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Supplemental Table 1: Sequences used. Includes shortened name and variation from core sequence.
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Supplemental Table 2: Metabolite concentrations used in this study. Includes yeast metabolite concentrations from two different sources.[image: ]
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Supplemental Figure 1: Potential guanine base pairing interactions. Representative (A) G-quartet, (B) GC, and (C) GA, and (D) GU interactions.  Those shown in panels (B)-(D) represent potential flanking sequence interactions.  G-quartet represents one of the tiers of the G-quadruplex. M+ represents a monovalent ion, particularly potassium or sodium.
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Supplemental Figure 2: (G3A2)4 UV-detected melts in the presence of amino acids. All amino acids and their concentrations are reported in the legend. Melts are monitored at 294 nm. All samples are in the background of 10 mM HEPES and contain 
K150N10M0.5 free.
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Supplemental Figure 3: 5′-flank UV-thermal denaturation of individual polyamines. First derivative plots in (A) spermidine (B) and spermine. All samples were 11-point smoothed after taking the first derivative. Melt is monitored at 294 nm. All samples are in the background of 10 mM HEPES and contain K150N10M0.5.  Tm is the temperature with a minimum in the first derivative.
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Supplemental Figure 4: mFold prediction of (A) 5′U9 and (B) 5′C9 hairpin structures. Combined output of the thermodynamic data and the hairpin image from mFold prediction software.
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[bookmark: _Hlk68164538]Supplemental Figure 5: CD spectra for 5′-flanking sequences in the absence and presence of spermine. (A) Absence and (B) presence of 0.30 mM spermine for 5′-mixed (yellow), 5′-A9 (green), 5′-C9 (blue), and 5′-U9 (purple). All spectra are buffer corrected and the 5′-A9 sequence is corrected for 9/10 the spectrum of A10, which is found in Supplemental Fig. 6. Samples are in the background of 10 mM HEPES (pH 7.5) and K150N10M0.5.
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Supplemental Figure 6: CD spectroscopy of A10 in the presence and absence of spermine. Signal at 210 nm is about -5.1 mdeg, indicating that it contributes significant negative signature at this wavelength.
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Supplemental Figure 7: UV thermal denaturation of 3’-flanked sequences for individual polyamines. First derivative plots in (A) spermidine and (B) spermine only. All samples were 11-point smoothed after taking the first derivative. Melt is monitored at 294 nm. All samples are in the background of 10 mM HEPES and contain K150N10M0.5.
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Supplemental Figure 8: CD spectroscopy of dual-flanked sequences. Selected flanked sequences in the (A) absence and (B) presence of 0.3 mM spermine. Samples are in the background of 10 mM HEPES (pH 7.5) K150N10M0.5 and buffer corrected and the dual flanked-A9 sequence is corrected for the spectrum of the two A9 tails.
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Supplemental Figure 9: UV-thermal denaturation and CD spectroscopy of NRAS. (A) UV-thermal denaturation monitored at 294 nm in varying polyamine conditions in the background of 10 mM HEPES and K150N10M0.5 (B) CD spectra in K150N10M0.5 and 10 mM HEPES alone or with 0.3 mM spermine.

[image: ]Supplemental Figure 10: Increasing spermine concentrations in the presence of 10 µM NRAS RNA. All samples are in the background of K150N10M0.5 and 10 mM HEPES.
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Supplemental Figure 11: (A) Arginine at 16 mM does not induce phase separation of NRAS. (B) CTP at 2.7 mM does not inhibit the formation of droplets induced by 3.0 mM spermine. All samples are in the background of K150N10M0.5 and 10 mM HEPES.
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Supplemental Figure 12: NRAS at 5% PEG in various PEG molecular weights and spermine concentrations. All samples are in the background of K150N10M0.5 and 10 mM HEPES.
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A Thermodynamics of Folding
Thermodynamics of Folding: AG = AH - TAS

AG = -3.60 kcal/mol at 37 °C

AH = -86.20 kcal/mol

AS = -266.3 cal/(K-mol)

Tm = 50.5 °C assuming a 2 state model.

linear RNA folding.

lonic conditions: [Na*] = 1.0 M, [Mg**] = 0.0 M.

Standard errors are roughly +5%, +10%, +11% and 2-4 °C for free
energy, enthalpy, entropy and Ty, respectively.
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B Thermodynamics of Folding

Thermodynamics of Folding: AG = AH - TAS

AG = -10.00 kcal/mol at 37 °C
AH = -84.00 kcal/mol

Tm = 78.9 °C assuming a 2 state model.

linear RNA folding.

lonic conditions: [Na*] = 1.0 M, [Mg**] = 0.0 M.

Standard errors are roughly +5%, +10%, +11% and 2-4 °C for free
energy, enthalpy, entropy and Ty, respectively.
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Sequence

Shortened name

Variation from core
sequence

5' GGGAAGGGAAGGGAAGGGAA

5 ACAGUUUUUGGGAAGGGAAGGGAAGGGAA

5' AAAAAAAAAGGGAAGGGAAGGGAAGGGAA

5' CCCCCCCCCGGGAAGGGAAGGGAAGGGAA

5' UUUUUUUUUGGGAAGGGAAGGGAAGGGAA

5 GGGAAGGGAAGGGAAGGGAAACAGUUUUU

5' GGGAAGGGAAGGGAAGGGAAAAAAAAAAA

5" GGGAAGGGAAGGGAAGGGAACCCCCCCCC

5' GGGAAGGGAAGGGAAGGGAAUUUUUUUUY

5' ACAGUUUUUGGGAAGGGAAGGGAAGGGAAACAGUUUUU
5' AAAAAAAAAGGGAAGGGAAGGGAAGGGAAAAAAAAAAA
5' UWUUUUUUUGGGAAGGGAAGGGAAGGGAAUUUUUUUUU
5 UGUGGGAGGGGCGGGUCUGGGUGC

(GaAz)s
5'-mixed

5"-Ag

5'-Cgy

5"-Ug

3'-mixed

3"-Ag

3-Cy

3"-Ug

Dual flanked-mixed
Dual flanked-Ag
Dual flanked-Ug
NRAS

Core sequence

+ ACAGU; on the 5' end
+9 A on the 5' end

+9 C on the 5' end

+9 U on the 5' end
+ACAGU;5 on the 3' end
+9 A on the 3' end

+9 C on the 3' end

+9 U on the 3' end
+ACAGU; on the 5' and 3' end
+9 A on the 5' and 3' end
+9 U on the 5' and 3' end
biological sequence
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E. coli concentrations’  Media type Yeast concentrations’ Media | Yeast concentrations’ Media type
Arginine 570 pM glucose minimal 21 mM YNB 16 mM YPD
Aspartate 4.1 mM glucose minimal 6.3 mM YNB 2.1 mM YPD
Glutamine 3.8mM glucose minimal 35.5mM YNB 25 mM YPD
Glutamate 96 mM glucose minimal 39 mM YNB 36 mM YPD
Lysine 410 pM glucose minimal 5.2mM YNB 700 uMm YPD
Proline 390 uM glucose minimal 1.36 mM YNB 1mM YEB
ATP 9.6 mM glucose minimal 1.93 mM YNB 2.65mM M.lnlmal med.la supplemented
with ammonia salts and glucose
AMP 0.28mM glucose minimal 0.081 mM YNB 0.25mM Minimal media supplemented
with ammonia salts and glucose
cTp 2.7mM glucose minimal 0.25 mM YNB
CMP 0.36 mM glucose minimal 0.00518 mM YNB
uTP 8.3 mM glucose minimal 0.49 mM YNB

"Park J, et. al. 2016. Metabolite concentrations, fluxes and free energies imply efficient enzyme usage. Nat Chem Biol 12: 482-489.
2Ramirez-Guana, M. et al. 2017. YMDB 2.0: a signficantly expanded version of the yeast metabolome database. Nucleic Acids Research 45: D440-D445.




