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The rheological properties of biological matters play a fundamental role in many cell
processes. At the organelle level, liquid-liquid phase separation of multivalent proteins
and RNAs drives the formation of biomolecular condensates that facilitate dynamic
compartmentalization of cellular biochemistry1. With recent advances, it is becoming
increasingly clear that the structure and rheological properties of these condensates are
critical to their cellular functions2,3. Meanwhile, aberrant liquid-to-solid transitions in some
cellular condensates are implicated in neurodegenerative disorders4. Within the limits of
two extreme material states, viz., viscous liquid and amorphous or fibrillar solid, there lies
a spectrum of materials known as viscoelastic fluids. Viscoelastic fluids behave as an
elastic solid at time-scales shorter than their network reconfiguration time but as a viscous
fluid at longer time-scales. Viscoelasticity of biomolecular condensates may constitute an
adaptive mechanism for sensing mechanical stress and regulating biochemical
processes5. From an engineering standpoint, viscoelastic fluids hold great potential for
designing soft biomaterials with programmable mechanosensitivity6,7. Here, employing
microrheology with optical tweezers, we demonstrate how multivalent disordered stickerspacer8,9 polypeptides undergoing associative phase separation with RNA can be
designed to control the frequency-dependent viscoelastic behavior of their condensates.
Utilizing linear repeat polypeptides inspired by natural RNA-binding sequences, we show
that polypeptide-RNA condensates behave as Maxwell fluids, with viscoelastic behavior
that can be fine-tuned by the identity of the sticker and spacer residues. The sequence
heuristics that we uncovered allowed us to create biomolecular condensates spanning two
orders of magnitude in their viscous and elastic responses to the applied mechanical
stress. This sequence-encoded regulation of viscoelasticity in disordered polypeptideRNA condensates establishes a link between the molecular architecture of the polypeptide
chains and the rheological properties of the resulting condensates at the mesoscale,
enabling a route to engineer soft biomaterials with programmable mechanics.
Biomolecular condensates formed by multivalent proteins display a wide range of material
properties from dense liquids to viscoelastic fluids and amorphous/ fibrillar solids1,9,10.
Multivalency in a protein chain is typically encoded either by intrinsically disordered regions (IDRs)
with repeated amino acid sequences (such as the Arg−Gly−Gly or RGG repeats) or by folded
domains (such as SH3 and PRM modules) or a combination thereof 9. Multivalent homotypic
protein-protein and heterotypic protein-RNA interactions driving biomolecular condensation have
been elegantly described by the stickers-and-spacers polymer framework 8,9,11,12. For IDRs, the
residues that primarily enable inter-chain interactions, such as arginine (R) in R/G-rich IDRs and
tyrosine (Y) in prion-like IDRs, are usually considered as “stickers”13. Additionally, the linker
residues connecting these stickers are considered as “spacers”. The sequence composition and
patterning of stickers and spacers can alter the physical properties of condensates and their
phase behavior13,14. Therefore, understanding how the sticker-spacer architecture of disordered
protein chains can be harnessed to create condensates with programmable material properties,
as found in biological systems, is of interest for understanding biological mechanisms and
designing novel biomaterials.
Establishing a molecular grammar of sequence-encoded protein-protein and protein-RNA
interactions that governs the biomolecular condensate dynamical properties requires systematic
measurements of the frequency-dependent viscous and elastic moduli of the condensate 9. The
linear viscoelastic (LVE) behavior of homotypic protein condensates has recently been studied
by active oscillatory microrheology using a dual-trap optical tweezer5,15. However, passive non-
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oscillatory measurements using a single optical trap offers an attractive orthogonal route to probe
the LVE properties of complex fluids over a wide range of experimentally accessible
frequencies16,17. Passive microrheology with optical tweezers (pMOT) only requires a single
optical trap and does not need independent calibration measurements 18-21, making it convenient
and well-suited for relatively high throughput studies. Here, we employ in-droplet pMOT to map
the sequence-encoded and frequency-dependent viscoelastic properties of polypeptide-RNA
condensates in vitro over 3 decades of frequency from a single measurement. Briefly, 1 µm
polystyrene beads are passively embedded within a condensate (placed on a glass surface) with
each condensate containing at least one probe particle (Fig. 1a). The bead is constrained within
the condensate by an optical trap (Fig. 1b). The motion of the bead inside the condensate is driven
by the thermal fluctuations of the medium (the condensate) and constrained by the harmonic
potential of the optical trap (Fig. 1c). The complex modulus of the condensate can be calculated
from the normalized position autocorrelation function of the bead 𝐴(𝜏) and the trap stiffness 𝜅
as18,20
𝐺 ∗ (𝜔) =

( )
( )

= 𝐺 (𝜔) + 𝑖𝐺′′(𝜔)

(1)

Where 𝑎 is the bead radius and 𝐴(𝜔) is the Fourier transform of 𝐴(𝜏) (see Methods for details).
In equation (1), 𝐺’ and 𝐺’’ represent the elastic and viscous modulus of the condensate,
respectively. Using pMOT, we first measured the frequency-dependent viscoelastic moduli of a
model peptide-RNA condensate formed by a short disordered lysine-rich repeat peptide
[KGKGG]5 and a homopolymeric RNA [rU]40 (rU40) (Fig. 1a). We found that [KGKGG]5-rU40
condensates display a complex modulus that is dominated by the viscous component (G’’) at both
low and high frequencies (0.1 to 100 Hz), indicating a predominant liquid-like behavior (Fig. 1d&e).
The zero-shear viscosity (𝜂) of [KGKGG]5-rU40 condensates, which is directly obtained from the
slope of the viscous modulus (𝜂 = 𝐺 /𝜔), is ~ 0.27±0.05 Pa.s. This is ~ 300-fold higher than the
viscosity of water and is nearly-independent of the frequency (Fig. 1e), suggesting that these
condensates behave mostly as a viscous liquid throughout the entire experimentally accessible
frequency range. To cross-validate our results obtained from pMOT, we independently measured
the viscosity of [KGKGG]5-rU40 condensates using video particle tracking (VPT)-based
microrheology22 and found good agreement (Fig. 1f&g). Therefore, pMOT presents a suitable
method to probe the frequency-dependent LVE properties of protein-RNA condensates (see
Methods).
A significant fraction of eukaryotic ribonucleoproteins (RNPs) contains Arginine/Glycinerich IDRs23,24 as RNA-binding motifs. Arginines in R/G-rich IDRs are classified as “stickers” that
potentiate RNP phase separation with RNA through a combination of electrostatic, cation- and
- interactions25,26. Due to their multivalent architecture, the R/G-rich IDRs have the potential to
serve as programmable stickers-and-spacers polypeptides with tunable condensation behavior
with RNA (Fig. 2a). To test this, we designed a synthetic repeat polypeptide encompassing 5
repeats of RGRGG, [RGRGG]5. pMOT experiments on [RGRGG]5-rU40 condensates revealed
dominant elastic behavior at high frequencies (short-time scales) and viscous behavior at low
frequencies (long-time scales). This frequency-dependent mechanical behavior of R/G
condensates is reminiscent of a typical Maxwell fluid18 (Fig. 2b) with a single crossover frequency
between the elastic and the viscous regimes. This crossover frequency is the inverse of the
terminal relaxation time (𝜏 ) of the condensate network (Fig. 2b), which signifies the average
peptide-RNA network reconfiguration time16. For [RGRGG]5-rU40 condensates, 𝜏 is 60±10 ms,

bioRxiv preprint doi: https://doi.org/10.1101/2021.01.24.427968; this version posted January 26, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

meaning that in time-scales shorter than 60 ms, the [RGRGG]5-rU40 condensates behave as an
elastic solid (with G’>G’’) and vice-versa (Fig. 2b). This is in stark contrast with [KGKGG] 5-rU40
condensates which behave as a predominantly viscous liquid (Fig. 1e) within the same frequency
range (0.1 to 100 Hz). Consistent with this observation, the zero-shear viscosity of R/G-rU40
condensates is ~ 4±1 Pa.s (Fig. S1), which is ~ 15-fold higher than the same for K/G-rU40
condensates. This difference in viscosity between R/G and K/G condensates is consistent with
previously published reports14,25,27 and signifies a broad range of accessible dynamical properties
in these condensates based on the choice of stickers (i.e., Arg vs. Lys).
Besides Arg and Gly residues, R/G-rich domains in natural RNPs frequently contain
aromatic and polar residues28. Our bioinformatics analysis of RG/RGG motifs from > 400 human
RNA-binding proteins29 reveal that R/G-rich IDRs are primarily interspersed with four uncharged
amino acids: Tyrosine (Y), Phenylalanine (F), Serine (S), and/ or Proline (P) (Fig. 2c). The
occurrence of these four residues within R/G-rich IDRs can be important for modulating selfinteractions and interactions with RNA and/ or the solvent. As such, these sequence variations
may control the material properties of polypeptide-RNA condensates. To test this idea
systematically, we designed a variable sticker-spacer polypeptide sequence, [RGXGG] 5, where
the amino-acid X can be Y, F, S, P, or R (Table S1). In the context of our work, amino acids, such
as R or K, that primarily contribute to the RNA binding are defined as stickers, while spacers are
linker residues connecting the stickers, such as G. Employing our pMOT assay on condensates
formed by [RGXGG]5 and rU40 RNA (Fig. S2), we found a rich variation in the viscoelastic
behavior that spans two orders of magnitude depending on the identity of the amino acid X. In
discussing these results, we choose [RGRGG]5 as our reference system (X = Arg). Setting X =
Phe, we observed a 2-fold increase in the terminal relaxation time from 60±10 ms to 110±40 ms,
and ~2-fold increase in the zero-shear viscosity of peptide-rU40 condensates (Fig. 2d-f).
Intriguingly, setting X = Tyr resulted in condensates that exhibited an order of magnitude increase
in both the terminal relaxation time (~ 900±400 ms, Fig. 2d&e) and the zero-shear viscosity (~
40±10 Pa.s, Fig. 2e&f & Fig. S3). The frequency-dependent viscoelastic moduli of both [RGYGG] 5
and [RGFGG]5 condensates are well described by a Jeffrey fluid model, which represents a linear
combination of a Maxwell fluid and a Newtonian fluid5,30 (Fig. 2d). The high terminal relaxation
time for [RGYGG]5-rU40 condensates (𝜏 ~ 0.9 s) indicates that these condensates are
dominantly elastic over a much longer time-scale than [RGRGG]5-rU40 and [RGFGG]5-rU40
condensates (𝜏 ~ 0.06 s, Fig. 2g). This is consistent with the fact that Tyrosine residues are
stronger drivers of phase separation as compared to Phenylalanine13,14. In the context of known
biological assemblies, the observed LVE behavior of [RGYGG] 5-rU40 condensate is comparable
to that of the reconstituted extracellular matrix7.
To independently verify the difference in the dynamical properties between [KGKGG] 5,
[RGRGG]5, and [RGYGG]5 condensates (Fig. S2), we employed an active microrheology
experiment through flipping optical traps19 (see Methods). This experiment is a micro-scale
adaptation of step-strain experiments typically utilized in bulk rheological studies 17,19. Here, the
optical trap holding a polystyrene bead within a condensate is shifted instantaneously to a location
that is ~ 0.3 µm away from the center of the bead (Fig. 2h). The time-scale at which the bead
follows the optical trap is determined by the strength of the optical trap and the dynamical
properties of the condensate. Under similar experimental conditions, we find that the bead takes
~ 95±2 ms to return to the center of the optical trap for [RGRGG]5-rU40 and ~ 1880±4 ms for
[RGYGG]5-rU40 condensates whereas the process happens almost instantaneously for
[KGKGG]5-rU40 condensates (8.8±0.9 ms, comparable to the experimental dead time; see
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Methods; Fig. 2i). Consistent with these results, VPT experiments of free polystyrene beads 22
(without optical traps) revealed two diffusion modes for [RGYGG]5-rU40 condensates,
representing clearly distinguishable elastic and viscous regimes (Fig. 2j). The first mode at short
time-scales displayed a constant MSD as a function of time, whereas a transition to a linear
diffusion (𝑀𝑆𝐷 = 4𝐷𝜏) was observed at ~1200 ms time-scale. This is consistent with the terminal
relaxation time obtained from pMOT (900±400 ms) (Fig. 2d&e).
Contrary to X = Tyr or Phe, setting X = Pro or Ser resulted in a complete loss of elasticity
across the tested frequencies (Fig. 2d) akin to the [KGKGG]5-rU40 condensates. The zero-shear
viscosity of [RGPGG]5-rU40 condensates was ~0.19±0.08 Pa.s, which is ~ 20-fold lower than the
[RGRGG]5-rU40 condensates (Fig. 2f) and ~200 fold lower than the [RGYGG] 5-rU40
condensates. Similarly, the viscosity of [RGSGG]5-rU40 condensates was found to be 0.42± 0.06
Pa.s. Taken together, our bioinformatics-guided sticker-spacer peptide designs reveal that
tyrosine, phenylalanine, and arginine are promoters of elasticity in R/G-repeat polypeptide-RNA
condensates, while lysine, proline, and serine residues promote the formation of predominantly
viscous condensates (Fig. 2g, Fig. S3, and Table S2).
In addition to stickers, spacer residues may also impact the condensate dynamical
properties12. To explore such an effect, we designed a generic polypeptide [RxRxx] 5 where x can
be either glycine, glutamine, alanine, proline, or leucine (G, Q, A, P, or L, respectively). We
observed that G-to-P substitutions reduced the condensate viscosity by an order of magnitude
(Fig. 3a-c) and resulted in at least an order of magnitude lower relaxation time (𝜏 ~10 ms since
the crossover is slightly beyond the experimental frequency range, Fig. 3a). However, [RPRPP] 5rU40 still showed a higher zero-shear viscosity (~1.3±0.2 Pa.s) as compared to [RGPGG] 5
(~0.19±0.08 Pa.s, Fig. 2f), which indicates that replacing arginine (i.e., “stickers”) residues with
proline directly impacts the peptide-RNA interactions and results in larger effects on the
condensate rheological properties. For RQRQQ repeats, we also found a reduced viscosity and
relatively weaker elastic component than [RGRGG]5-rU40 condensates (Tables S1&S2 and Fig.
3a-c). In contrast, [RARAA]5-rU40 condensates showed a comparable elastic response (𝜏 =
50±20 ms) and slightly higher zero-shear viscosity (~ 6±1 Pa.s) than [RGRGG] 5-rU40
condensates (Fig. 3). Finally, mutating G-to-L ([RLRLL] 5) resulted in the formation of arrested
networks instead of liquid condensates (Fig. S4) under identical experimental conditions. These
results highlight that the LVE properties of peptide-RNA condensates can independently be
controlled via spacer residue variation (Fig. 3), and in combination with the stickers (Fig. 2), these
alterations can further attenuate or magnify the viscoelastic behavior of their condensates with
RNA.
Based on our results on binary peptide-RNA condensates (Fig. 4a&b), we next considered
two orthogonal strategies to fine-tune the viscoelasticity of our synthetic condensates (a) by
sequential perturbation of sticker identity in polypeptides; and (b) by mixing peptides with
orthogonal LVE behavior. Based on our results showing enhanced viscoelasticity of peptide-rU40
condensates upon replacing RGRGG repeats with RGYGG repeats (Fig. 2 and Fig. 4b), we
considered a sequential introduction of R-to-Y mutations in the 2nd arginine of RGRGG-repeats
(Table S1). This sequence perturbation strategy led to a progressive enhancement of the viscosity
(~4 to ~40 Pa.s) and the terminal relaxation time (~60 to ~900 ms) of peptide-rU40 condensates
as a function of the number of R-to-Y substitutions (Fig. 4c-e and Fig. S5). In our second set of
experiments, instead of a single polypeptide, we utilized a mixture of two polypeptides with
orthogonal LVE behavior, viz., [RGYGG]5, which forms predominantly elastic condensates, and
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[RGPGG]5, which forms viscous droplets with rU40 RNA (Fig. 2d and Table S2). We observed
that [RGYGG]5 acts as a dopant that progressively enhances the viscoelasticity of [RGPGG] 5
condensates with rU40(Fig. 4f-h). The ternary peptide-RNA mixtures ([RGYGG] 5, [RGPGG]5, and
rU40) formed homogeneous condensates at all mixing ratios with LVE properties that can be
controlled by the molar ratio of [RGYGG]5 and [RGPGG]5 (Figs. S6 and S7). We observed a
monotonic increase in the zero-shear viscosity (~0.19 to ~40 Pa.s) and the terminal relaxation
time (~22 to ~900 ms) as a function of [RGYGG]5:[RGPGG]5 ratio (Fig. 4f&g). This result suggests
a plausible mechanism for the regulation of the LVE properties of multi-component biomolecular
condensates, where the similarity in linear sequences promotes the formation of well-mixed
condensates (as opposed to multiphasic condensates31) and the dissimilarity in sticker identity
allows for composition-dependent regulation of the condensate viscoelasticity (Fig. 4h). Taken
together, our results demonstrate simple design strategies to control the mechanical behavior of
biomolecular condensates formed by stickers-and-spacers polymers (Fig. 4c-h).
In conclusion, we implement an optical tweezer-based microrheology technique (pMOT)
to systematically explore the frequency-dependent LVE properties of synthetic protein-RNA
condensates formed by RNP-inspired sticker-spacer polypeptides. We show that R/G-repeat
polypeptide-RNA condensates are Maxwell fluids, which behave as an elastic solid at short timescales and as a viscous fluid at long time-scales. Both viscosity and the time-dependent network
elasticity can be precisely controlled via polypeptide chain sequence and/or by mixing multiple
polypeptide chains with distinct sticker-spacer architectures. The LVE properties of biomolecular
condensates are thought to be intricately coupled to their physiological function and alterations
thereof have been linked to pathological dysfunction4,32. Therefore, the observed tunability of the
LVE behavior of peptide-RNA condensates may provide key insights into the context-dependent
regulation of material properties of intracellular RNP condensates. In a broader sense, the
mechanical plasticity of biological matters, such as the extracellular matrix, impacts many
fundamental cellular processes7. Accordingly, engineered condensates formed by sticker-spacer
polypeptides with programmable viscoelasticity may provide a route to regulate mechanosensitive cell processes. Finally, the application of laser tweezer-based microrheology will pave
the path for understanding the molecular origins of viscoelasticity in membrane-less organelles.
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Figures and Legends

Figure 1. Determination of frequency-dependent viscoelastic moduli of peptide-RNA
condensates using passive microrheology with optical tweezers (pMOT). (a) A bright-field
image showing a polystyrene bead (1 µm) trapped within [KGKGG] 5-rU40 condensates using an
optical trap. Scale bar = 10 µm. (b) A conceptual scheme of the pMOT experiment. The bead is
optically trapped within a biomolecular condensate sitting on a microscope glass surface. (c)
Shows the 2D trajectory of the bead shown in (a) within the optical trap inside a [KGKGG] 5-rU40
condensate. (d) A plot of the normalized position autocorrelation function 𝐴(𝜏) of the bead motion
in the X and Y dimensions in the condensate and water. (e) The viscoelastic moduli as obtained
from normalized position autocorrelation function using equation-1 for [KGKGG] 5-rU40
condensates. G’ and G’’ represent the elastic and viscous modulus, respectively. Inset:
frequency-dependent condensate viscosity as determined from the viscous modulus using the
relation 𝜂(𝜔) = 𝐺 (𝜔)/𝜔. (f) The ensemble-averaged mean square displacement (MSD) of 200
nm polystyrene beads within [KGKGG]5-rU40 condensates using video particle tracking (VPT) in
the absence of optical traps (see Methods section). (g) Comparison between the zero-shear
viscosity as determined by pMOT and VPT. Error bars represent the range of the data (1% to
99%).
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Figure 2. Sequence-dependent control over linear viscoelastic (LVE) behavior of peptideRNA condensates. (a) A scheme showing the sticker-spacer architecture of associative peptide
and RNA chains. Here, sticker-RNA interactions drive the condensation. (b) A plot showing the
elastic modulus (G’, black) and viscous modulus (G’’, red) of [RGRGG] 5-rU40 condensate. Green
lines are fits to experimental data using a single-mode Maxwell fluid model. The crossover
frequency is indicated by the black dashed line and is the inverse of the terminal relaxation
time 𝜏 . Shaded regions represent the elastic regime (light-blue) and the viscous regime (lightgreen). (c) The relative abundance of different amino acids within the inter-RG/RGG spacers of
RG/RGG motifs in human RNA-binding proteins represented as bubble charts. Sizes of individual
bubbles represent the fraction of inter-RG/RGG spacers that contain the corresponding amino
acid (see Methods section). Residues that occurred in more than 10% of the analyzed protein
sequences (RG/RGG domains from 407 human RNA-binding protein sequences) are colored
cyan. (d) Representative plots of the frequency-dependent viscoelastic moduli of [RGXGG] 5-rU40
condensates where X = P/S/R/F/Y. The crossover frequencies are indicated by black dashed
lines. Shaded regions represent the elastic regime (light-blue) and the viscous regime (lightgreen). Green lines are fits to the experimental data using Jeffrey fluid model. (e) The terminal
relaxation time 𝜏 of [RGXGG]5-rU40 condensates as measured by pMOT (X = P/S/R/F/Y). (f)
The zero-shear viscosity of [RGXGG]5-rU40 condensates as measured by pMOT (X = P/S/R/F/Y).
(g) An LVE state diagram indicating the time-scales at which the elastic modulus dominates (blue)
and the time scales where the viscous modulus dominates (green) in [RGXGG] 5-rU40
condensates (X = P/S/R/F/Y). (h) A scheme for the flipping trap experiment. The trap is moved
instantaneously 0.3 µm to the right. The bead trajectory towards the optical trap is monitored over
time. (i) A plot of the relative distance between the bead and the center of the trap (D/D 0) as a
function of time after the trap is shifted by D0. The bead is attracted to the trap but experiences
frictional and drag forces from the condensate polymer network. Data are shown for associative
condensates formed by [KGKGG]5, [RGRGG]5, and [RGYGG]5 with rU40 RNA. Blue dashed lines
indicate the time-scale at which the bead travels half the distance towards the optical trap
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(D/D0=0.5). (j) Mean square displacement (MSD) was measured using VPT experiments on
[KGKGG]5, [RGRGG]5, and [RGYGG]5 condensates with rU40. For [KGKGG]5 and [RGRGG]5, the
MSD is fitted using 𝑀𝑆𝐷 = 4𝐷𝜏 + 𝑁. For [RGYGG]5, the MSD is fitted with 𝑀𝑆𝐷 = 𝑑 (1 + ),
which is the predicted behavior for a Maxwell fluid5.

bioRxiv preprint doi: https://doi.org/10.1101/2021.01.24.427968; this version posted January 26, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Figure 3. Effect of spacer sequence variation on the frequency-dependent viscoelasticity
of peptide-RNA condensates. (a) Representative plots of the viscoelastic moduli of [RxRxx]5rU40 condensates. The crossover frequencies are indicated by black dashed lines. Shaded
regions represent the elastic regime (light-blue) and the viscous regime (light-green). (b) The
frequency-dependent viscosity of [RxRxx] 5-rU40 condensates as measured by pMOT. (c) The
zero-shear viscosity of [RxRxx]5-rU40 condensates as measured by pMOT. (d) The terminal
relaxation time 𝜏 of [RxRxx]5-rU40 condensates as measured by pMOT. For data shown in (a)(d): x = P/Q/G/A.
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Figure 4. Continuous tuning of LVE behavior of peptide-RNA condensates by two
orthogonal approaches. (a) A scheme summarizing the possible heterotypic and homotypic
interactions (solid/dotted lines) between various [RGXGG]5 peptides and RNA. (b) A plot of the
elastic (G’) and viscous (G’’) moduli at 1 Hz frequency for the various condensate types tested in
this study. This plot shows the range of tunability of the viscoelasticity of these condensates via
sequence perturbations. Circles highlight the chosen sequences used for fine-tuning peptide-RNA
condensate viscoelasticity: [RGRGG]5, [RGYGG]5, and [RGPGG]5. (c) The zero-shear viscosity
of RG𝑛Y-rU40 condensates as measured by pMOT. RG𝑛Y is defined as the [RGRGG]5 peptide
with 𝑛 number of R-to-Y mutations at the 2nd arginine residue. RG0Y corresponds to [RGRGG]5,
RG5Ycorresponds to [RGYGG]5 (see Table S1 and Fig. S5). (d) The terminal relaxation time 𝜏
of RG𝑛Y-rU40 condensates as measured by pMOT (see Fig. S5). (e) An experimental LVE state
diagram indicating the time-scales at which the elastic modulus dominates (blue) and the time
scales where the viscous modulus dominates (green) in RG𝑛Y-rU40 condensates. (f-h) Similar
data as (c-e) but for condensates formed by mixtures of [RGYGG]5, [RGPGG]5, and RNA with
variable [RGYGG]5-to-[RGPGG]5 ratio. Here, the total peptide concentration is fixed at 5 mg/ml
and the relative fractions of [RGYGG]5 and [RGPGG]5 are varied. The corresponding plots of
viscoelastic moduli are shown in Figure S7.
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