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Figure S1. Ramachandran distributions changing with temperature. Replica exchange simulations of PNt were carried out using Upside, using only bonds, angles, and Ramachandran potential energy terms. Dihedral angles were calculated for all saved frames after 2x106 steps (frames were saved every 500 steps). The Ramachandran basins are defined as in ref.(Jha, Colubri, Freed, & Sosnick, 2005) and depicted by gray dashed lines. The broadening in the distributions is most pronounced with a shift in PPII to β (basins outlined in blue-green boxes). The histograms are plotted with matplotlib using gaussian interpolation and a minimum density cutoff of 10-6. Contour line values are indicated on the color bar.  
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Figure S2. Predicted SAXS profiles from Upside simulations of PNt as a self-avoiding random walk at different Upside temperatures.  A) SAXS profiles and B) dimensionless normalized Kratky plots averaged from 1,000 randomly selected structures from each simulated temperature using FoXS. The averaged scattering profiles were then analyzed using the MFF (Riback et al., 2017). Across the simulated temperature range, the ensembles resemble self-avoiding random walks (SARW), which is consistent with a SARW representing a maximally entropic state, independent of temperature. Error bars representing the standard error of the mean for each temperature are shown but are smaller than the data symbols.
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Figure S3. SEC-SAXS of PNt-deltaPG. Dimensionless Kratky plots show that PNt-deltaPG remains in a good solvent at 20°C in both A) a standard buffer (sodium phosphate, 150 mM KCl, pH 7.5) and B) bio-buffer (potassium phosphate, 20 mM NaCl, 50 mM KCl, 100 mM KGlu, 0.5 mM MgCl2, and 10 mM ATP pH 7.5).  
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[bookmark: _Hlk143271802]Figure S4. Dimensionless Kratky plots of WT reduced-sfAFP and poly-Gly variants at 20°C. A) WT reduced-sfAFP is a well-behaved IDP in a good solvent, according to the fit of SAXS profile to the MFF (Riback et al., 2017). The sequence of red-sfAFP is shown and color-coded according to residue type. B) A variant of red-sfAFP, 1x14G, was created by swapping residues in the GGX regions to produce a stretch of 14 contiguous glycine residues. C) A variant with three stretches of seven consecutive glycine residues, 3x7G, was created in a similar fashion as 1x14G. D) Creating a variant with 21 consecutive Gly residues (1x21G) required in vitro protein synthesis (Hartrampf et al., 2020), as this construct was difficult to express in E. coli. Fitting the resulting SEC-SAXS profiles to the MFF revealed that water is a good solvent for each of these constructs, regardless of the number of consecutive glycine residues. Despite having ν > 0.5, 1x21G showed a greater propensity for aggregation than the other red-sfAFP constructs, as evidenced by a greater fraction of this construct eluting in the void volume of the SEC column. 
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Figure S5. Dimensionless Kratky plots of reduced longform AFP and LAF1 variants at 20°C. For three variants of longform AFP: A) WT, B) a shuffled version to increase continuous stretches of glycine residues, and C) a variant significantly enriched in GGX sequence motifs, all three constructs are in a good solvent, with ν > 0.5. D) In contrast, a pseudo wild-type variant of LAF1 was found to be in poor solvent with ν < 0.5, and E) reordering LAF1 glycine residues to avoid stretches of >2 consecutive Gly residues had no effect on the dimensions of the polypeptide chain. 
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Figure S6. Dimensionless Kratky plots of disordered proteins containing stretches of contiguous Gln or Asn residues, at 20°C. Disordered protein constructs with stretches of contiguous glutamines of various lengths within a sfAFP-based template closely resemble SARWs, with ν approaching 0.6:  A) 2 x 7 continuous Qs, B) 3 x 7 continuous Qs, C) a single stretch of 14 Qs, and D) two sets of 14 contiguous Qs.  E) Poly-L-asparagine chains of polydisperse length (Sigma-Aldrich) are in a good solvent as well according to SEC-SAXS.  N.B. the purity of the poly-Asn powder from Sigma contains <30% aspartic acid, according to thin layer chromatography. 
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Figure S7. Change in solvent accessibility with solvent quality using Upside. A) Upside simulations with increasing levels of side chain-side chain van der Waal interactions produce ensembles with different Flory exponents and levels of solvent accessibility surface area. An empirical polynomial fit between SASA and ν, SASAFit, is then used to calculate the predicted SASA for the experimentally determined ν in Fig 1. The SASA of PNt within the context of the native structure of full-length pertactin (1DAB) (Emsley, Charles, Fairweather, & Isaacs, 1996) is indicated for reference, which B) allows for calculation of the extent of SASA burial between the denatured (or unfolded) ensemble in different conditions relative to the native structure.
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[bookmark: _Hlk143271980]Figure S8. Minimal temperature-dependent change in the far-UV CD signal of PNt. PNt mean residue ellipticity at 218 nm shows minimal change from 20 to 100°C.


Table S1: Protein sequences used in the SEC-SAXS and NMR experiments.  
	Protein
	Sequence

	PNt
	DWNNQSIVKTGERQHGIHIQGSDPGGVRTASGTTIKVSGRQAQGILLENPAAELQFRNGSVTSSGQLSDDGIRRFLGTVTVKAGKLVADHATLANVGDTWDDDGIALYVAGEQAQASIADSTLQGAGGVQIERGANVTVQRSAIVDGGLHIGALQSLQPEDLPPSRVVLRDTNVTAVPASGAPAAVSVLGASELTLDGGHITGGRAAGVAAMQGAVVHLQRATIRRGDALAGGAVPGGAVPGGAVPGGFGPGGFGPVLDGWYGVDVSGSSVELAQSIVEAPELGAAIRVGRGARVTVPGGSLSAPHGNVIETGGARRFAPQAAPLSITLQAGAH

	PNt-deltaPG
	DWNNQSIVKTGERQHGIHIQGSDPGGVRTASGTTIKVSGRQAQGILLENPAAELQFRNGSVTSSGQLSDDGIRRFLGTVTVKAGKLVADHATLANVGDTWDDDGIALYVAGEQAQASIADSTLQGAGGVQIERGANVTVQRSAIVDGGLHIGALQSLQPEDLPPSRVVLRDTNVTAVPASGAPAAVSVLGASELTLDGGHITGGRAAGVAAMQGAVVHLQRATIRRGDALAPVLDGWYGVDVSGSSVELAQSIVEAPELGAAIRVGRGARVTVPGGSLSAPHGNVIETGGARRFAPQAAPLSITLQAGAH

	Swap5
	DWNNQSIVKTGERQHGIHIQGSDPGGVRTASGTTIKVSGRQAQGILLENPAAELQFRNGSVTSSGQLSDDGIEDFLGTVTVDAGELVADHATLANVGDTWDDDGIALYVAGEQAQASIADSTLQGAGGVQIEDGANVTVQESAIVDGGLHIGALQSLQPRRLPPSRVVLRKTNVTAVPASGAPAAVSVLGASKLTLRGGHITGGRAAGVAAMQGAVVHLQRATIRRGRALAGGAVPGGAVPGGAVPGGFGPGGFGPVLDGWYGVDVSGSSVELAQSIVEAPELGAAIRVGRGARVTVPGGSLSAPHGNVIETGGARRFAPQAAPLSITLQAGAH

	Swap6
	DWNNQSIVKTGERQHGIHIQGSDPGGVRTASGTTIKVSGRQAQGILLENPAAELQFRNGSVTSSGQLSDRGIDRFLGTVTVEAGKLVADHATLANVGDTWDKDGIALYVAGRQAQASIADSTLQGAGGVQIREGANVTVQRSAIVDGGLHIGALQSLQPERLPPSDVVLRDTNVTAVPASGAPAAVSVLGASRLTLDGGHITGGDAAGVAAMQGAVVHLQRATIERGEALAGGAVPGGAVPGGAVPGGFGPGGFGPVLDGWYGVDVSGSSVELAQSIVEAPELGAAIRVGRGARVTVPGGSLSAPHGNVIETGGARRFAPQAAPLSITLQAGAH

	sfAFP-biHis
	SCKGADGADGVNGHPGDAGAAGSVGGPGCDGGHGGNGGNGNPGHAGGVGGAGGASGGTGNGGWGGKGGSGTPRGADGAPGAP

	sfAFP
	CKGADGAHGVNGCPGTAGAAGSVGGPGCDGGHGGNGGNGNPGCAGGVGGAGGASGGTGVGGWGGKGGSGTPKGADGAPGAPGSHHWHHHHHH

	sfAFP-1x14G
	CKGADGAHGVNGCPGTAGAAGSVGGPGCDHNNGGGGGGGGGGGGGGNPGCAVAASGTGVGGWGGKGGSGTPKGADGAPGAPGSHHWHHHHHH

	sfAFP-3x7G
	CKGADGAHGVNGCPGTAGAAGSVGGPGCDHNNGGGGGGGNPGCAVAASGGGGGGGGTGVWKSGGGGGGGTPKGADGAPGAPGSHHWHHHHHH

	sfAFP-1x21G
	CKGADGAHGVNGCPGTAGAAGSVGGPGCDHNNGGGGGGGGGGGGGGGGGGGGGNPGAGGSGGAGGSGGSGGAGGAGGSGGCAVAASGTGVWKSTPKGADGAPGAPG

	sfAFP-2x7Q
	CKGADGAHGVNGCPGTAGAAGSVGGPGCDHNNQQQQQQQNPGCAVAASQQQQQQQGTGVGGWGGKGGSGTPKGADGAPGAP

	sfAFP-3x7Q
	CKGADGAHGVNGCPGTAGAAGSVGGPGCDHNNQQQQQQQNPGCAVAASQQQQQQQGTGVWKSQQQQQQQTPKGADGAPGAP

	sfAFP-1x14Q
	CKGADGAHGVNGCPGTAGAAGSVGGPGCDHNNQQQQQQQQQQQQQQNPGCAGGVGGAGGASGGTGVGGWGGKGGSGTPKGADGAPGAP

	sfAFP-2x14Q
	CKGADGAHGVNGCPGTAGAAGSVGGPGCDHNNQQQQQQQQQQQQQQNPGCAVAAGSVGGPGCDHNNQQQQQQQQQQQQQQNPGCAGGVGGAGGASGGTGVGGWGGKGGSGTPKGADGAPGAP

	longform WT
	GSSHHHHHHHHASENLYFQSCKAPNGADGRSNGEAGGAGTAGANGCDGGDGGNGFPGTGSAAGGAGGIGGVGGAGAKGGNGGKGGWGASSESAAGGAGGAGGAAGAGSSGPGGQGGEGGKGGKANGVTGTGGAGGIGGVGGAGSGGQPGGNGGNAGLGGDSVTAGGAGGTGGAGGAGTPGGRGGNGANGGSGHGNPGGRGLPGAAGLPVGGGGAGGIGGGGGA

	longform shuffle
	GSSHHHHHHHHASENLYFQSGGVTCPPGGGTNGKNNGAGDGGGAGGTAGPGAAGWACSGGFGGAGKGTIVAGASGGPGGNGRSGSAGPKGHGAGKPGGLGDSNGGGAPGAGNAGGNGGGGAGQLGTAAGGSGITPVAIGGGGGSGGGGSGGGVGGGATAGNAGGASNGGVAGGGGAGRAGGEGQGGGGGEGGADKGAGGAGNGALRGAGGAGGSAGGGEGDGN

	goldilox
	GSSHHHHHHHHASENLYFQSCKGPNGAGGRGGNEGAGAGTGGAGGCDGGDGGNGGPGTGGAAGGAGGIGGVGGAGGKGGNGGKGGWGGSIEGGAGGAGGAGGAGGAGGSGPGGQGGEGGKGGKAGGVGGTGGAGGIGGVGGAGSGGQPGGNGGNGGLGGDSGGAGGAGGKGGCGGAGGPGGRGGNGGNGGSGHGGPGGRGGPGAGGPGGVGGAGGIGGLGGAG

	LAF1GGR,YS
	GSSHHHHHHHHASASENLYFQSMESNQSNNGGSGNAALNGGRRYVPPHLGGRDGGAAAAASAGGDDGGRRAGGGGSGGRRGNSGGGGGGGSDRGSNDNRDDRDNGGRSGGSGRDRNYEDRGSNGGGGGGGNRGSNNNGGGGGGRYNRQDRGDGGSSNWSGGRYNNRDEGSDNRGSGRSSNNDRRDNGGDG

	LAF1GGR,YS,G2max
	GSSHHHHHHHHASASENLYFQSMESNQSNNGGSGNAALNGGRRYVPPHLGGRDGGAAAAASAGGDDGGRRAGGNGGSGGRRGSGGSGGSGGDGRGNDNRDDRDNGGRSGGSGRDRNYEDRGSGGNGGNGGSGRGNGGNGGNGGRYNRQDRGDGGSSNWSGGRYNNRDEGSDNRGSGRSSNNDRRDNGGDG
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