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Protein sequences of constructs used:
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Supplementary methods:

Ensemble simulations. We generated an 500 conformer ensemble of a the biosensor
containing a 40-residue linker using the Ensemble Optimization Method 2.12 The fluorescent
protein domains and the MBD2:p66a were treated as rigid bodies, and the linkers were
modelled as a string of beads representing Co-atoms with a compactness typical for
intrinsically disordered proteins. Input structures for the fluorescent proteins were generated
using homology modelling by SWISS-MODEL? and the MBD2-p66a was based on the NMR
structure of the complex.* To estimate the effects of an interaction between the central linker
and the fluorescent domains, we selected the subset of conformers where any atoms of the
linker approach the fluorescent proteins. Contact conformers were selected as any conformer
where a pseudo-atom from the linker approached closer than an arbitrarily defined threshold
of 8 A. This likely shows the effect of such an interaction, although it may underestimate the
effect of a full absorption.
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Supplementary figures:
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Fig. S1: Power law fits to experimentally determined effective concentrations for linkers
containing different types of charged residues
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Fig. S2: Ensemble dimension estimated by simulation and a diffusion measurements. (A)
Distribution of the radius of gyration in an random ensemble of biosensors with realistic
geometries. Conformers with a distance < 8A between the central linker and either of the
fluorescent proteins were selected to estimate the effect of a hypothetical interaction between
the linker and the fluorescent proteins. Linker interactions with the FP results in a slight
contraction of the ensemble. (B) Auto-correlation curves for biosensors containing glutamate
residues (C) Comparison of the measured diffusion coefficients and scaling exponents for
effective concentrations. The rise in scaling exponent is not accompanied by a change in the
diffusion coefficient. (D) Correlation between scaling exponents and diffusion times shows no
correlation between the two parameters (Pearson coefficient = -0.06).
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Fig. S3: Power law fits to experimentally determined effective concentrations for linkers with
variations in polyampholyte strength, chain flexibility, hydrophobicity and aromatic residue
content. The quality of the 0.25K_0.25E data series did not allow determination of a scaling
coefficient.
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Fig. S4: Power law fits to experimentally determined effective concentrations for linkers with
combinations of charged residues and leucine or proline.
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Table S1: Full sequence of all linkers used:

Linker name
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GS20
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GSao
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GESEGESEGESEGESEGESEGESEGESEGESEGESEGESEGESEGESEGESEGESEGESE

GESEGESEGESEGESEGESEGESEGESEGESEGESEGESEGESEGESEGESEGESEGESEGESEG
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GKSEGSKGESGKSEGSKGESGKSEGSKGESGKSEGSKGESGKSEGSKGESGKSEGSKGES

GKSEGSKGESGKSEGSKGESGKSEGSKGESGKSEGSKGESGKSEGSKGESGKSEGSKGESGKSE
GSKGESGKSEGSKGESGKSEGSKGESGKSEGSKGESGKSEGSKGESGKSEGSKGES
GKSEGKSEGKSEGKSEGKSE

GKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSE

GKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSE

GKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSE
GKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSEGKSE
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GKESKEGKESKEGKESKEGKESKEGKESKEGKESKEGKESKE

GKESKEGKESKEGKESKEGKESKEGKESKEGKESKEGKESKEGKESKEGKESKEGKESKE

GKESKEGKESKEGKESKEGKESKEGKESKEGKESKEGKESKEGKESKEGKESKEGKESKEGKESK
EGKESKEGKESKEGKESKEGKESKEGKESKEGKESKEGKESKEGKESKEGKESKE

GSGSGSGSGDSGSGSGSGSG

GSGSGSGSGDSGSGSGSGSGSGSGSGSGSGDSGSGSGSGS

GSGSGSGSGDSGSGSGSGSGSGSGSGSGSGDSGSGSGSGSGSGSGSGSGDSGSGSGSGSG

GSGSGSGSGDSGSGSGSGSGSGSGSGSGSGDSGSGSGSGSGSGSGSGSGDSGSGSGSGSGS
GSGSGSGDSGSGSGSGSGSGSGSGSGSGDSGSGSGSGSGSGSGSGSGDSGSGSGSGSGS
GSGSDGSGSGSGSGDSGSGS

GSGSDGSGSGSGSGDSGSGSGSGSDGSGSGSGSGDSGSGS

GSGSDGSGSGSGSGDSGSGSGSGSDGSGSGSGSGDSGSGSGSGSDGSGSGSGSGDSGSGS

GSGSDGSGSGSGSGDSGSGSGSGSDGSGSGSGSGDSGSGSGSGSDGSGSGSGSGDSGSGSG
SGSDGSGSGSGSGDSGSGSGSGSDGSGSGSGSGDSGSGSGSGSDGSGSGSGSGDSGSGS
GSDGSGSDGSGSDGSGSDGS

GSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGS

GSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGS

GSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGS
GSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGSGSDGS
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0.33D21 GDSGDSGDSGDSGDSGDSGDS -

0.33Da2 GDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDS -
0.33Deo GDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGD -
S
0.33D120 GDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGD 0,04
SGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSGDSG
DS
K -
0.05K20 GSGSGSGSGKSGSGSGSGSG
0.05Ka0 GSGSGSGSGKSGSGSGSGSGSGSGSGSGSGKSGSGSGSGS -
0.05Keo GSGSGSGSGKSGSGSGSGSGSGSGSGSGSGKSGSGSGSGSGSGSGSGSGKSGSGSGSGSG -
0.05K120 GSGSGSGSGKSGSGSGSGSGSGSGSGSGSGKSGSGSGSGSGSGSGSGSGKSGSGSGSGSGSG 0.03
SGSGSGKSGSGSGSGSGSGSGSGSGSGKSGSGSGSGSGSGSGSGSGKSGSGSGSGSGS
0.1K20 GSGSKGSGSGSGSGKSGSGS -
0.1Kao GSGSKGSGSGSGSGKSGSGSGSGSKGSGSGSGSGKSGSGS -
0.1Keo GSGSKGSGSGSGSGKSGSGSGSGSKGSGSGSGSGKSGSGSGSGSKGSGSGSGSGKSGSGS -
0.1K120 GSGSKGSGSGSGSGKSGSGSGSGSKGSGSGSGSGKSGSGSGSGSKGSGSGSGSGKSGSGSGS 0.04
GSKGSGSGSGSGKSGSGSGSGSKGSGSGSGSGKSGSGSGSGSKGSGSGSGSGKSGSGS
0.2K20 GSKGSGSKGSGSKGSGSKGS -
0.2Ka0 GSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGS -
0.2Keo GSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGS -
0.2K120 GSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSK | 0.06
GSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGSGSKGS
0.33Ka1 GKSGKSGKSGKSGKSGKSGKS -
0.33Ka2 GKSGKSGKSGKSGKSGKSGKSGKSGKSGKSGKSGKSGKSGKS -
0.33Keo GKSGKSGKSGKSGKSGKSGKSGKSGKSGKSGKSGKSGKSGKSGKSGKSGKSGKSGKSGKS -
Y 0.08
0.05Y20 GSGSGSGSGYSGSGSGSGSG
0.05Y40 GSGSGSGSGYSGSGSGSGSGSGSGSGSGSGYSGSGSGSGS -
0.05Ye0 GSGSGSGSGYSGSGSGSGSGSGSGSGSGSGYSGSGSGSGSGSGSGSGSGYSGSGSGSGSG -
0.05Y120 GSGSGSGSGYSGSGSGSGSGSGSGSGSGSGYSGSGSGSGSGSGSGSGSGYSGSGSGSGSGSG 0.02
SGSGSGYSGSGSGSGSGSGSGSGSGSGYSGSGSGSGSGSGSGSGSGYSGSGSGSGSGS
0.1Y20 GSGSYGSGSGSGSGYSGSGS -
0.1Ya0 GSGSYGSGSGSGSGYSGSGSGSGSYGSGSGSGSGYSGSGS -
0.1Ye0 GSGSYGSGSGSGSGYSGSGSGSGSYGSGSGSGSGYSGSGSGSGSYGSGSGSGSGYSGSGS -
0.1Y120 GSGSYGSGSGSGSGYSGSGSGSGSYGSGSGSGSGYSGSGSGSGSYGSGSGSGSGYSGSGSGSG | 0.02
SYGSGSGSGSGYSGSGSGSGSYGSGSGSGSGYSGSGSGSGSYGSGSGSGSGYSGSGS
0.15Y20 GSGYSGSGSYGSGSGSYGSG -
0.15Y40 GSGYSGSGSYGSGSGSYGSGSGSYGSGSGSYGSGSGYSGS -
0.15Ye0 GSGYSGSGSYGSGSGSYGSGSGSYGSGSGSYGSGSGYSGSGSGYSGSGSYGSGSGSYGSG -
0.15Y120 GSGYSGSGSYGSGSGSYGSGSGSYGSGSGSYGSGSGYSGSGSGYSGSGSYGSGSGSYGSGSGY | 0.03
SGSGSYGSGSGSYGSGSGSYGSGSGSYGSGSGYSGSGSGYSGSGSYGSGSGSYGSGS
0.2Y20 GSYGSGSYGSGSYGSGSYGS -
0.2Ya0 GSYGSGSYGSGSYGSGSYGSGSYGSGSYGSGSYGSGSYGS -
0.2Ye0 GSYGSGSYGSGSYGSGSYGSGSYGSGSYGSGSYGSGSYGSGSYGSGSYGSGSYGSGSYGS 0.04

*= Predicted using AGADIR>¢ using the following conditions: pH 7.5, T= 298K and I = 0.2M.
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Table S2: Power law fitting parameters and diffusion coefficients.

Linker series Scaling coefficient (S.E.) Pre-factor [mM] (relative S.E.) D [10'*' m/s?]*
(40 residue linker)
GS -1.46 (0.07) 330 (31%) 6.96
E
0.05E -1.54 (0.03) 291 (12%) 6.51
0.1E -1.81 0.07) 922 (30%) 6.57
0.2E -2.08 (0.16) 1652 (84%) 6.55
0.33E -2.15 (0.11) 1253 (54%) 6.55
0.5E -2.05 (0.05) 414 (21%) 6.55
R
0.05R -1.54 (0.05) 237 (20%) 7.14
0.1R -1.49 (0.004) 207 (2%) 5.52
0.15R -1.75 (0.13) 360 (64%) 5.17
0.2R -1.91 (0.16) 443 (77%) 8.39
L
0.05L -1.48 (0.11) 253 (55%) 6.00
0.1L -1.50 (0.11) 253 (55%) 7.10
0.15L -1.38 (0.04) 169 (16%) 6.57
0.2L -1.41(0.12) 124 (59%) 6.44
P
0.05P -1.54 (0.12) 239 (58%) 5.44
0.1P -1.75 (0.04) 893 (17%) 6.33
0.15P -1.69 (0.04) 598 (18%) 5.68
0.2P -1.79 (0.09) 853 (18%) 6.67
0.25P -1.72 (0.09) 615 (42%) 7.02
0.33P -1.52 (0.06) 230 (29%) 7.92
0.5P -1.73 (0.10) 278 (48%) n.d.
PE
0.05PE -1.55 (0.08) 274 (37%) 5.76
0.1PE -1.67 (0.11) 324 (51%) 5.90
0.167PE -1.95 (0.05) 605 (19%) 7.04
0.33PE -2.10 (0.16) 664 (87%) 5.83
LE
0.05LE -1.60 (0.12) 345 (58%) 6.80
0.1LE -1.75 (0.03) 521 (12%) 6.01
0.167LE -1.96 (0.06) 750 (28%) 6.32
0.33LE -2.23(0.13) 1507 (65%) n.d.
L+E
0.1L_0.2E -2.16 (0.05) 1230 (23%) 6.30
0.1L_0.3E -2.23 (0.08) 1033 (38%) 5.82
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0.1L_0.5E -2.10 (0.10) 296 (47%) 5.63

E+L

0.1E_0.2L -1.74 (0.06) 524 (24%) 6.08
RE

0.1RE -1.52 (0.12) 257 (57%) 6.56
0.2RE -1.38 (0.09) 141 (43%) 5.92
0.25RE -1.35(0.002) 103 (0.5%) 6.70
0.33RE -0.99 (0.012) 32 (5%) 6.60
KE

0.1KE 1.69 (0.069) 1109 (36%) 7.32
0.2KE 1.49 (0.083) 478 (46%) 6.37
0.25KE Did not allow reliable fitting 6.70
0.33KE -1.54 (0.11) 265 (71%) 5.23
D

0.05D -1.71 (0.10) 494 (47%) 5.59
0.1D -1.92 (0.07) 1072 (32%) 6.42
0.2D -2.10 (0.03) 964 (13%) 6.46
0.33D -2.17 (0.13) 614 (69%) 5.70
K

0.05K -1.64 (0.03) 321 (14%) 5.67
0.1K -1.86 (0.06) 624 (27%) 5.68
0.2K -2.38(0.02) 2838 (7%) 6.42
0.33K -2.51(0.07) 2138 (31%) 5.49
Y

0.05Y -1.56 (0.14) 385 (75%) 5.23
0.1Y -1.11 (0.04) 73 (15%) 5.94
0.15Y -1.34 (0.06) 195 (24%) 5.97
0.2Y -1.2 (0.09) 111 (39%) 6.30

* Repeats of a single construct indicates a standard error of ~10%, which is likely to be representative for the whole series.
n.d. = not determined.
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