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Materials and Methods 

 

Computational details 

Recursive algorithm for generating Self-Avoiding Random Walks of Spheres (SARWS) 

To efficiently generate GLM protein conformations, we use a recursive approach. The 

recursive implementation relies on the observation that for the whole chain to be free of self 

intersection each sub-chain within it has to be free of self intersections as well. Based on that 

we can generate conformations of a given length 𝑁 recursively by randomizing two chains of 

length 𝑁/2 separately and then gluing them together. 

For each half-chain, we add spheres subsequently, starting from one end of the protein in such 

a way that each added sphere has one point of contact with the previous one. The position of 

the point of contact is selected randomly from a uniform probability distribution on the 

surface of the previous sphere. Then, after the whole chain is assembled, the final construct is 

checked for intersections between different spheres, and self-intersecting chains are discarded. 

We note that an alternative approach of simply re-randomizing the location of the last 

attached sphere if an intersection is detected leads to biased distributions and therefore cannot 

be used to generate conformations. 

This recursive strategy is captured by the pseudocode below: 

 function GetChain(radii) 
 if radii.size() == 1 then 
     return Point(0, 0, 0) 
 
 intersected = false 
 ml = radii.size() / 2 
 mr = radii.size() - ml 
 
 do 
         leftchain = GetChain(radii.first(ml)) 
         rightchain = GetChain(radii.last(mr)) 
         combinedchain, intersected = CombineChains(leftchain, radii.first(ml), 
rightchain, sizes.last(mr)) 
 while intersected 
 
 return combinedchain 
 
function CombineChains(leftchain, leftradii, rightchain, rightradii) 
 
 joinradius = leftradii[-1] + rightradii[0]     
 rightshift = leftchain[-1] + joinradius * SphericalRandom() 
     
 rightchain = rightchain + rightshift 
 combinedchain = leftchain.append(rightchain) 
     
 for i = 0 to rightchain.size() 
         for j = 0 to leftchain.size() 
                 if i == 0 and j == leftchain.size() - 1 then 
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                        continue 
              
         if distance(leftchain[j] , rightchain[i]) < leftradii[j] + rightradii[i] 
             return (combinedchain, true) 
                      
 return (combinedchain, false)        

 

We implemented this algorithm as part of the SARWS package on which the GLM-MDA 

method is based. 

This strategy leads to a significant performance benefit. Consider a situation where we try to 

generate a chain of length 4 and in our first round of randomization only beads 3 and 4 

intersect. This would be detected when recursion depth is equal to 3 (combining two chains of 

length 1) and only two beads would have to be re-randomized rather than four in the iterative 

approach. Further performance gains can be achieved by implementing the algorithm above 

with no memory allocations as it requires only N memory cells for locations of bead centers at 

any moment (in our case we chose std::span to pass locations and radii in an elegant way 

without performance drawbacks). 

The recursive approach involves a time complexity of O(N1+γ), and provides a satisfactory 

and unbiased ensemble for the largest of the proteins considered here in under a minute using 

only a personal computer (a single thread at 1.8 GHz). The speed of the recursive approach 

should be contrasted with an iterated one where steps are simply added one by one, and 

intersecting chains are discarded. This easier-to-implement method is characterized by a time 

complexity of 𝑂(𝑒𝑥𝑝𝑁) which becomes prohibitively slow for chains with 𝑁 > 20. 

 

Fast convergence of the MDA-GLM algorith for computation of Rh values. 

 A B 

 

Figure S1. Computed Rh value (blue) and computational time (orange) as a function of 

ensemble size for two cases, A) a small SAP 1A protein (n = 149, id = 13, Table S1) and B) a 

large H6-SUMO-GW182 SD-mCherry protein (n = 809, id = 42), presented with 2 standard 

deviations error bars estimated using 10 rounds of bootstrap, included in the computation 

time. Even for moderate ensemble sizes (N=20), Monte Carlo errors are smaller than 

hydrodynamic approximation errors.  
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Experimental details 

Chemicals 

The chemicals for protein expression and purification were purchased from Merck (Sigma-

Aldrich) and were analytically pure, grade A, or specified for molecular biology. The AF488 

NHS ester was purchased from Lumiprobe GmbH. Alexa Fluor 546 NHS ester was purchased 

from Invitrogen.  

 

Standard proteins  

Apoferritin, human serum albumin (HSA), α-chymotrypsinogen A, and lysozyme were 

purchased from Merck (Sigma-Aldrich). 

 

Protein expression, purification and labelling 

H6-SUMO-CNOT1(800-999), GST-CNOT1(800-999), eIF4E, and eIF4E(28-217) were 

expressed and purified as described previously
1–5

. The genes for H6-SUMO-SAP 1A, SUMO-

mαEGFP-H6, H6-SUMO-GW182 SD RRM, H6-SUMO-AGARP, H6-SUMO-PARN C-

mCherry, H6-SUMO-GW182 SD-mCherry protein constructs were ordered from BioCat 

GmbH (Heidelberg, Germany). H6-mCherry and H6-mCherry-α-helix were kind gifts from 

Dr. Joanna Grzyb. The proteins were overexpressed in Escherichia coli Rosetta 2(DE3)pLysS 

and purified in the form of fusion proteins by Ni-NTA affinity. To obtain SAP 1A, mαEGFP-

H6, GW182 SD RRM, AGARP, and GW182 SD-mCherry, the fusion proteins were digested 

from the SUMO-tag by using the His-tagged SUMO Protease (Sigma-Aldrich) or, in the case 

of mαEGFP-H6, by the untagged CoolCutter SUMO Protease (GeneCopoeia), according to 

the protocols provided by the manufacturers. The proteins were further purified by anion 

exchange chromatography by using HiTrap Q or HiTrap SP (Cytiva), depending on the 

protein construct pI values, followed by size exclusion chromatography (SEC) with use of the 

Superdex 200 Increase 10/300 GL column (Cytiva) at ÄKTA pure FPLC system (GE 

Healthcare). The protein purity was checked by the SDS PAGE and depended on the protein 

construct, ranging from 80% for the coral acid-rich proteins and H6-SUMO-GW182 SD-

mCherry, to 99% for eIF4E and model folded proteins,). The identity of all new proteins has 

been confirmed by mass spectrometry. The sequences of the proteins are given below. 

Proteins were labelled by using the AF488 NHS ester according to the manufacturer’s 

protocol (Lumiprobe GmbH ) and purified from the excess of the unreacted dye by Zeba spin 

columns (Thermo Scientific), multi-step dialysis with use of Pur-A-Lyzers (Sigma-Aldrich), 

or by another SEC run on Superdex 200 Increase 10/300 GL(Cytiva), depending on the 

protein properties. The residual presence of the unreacted dye was taken into account in the 

FCS data analysis as a second component. 

 

Fluorescence correlation spectroscopy measurements 

The FCS experiments were performed essentially as described previously 
6
, at Zeiss LSM 780 

with ConfoCor 3, in 50 mM Tris/HCl buffer pH 8.0 (at 25 C), 150 mM NaCl, 0.5 mM 

EDTA, and 1 mM TCEP or DTT, in droplets of 25-30 µl. The buffer and the samples were 

filtered through the membrane of 0.22 m pore sizes immediately before the experiment. The 

protein concentrations were in the range of 10-20 nM after the filtration. The temperature 

inside the droplet, 25  0.5 C, was checked after the FCS measurements by means of a 
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certified calibrated micro-thermocouple. A single measurement time was 3 to 6 s, repeated 10 

to 100 times in a set. The set of measurements was repeated 3 times in 5 independent droplets. 

The structural parameter (s) was determined every time with use of AF488 (DAF488 = 435 μm
2
 

s
−1

) or Alexa Fluor 546 (D = 341 μm
2
 s

−1
) in pure water 

7
, individually for each microscopic 

slide previously passivated with BSA in the working buffer. The actual solution viscosity was 

taken into account by comparison of the diffusion time for AF488 or Alexa Fluor 546 in pure 

water and in the buffer at the same equipment calibration. 

The experiments for proteins labelled by AF488, SUMO-mαEGFP-H6, and mαEGFP-H6 were 

performed at the 488 nm excitation wavelength with a relative Argon multiline laser power of 

3 %, MBS 488 nm, BP 495-555 nm. For the mCherry-fused proteins and Alexa Fluor 546 

calibration, the excitation wavelength was 561 nm at 2 % relative DPSS laser power, MBS 

488/561 nm, LP 580 nm. A dampening factor of 10 % and a dust filter of 10 % were applied. 

Photophysical processes of AF488 and fluorescent proteins, mCherry and mαEGFP, were 

investigated in independent sets of experiments. A relative laser power ranging from 3 to 20 

% at 488 nm was used for the AF488 triplet state lifetime measurements. The average lifetime 

was determined to be about 4 µs. In the case of mCherry and mαEGFP, the measurements 

were performed in 30 % glycerol to slow down the protein diffusion and extract the blinking 
8
. The fraction of mCherry population that undergoes blinking was found to be about 24-28 % 

both for the fluorescent protein alone and in the fusion constructs, and about 15 % for 

mαEGFP. 

 

FCS data analysis 

The FCS data were analysed by using the Zen2010 software (Zeiss). The raw measurements 

were closely inspected and refined to exclude possible oligomerization or aggregation of the 

protein sample in the confocal volume during the experiment. Global fitting of the 

autocorrelation curve was performed to data sets containing 10 to 50 single measurements. 

The autocorrelation function for 3D diffusion, including photophysical processes (triplet state 

for chemical dyes or blinking for fluorescent proteins) was fitted according to the equations 
9
: 

𝐺(𝜏) = 𝐺𝑇(𝜏) ∙ 𝐺𝐷(𝜏) (eq. 3) 

𝐺𝑇(𝜏) = (1 +
𝑃𝑇

1 − 𝑃𝑇
𝑒
−
𝜏
𝜏𝑇) (eq. 4) 

𝐺𝐷(𝜏) =∑
Φi

(1 + (
τ
τd,i

)) ∙ (1 + (
τ
τd,i

) ∙
1
s𝟐
)

1
2⁄

𝑛

𝑖=1

 
(eq. 5) 

∑Φ𝑖 = 1
𝑖

 (eq. 6) 

where: 𝐺(𝜏) is the fitted autocorrelation function; 𝐺𝑇(𝜏), normalized autocorrelation function 

for photophysical processes; 𝐺𝐷(𝜏), normalized autocorrelation function for the diffusion of n 

components; PT, triplet state or blinking fraction; 𝜏𝑇, lifetime of the photophysical process; 

𝜏𝑑,𝑖, diffusion time for the i-th component; s, structural parameter of the confocal volume; 

Φ𝑖, fraction of the i-th diffusing component. 
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A one-component model (n = 1) providing for the fluorescent protein blinking was fitted for 

the fusion proteins, and a two-component model (n = 2), taking into account the AF488 triplet 

state and the presence of a residual freely diffusing dye, was used for the chemically labelled 

proteins. The mCherry and mαEGFP blinking fraction, as well as the AF488 triplet state 

lifetime determined from the independent experiments were fixed during the global analysis. 

The Rh values were determined from the diffusion times, 𝜏𝑑, providing for the actual buffer 

viscosity, as follows: 

𝑅ℎ =
𝑘𝑇 ∙ 𝜏𝑑

6𝜋
0
∙ 𝐷𝑑𝑦𝑒 ∙ 𝜏𝑑𝑦𝑒_𝑏𝑢𝑓

 (eq. 7) 

where 0 is the viscosity of pure water 
10

 at the temperature T and 𝜏𝑑𝑦𝑒_𝑏𝑢𝑓 and 𝐷𝑑𝑦𝑒 is the 

diffusion time of AF488 or Alexa Fluor 546 in the buffer at the same calibration. 

The numerical regressions were performed by Prism 6 (GraphPad Software). 

The total experimental uncertainty was determined according to the propagation rules for 

small errors
11

, taking into account both numerical uncertainty of the fitting, statistical 

dispersion of the results, and uncertainties of other experimental values used for calculation of 

the results. 

A power function of the number of the polymer units (N) was fitted to the experimental Rh 

values of folded proteins, determined by FCS (Table S1) according to the equation: 

𝑅ℎ(𝑁) = 𝑅0𝑁
 (eq. 8) 

The critical exponent value, , was calculated as 0.33 ± 0.02, in agreement with the value of 

1/3 for a polymer chain packed into a spherical shape, and the R0 was determined as 3.9 ± 0.6 

Å, which corresponds to an average Rh value for free amino acids, 3.2 ± 0.4 Å 
12

. 

 

Bioinformatics 

Example conformations of the IDPs were generated by AlphaFold 2.0 notebook 
13,14

. Protein 

structures were drawn by using Discovery Studio v3.5 (Accelrys Software). 

Identification of the protein sequence fragments to be treated as ordered regions and 

mimicked by larger balls in the globule-linker model (GLM) was done by using Disopred3
15

. 

The fragment was assumed to be ordered if the disorder probability P was less than 50 % for 

at least three subsequent amino acid residues, including loops linking such fragments not 

exceeding 14 residues
16

. 

 

Selection of Rh from literature data 

The experimental benchmark set was complemented by the Rh values selected from literature. 

The selected proteins had sequences that could be unambiguously identified in the literature 

or in the UniProtKB database, were measured at well defined, comparable, mild conditions 

(temperature of 20 - 26 °C, buffer of pH 7 - 8, ionic strength corresponding to 75 - 300 mM 

NaCl), and their hydrodynamic radii were determined directly from appropriate experiments 

without conversions from other experimental quantities, such as Rg
17–35

. 
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Figure S2. Example normalized FCS data and autocorrelation curves for SAP 1A (149 

residues) (∘), H6-SUMO-SAP 1A (267 res.) (∙), AGARP (506 res.) (▫), and H6-SUMO-

AGARP (624 res.) (▪) with their fitting residuals (,---, -----, , respectively). Vertical 

lines in the upper panel indicate the diffusion times for the residual free AF488 dye (black  

line at ~27 s) and the proteins (green , ---, -----,  lines at 191 s, 208 s, 259 s, and 

274 s, respectively). 
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Figure S3. Example normalized FCS data and autocorrelation curves for eIF4E(28-217) (∘) 

and eIF4E(1-217) (∙) with their fitting residuals (-----, , respectively). Vertical lines in the 

upper panel indicate the diffusion times for the residual free AF488 dye (black  line at 

~26 s) and the proteins (green -----,  lines at 120 s, and 138 s, respectively). 
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Figure S4. Example normalized FCS data and autocorrelation curves for H6-SUMO-

CNOT1(800-999) (324 res.) (∘) and GST-CNOT1(800-999) (434 res.) (▪) with their fitting 

residuals (-----, , respectively). Vertical lines in the upper panel indicate the diffusion times 

for the residual free AF488 dye (black  line at ~28 s) and the proteins (green -----,  

lines at 158 s, and 174 s, respectively). 
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Figure S5. Example normalized FCS data and autocorrelation curves for GW182 SD RRM 

(348 res.) (∘) and H6-SUMO-GW182 SD RRM (469 res.) (▪) with their fitting residuals (----

-, , respectively). Vertical lines in the upper panel indicate the diffusion times for the 

residual free AF488 dye (black  line at ~25 s) and the proteins (green -----,  lines at 

153 s, and 186 s, respectively). 
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Figure S6. Example normalized FCS data and autocorrelation curves for H6-mCherry (256 

res.) (black ∙), GW182 SD-mCherry (688 res.) (809 res.) (green ▫), and H6-SUMO-GW182 

SD-mCherry (green ▪) with their fitting residuals (black , green -----, green , 

respectively). Vertical lines in the upper panel indicate the blinking time for the mCherry 

fluorophore (red  line at ~103 s, 28 % blinking fraction) and the diffusion times for the 

proteins (black -----, green -----, green  lines at 143 s, 367 s, and 458 s, respectively). 

  



12 

 

 

Table S1. 

Experimental values of hydrodynamic radii, Rh, for the benchmark proteins. Most of them are 

intrinsically disordered proteins (otherwise noticed in the Remarks column). N, number of 

amino acid residues in the protein chain. 

Id. Protein name N 
Rh  

exp [Å] 

Rh 

exp 

[Å] 

T 

[°C] 

Conditions/ 

Remarks 
Method Ref. 

1. Aβ(12-24) 13 10.60 0.05 25 water 
PFG-

NMR 
20

 

2. Aβ(1-28) 28 14.60 0.09 25 water 
PFG-

NMR 
20

 

3. Aβ(1-40) 40 16.1 0.2 25 water 
PFG-

NMR 
20

 

4. pSic1 90 19.3 1.4 25 

10 mM sodium phosphate 

pH 7.0, 140 mM NaCl,  

1 mM EDTA, 0.2% NaN3, 

10% D2O 

PFG-

NMR 
27

 

5. p53(1-93) 93 32.8 1.3 25 
10 mM sodium phosphate 

pH 7, 100 mM NaCl 
DLS 

31
 

6. Em protein 93 28 
no 

data 
23 

20 mM HEPES pH 7.5, 

100 mM KCl, 0.5 mM 

DTT, 3 mM MgCl2 

SEC 
17

 

7. Lysozyme 129 17 1 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

globular protein 
1)

 

FCS 
This 

work 

8. AaFEcR 131 27 1 RT 
10 mM Tris-HCl pH 7.0, 

150 mM NaCl 
SEC 

34
 

9. Aap PGR 135 38.4 0.9 25 
20 mM K2HPO4/KH2PO4 

pH 7.4, 150 mM NaCl 
DLS 

32
 

10. NTAIL 139 30 2 20 

10 mM sodium phosphate 

pH 7 and in 10 mM Tris 

pH 8, 75 mM NaCl  

DLS 
22

 

11. 𝛼-Synuclein 140 27.9 0.3 20 

20 mM 

Na2HPO4/NaH2PO4 pH 

7.4, 150 mM NaCl, 2% 

glycerol, 10% D2O, 0.25 

mM DSS, 0.02% dioxane, 

0.02% NaN3 

PFG-

NMR 
35

 

12. hNL3-cyt 140 27.3 0.4 20 
Phosphate-buffered saline 

pH 8.0 
AUC 

28
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Id. Protein name N 
Rh  

exp [Å] 

Rh 

exp 

[Å] 

T 

[°C] 

Conditions/ 

Remarks 
Method Ref. 

13. SAP 1A 149 33 3 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 

14. 
ANAC046172-

338 
167 30.4 0.1 25 

20 mM 

Na2HPO4/NaH2PO4 pH 7.0 

100 mM NaCl, 1 mM 

DTT, 0.02% dioxane, 

0.02% NaN3 

PFG-

NMR 
35

 

15. 
HIF-1α (530-

698) 
169 38.30 0.04 RT 

25 mM NaPi pH 7.2,  

150 mM KCl,  

10 mM 2-mercaptoethanol 

SEC 
24

 

16. eIF4E(28-217) 190 27.0 1.9 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 

17. 
HIF-1α (403-

603) 
201 44.30 0.1 RT 

25 mM NaPi pH 7.2,  

150 mM KCl,  

10 mM 2-mercaptoethanol 

SEC 
24

 

18. Securin 204 39.70 0.04  RT 

25 mM NaPi pH 7.2, 

150 mM KCl,  

10 mM 2-mercaptoethanol 

SEC 
23

 

19. SNAP25 206 39.3 2.8 20 

20 mM Tris pH 7.5,  

150 mM NaCl,  

0.5 mM DTT 

DLS 
30

 

20. eIF4E 217 32.4 1.7 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 

21. H6-PNT 236 47 4 20 100 mM NaCl pH 8 DLS 
21

 

22. 
3D7-6H 

MSP2 
237 34.3 0.7 25 PBS pH 7.0  

PFG-

NMR 
26

 

23. 
a-chymo-

trypsynogen A 
245 23 1 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

globular protein 

FCS 
This 

work 

24. H6-mCherry 256 25.8 0.7 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

globular protein 

FCS 
This 

work 

25. 
H6-SUMO-

SAP 1A 
267 37 4 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 

26. maEGFP-H6 272 22.2 0.6 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

globular protein 

FCS 
This 

work 
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Id. Protein name N 
Rh  

exp [Å] 

Rh 

exp 

[Å] 

T 

[°C] 

Conditions/ 

Remarks 
Method Ref. 

27. 
H6-mCherry-

a-helix 
282 30.5 0.9 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 

28. 

H6-SUMO-

CNOT1(800-

999) 

324 29.6 1.2 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 

29. 
GW182 SD 

RRM 
348 36 3 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 

30. 
SUMO-

maEGFP-H6 
370 35 6 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 

31. Calreticulin 404 46 
no 

data 
RT 

20 mM Hepes pH 7.5,  

150 mM NaCl 
SEC 

19
 

32. HeV PNT 410 44 2 RT 

10 mM Tris buffer pH 8, 

300 mM NaCl and in 

10 mM sodium phosphate 

pH 7, 150 mM NaCl 

SEC 
29

 

33. NiV PNT 412 44 2 RT 

10 mM Tris buffer pH 8, 

300 mM NaCl and in 

10 mM sodium phosphate 

pH 7, 150 mM NaCl 

SEC 
29

 

34. 

GST-

CNOT1(800-

999) 

434 39 2 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 

35. 

H6-SUMO-

GW182 SD 

RRM 

469 38 3 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 

36. AGARP 506 54 3 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 

37. 

H6-SUMO-

PARNC-

mCherry 

513 44.4 1.9 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 

38. HSA 585 33.4 1.7 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

globular protein 

FCS 
This 

work 

39. OMM-64 608 75.9 0.1 20 
10 mM Tris pH 7.5, 

100 mM NaCl 
AUC 

33
 

40. 
H6-SUMO-

AGARP 
624 57 3 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 
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Id. Protein name N 
Rh  

exp [Å] 

Rh 

exp 

[Å] 

T 

[°C] 

Conditions/ 

Remarks 
Method Ref. 

41. 
GW182SD-

mCherry 
688 50 3 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 

42. 

H6-SUMO-

GW182 SD-

mCherry 

809 66 6 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

FCS 
This 

work 

43. Fesselin 996 53 
no 

data 
RT? 

20 mM MOPS pH 7.0, 200 

mM NaCl, 2 mM EGTA 
SEC 

25
 

44. 
Apoferritin 

(24-mer) 
4200 58 3 25 

50 mM Tris pH 8.0, 150 

mM NaCl, 0.5 mM EDTA, 

1 mM TCEP or DTT 

globular protein 
2)

 

FCS 
This 

work 

 

1)
 the Rh value from FCS is slightly underestimated due to the residual presence of the freely 

diffusing dye impossible to be completely separated from the protein by SEC and the short 

diffusion time of lysozyme. 

2)
 shown in Figures 2 and 3A (main text) for comparison with other proteins; not included in 

the analysis of the theoretical model 
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Figure S7. Difference between Rh values predicted by MDA+GLM (Table S2) and 

experimental results (Table S1) for the benchmark set. IDPs (full green squares) and folded 

proteins (full black circles) from this work; IDPs from literature (blank squares); two largest 

outliers are marked in red (fesselin, Id. 43, N = 996, SEC) and magenta (OMM-64, Id. 39, N 

= 608, AUC). Error bars reflect both theoretical (Table S2, column F) and experimental 

uncertainties (Table S1) calculated according to small errors propagation rules. 
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Figure S8. Correlation analysis of Rh values predicted for IDPs by MDA+GLM (Table S2, 

columns D, F) vs. experimental results (Table S1, the benchmark set excluding globular 

proteins); 1:1 relationship (thin black line); linear fit to the data points without free y-intercept 

(green broken line, except F); (A) all Rh values (full green squares, this work; blank green 

squares, literature); (B-F) subsets of results obtained using different experimental approaches, 

i.e. PFG-NMR, FCS (this work), SEC, DLS, and AUC, respectively.  
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The Snedecor's F-test for the linear functions with and without the y-intercept as a free 

parameter fitted to the data points from the IDPs benchmark set showed that the y-intercept is 

insignificantly different from zero, -0.26 ± 3.6. The fit (Figure S8 A) yielded the slope of 

0.96 ± 0.03 (with 90% confidence interval, CI, of 0.905 to 1.006). This means that 

MDA+GLM provides good 1:1 correlation with the experimental results for IDPs even at the 

level of 90% CI. 

The R
2
 of the linear correlation between the predicted and experimental results for all IDPs 

from Table S1 is 0.7534 (Figure S8 A), which means that our model explains ~75% of the Rh 

variability within the IDP benchmark set. The remaining part of the variability as well as the 

slightly underestimated slope value can have several sources. Among the main reasons for the 

discrepancies are the intrinsic properties of individual experimental methods, which suffer 

from typical errors or limitations and are usually not taken into account when reporting the 

final experimental results. 

The root mean square of the relative uncertainty for all experimental data (Table S1), when 

given, is 5.8%. Even for a perfect model that accurately predicts the diffusion coefficient, 

assuming the measurement uncertainty is only random (not systematic), achieving R
2
 = 1 is 

impossible due to the inherent random noise in the data. The median R
2
 values under these 

conditions, determined theoretically, are gathered in Table S5. 

 

Table S5. 

Relative error %  Median R
2
 of a perfect model 

  5  0.98 

  5.8  0.97 

10  0.92 

15  0.85 

20  0.76 

 

However, the value of 5.8% seems underestimated. This is because it relies on undervalued 

figures provided in literature, where only some parts of the uncertainty are included in the 

error estimates, and in some cases, no error analysis is provided. Assuming a more realistic 

overall measurement error of 10%, which may still be considered small for certain 

measurements, the best possible model should give a typical R
2
 of ~0.9. 

Considering that our GLM-MDA approach involves approximated hydrodynamics, the 

predictions result in ~5% error of the theoretical Rh values. Therefore, one should expect 

results only up to an R
2
 of 0.85, even with exceptionally precise modeling of conformers, 

hydration layers, and other complex factors. 
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Intrinsically disordered benchmark proteins gathered in Table S1. 

Sequence numbering according to Table S1. 

 

 

Data of protein constructs studied in this work 

Fusion proteins may contain linkers between the domains identified in the protein names 

Abbreviations used repeatedly in protein names: 

H6  - Hexahistidine tag 

SUMO  - Small ubiquitin-related modifier protein tag 

GST  - Glutathione S-transferase tag 

mCherry  - Monomeric red fluorescent protein
36

  

mαEGFP  - Enhanced green fluorescent protein
37

 with mutations providing the  

  monomeric form
38

 and improved by α mutations
39

 

 

13. SAP 1A (Secreted acidic protein 1A, Acropora millepora, UniProtKB B3EWZ0) 
GLPLPLKNENAIVDGDGTSVVTTKEDASTIFERDPNPANQVSAMVTGVILDENGDPGESDESVENVDNDGEGGDK

DDDKNGEDNDLDNKEHEEEKGDDDRGDDEEEDDAEGDNDSNDNEGDDDDDDDSGDDDDVDESGADEDDDDDSGD 

 

16. eIF4E(28-217) (Eukaryotic translation initiation 4e factor, Mus musculus, UniProtKB P63073) 
VANPEHYIKHPLQNRWALWFFKNDKSKTWQANLRLISKFDTVEDFWALYNHIQLSSNLMPGCDYSLFKDGIEPMW

EDEKNKRGGRWLITLNKQQRRSDLDRFWLETLLCLIGESFDDYSDDVCGAVVNVRAKGDKIAIWTTECENRDAVT

HIGRVYKERLGLPPKIVIGYQSHADTATKSGSTTKNRFVV 

 

20. eIF4E (Eukaryotic translation initiation 4e factor, Homo sapiens, UniProtKB P06730) 
MATVEPETTPTPNPPTTEEEKTESNQEVANPEHYIKHPLQNRWALWFFKNDKSKTWQANLRLISKFDTVEDFWAL

YNHIQLSSNLMPGCDYSLFKDGIEPMWEDEKNKRGGRWLITLNKQQRRSDLDRFWLETLLCLIGESFDDYSDDVC

GAVVNVRAKGDKIAIWTTECENREAVTHIGRVYKERLGLPPKIVIGYQSHADTATKSGSTTKNRFVV 

 

25. H6-SUMO-SAP 1A 
MGSSHHHHHHSSGLVPRGSHMSDSEVNQEAKPEVKPEVKPETHINLKVSDGSSEIFFKIKKTTPLRRLMEAFAKR

QGKEMDSLRFLYDGIRIQADQTPEDLDMEDNDIIEAHREQIGGGLPLPLKNENAIVDGDGTSVVTTKEDASTIFE

RDPNPANQVSAMVTGVILDENGDPGESDESVENVDNDGEGGDKDDDKNGEDNDLDNKEHEEEKGDDDRGDDEEED

DAEGDNDSNDNEGDDDDDDDSGDDDDVDESGADEDDDDDSGD 

 

27. H6-mCherry-α-helix 
MGSSHHHHHHSSGLVPRGSHMVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTK

GGPLPFAWDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSLQDGEFIYKVKLR

GTNFPSDGPVMQKKTMGWEASSERMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLD

ITSHNEDYTIVEQYERAEGRHSTGGMDELYKGTGVDQDPAANKARKEAELAAATAQQ 

 
28. H6-SUMO-CNOT1(800-999) (CCR4-NOT transcription complex subunit 1, isoform 2, Homo sapiens, 
UniProtKB A5YKK6) 
MGSSHHHHHHSSGLVPRGSHMASMSDSEVNQEAKPEVKPEVKPETHINLKVSDGSSEIFFKIKKTTPLRRLMEAF

AKRQGKEMDSLRFLYDGIRIQADQTPEDLDMEDNDIIEAHREQIGGSEFNNDPFVQRKLGTSGLNQPTFQQTDLS

QVWPEANQHFSKEIDDEANSYFQRIYNHPPHPTMSVDEVLEMLQRFKDSTIKREREVFNCMLRNLFEEYRFFPQY

PDKELHITACLFGGIIEKGLVTYMALGLALRYVLEALRKPFGSKMYYFGIAALDRFKNRLKDYPQYCQHLASISH

FMQFPHHLQEYIEYGQQSRDPPVK 

 

29. GW182 SD RRM (Silencing domain of trinucleotide repeat-containing gene 6C protein, without the 

globular RRM domain, Homo sapiens, UniProtKB Q9HCJ0) 
SEFNTFAPYPLAGLNPNMNVNSMDMTGGLSVKDPSQSQSRLPQWTHPNSMDNLPSAASPLEQNPSKHGAIPGGLS

IGPPGKSSIDDSYGRYDLIQNSESPASPPVAVPHSWSRAKSDSDKISNGSSINWPPEFHPGVPWKGLQNIDPEND

PDVTPGSVPTGPTINTTIQDVNRYLLKSGGKLSDIKSTWSSGPTSHTQASLSHELWKVPRNSTAPTRPPPGLTNP

KPSSTWGASPLGWTSSYSSGSAWSTDTSGQALPPTSSWQSSSASSQPRLSAAGSSHGLVRSDAGHWNAPCLGGKG

SSELLWGGVPQYSSSLWGPPSADDSRVIGSPTPLTTLLPGDLLSGESL 
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30. SUMO-mEGFP-H6 
MSDSEVNQEAKPEVKPEVKPETHINLKVSDGSSEIFFKIKKTTPLRRLMEAFAKRQGKEMDSLRFLYDGIRIQAD

QTPEDLDMEDNDIIEAHREQIGGGTVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTT

GKLPVPWPTLVTTLTYGVQCFSRYPDHMKRHDFFKSAMPEGYVQERTISFKDDGNYKTRAEVKFEGDTLVNRIEL

KGIDFKEDGNILGHKLEYNYNSHNVYITADKQKNGIKANFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHY

LSTQSKLSKDPNEKRDHMVLLEFVTAAGITLGMDELYKDIGSAGSAAGSGEFEFLEVLFQGPLEHHHHHH 

 

34. GST-CNOT1(800-999) 
MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYI

ADKHNMLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVTH

PDFMLYDALDVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQGWQATFGGGDHPPKSDLEVLF

QGPLGSPEFNNDPFVQRKLGTSGLNQPTFQQTDLSQVWPEANQHFSKEIDDEANSYFQRIYNHPPHPTMSVDEVL

EMLQRFKDSTIKREREVFNCMLRNLFEEYRFFPQYPDKELHITACLFGGIIEKGLVTYMALGLALRYVLEALRKP

FGSKMYYFGIAALDRFKNRLKDYPQYCQHLASISHFMQFPHHLQEYIEYGQQSRDPPVK 

 

35. H6-SUMO-GW182 SD RRM 
MGSSHHHHHHSSGLVPRGSHMASMSDSEVNQEAKPEVKPEVKPETHINLKVSDGSSEIFFKIKKTTPLRRLMEAF

AKRQGKEMDSLRFLYDGIRIQADQTPEDLDMEDNDIIEAHREQIGGSEFNTFAPYPLAGLNPNMNVNSMDMTGGL

SVKDPSQSQSRLPQWTHPNSMDNLPSAASPLEQNPSKHGAIPGGLSIGPPGKSSIDDSYGRYDLIQNSESPASPP

VAVPHSWSRAKSDSDKISNGSSINWPPEFHPGVPWKGLQNIDPENDPDVTPGSVPTGPTINTTIQDVNRYLLKSG

GKLSDIKSTWSSGPTSHTQASLSHELWKVPRNSTAPTRPPPGLTNPKPSSTWGASPLGWTSSYSSGSAWSTDTSG

QALPPTSSWQSSSASSQPRLSAAGSSHGLVRSDAGHWNAPCLGGKGSSELLWGGVPQYSSSLWGPPSADDSRVIG

SPTPLTTLLPGDLLSGESL 

 

36. AGARP (Aspartic and glutamic acid-rich protein, Acropora millepora, UniProtKB B7W112) 
SPLRNRFNEDHDEFSKDDMARESFDTEEMYNAFLNRRDSSESQLEDHLLSHAKPLYDDFFPKDTSPDDDEDSYWL

ESRNDDGYDLAKRKRGYDDEEAYDDFDEVDDRADDEGARDVDESDFEEDDKLPAEEESKNDMDEETFEDEPEEDK

EEAREEFAEDERADEREDDDADFDFNDEEDEDEVDNKAESDIFTPEDFAGVSDEAMDNFRDDNEEEYADESDDEA

EEDSEETADDFEDDPEDESDETFRDEVEDESEENYQDDTEEGSEIKQNDETEEQPEKKFDADKEHEDAPEPLKEK

LSDESKARAEDESDKSEDAAKEIKEPEDAVEDFEDGAKVSEDEAELLDDEAELSDDEAELSKDEAEQSSDEAEKS

EDKAEKSEDEAELSEDEAKQSEDEAEKAEDAAGKESNDEGKKREDEAVKSKGIARDESEFAKAKKSNLALKRDEN

RPLAKGLRESAAHLRDFPSEKKSKDAAQGNIENELDYFKRNAFADSKDAEPYEFDK 

 

37. H6-SUMO-PARN C-mCherry (Poly(A)-specific ribonuclease C-terminal tail, Homo sapiens, UniProtKB 

O95453) 
MGSSHHHHHHSSGLVPRGSHMSDSEVNQEAKPEVKPEVKPETHINLKVSDGSSEIFFKIKKTTPLRRLMEAFAKR

QGKEMDSLRFLYDGIRIQADQTPEDLDMEDNDIIEAHREQIGGYAESYRIQTYAEYMGRKQEEKQIKRKWTEDSW

KEADSKRLNPQCIPYTLQNHYYRNNSFTAPSTVGKRNLSPSQEEAGLEDGVSGEISDTELEQTDSCAEPLSEGRK

KAKKLKRMKKELSPAGSISKNSPATLFEVPDTWLEVLFQGPGSAGSAAGSGEFVSKGEEDNMAIIKEFMRFKVHM

EGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTKGGPLPFAWDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKW

ERVMNFEDGGVVTVTQDSSLQDGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDGALKGEIKQRLKLK

DGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK 

 

 

40. H6-SUMO-AGARP 
MGSSHHHHHHSSGLVPRGSHMSDSEVNQEAKPEVKPEVKPETHINLKVSDGSSEIFFKIKKTTPLRRLMEAFAKR

QGKEMDSLRFLYDGIRIQADQTPEDLDMEDNDIIEAHREQIGGSPLRNRFNEDHDEFSKDDMARESFDTEEMYNA

FLNRRDSSESQLEDHLLSHAKPLYDDFFPKDTSPDDDEDSYWLESRNDDGYDLAKRKRGYDDEEAYDDFDEVDDR

ADDEGARDVDESDFEEDDKLPAEEESKNDMDEETFEDEPEEDKEEAREEFAEDERADEREDDDADFDFNDEEDED

EVDNKAESDIFTPEDFAGVSDEAMDNFRDDNEEEYADESDDEAEEDSEETADDFEDDPEDESDETFRDEVEDESE

ENYQDDTEEGSEIKQNDETEEQPEKKFDADKEHEDAPEPLKEKLSDESKARAEDESDKSEDAAKEIKEPEDAVED

FEDGAKVSEDEAELLDDEAELSDDEAELSKDEAEQSSDEAEKSEDKAEKSEDEAELSEDEAKQSEDEAEKAEDAA

GKESNDEGKKREDEAVKSKGIARDESEFAKAKKSNLALKRDENRPLAKGLRESAAHLRDFPSEKKSKDAAQGNIE

NELDYFKRNAFADSKDAEPYEFDK 

 

41. GW182 SD-mCherry 
SEFNTFAPYPLAGLNPNMNVNSMDMTGGLSVKDPSQSQSRLPQWTHPNSMDNLPSAASPLEQNPSKHGAIPGGLS

IGPPGKSSIDDSYGRYDLIQNSESPASPPVAVPHSWSRAKSDSDKISNGSSINWPPEFHPGVPWKGLQNIDPEND

PDVTPGSVPTGPTINTTIQDVNRYLLKSGGKLSDIKSTWSSGPTSHTQASLSHELWKVPRNSTAPTRPPPGLTNP

KPSSTWGASPLGWTSSYSSGSAWSTDTSGRTSSWLVLRNLTPQIDGSTLRTLCLQHGPLITFHLNLTQGNAVVRY
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SSKEEAAKAQKSLHMCVLGNTTILAEFAGEEEVNRFLAQGQALPPTSSWQSSSASSQPRLSAAGSSHGLVRSDAG

HWNAPCLGGKGSSELLWGGVPQYSSSLWGPPSADDSRVIGSPTPLTTLLPGDLLSGESLPGGSAGSAAGSGEFAA

AVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTKGGPLPFAWDILSPQFMYGSK

AYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSLQDGEFIYKVKLRGTNFPSDGPVMQKKTMGWEA

SSERMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGR

HSTGGMDELYKKL 

 

 

42. H6-SUMO-GW182 SD-mCherry 
MGSSHHHHHHSSGLVPRGSHMASMSDSEVNQEAKPEVKPEVKPETHINLKVSDGSSEIFFKIKKTTPLRRLMEAF

AKRQGKEMDSLRFLYDGIRIQADQTPEDLDMEDNDIIEAHREQIGGSEFNTFAPYPLAGLNPNMNVNSMDMTGGL

SVKDPSQSQSRLPQWTHPNSMDNLPSAASPLEQNPSKHGAIPGGLSIGPPGKSSIDDSYGRYDLIQNSESPASPP

VAVPHSWSRAKSDSDKISNGSSINWPPEFHPGVPWKGLQNIDPENDPDVTPGSVPTGPTINTTIQDVNRYLLKSG

GKLSDIKSTWSSGPTSHTQASLSHELWKVPRNSTAPTRPPPGLTNPKPSSTWGASPLGWTSSYSSGSAWSTDTSG

RTSSWLVLRNLTPQIDGSTLRTLCLQHGPLITFHLNLTQGNAVVRYSSKEEAAKAQKSLHMCVLGNTTILAEFAG

EEEVNRFLAQGQALPPTSSWQSSSASSQPRLSAAGSSHGLVRSDAGHWNAPCLGGKGSSELLWGGVPQYSSSLWG

PPSADDSRVIGSPTPLTTLLPGDLLSGESLPGGSAGSAAGSGEFAAAVSKGEEDNMAIIKEFMRFKVHMEGSVNG

HEFEIEGEGEGRPYEGTQTAKLKVTKGGPLPFAWDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNF

EDGGVVTVTQDSSLQDGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDGALKGEIKQRLKLKDGGHYD

AEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYKKL 

 

 

 

 

Literature data 

 

1. Aβ(12–24) 
VHHQKLVFFAEDV 

 

2. Aβ(1–28) 
DAEFRHDSGYEVHHQKLVFFAEDVGSNK 

 

3. Aβ(1–40) 
DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV 

 

4. pSic1 
MTPSTPPRSRGTRYLAQPSGNTSSSALMQGQKTPQKPSQNLVPVTPSTTKSFKNAPLLAPPNSNMGMTSPFNGLT

SPQRSPFPKSSVKRT 

 

5. p53(1-93) 
MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGPDEAPRMPEAAPPVAP

APAAPTPAAPAPAPSWPL 

 

6. Em protein 
MASGQQERSQLDRKAREGETVVPGGTGGKSLEAQENLAEGRSRGGQTRREQMGEEGYSQMGRKGGLSTNDESGGD

RAAREGIDIDESKFKTKS 

 

8. AaFEcR 
GPSAGLVPRGSGGIEGRHMLEEIWDVQDIPPSMQAQMHSHGTQSSSSSSSSSSSSSNGSSNGNSSSNSNSSQHGP

HPHPHGQQLTPNQQQHQQQHSQLQQVHANGSGSGGGSNNNSSSGGVVPGLGMLDQV 

 

9. Aap PGR 
AEPGKPAEPGKPAEPGKPAEPGTPAEPGKPAEPGTPAEPGKPAEPGKPAEPGKPAEPGKPAEPGTPAEPGTPAEP

GKPAEPGTPAEPGKPAEPGTPAEPGKPAESGKPVEPGTPAQSGAPEQPNRSMHSTDNKNQ 

 

10. NTAIL 
MRGSHHHHHHXXXHTTEDKISRAVGPRQAQVSFLHGDQSENELPRLGGKEDRRVKQSRGEARESYRETGPSRASD

ARAAHLPTGTPLDIDTASESSQDPQDSRRSADALLRLQAMAGISEEQGSDTDTPIVYNDRNLLD 
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11. α-Synuclein 
MDVFMKGLSKAKEGVVAAAEKTKQGVAEAAGKTKEGVLYVGSKTKEGVVHGVATVAEKTKEQVTNVGGAVVTGVT

AVAQKTVEGAGSIAAATGFVKKDQLGKNEEGAPQEGILEDMPVDPDNEAYEMPSEEGYQDYEPEA 

 

12. hNL3-cyt 
MGSSHHHHHHSSGLVPRGSHMAYRKDKRRQEPLRQPSPQRGAGAPELGAAPEEELAALQLGPTHHECEAGPPHDT

LRLTALPDYTLTLRRSPDDIPLMTPNTITMIPNSLVGLQTLHPYNTFAAGFNSTGLPHSHSTTRV 

 

14. ANAC046172-338 

NAPSTTITTTKQLSRIDSLDNIDHLLDFSSLPPLIDPGFLGQPGPSFSGARQQHDLKPVLHHPTTAPVDNTYLPT

QALNFPYHSVHNSGSDFGYGAGSGNNNKGMIKLEHSLVSVSQETGLSSDVNTTATPEISSYPMMMNPAMMDGSKS

ACDGLDDLIFWEDLYTS 

 

15. HIF-1α (530-698) 
XEFKLELVEKLFAEDTEAKNPFSTQDTDLDLEMLAPYIPMDDDFQLRSFDQLSPLESSSASPESASPQSTVTVFQ

QTQIQEPTANATTTTATTDELKTVTKDRMEDIKILIASPSPTHIHKETTSATSSPYRDTQSRTASPNRAGKGVIE

QTEKSHPRSPNVLSVALSQR 

 

17. HIF-1α (403-603) 
AAGDTIISLDFGSNDTETDDQQLEEVPLYNDVMLPSPNEKLQNINLAMSPLPTAETPKPLRSSADPALNQEVALK

LEPNPESLELSFTMPQIQDQTPSPSDGSTRQSSPEPNSPSEYCFYVDSDMVNEFKLELVEKLFAEDTEAKNPFST

QDTDLDLEMLAPYIPMDDDFQLRSFDQLSPLESSSASPESASPQSTVTVFQ 

 

18. Securin 
XXMATLIYVDKENGEPGTRVVAKDGLKLGSGPSIKALDGRSQVSTPRFGKTFDAPPALPKATRKALGTVNRATEK

SVKTKGPLKQKQPSFSAKKMTEKTVKAKSSVPASDDAYPEIEKFFPFNPLDFESFDLPEEHQIAHLPLSGVPLMI

LDEERELEKLFQLGPPSPVKMPSPPWESNLLQSPSSILSTLDVELPPVCCDIDI 

 

19. SNAP25 
MAEDADMRNELEEMQRRADQLADESLESTRRMLQLVEESKDAGIRTLVMLDEQGEQLERIEEGMDQINKDMKEAE

KNLTDLGKFCGLCVCPCNKLKSSDAYKKAWGNNQDGVVASQPARVVDEREQMAISGGFIRRVTNDARENEMDENL

EQVSGIIGNLRHMALDMGNEIDTQNRQIDRIMEKADSNKTRIDEANQRATKMLGSG 

 

21. H6-PNT 
HHHHHHMAEEQARHVKNGLECIRALKAEPIGSLAIEEAMAAWSEISDNPGQERATCREEKAGSSGLSKPCLSAIG

STEGGAPRIRGQGPGESDDDAETLGIPPRNLQASSTGLQCYYVYDHSGEAVKGIQDADSIMVQSGLDGDSTLSGG

DNESENSDVDIGEPDTEGYAITDRGSAPISMGFRASDVETAEGGEIHELLRLQSRGNNFPKLGKTLNVPPPPDPG

RASTSGTPIKK 

 

22. 3D7-6HMSP2 
MIKNESKYSNTFINNAYNMSIRRSMAESKPSTGAGGSAGGSAGGSAGGSAGGSAGGSAGSGDGNGADAEGSSSTP

ATTTTTKTTTTTTTTNDAEASTSTSSENPNHKNAETNPKGKGEVQEPNQANKETQNNSNVQQDSQTKSNVPPTQD

ADTKSPTAQPEQAENSAPTAEQTESPELQSAPENKGTGQHGHMHGSRNNHPQNTSDSQKECTDGNKENCGAATSL

LNNSSNHHHHHH 

 

31. Calreticulin 
GIPGEPAVYFKEQFLDGDGWTSRWIESKHKSDFGKFVLSSGKFYGDEEKDKGLQTSQDARFYALSASFEPFSNKG

QTLVVQFTVKHEQNIDCGGGYVKLFPNSLDQTDMHGDSEYNIMFGPDICGPGTKKVHVIFNYKGKNVLINKDIRC

KDDEFTHLYTLIVRPDNTYEVKIDNSQVESGSLEDDWDFLPPKKIKDPDASKPEDWDERAKIDDPTDSKPEDWDK

PEHIPDPDAKKPEDWDEEMDGEWEPPVIQNPEYKGEWKPRQIDNPDYKGTWIHPEIDNPEYSPDPSIYAYDNFGV

LGLDLWQVKSGTIFDNFLITNDEAYAEEFGNETWGVTKAAEKQMKDKQDEEQRLKEEEEDKKRKEEEEAEDKEDD

EDKDEDEEDEEDKEEDEEEDVPGQAKDEL 

 

32. HeVPNT 
MDKLDLVNDGLDIIDFIQKNQKEIQKTYGRSSIQQPSTKDRTRAWEDFLQSTSGEHEQAEGGMPKNDGGTEGRNV

EDLSSVTSSDGTIGQRVSNTRAWAEDPDDIQLDPMVTDVVYHDHGGECTGHGPSSSPERGWSYHMSGTHDGNVRA

VPDTKVLPNAPKTTVPEEVREIDLIGLEDKFASAGLNPAAVPFVPKNQSTPTEEPPVIPEYYYGSGRRGDLSKSP

PRGNVNLDSIKIYTSDDEDENQLEYEDEFAKSSSEVVIDTTPEDNDSINQEEVVGDPSDQGLEHPFPLGKFPEKE

ETPDVRRKDSLMQDSCKRGGVPKRLPMLSEEFECSGSDDPIIQELEREGSHPGGSLRLREPPQSSGNSRNQPDRQ

LKTGDAASPGGVQRPGTPMPKSRIMPIKKHHHHHH 

 



23 

 

33. NiVPNT 
MDKLELVNDGLNIIDFIQKNQKEIQKTYGRSSIQQPSIKDQTKAWEDFLQCTSGESEQVEGGMSKDDGDVERRNL

EDLSSTSPTDGTIGKRVSNTRDWAEGSDDIQLDPVVTDVVYHDHGGECTGYGFTSSPERGWSDYTSGANNGNVCL

VSDAKMLSYAPEIAVSKEDRETDLVHLENKLSTTGLNPTAVPFTLRNLSDPAKDSPVIAEHYYGLGVKEQNVGPQ

TSRNVNLDSIKLYTSDDEEADQLEFEDEFAGSSSEVIVGISPEDEEPSSVGGKPNESIGRTIEGQSIRDNLQAKD

NKSTDVPGAGPKDSAVKEEPPQKRLPMLAEEFECSGSEDPIIRELLKENSLINCQQGKDAQPPYHWSIERSISPD

KTEIVNGAVQTADRQRPGTPMPKSRGIPIKKHHHHHH 

 

39. OMM-64 
APVNDGTEADNDERAASLLVHLKGDKDGGGLTGSPDGVSAGTTDGTDSSKELAGGAVDSSPDTTDTPDASSSDIF

PDTNNRDTSVETTGNPDDSDAPDAAESAGSQDTTDAADASEAVAETVDTYDIPDTDGADDREKVSTEVSTEDLDS

AGVDKSPESDSTESPGSDSAESPGSDSAESPGSDSTESPGSDSTESPRSDSTDEVLTDVQADSADVTSDDMDEAT

ETDKDDDKSDDKSDADAATDKDDSDEDKDTELDGKAHAEDTQTEEAADSDSKQGAADSDSDTDDDRPEKDVKNDS

DDSKDTTEDDKPDKDDKKNRDSADNSNDDSDEMIQVPREELEQQEINLKEGGVIGSQEETVASDMEEGSDVGDQK

PGPEDSIEEGSPVGRQDFKHPQDSEEEELEKEAKKEKELEEAEEERTLKTIESDSQEDSVDESEAEPDSNSKKDI

GTSDAPEPQEDDSEEDTDDSMMKEPKDSDDAESDKDDKDKNDMDKEDMDKDDMDKDDMDKDDMDKDDVDKDASDS

VDDQSESDAEPGADSHTVVDEIDGEETMTPDSEEIMKSGEMDSVVEATEVPADILDQPDQQDDMTQGASQAADAA

ATALAAQS 

 

43. Fesselin 
MIQSAAPSIPRVEVILDCSDREKEAPKSLAERGCVDSQVEGGQSEAPPSLPSFAISSEGTEQGEDNQHSEKDHRP

LKHRARHARLRRSESLSEKQVKEAKSKCKSIALLLTAAPNPNSKGVLMFKKRRQRARKYTLVSYGTGELERDEDE

GEEGEVEEGDKENTFEVSLLATSESEIDEDFFSDIDNDKKIVTFDWDSGLLEVEKKTKSGDEMQTLPETTGKGAL

MFARRRQRMDQITAEQEEMKARTAHAEEQREVTVSENFQKVSSSAYQTKEEEMLRQQPCISKSYADVSQNDGKIV

QQNGFGVAPDTSLSFQSSEAQKAASLNRTAKPFPFGVQNRAAAPFSPTRNVTSPLSDLPAPPPYCSISPPPEALY

RPLSAPAASKAAPILWSHTEPTERIASRDERIAVPAKRTGILQEAKRRSTSKPMFSFKEAPKVSPNPALLSLVHN

AEGKKGSGAGFESGPEEDYLSLGAEACNFMQSQASKQKAPPPTAPKPSLKVSPAAGTPVSPVWSPAVASNKAPSF

PAPASPQAAYPAPLKSPQYPHSPSANPPNTLNLSGPFKGPQATLASPNHPAKTPTTPSAGETKPFEMPPEMRGKG

AQLFARRHSRMEKYVVDSETVQANMARASSPTPSLPASWKYSSNVRAPPPVAYNPIHSPSYPPAATKPFPKSTAA

TKNTKRKPKKGLNALDIMKHQPYQLDASLFTFQPPSNKESLGIKQIPKLPTSKQATSLRLPGSASPTNVRASSVY

SVPAYSSQPSFQSNASTPVNESYTPTGYSAFSKPESTTSSLFTAPRPKFSAKKAGVIAQERSSGRSLSLPGKPSF

ISRATSPTSPLIFQPAPDYFSKPDTAADKPGKRLTPWEAAAKSPLGLVDEAFRPQNMQESIAANVVSAAHRKTLP

EPPDEWKQKVSYEPPGPSASLALLGGKQPGVTSARKSSLSVSNATTQAGSQQQYAYCSQRSQTDPDIMSMDSRSD

YGLSTADSNYNPQPRGWRRPT 
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