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Figure S1 Average cluster sizes (ACS) calculated from ESI-MS spectra for 10* M solutions of different
amino acids in their DL-form, as compared to apparent cluster percentages (Xc) derived from AUC
measurements of 0.01 M solutions. Data are sorted with respect to the magnitude of the ACS value, in order
to enable a direct comparison to the results of Nemes et al.>' Glycine is omitted due to the fact that clustering
in the gas phase is markedly depressed in this case and no reliable mass spectra could hence be obtained. The
pH of all samples was adjusted to 3.1 prior to measurement.
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Figure S2 Average cluster size as a function of concentration for DL-Arg solutions at pH 3.1.
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Figure S3 Peak intensities of the different arginine oligomers as depending on the solution concentration at
pH 3.1, and normalised to the respective intensity of the monomer.
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Figure S4 Average cluster size as a function of pH for 10 M solutions of DL-Arg.
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Figure S5 ESI-MS spectrum of a 10™* M guanidinium (Gua) hydrochloride solution (adjusted to pH 3.1 by
previous addition of concentrated acetic acid).
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Section S2 Supplementary Tables

Table S1 ESI-MS results for DL-Arg solutions with different concentrations (all adjusted to pH 3.1).

Largest oligomer Oligomer with
Carg/ M detected highest abundance ACS
1-10* Pentamer Monomer 1.21
2:10* Pentamer Monomer 1.33
5-10™ Pentamer Monomer 1.46
0.001 Pentamer Monomer 1.53
0.002 Pentamer Monomer 1.56
0.004 Pentamer Monomer 1.64
0.005 Pentamer Monomer 1.68
0.006 Pentamer Monomer 1.71
0.008 Pentamer Monomer 1.74
0.010 Pentamer Monomer 1.80
0.015 Pentamer Monomer 1.70
0.025 Pentamer Monomer 1.20
0.035 Hexamer Trimer 2.81
0.045 Octamer Tetramer 3.76
0.055 Octamer Trimer 3.60
0.065 Octamer Trimer 3.49
0.075 Octamer Trimer 3.18
0.086 Undecamer Trimer 2.97
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Table S2 ESI-MS results for 10 M solutions of DL-Arg at different pH values.

. B o
1 Tetramer Monomer 1.32
2 Pentamer Monomer 1.25
3.1 Pentamer Monomer 1.21
4 Trimer Monomer 1.05
5 Trimer Monomer 1.07
6 Tetramer Monomer 1.15
7 Tetramer Monomer 1.16
8 Tetramer Monomer 1.24
9 Tetramer Monomer 1.10
10 Trimer Monomer 1.14
11 Trimer Monomer 1.07
12 Trimer Monomer 1.10

Table S3 ESI-MS results for different stereochemical configurations of arginine (10 M, pH 3.1).

DL-Arg Pentamer Monomer 1.25
D-Arg Hexamer Monomer 1.25
L-Arg Pentamer Monomer 1.29
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Table S4 Solubility of all 20 natural amino acids at their respective native pH and at pH 3.1 (both valid for
the L-form and 25°C), and relative saturation levels of the solutions investigated by AUC (0.001 M for Tyr
and 0.01 M in all other cases, pH 3.1). Values were calculated with the known dissociation constants of the

amino acids and using neat solubility data reported by Amend and Helgeson.®'

Amino Acid Sosl?bﬂity [M] Saturation (c/cs1)
native pH pH 3.1

DL-Ala 1.863 2.195 0.005
DL-Ile 0.242 0.282 0.036
DL-Leu 0.167 0.195 0.051
DL-Met 0.374 0.431 0.023
DL-Phe 0.170 0.179 0.056
DL-Pro 11.275 12.151 0.001
DL-Trp 0.065 0.077 0.129
DL-Val 0.500 0.578 0.017
DL-Asn 0.190 0.209 0.048
DL-Cys 0.211 0.224 0.045
DL-GIn 0.290 0.325 0.031
Gly 3.363 3.948 0.003
DL-Ser 3.473 3.920 0.003
DL-Thr 0.820 0.917 0.011
DL-Tyr 0.003 0.003 0.297
DL-Asp 0.038 0.280 0.036
DL-Glu 0.060 1.061 0.009
DL-Arg 1.123 soluble -
DL-His 0.280 soluble -
DL-Lys 1.684 soluble ---
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Table S5 Hydrodynamic diameters calculated from the diffusion coefficient for amino acid clusters using the

Stokes-Einstein equation.

Amino Acid di.Cluster 1 [nNM] i Cruster 1 [NM]
DL-Ala 4.6+0.2 —
DL-Ile 6.6+ 0.6 14+1
DL-Leu 4+4 11+£9
DL-Met 1.13£0.08 25+04
DL-Phe 44+0.1 9+1
DL-Pro 5+£2 10+£7
DL-Trp 1.6+04 11+14
DL-Val 1.5+1.1 -
DL-Asn 43+09 8.6+0.2
DL-Cys 5.7+0.7 8+2
DL-GIn 43+09 7+1
Gly 1.3+1
DL-Ser 1.08 +£0.01 ---
DL-Thr 1.51+£0.02 -
DL-Tyr 44+0.2 —
DL-Asp 0.77 £0.08 -
DL-Glu 1.13+0.08 25+04
DL-Arg 0.86 £0.01 -
DL-His 9+2 36+ 10
DL-Lys 1.0£0.7 .

References
S1 P. Nemes, G. Schlosser and K. Vekey, J. Mass Spectrom., 2005, 40, 43.

S2 J. P. Amend and H. C. Helgeson, Pure Appl. Chem., 1997, 69, 935.
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Section S3 ESI-MS Spectra of Amino Acid Solutions

S3.1  Scre

ening at pH 3.1 and 10 M

Non-polar / Hydrophobic Amino Acids

Int. x 104
N

DL-Ala
[3Ala+K]*
306.1
[4Ala+H]*
356.1
i 188.0
99.0 159.0

[5Ala+H]* [BAla+K]*
5721
628.2 683.1
o_"ll"'l""ll"'|'"'|'_m'"‘-.‘llll"h“']ml"''|""|' L B
100 200 300 400 500 600 700 800 900 m/z
DL-lle
257 g62
2.01
] [lle+H]*
1 5_' 132.1
] 154.0
1.0—_
0.5 [2lle+Na]* [3i|3e2+;<]
169.2 285.1 '
17 1 361.2 Jf'54'2482'2
0.0 _.]_J. J.L.um... L J.L awd N | e e
100 200 300 400 500 600 700 m/z



Electronic Supplementary Material (ESI) for Faraday Discussions
This journal is © The Royal Society of Chemistry 2012

DL-Leu
: 154.1
1.5+
] [BLeu+K]*
2
o 86.2 4322
X 1.0+
I= ] [Leu+H]*
132.1
] 176.0  [2Leu+NaJ*
0.57 482.2
[4Leu+K]*
] 563.2
0.0 .|. " YT | J.I.l l-._l.l.6315-3 68I83
100 200 300 400 500 600 700 800 m/z
DL-Met
1 172.0
] 133.0
[Te} 100_
o ]
> ] [BMet+K]*
. 0.75-
E 1 [2Met+K]+ 486.1
] 337.1
0.50 104.1
) 194.0 248.0
0.257
1) 2791 3913 435.0 536.1
000- . ..||. 1l I-Jl . X TR A
100 200 300 400 500 600 700 m/z
DL-Phe
120.1
6_
o [Phe+H]*
= 166.0
X
€ 4- 188.0
2 [2Phe+H]* [3Phe+K]*
[2Phe+K]* 534.2
210.0 264.0 369.1 [3Phe+Na]*
0 L_IL Lo b ol el .ll..nmu P WA 1 I. ll (T N ‘L (PR
100 200 300 400 500 600 m/z



Electronic Supplementary Material (ESI) for Faraday Discussions
This journal is © The Royal Society of Chemistry 2012

DL-Pro
] [Pro+Na]*
15. 138.0
S
< 1.0
] [2Pro+Nal* N
253.1 BP;g;';‘a]
| [Pro+H]*|160.0 214.0 :
0.5 116.1
9] 297.1 4341
1 70'299 0 3291 [4Pro+Na]*
' 5051 571.1
0.0 " -.I.J. Al :..l..l“-“.lLJl,_ N
100 200 300 400 500 600 700 m/z
DL-Trp
188.0
15-
o ]
x o
€ 1.0 [Trp+H]*
0.5- [2Trp+H]*
146.0 [ 409.1
00 el 380 dul [3,Tr,p:H,] R
100 200 300 400 500 600 700 800 900 m/z
DL-Val
[3Val+K]*
A 2
151 390
Lr)o o
X 1.0-
£ 140.1
[Val+H]*[162.0 (2Val+Na]*301 1
172.2 440.2
0.5-
118.1
99.0 507.2
] { l 573.2
O'OL"lll‘l'l"ll I|'"'l"''|I'I“:‘u'lhlll'h|""lll"|I T
100 200 300 400 500 600 700 800 m/z



Electronic Supplementary Material (ESI) for Faraday Discussions

This journal is © The Royal Society of Chemistry 2012

Polar / Neutral Amino Acids
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Basic Amino Acids
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S3.2  Concentration Series of DL-Arg at pH 3.1
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S3.3  Variation of pH for DL-Arg Solutions at 104 M

pH 1
175.1
[Arg+H]*
6- 397.2
v
[
x
2%
2 - [2Arg+H]*
251.0 [3Arg+H]*
1 1129 213.(1 628.6
0L .L.ll lJl Ll "
200 400 600 800 1000 1200 1400 m/z
pH 2
175.1
[Arg+H]*
0 67
)
x
£ 44
27 [2Arg+H]*
349.2 [BArg+H]*
251.0 1397.1 5233 o )
0 Y JI:L_ ™ LJL...4.611'1 lj X ,[ gl ] [5Arg+H]

200 400 600 800 1000 1200 1400 miz



Electronic Supplementary Material (ESI) for Faraday Discussions
This journal is © The Royal Society of Chemistry 2012

Int. x 10°

Int. x 10°

Int. x 10°

pH 4
175.1
[Arg+H]*
6 N
4 _
2 _
251.0 [2Arg+H]*
349.2 +
O N L I ll 1 s [SArg+H]
200 400 600 800 1000 1200 1400 m/z
pH 5
. 175.1
; [Arg+H]*
41
3
21
1 ]
] [2Arg+H]*
1 349.2 3Arg+HI*
O -_]1 L |I 1‘ o l ) |. " [ g ]
200 400 600 800 1000 1200 1400 m/z
pH 6
_I 175.1
] [Arg+H]*
5
4
3]
2]
] [2Arg+H]*
i 349.2  [3Arg+H]*
O ] N Ll b l ) N 52133| [4Arg+H]+
200 400 600 800 1000 1200 1400 m/z



Electronic Supplementary Material (ESI) for Faraday Discussions
This journal is © The Royal Society of Chemistry 2012

pH 7
] 175.1
1 [Arg+H]*
3_
o
x ]
E 27
1_
| [2Arg+H]*
349.2 [BArg+H]*
O-JL L b sl :?%7.2 52‘?"1 [4Arg+H]
200 400 600 800 1000 1200 1400 m/z
pH 8
175.1
1_5_- [Arg+H]*
e ]
> 1.0
E 4
0.5+
1 [2Arg+H]*
349.2 [3Arg+H]*
. 279.1 [391.3 9233 N
0.0 T RIS I 1 . [4Arg+H]
200 400 600 800 1000 1200 1400 m/z
pH9
: 175.1
] [Arg+H]*
257
S 20
x
£ 157
1.0
0.5 [2Arg+H]*
T 349.2  [3Arg+H]*
] 523.3 .
O_O-JL YN B Ll i [4Arg+H]
200 400 600 800 1000 1200 1400 m/z



Electronic Supplementary Material (ESI) for Faraday Discussions
This journal is © The Royal Society of Chemistry 2012

pH 10
175.1
] [Arg+H]*
1.5-
>
"
1.0
E J
0.51 [2Arg+K]*
1 2Arg+H+397.3
_ A 1 [BArg+H*
] 523.3
00 ]I ) | lIJl A Lllll.h.l.l. LJ. al 1 L
200 400 600 800 1000 1200 1400 miz
pH 11
] 175.1
- [Arg+H]*
>
x 47
kS
2_
[2Arg+K]*
397.3
2Arg+H]*
ol AL bt | [BArg+HT"
200 400 600 800 1000 1200 1400 miz
pH 12
1 25_3 175.1
T [Arg+H]*
1.00]
S ]
X 0.757
£
0.501
0.251
1 [2Arg+H]*
1 [3Arg+H]*
0_00_-|| ‘il | JJlJ..LI ull-.uhlmtu” S I*— ¥ = = - - -
200 400 600 800 1000 1200 1400 m/z



Electronic Supplementary Material (ESI) for Faraday Discussions
This journal is © The Royal Society of Chemistry 2012

S3.4  Spectra of Optically Pure Arg Solutions at pH 3.1 and 104 M
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Section S4 Sedimentation Coefficient Distributions

S4.1 Non-Polar/Hydrophobic Amino Acids

Left: Overview of the distribution, showing an intense monomer signal in all cases.

Right: Zoom into the s-region typical for amino acid clusters.

DL-Ala DL-Ala
16 Run 1 0.204 Run 1
14] Run 2 Run 2
Run 3 Run 3
124 0.15
—~ 10 o
AL &
O 8- © 0.101
6-
44 0.05-
2]
04 L 0.004
00 05 10 15 20 25 3.0 35 40 4.5 00 05 10 15 20 25 30 35 40 45
s/S s/S
DL-lle DL-lle
80+ Run 1 0.25- Run 1
704 Run 2 | Run 2
Run 3 0.204 Run 3
60 ’
% 50 % 0151
O 401 [
30 0.101
201 0.05
104
o4 I\ 0.001

00 05 10 15 20 25 30 35 40 45

s/S

00 05 10 15 20 25 30 35 40 45

s/S




Electronic Supplementary Material (ESI) for Faraday Discussions
This journal is © The Royal Society of Chemistry 2012

DL-Leu
1004 Run 1
Run 2
80- Run 3
@60—
[3)
40-
20+
J
00 05 10 15 20 25 30 35 4.0
s/S
DL-Met
Run 1
2004 Run 2
Run 3
150+
@
[3)
100+
50
OH |L T T T T T T T
00 05 10 15 20 25 3.0 35 4.0
s/S
DL-Phe
250+ Run 1
1 Run 2
2004 Run 3
3150—
D 4
100
50
1l
00 05 10 15 20 25 30 35 4.0
s/S

DL-Leu
0.304 Run 1
] Run 2
0.25- Run 3
0.201
0
G 0.154
0.104
0.05
000— T T T T T T T T T T T T v T |
00 05 10 15 20 25 30 35 40
s/S
DL-Met
0.30 Run 1
Run 2
0.25- — B
0.20
w
5 0.15
0.104
0.05-
0.00- /\
00 05 10 15 20 25 30 35 40
s/S
DL-Phe
0.25 Run 1
Run 2
0.204 Run 3
@0.15-
[&]
0.10
0.054
0.001 4

00 05 10 15 20 25 30 35 40 45
s/S



Electronic Supplementary Material (ESI) for Faraday Discussions
This journal is © The Royal Society of Chemistry 2012

DL-Pro
150_- Run 1
Run 2
125+ Run 3
100+
o 75_
504
254
ol I
00 05 10 15 20 25 3.0 35 4.0
s/S
DL-Trp
400‘_ Run 1
3504 Run 2
] Run 3
300+
2504
\9 4
O 200
150+
1004
50
ol Ik
00 05 10 15 20 25 30 35 40
s/S
DL-Val
1251 Run 1
Run 2
1004 Run 3
— 754
B
(&)
50+
254
ol Il
00 05 10 15 20 25 30 35 4.0
s/S

DL-Pro
0.30- Run 1
o
0.20+
§0.15—
0.104
0.051 \
0.00+

00 05 10 15 20 25 30 35 40

s/S
DL-Trp
Run 1
0.5 ——Run2
Run 3
0.4
© 0.3
O 4
0.2
0.1
0.0- T T T /\A/I\ T T
00 05 10 15 20 25 3.0 35 40
s/S
DL-Val
Run 1
0.5 Run 2
Run 3
0.4
@ 03
[3]
0.2
0.1
0.0

00 05 10 15 20 25 30 35 40
s/S



Electronic Supplementary Material (ESI) for Faraday Discussions
This journal is © The Royal Society of Chemistry 2012

S4.2  Polar/Neutral Amino Acids
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S4.3  Acidic Amino Acids
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S4.4  Basic Amino Acids
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