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Table 1. Thirty sequence variants for (Arg-Asp)as system. Column 1 shows the label of each sequence variant. Column 2

shows the actual sequence, with Asp residues in red and Arg residues in blue. Column 3 shows the k-values.

Label

Sequence

K

svl
sv2
sv3
sv4
svb
sv6
sv7
sv8
sv9
sv10
svll
sv12
svl3
svl4
sv1lb
sv16
sv17
sv18
sv19
sv20
sv21
sv22
sv23
sv24
sv25
sv26
sv27
sv28
sv29

sv30

DRDRDRDRDRDRDRDRDRDRDRDRDRDRDRDRDRDRDRDRDRDRDRDRDR
DDDRRRDDDRRRDDDRRRDDDRRRDDDRRRDDDRRRDDDRRRDDDRRRDR
RDRRRDRRDDRRDDRDRDRDRDDRRRDDRDRDRDRRRDDRDRDDRRDDDD
RDRDRRDDRDRRDDDRRDRDRDRRRDDRRRDDRDDRRDDRRRDDRDDDRD
RDRDDRDRRRDDDDRDRRRRDDRDRDRDRDDRRDDRRRRDDRDDRDRDRD
DDDRRDRRDDRDDRRDRRDRDDDRRRDRDDRRDDDRRRDRDDDDRRRRDR
DDDDRRRRDDDDRRRRDDDDRRRRDDDDRRRRDDDDRRRRDDDDRRRRDR
RRRRDDDDRRRRDDDDRRRRDDDDRRRRDDDDRRRRDDDDRRRRDDDDRD
DDRRDDDRDRDRDDDDDRRDRRDRRDRRRDDRDRDRRRDRRRRDRDDDRD
DRRRRRRDDRRRDDDDDRRRDDDRRRDRRDDRDRDDRDRRDRRDDRDDDD
DRDRRRRRDDDRRDRDDDDRDDDDRRRRRDRDDDRDDRRDDRDRRRDDRR
DRRDDDDDDRDRRDDDDRDRDRRDRDDRDRRDRRRDRRDDDRDRRRRDRR
RDRRRDRDRRDRRRDDDRRRDDDRDRRRDDRRDRRDRRDDDDDDDRDDRD
DRRDRDDRDDDDRRRRRDDRDRRDRRRRDRRRRRDDDDDDRDDRDRDRDD
RRDRRDRRRDRRDRRDDDRDRDRRDRRRRDRDRRDDDDDDDDRDDRRDDD
DRDRDDRRRDDRRRRDRRDRDDRRDRDRDRRDDDDDDDDDRDRRDRRRRD
DRDRRRRRRDRDRRRRDRDRRDRRDRDDDRDDRDRDRRDDRRDDDDDDDD
RDDRRDDDDDDDRDDRRRRRDRRRDRRDDDRRRDDRRRDDDDDDRRRRDR
DDDDDRRRRRDDDDDRRRRRDDDDDRRRRRDDDDDRRRRRDDDDDRRRRR
DDRDDDDDDRDDDRDDRRDDDRDRRDRRDRDDRRDRRRRRRRRRRRRDDD
DDDDDDDDDRDRRRRRDRDDRRRRRRDRRDRRRRDRRDDDDDDRDDDRRR
RDDDDRDDRDDRRRRDRDDRDRRRRRRRRRRRRDRRDDDDDDDDRDRDDD
DDDDDRDDDDDDDDDDDRDDRDRRRRRRDRRRRRRRDRDRRRRDRRDDRR
DDDDRDDDDDRDDDDDDDDDDDDRRRDDRRRRRDRRRRRRRDRRRRRRRR
DDDDDDDDDDDRDDDDRDDRDDRDRRRRRRRRRRRRRRRRRRDDRRDDRD
RDDDDDDDRDDRDDDDDDDDDRDDDDRDDRRRRRRRRRRRRRRRRRRRRD
RRDRRRDRRDDDDDDDDDDDDDDDDDDDDRDDRRRRRRRRRRRRRRRDRR
DRRRRRRRRRRRRRRRRRRRRRDDDDDDDDDDDDDDDDDDRRDDDDDRDR
RDDDDRDDDDDDDDDDDDDDDDDDDDDRRRRRRRRRRRRRRRRRRRRRRR
DDDDDDDDDDDDDDDDDDDDDDDDDRRRRRRRRRRRRRRRRRRRRRRRRR

0.0009
0.0025
0.0139
0.0140
0.0245
0.0273
0.0450
0.0450
0.0624
0.0834
0.0841
0.0864
0.0951
0.1311
0.1354
0.1458
0.1643
0.1677
0.1941
0.2721
0.2737
0.3218
0.3545
0.4456
0.5283
0.6101
0.6729
0.7666
0.8764
1.0000
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Fig. 1. Ensemble-averaged radii of gyration (Rg) for
sequence variants of the (Arg-Asp)as system. Two
dash lines intersect the ordinate at (Ry) values ex-
pected for all sequence variants modeled in the EV
limit or as Flory random coils (FRC). The solid black
line is the fitting line for radii of gyration and pattern-

ing parameter.

2 (Arg-Asp)as A4, £ = 0.0009 Al k = 1.0000 H 1)
REM R (L ERRRT FRR R REER, BERRR
i IE HUF DR 2R

Fig. 2. Representative conformation for two sequence
variants of the (Arg-Asp)2s system: up (x = 0.0009),
down (k = 1.0000). Side chains of Asp are shown in

red, and side chains of Arg are shown in blue.
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Fig. 3. Ensemble-averaged end-to-end distance (Ree)

for sequence variants of the (Arg-Asp)as system.
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Fig. 4. (R;j) profiles for the (Arg-Asp)2s sequence

variants. The solid red, black and blue curves denote

the profile expected for (Arg-Asp)as polymers in the

EV limit, in FRC limit, and in LJ limits.
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Fig. 5. Plot of ensemble-averaged asphericity values

&* against k for sequence variants of (Arg-Asp)as.
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Abstract

The relationship between the sequential and structural features of intrinsically disordered peptides (IDPs) has
attracted much attention during the recent decade. One essential problem relating to sequence-structure relationship
is how the distribution of charged residues affects the structure of IDP. In this work, we address this problem with
simulations on a series of random peptides composed of arginine and aspartic acids. With the ABSINTH implicit
solvation model, the structural ensembles are generated with Markov Chain Monte Carlo method and replica-exchange
sampling. The relations between various structural features (including the gyration radius, the tail distance, the distance
between residues, and asphericity) and the distribution of charged residues are analyzed. Several limit cases (with parts
of interactions switched off) are also calculated for comparison. The conversion from extended conformations to compact
structures is observed, following the demixing of negatively and positively charged residues along the sequence. For
the cases with well-mixed charges, the intra-chain electrostatic repulsions and attractions are balanced, which results
in a generic Flory random coil-like conformation. Differently, for the case with well-separated charged residues, the
electrostatic attraction between residues distant along the sequence induces a semi-compact hairpin-like conformation.
This is consistent with the observations of Pappu group. Our results suggest that the structural dependence on charge
distribution would not be sensitive to the selection of amino acid, and is determined by the patterns of charges, which
demonstrates the robustness of the mechanism that the charge distribution modulates the structural features in the IDP

system. Our results may broaden our understanding of the sequence-structure relation of IDP system.
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