDy, C

0.655

629.9

W™ Fp MDg; R

0.730

79.6

Pt Fp MD; D

0.688

689.2

P~ Fp MDy, D

0.653

34.1

P~ F MDg4 R

0.729

21.2

Pt F MJy; R

0.687

254.1

P~ Fg MDy4 D

0.651

35.8

P~ Fg MDy5 R

0.728

483.6

W~ Fp MDg, C

0.686

99.0

A7 F MDg; R

0.650

167.4

P~ Fp MDg3 R

0.728

483.6

W+ Fg MDgy D

0.686

148.9

A= F MDg4 R

0.649

167.3

Pt Fp MDg; T

0.727

29.9

AT L MEgy5 C

0.685

100.2

A” Fp MDg4 R

0.649

167.3

Pt F MDg4 R

0.727

22.4

AT Lg MDg, C

0.685

100.2

AT F MEys R

0.647

158.5

P* F MDgs R

0.727

22.3

AT Lg MDg; C

0.685

100.2

P~ F My, C

0.643

927.3

W+ Fg MDg4 R

0.726

127.2

W+ Fg MDgs C

0.682

156.9

AT F MDg, C

0.643

247.4

Pt Fp MDy5 C

0.726

40.1

P~ Fp MDy5 C

0.682

720.9

AT Fp MDg, C

0.643

247.4

Table S5: Pearson coefficients and y? values for all model variants, part 1.
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W~ Fp MDgys R

0.643

179.7

P~ Fp MJys C

0.558

>1000

W+ F MDg3 C

0.458

712.7

AT F MDg, C

0.642

247.5

P~ F MDys R

0.534

>1000

W~ F MDg3 C

0.455

743.2

AT Fp MDg; C

0.642

247.5

P~ F MDys R

0.534

>1000

W+ F MDgs R

0.450

901.0

Pt F MDg; D

0.642

603.0

W+ Fg MDgs R

0.531

933.3

W+ F MDg; R

0.450

901.0

AT F MDy, C

0.642

252.2

GC,b=38A

0.531

>1000

P~ F MJps R

0.450

>1000

AT Fp MDg, C

0.642

252.2

P~ Fg MEy3 R

0.527

>1000

W~ F MDys R

0.448

638.4

PTF MDy, T

0.641

682.1

P~ F MDy;5 C

0.512

>1000

WF F MDy, D

0.444

961.5

Pt F MDg; C

0.634

439.5

P~ F MDys C

0.512

>1000

P~ F MJgs C

0.444

>1000

Pt F MDg; C

0.634

439.5

Pt F MD; R

0.511

>1000

W+ F MDg; C

0.443

970.3

A7 F MDy, C

0.634

211.5

WT Fp MDgs D

0.510

>1000

W+ F MDg; C

0.443

970.3

A7 F MDy; C

0.633

211.9

W+ Fg MDg; C

0.504

>1000

Pt F MJy3 R

0.440

>1000

A~ Fg MDg4 C

0.633

211.5

W+ Fg MDgs T

0.500

>1000

W+ F MDgy; T

0.439

873.8

PT F MEy, R

0.632

639.0

P~ Fg MJy5s R

0.499

>1000

W~ F MDg; C

0.438

830.8

W~ Fg MDy3 C

0.631

176.3

P~ Fp MEg3 C

0.498

>1000

PTF MJys D

0.435

>1000

Pt Fp MDg; R

0.631

42.8

Pt F MD; D

0.497

>1000

Pt F MJy3 C

0.434

>1000

W+ Fg MDgs R

0.630

230.0

Pt F MD; C

0.492

>1000

Pt F MJos T

0.431

>1000

W+ Fg MDg; R

0.630

230.0

PT T MDys, C

0.492

>1000

P~ Fp MEgs R

0.427

>1000

Pt F MJy; D

0.629

333.9

W+ F MDg; R

0.488

999.1

P~ IF MEps R

0.421

>1000

Pt Fp MDg2 R

0.628

41.8

Pt F MD; T

0.486

>1000

P~ Fg MEy5 C

0.420

>1000

AT FME; T

0.625

282.3

Pt L ME; C

0.485

>1000

P~ T MEg; C

0.416

>1000

Pt F MJy; T

0.623

407.8

W+ F MDg, R

0.485

548.7

W+ F MDgs R

0.414

>1000

Pt F MJy; C

0.621

512.9

W~ IF MDg; R

0.485

482.5

P~ F MlJys R

0.413

>1000

Pt Fp MDg4 R

0.620

43.1

W~ F MDy4 R

0.482

432.4

Pt F MEg3 R

0.412

>1000

P~ Fg MDgs R

0.619

43.2

WT F MDy, R

0.481

231.5

Pt F MEg3 D

0.412

>1000

W+ Fg MDg3 C

0.618

220.8

W~ F MDg, R

0.481

606.3

W+ F MDgs5 C

0.412

>1000

P~ Fg MDg; R

0.618

45.7

P~ Fp MJys C

0.480

>1000

P~ F MJys C

0.410

>1000

AT L ME; C

0.617

299.9

W+ F MDg, C

0.477

550.4

WF F MDgs D

0.409

>1000

AT F MEg; C

0.612

183.8

W+ F MDg; C

0.475

740.2

Pt F MEg3 C

0.408

>1000

P~ Fg MDy4 R

0.610

44.7

W+ F MDgy C

0.474

678.3

W+ F MDgs T

0.408

>1000

P~ F MEg; C

0.602

>1000

W+ F MD,, D

0.472

602.1

Pt F MJys R

0.406

>1000

AT L ME; T

0.601

334.4

W+ F MDgy D

0.472

936.2

Pt F MEg3 T

0.406

>1000

Pt F MEqg; D

0.596

923.2

W~ F MDg, C

0.471

932.9

PTF MJys D

0.403

>1000

W~ Fp MDy; C

0.595

286.2

W~ F MDOJ C

0.471

513.4

Pt F MJy5 C

0.402

>1000

W+ Fg MDg5 C

0.586

399.6

W+ F MDgy D

0.471

726.9

PTF MJys T

0.401

>1000

W+ Fg MDg; C

0.586

399.6

W= F MDgy4 C

0.470

576.1

P~ F MEg; R

0.389

>1000

W+ Fg MDg; D

0.584

466.4

W™ F MDg4 D

0.468

606.8

P~ F MEy5 C

0.386

>1000

Pt F MEq; C

0.582

>1000

W~ F MDy, D

0.468

297.7

Pt F MEy5 D

0.384

>1000

P~ Fg MJys R

0.581

>1000

W F MDgs R

0.465

770.1

Pt F MEgs R

0.384

>1000

W+ Fg MDg; T

0.579

380.2

W~ F MDg;: D

0.465

936.0

GC,b=2T7A

0.382

>1000

PTF ME, T

0.577

>1000

W~ F MDg3 R

0.464

546.1

Pt F MEy5 C

0.381

>1000

GC,b=4.1A

0.570

>1000

Pt LME; T

0.459

>1000

Pt F MEg5 T

0.381

>1000

Table S5: Pearson coefficients and x? values for all model variants, part 2.

11




3.3 SAXS profiles

Fig. S12 shows a direct comparison of experimental SAXS data (magenta) with results of CG
simulations of protein 6AAA (red). The best agreement is seen in the region of lowest scattering
angles, with ¢ < 0.15 A-1, which contains most of information on the overall shape and size of the
protein. T T

| I
SAXS experiment ————
10 ¢ Simulation E
= 1E
0.1
0 0.1 0.2 0.3 0.4 0.5

Figure S12: SAXS intensity I as a function of momentum transfer ¢ measured experimentally for
protein 6AAA [20] (magenta) and compared to simulation results (red). The simulation was carried
out with the P~ F MDg; C variant of the model. The scattering profile was computed for the
6AAA simulation trajectory using an algorithm co-developed with the EROS method [21]|. Default
parameters of the hydration shell on the protein surface were used. Intensity (in arbitrary units) was
rescaled to match the experiment.

4 Structured proteins

We did not check how all 246 variants of our model perform for structured proteins, because the
variants of the model best for structured proteins turned out to be very different from the top
variants for IDPs - in the Table S6 we see that the smallest RMSD is achieved for interaction matrices
multiplied by the factor 1, whereas for IDPs this factor is smaller than 0.5 for the top models.

We measured Root Mean Square Deviation (RMSD) from the native structure of 3 proteins
(1IL2Y: 20 residues, 1ERY: 39 residues, 1UBQ: 76 residues) for simulations starting from a self-
avoiding random walk or from the native state. In both cases the simulations lasted 150 000 7.

1L2Y 1ERY 1UBQ
Model id FRMSD NRMSD Model id FRMSD NRMSD Model id FRMSD NRMSD
PTFzME;T] 6.0 A] 6.0 A||] P FzME,T| 7.0 A] 6.3 A|]| P*F MJ;T|11.1 A| 7.0 A
P-FzME; T] 6.0 A| 6.0 A||] WTFzME,T| 7.0 A| 6.3 A|| PTFzME,T|11.3 A| 7.7 A
P-F ME,T| 6.1 A| 6.1 A]] PtTFzME,T| 7.0 A] 6.6 A|| P F MJ,T|11.4 A] 7.3 A
P-F MD,,C| 6.2 A] 6.1 A]| WTL ME,T| 7.0 A| 6.7 A]| W-F ME,T|11.4 A] 7.3 A
P~F MDy4C| 6.2 A] 6.1 A]| W F ME,T| 7.3 A| 6.7 A|[WtFzMJ,:T|11.4 A] 8.3 A
P-FzMJ,T| 6.2 A] 6.2 A]] W-F MJ,T| 7.3 A| 6.8 A|| P FzME;T|11.5 A| 8.1 A
P-F MJ,T| 6.3 Al 6.3 Al] W FzMJ,T| 7.5 Al 6.0 A]] PtF MD;T[12.2 A] 9.3 A
PtFzMIT| 6.4 A] 6.4 A|| PTL ME,T| 7.5 A| 6.8 A|| WL ME;T[12.6 A -
PtF MJ,T| 6.4 A| 6.5 Al] P FgMJ,T| 7.6 Al 6.1 A|| P-F MD,,C[12.7 A] 7.8 A
W-LzMD;T| 8.6 A| 8.8 A|[WTFzMD,-T| 8.0 A| 7.4 A|]] P L ME;T[12.8 A -

Table S6: RMSD for 3 structured proteins (1L2Y, 1IERY and 1UBQ) for simulations starting from a
self-avoiding walk (folding, Frysp) and from the native structure (Nrusp)-
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