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Our journey of exploring the supramolecular motion in PA assemblies began with supramolecular polymers of PA1 and PA2. Both PA1 and PA2 were designed without signaling peptides, termi-
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At this stage, we asked if multiphase and multinuclear NMR approach will be able to tell us more regarding what happens with supramolecular motion in PAs coassembled with organic ﬁ ' ' G4 D { CONH: | PA2 tn In contrast, the PA1 EXSY spectrum displays water proton exchange exclusively with the terminal carbox- : ‘ , i , r T T !
cations (OCs)? Questions we asked are: a) what happens to local molecular flactuations of PA monomers in OCPA assemblies, b) how mobile is the OC, why the OCPAs ‘precipitate’ Cr EE G3 Ao Al -47 = amide (CONH:) group, occurring on a millisecond timescale. This observation strongly indicates that other Both PA and OCPA formed p-sheet structure based on the *Ca/p secondary chemical shifts. 75 T4 73 72 ne Jl 1 o
larger number of positively charged monovalent ions relative to PAs, c) are there any differences in dynamics of ion bininding in PA vs. OCPA filaments? : , , , , , , , , , , residues In PA1 experlence substantial rigidification due to hydrogen bonding Interactions. Consequently, Imp Dl'tal"lﬂ}-', OCPA is more structured relative to PA which is |ikE|}-' due to reduced “lubrication” b}-‘ water upon OC-PA bindin g. *H Chemical shift (ppm) 'H Chemical shift (ppm) H Chemical shift (ppm)
86 84 82 80 78 76 74 72 70 68 66 64 62 60 the exchange of NH/H:O takes place on timescales exceeding one second for these residues in PA1.
'H Chemical shift (ppm) 'H HRMAS NMR reveals that OC resides in two distinct chemical envirnoments. Additionally, T= relaxometry together with "H diffusion measurments show that two
A k I L _ _ states have distinct local molecular fluctuations and translational diffusion properties . Therefore, they are assigned as surface (s) and core (c)-bound OC states.
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1 sld core: 8.45 10°5/A B Solution #*Na NMR spectra of PA and ICN samples revealed the expected isochronous central transitions (CTs) as well as satellite transitions (STs) caused by residual *Na quadrupolar coupling, observed
280 O sld shell: 10.06 105/A - when interactions occur between Na® ions and oppositely charged structures such as proteins and polymers. We found that STs in ICN samples were sharper and less separated from the CT relative to
10"+ e - (i) Peptide PA samples, which we attribute to the presence of an enhanced electrostatic potential experienced by Na* ions within the cloud of ICN assemblies. These sharper ST peaks in ICNs indicate a higher
0.01 0.1 AcVVAAEE = degree of interaction and ordering of Na+ ions near the assembly surface, where ASAXS revealed a higher concentration of monovalent ions. Furthermore, the narrower ST linewidth for ICN samples indi-
q [A1] , , cate the presence of less dynamic Na” ions. Next, the longitudinal (R, ) and transverse (Rz) 23Na relaxation rates were measured for PA and ICN samples prepared at the same total Na+ concentration
1?0}31 N DI Eﬂ 1817 and constant Na*/PA ratio. Consistent with our suggestion above, ICN assemblies showed higher 23Na relaxation rates relative to PA nanostructures (Fig. 2f), which indicates more binding of Na* cations
4 A spherical micelle form factor dominates the- emical ghift {ppm) within the cloud. We were also interested in investigating if other biologically relevant monovalent ions like potassium could form an ICN. Since we cannot measure binding of potassium ions directly by
SEM obtained PA1 pellet | PA1 PA2 iﬁxiﬂpt{;’mﬂ g:: t?ﬁ:t?trapcﬂErﬁ:triﬁ?ﬂggct?ghgt I I | | l NMRE, we utilized 2°Na NMR relaxometry in a Na*/K* competitive binding assay (Fig. 2g, Fig. S7) by incremental addition of KCI to each sample. These relaxometry measurements revealed the gradual
R Do P S T d ‘ 24 22 20 18 16 liberation of Na* ions into solution as more KCI was added and K+ ions became condensed in the cloud, as indicated by a reduction in 23Na R1 and R2. We conclude that OC interactions with PA assem-
r t ‘ N 7 EE t EE r n ; ; : s . i . . blies promote enhanced levels of charge density without disrupting their cohesive supramolecular structure. Additionally, 23Na ssNMR spectra recorded on the pellets show that sodium exchange dynam-
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O S The _mntlpn EDI‘ItI’Ql‘ COmE S [:::epttde SagUGnLS slgmﬂcan“y aﬁ?ﬂts 18 mqrphnlngy and dynaml_cs of F‘A-basgd Supramo eoliar pnlymers Synthes_lzed under H Chemical shift (me) ics differs greatly in the two materials. This in turn enables a unigue state of monovalent ion condensation that must be connected to the biological activity discovered here in the maturation of neurons.
physiological conditions. PA1 with the VVVAA tetrapeptide forms filaments with robust p-sheet, while PA2 featuring the AAGG peptide adopts spherical nanostruc-
tures. These findings underscore the potential of biodegradable PAs for designing custom-shaped nanostructures with desired behaviors, crucial for developing
! ; Q I S I M pS 0 N Q U E R R EY I N ST' TUT E advanced future therapies based on synthetic supramolecular polymers.



