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1. General remarks

All chemicals, unless otherwise stated, were purchased from Sigma-Aldrich and used as
received. Acetonitrile (ULC-MS grade), water (ULC-MS grade) and trifluoroacetic acid (HPLC
grade) were purchased from Biosolve BV. Reagent grade solvents were purchased from
Macron and used as received. Anhydrous solvents used in synthesis were freshly collected
from a dry solvent purification system prior to use. Flash column chromatography was
performed on a Reveleris ® X2 Flash Chromatography System (Grace Davison Discovery
Sciences, Deerfield IL) on normal phase silica cartridges. NMR spectra were taken using a
Varian VXR400 spectrometer. HRMS spectra were recorded on a LTQ Orbitrap XL
instrument in ESI ionization mode. Fluorescence measurements were performed on a
JASCO FP 6200 fluorimeter using quartz cuvettes with 1 cm path length at an excitation
wavelength of 553 nm.

Sample preparation

Generally, samples were diluted to 100 uM with a 7: 3 V:V mixture of water (UPLC grade)
and DMF (HPLC grade), containing 0.1 V/V% TFA (HPLC grade) and 5 uL of this diluted
sample was injected for UPLC measurements. In experiments studying the co-solvent
dependence of the composition of the DCLs (Figure 2a), 1 pyL of undiluted samples was
injected. In experiments studying the concentration dependence of LMC content (Figure 2b),
10 L of undiluted samples were injected. In experiments studying the disassembly of 15 in
methanol, 2.5 uL of undiluted samples were injected.

UPLC analysis

UPLC measurements were performed on a Waters Acquity H-class system equipped with a
PDA detector, at a detection wavelength of 254 nm. UPLC analyses, unless otherwise
stated, were performed on an Aeris WIDEPORE 3.6 ym XB-C18 (150 x 2.1 mm) column,
purchased from Phenomenex, using ULC-MS grade water (eluent A) and ULC-MS grade
acetonitrile (eluent B), containing 0.1 V/V % TFA as a modifier. A flow rate of 0.3 mL/min
and a column temperature of 35 °C were applied.

Methods for the analysis of DCLs prepared from 1 and 2:

t/mn| %A
0 60
7 38
10 34
17 5
18 5
19 60
20 60

Method for the analysis of DCLs prepared from 3:

t/mn| %A
0 60
17 25
18 25
19 60
20 60
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UPLC-MS analysis

UPLC-MS measurements were performed using a Waters Acquity UPLC H-class system
coupled to a Waters Xevo-G2 TOF. The mass spectrometer was operated in the positive
electrospray ionization mode with the following ionization parameters: capillary voltage: 3 kV,
sampling cone voltage: 20 V, extraction cone voltage : 4 V, source gas temperature: 120°C,
desolvation gas temperature: 450°C, cone gas flow (nitrogen): 1 L/h, desolvation gas flow
(nitrogen): 800 L/h.

Negative-staining Transmission Electron Microscopy

Samples were diluted to 60-fold using UPLC grade water. A small drop (5 pL) of sample was
then deposited on a 400 mesh copper grid covered with a thin carbon film (supplied by Agar
Scientific). After 30 seconds, the droplet was blotted on filter paper. The sample was then
stained with a solution of 2% uranyl acetate (4 uL) deposited on the grid, subsequently
washed and blotted on filter paper after 30 seconds. The staining procedure was repeated a
second time, this time without the washing and blotting step. The grids were observed in a
Philips CM12 electron microscope operating at 120 kV. Images were recorded on a slow
scan CCD camera.

Cryo Transmission Electron Microscopy

A 10 uL drop of the sample was placed on a Quantifoil 3.5/1 holey carbon coated grid.
Blotting and vitrification in ethane was done in a Vitrobot (FEI, Eindhoven, the Netherlands).
The grids were observed in a Tecnai T20 cryo-electron microscope operating at 200 keV with
a Gatan model 626 cryo-stage. Images were recorded under low-dose conditions with a
slow-scan CCD camera.

Atomic Force Microscopy

AFM samples were prepared by depositing 100 pL of the sample (diluted to 10 uM building
block concentration with UPLC grade water) onto a clean mica surface (Grade V1, Van
Loenen Instruments). Subsequently, the solvent was evaporated in a gentle stream of air in
ca. 20 minutes. The surface was then washed with 100 uL of UPLC grade water and blotted
into a piece of paper twice and finally air-dried. The AFM measurements have been
performed using a Bruker Multimode 8 instrument in Scan Asyst-Air imaging mode.
Measurements were performed in air at room temperature. As a probe, a ScanAsyst Air
(Bruker) silicon tip on a nitride cantilever was used with the following parameters: length: 115
pm, width: 25 pm, resonance frequency: 70 kHz, force constant: 0.4 N/m. The images were
recorded with frequencies between 0.5 and 1.5 Hz and analyzed with NanoScope Analysis
1.50 software (Bruker Corporation, 2015).

Optical Microscopy

Optical microscopy was performed on a Nikon Eclipse TS 100 instrument. Length calibration
was performed by recording the image of a 40 ym scale bar with the same settings as for the
corresponding image. The images were processed using ImageJ software.
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Confocal Fluorescence Microscopy

Confocal fluorescence microscopy measurements were performed on a MicroTime 200
instrument (PicoQuant, Berlin, Germany), using an excitation wavelength of 532 nm (the
excitation power was set at 4 yW), with a 542 nm long-pass edge emission filter (BLPO1-
532R, Semrock, New York). For the measurement, 50 pL sample was deposited on the
microscope slide and 5.0 pyL of Nile Red (1.0 uM solution in methanol) was added. The
measurements were performed after an incubation time of 2 minutes The images were
processed using ImageJ software. .

Dynamic Light Scattering

Dynamic light scattering measurements were performed on a NanoBrook 90Plus PALS
Particle Size Analyzer (Brookhaven, NY), using a 659 nm laser at 90° detection angle.
Samples were prepared using 50 mM aqueous borate buffer ( pH = 8.2), previously filtered
with a 0.2 ym pore size filter. For each measurement, 10 parallels were recorded.
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2. Synthetic Procedures

1. MsCl, TEA, DCM

2. H,0
3. NH4/NH,4CI
Me OH » Me/ NH,
{o/\%1 o™~
Stan=2 S2a:n=2
S1b'n=3 S2b:n=3
S1c:n=4 S2c:n=4

To a vigorously stirred, ice-cooled solution of the monomethylated oligoethylene glycol (50
mmol) and triethylamine (8.5 mL, 61 mmol, 1.2 eq) in anhydrous DCM (60 mL) a solution of
methylsulfonyl chloride (5.4 mL, 70 mmol, 1.4 eq) in anhydrous DCM (20 mL) was added
dropwise. The reaction mixture was stirred overnight at 0-5°C in a cold room. The mixture
was warmed to room temperature. DCM (20 mL) and deionized water (50 mL) was added
and the solution stirred for 30 minutes to obtain a clear biphasic mixture. The layers were
separated and the organic layer was washed with 1M HCI (540 mL) and water (500 mL). The
combined aqueous layers were back-extracted with DCM (5 x100 mL). The combined
organic layers were dried over Na,SO, and concentrated. The obtained crude mesylate was
dissolved in a mixture of 25 w/w% NH3 in water (600 mL) and NH4Cl (90 g) and stirred for
48 h. NaCl (90 g) was dissolved in the reaction mixture, which was extracted with DCM
(3 X500 mL). The combined organic layers were dried over Na,SO,and concentrated to
obtain the corresponding amine as a yellow oil, which was used without further purification in
the following reactions.

S2a. Yield: 4.05 g (67%). *H NMR (400 MHz, CDCI3) & 3.35 (dtt, J = 4.6, 2.2, 1.1 Hz, 2H),

3.28 (dddd, J = 5.1, 4.0, 2.2, 1.1 Hz, 2H), 3.24 (td, J = 5.3, 1.2 Hz, 2H), 3.15 — 3.08 (m, 3H),
2.64 — 2.57 (m, 2H). **C NMR (101 MHz, CDCI3) & 73.29, 71.65, 69.95, 58.70, 58.67, 41.53.

ESI-HRMS: [M+H] * found: 120.1017 Da (expected: 120.1019 Da). Analytical data matched
that reported previously in ref 2.

S2b. Yield: 7.24 g (88%). 1H NMR (400 MHz, CDCI3) & 5.26 (s, 2H), 3.58 (th, J = 5.6, 2.6
Hz, 6H), 3.50 — 3.46 (M, 2H), 3.44 (t, J = 5.2 Hz, 2H), 3.31 (s, 3H), 2.79 (t, J = 5.2 Hz, 2H),
1.44 (s, 2H). 13C NMR (101 MHz, CDCI3) & 73.29, 71.79, 70.45, 70.13, 58.84, 53.41, 41.66.

ESI-HRMS: [M+H] * found: 164.1280 Da (expected: 164.1281 Da). Analytical data matched
that reported previously in ref 2.

S2c. Yield: 8.65 g (84%). ‘H NMR (400 MHz, CDCI3) & 3.66 — 3.50 (m, 10H), 3.48 (dd, J =
5.7, 3.6 Hz, 2H), 3.44 (t, J = 5.2 Hz, 2H), 3.31 (s, 3H), 2.79 (t, J = 5.2 Hz, 2H), 1.46 (s, 2H).
13C NMR (101 MHz CDCI3) & 73.30, 71.82, 70.50, 70.47, 70.46, 70.40, 70.17, 58.89, 41.70.

ESI-HRMS: [M+H] * found: 208.1542 Da (expected: 208.1543 Da). Analytical data matched
that reported previously in ref 3.
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o) OH 0 N Me
(0]
1. HOBt, EDC-HCI, 0 °C \g/\ )n

2.S2a/S2b/ S2c, DIPEA, RT

P

Ph,CS SCPh, ~ PhsCS SCPh;,
Sd4a:n=2
S3 S4b:n=3
S4c:n=4

To an ice-cooled suspension of 3.5-bis(trithyltio)benzoic acid S3' (1.2 g, 1.8 mmol) and
HOBt (0.364 g, 2.4 mmol, 1.3 eq) in anhydrous DCM (60 mL) was added EDCHCI (0.934 g,
4.9 mmol, 2.7 eq). A clear yellow solution was obtained. Subsequently, an ice-cooled
solution of the corresponding amine S2a-S2c (2.7 mmol, 1.5 eq) and diisopropylethylamine
(3.1 mL, 18 mmol, 10 eq) in anhydrous DCM (30 mL) was added dropwise. The mixture was
allowed to warm to room temperature and stirred overnight. DCM (50 mL) was added and
the solution was washed with 1M HCI (30 mL), saturated NaHCO; solution (30 mL) and
water (30 mL). The organic phase was dried over MgSO, and concentrated in vacuo. The
residue was dissolved in DCM (4 mL) and purified by flash column chromatography to obtain
the product as a white foamy solid.

Sda: Yield: 83% (1.14 g). Gradient for flash column chromatography (24 g silica): 0 min:
100% DCM, 0-2 min: 100% DCM to 100% hexanes, 2-3 min: 100% hexanes, 3-13 min:
100% hexanes to 50% hexanes in EtOAc, 13-15 min: 50% hexanes in EtOAc, 15-17 min :
50% hexanes in EtOAc to 60% hexanes in EtOAc, 17-18 min: 60% hexanes in EtOAc, 18-20
min : 60% hexanes in EtOAc to 100% EtOAc, 20-27 min: 100% EtOAc.

'H NMR (400 MHz, CDCI3) & 7.39 — 7.30 (m, 12H), 7.21 (m, 18H), 7.12 (t, J = 1.7 Hz, 1H),
6.88 (d, J = 1.6 Hz, 2H), 3.63 (dd, J = 5.8, 2.9 Hz, 2H), 3.59 — 3.52 (m, 4H), 3.47 (9, J = 5.4
Hz, 2H), 3.39 (s, 3H). **C NMR (101 MHz, CDCI3) & 165.96, 144.14, 142.29, 134.80, 134.05,
132.40, 130.19, 129.92, 127.81, 127.58, 126.81, 77.45, 77.13, 76.81, 71.90, 71.34, 70.32,
69.90, 60.40, 59.09, 39.63, 14.25. ESI-HRMS: [M+H] * found: 772.2914 Da (expected:
772.2914 Da), [M+Na] * found: 794.2740 Da (expected: 794.2733 Da).

S4b: Yield: 47% (0.715 g, 1.2 g scale), 67 % (2.303 g, 3 g scale). Gradient for flash column
chromatography (24 g silica): 0 min: 100% DCM, 0-1 min: 100% DCM to 100% hexanes, 2-4
min: 100% hexanes, 4-18 min: 100% hexanes to 50% hexanes in EtOAc, 18-19 min: 50%
hexanes in EtOAc, 19-21 min : 50% hexanes in EtOAc to 100% EtOAc, 21-29 min: 100%
EtOAc.

'H NMR (400 MHz, CDCI3) & 7.23 (dt, J = 5.4, 3.3 Hz, 12H), 7.14 — 7.05 (m, 18H), 7.01 (t, J
= 1.6 Hz, 1H), 6.77 (d, J = 1.6 Hz, 2H), 5.66 (t, J = 5.4 Hz, 1H), 3.60 — 3.52 (m, 6H), 3.47 —
3.41 (m, 4H), 3.35 (dd, J = 10.1, 5.0 Hz, 2H), 3.22 (s, 3H), 1.95 (s, 1H). *C NMR (101 MHz,
CDCI3) & 165.92, 144.12, 142.27, 134.76, 134.04, 132.41, 129.89, 127.79, 126.79, 71.95,

71.31, 70.60, 70.57, 70.37, 69.89, 59.02, 39.65. ESI-HRMS: [M+H]" found: 816.3168 Da
(expected: 816.3176 Da). [M+Na]" found: 838.2992 Da (expected: 838.2995 Da).
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S4c: Yield: 55% (0.852 g). Gradient for flash column chromatography (24 g silica): 0 min:
100% DCM, 0-2 min: 100% DCM to 100% hexanes, 2-3 min: 100% hexanes, 3-19 min:
100% hexanes to 100% EtOAc, 19-21 min: 100% EtOAc.

'H NMR (400 MHz, CDCI3) & 7.38 — 7.29 (m, 12H), 7.20 (dd, m, 18H), 7.11 (t, J = 1.7 Hz,
1H), 6.88 (d, J = 1.7 Hz, 2H), 5.82 (t, J = 5.4 Hz, 1H), 3.71 — 3.57 (m, 10H), 3.57 — 3.49 (m,
4H), 3.46 (g, J = 5.0 Hz, 2H), 3.35 (s, 3H). *C NMR (101 MHz, CDCI3) & 165.92, 144.12,

142.27, 134.74, 134.03, 132.44, 129.89, 127.79, 126.79, 71.90, 71.32, 70.63, 70.60, 70.51,
70.37, 69.91, 59.02, 39.67. ESI-HRMS: [M+H]+ found: 860.3438 Da (expected: 860.3438
Da).

H H
O.__N M
\{\/\O)n ’ TFA, Et;SiH ? N{‘/\O)nMa

RT -
PhsyCS SCPh, HS SH
Sd4a:n=2 2:n=2
S4b:n =3 1:n=3
S4c:n=4 3n=4

9 mL TFA was degassed through 3 freeze-pump-thaw cycles in a 25-mL Schlenk tube and
added to a 50-mL round-bottomed flask containing protected amide S4a-S4c (1.4 mmol)
under nitrogen. The orange solution was sonicated for 1 minute and stirred at room
temperature for 15 minutes. Subsequently, Et;SiH (1.0 mL, 6.3 mmol, 4.5 eq) was added
dropwise and the solution stirred for further 15 minutes. TFA was removed in vacuo via the
Schlenk line and condensed into a cold trap immersed in liquid nitrogen. The remaining
suspension was dissolved in 70 mL of a degassed mixture of MeOH-H,O (9:1, 70 mL) and
washed with 3*100 mL heptane. Methanol was removed in vacuo at 40°C and the remaining
suspension was freeze-dried for 36 hours to furnish the corresponding building block 1-3.

1: Sticky, yellow solid. Yield: 90% (0.416 g). *H NMR (400 MHz, (CD;),SO) & 8.47 (t, J = 5.6
Hz, 1H), 7.46 (d, J = 1.7 Hz, 2H), 7.36 (t, J = 1.7 Hz, 1H), 5.67 (s, 2H), 3.48 (ddd, J = 7.1,
3.1, 1.5 Hz, 8H), 3.40 — 3.32 (m, 4H), 3.20 (s, 3H). *C NMR (101 MHz, CD;OD) & 167.55,
135.77, 133.83, 130.38, 123.68, 71.48, 70.10, 69.94, 69.85, 68.98, 57.66, 39.60. ESI-HRMS:
[M+H]" found: 332.0985 Da (expected: 332.0985 Da), [M+Na]® found: 354.0802 Da
(expected: 354.0810 Da).

2: White-yellow solid. Yield: 98% (0.393 g). "H NMR (400 MHz, DMSO-d;) 5 8.49 (t, J = 5.6
Hz, 1H), 7.46 (d, J = 1.7 Hz, 2H), 7.36 (t, J = 1.7 Hz, 1H), 5.70 (s, 2H), 3.52 — 3.45 (m, 4H),
3.44 —3.39 (m, 2H), 3.36 (t, J = 5.8 Hz, 2H), 3.21 (s, 3H). "*C NMR (101 MHz, cd;od) &
167.60, 135.75, 133.84, 130.35, 123.64, 71.52, 69.60, 69.03, 57.77, 39.55. ESI-HRMS:
[M+Na]" found: 310.0543 Da (expected: 310.0542 Da).
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3: Yellow oil. Yield: 93% (0.488 g). *H NMR (400 MHz, (CD;),S0O) & 8.47 (s, 1H), 7.46 (d, J =
1.5 Hz, 2H), 7.36 (s, 1H), 5.67 (s, 2H), 3.48 (dd, J = 13.3, 4.8 Hz, 12H), 3.42 — 3.31 (m, 4H),
3.20 (s, 3H). *C NMR (101 MHz, CD50D) & 167.47, 135.75, 133.83, 130.40, 123.75, 71.51,
70.12, 70.07, 69.91, 69.88, 69.02, 57.70, 39.67. ESI-HRMS: [M+H]+ found: 376.1246 Da
(expected: 376.1247 Da), [M+Na]+ found: 398.1062 Da (expected: 398.1066 Da).
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3. NMR Spectra
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4. UPLC chromatograms of monomers 1, 2, and 3.

AU
o
n
o

0.104

0.0 L

00 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 17.0 18.0 19.0
Minutes

Figure S 1. UPLC chromatogram of 1 (BEH C18 column, 5 to 95 % MeCN in H»O, detection wavelength 254 nm.)
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Figure S 2. UPLC chromatogram of 2 (BEH C18 column, 5 to 95 % MeCN in H,0O, detection wavelength 254 nm.)
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Figure S 3. UPLC chromatogram of 3 (BEH C18 column, 5 to 95 % MeCN in H,O, detection wavelength 254 nm.)
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5.

Procedure for preparation of DCLs with perborate-mediated
oxidation

The following shows a typical example. A DCL made from 1 (6.0 mM), pre-oxidized with
NaBO; to 80% in borate buffer in the presence of 20 V/V % DMF, was prepared in the
following manner:

1.
2.

©©o N o g &

10.
11.

12.

13.

4.03 mg NaBO34H,0 (26.2 ymol) was weighed in a vial.
As the overall building block concentration is 6 mM, a 60 mM solution was prepared

_262mmol__ 437 L1 borate buffer.
60 umol/mL

437 uL borate buffer was added to the vial containing NaBO3s4H,O and the solution
was sonicated for 2 minutes until the entire amount of salt was dissolved.
2.62 mg 1 (7.92 ymol) is weighed in a 2 mL vial containing a small stirring bar.

Z92umol _ 9350 uL solvent.

in borate buffer. This required

This required a total solvent volume of
6 pmol/mL

This required 1320 x20% = 264 yL DMF.

1320 pL. X6 mM X 80% .
kil ® =106 uL NaBOj solution.
60 mM

To fill up the remaining volume, 1320 — 264 -106 = 950 yL buffer was required.
Thus, 264 uL DMF was added to the vial containing the building block (with a
Hamilton syringe).

Subsequently, 950 pL buffer was added (with an Eppendorf pipette).

The oxidant was added in portions (to avoid over-oxidation of the thiol groups). 2.5 -
3% oxidant was added at once safely in 1-minute intervals without the risk of over-

80 % 106 L _ o o9 u,

2.5% / min 32
adding one portion in every minute, under vigorous stirring (1200 rpm).

After adding the last portion of oxidant, stirring was discontinued. According to our
experience, no replication happened during this period and the composition of the
libraries prepared in this manner was similar to those prepared by oxidation with air in
the absence of stirring.

The composition of the resulting DCL was monitored with UPLC over the course of 7-
40 days.

This required a total amount of

oxidation. l.e. 80 % of oxidant was added in

= 32 portions of

S20



6. LC-MS analyses of DCLs

6mM 50MeCN 3d Unstir 1dStir
MePEG3 LMC 542 (4.861) Cm (533:5562)

1: TOF MS ES+
100+ 988.1887 161e5
=
989 1921
[990.1960
1010.1788
1011.1802
1012.1822
1026.1437
L 1028.1498
o T T T T - T m/z
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Figure S4. Mass spectrum of (1)3 (tr =4.9 min) from the LC-MS analysis of a DCL made from 1.
m/z calculated: 988.23 [M+H]*, 1010.22 [M+Na]"; m/z observed: 988.19 [M+H]", 1010.18 [M+Na]".

6mM SOMeCN 3d Unstir 1dStir
MePEG3 LMC 631 (5.663) Cm (623:640)
659.1203

1: TOF MS ES+
SO0 2 84e5
860.1185
=]
590.0842
860 6231
670.1152
539.0469
8706130
681.1104
l 681.6016 1339 2606
[ 4 v 7 r ll‘ miz
400 600 800 1000 1200 1400 1600 1800 2000

2200 2400

Figure S5. Mass spectrum of (1)4 (tzr =5.7 min) from the LC-MS analysis of a DCL made from 1.
m/z calculated: 659.16 [M+2H]*", 1339.29 [M+Na]"; m/z observed: 659.12 [M+H]", 1339.27 [M+Na]".
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6mM SOMeCN 3d Unstir 1dStir
MePEG3 LMC 746 (6.688) Cm (742:757)
100+ 823 6603

1: TOF MS ES+
4.79e4
B824.6586
825.1580
=
8348511
B835.1476
845 6375
| 846.1432
763.6250
7.1431
847.6313
0 + ) E ! A T r oy miz
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Figure S6. Mass spectrum of (1)s (tr =6.7 min) from the LC-MS analysis of a DCL made from 1.
. 2+, . 2+
m/z calculated: 823.70 [M+2H]""; m/z observed: 823.66 [M+2H]"".
6mM 50MeCN 3d Unstir 1dStir
MePEG3 LMC 832 (7.445) Cm (819:842) 1: TOF MS ES+
100 989.2050 411e4
988.7032
988.2016.
[989.6940
989.7068
=1 990.1960
1000.1915
1000.6832
1011.1802
1011.6747
1012.1822
1019.1641
928.1581 1019.6669
O “‘ . T +e - T il miz
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Figure S7. Mass spectrum of (1)s (tr =7.45 min) from the LC-MS analysis of a DCL made from 1.
m/z calculated: 988.23 [M+2H]?"; m/z observed: 988.20 [M+2H]*".
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6mM 50MeCN 3d Unstir 1dStir
MePEG3 LMC 907 (8.108) Cm {904:910)

1- TOF MS ES+
100 1153.7367 13604
11537225,
1153.2365
11542360
11527365
11547374
pu
1164.7196
e
1318.2637
11757125 13187539
1319.2732
[1176.2175 13107643
1320 2411
1340.2490
463.3005 / -
P 241.7695
| Lu s L I....\Ln LAl Y RTERIN T " I | I
a T f ' f ! Y f T T T T miz
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Figure S8. Mass spectrum of (1)7 and (1)s (tr =8.11 min) from the LC-MS analysis of a DCL made from 1.
: : 2+, . 2+
(1)7: m/z calculated: 1152.77 [M+2H]""; m/z observed: 1152.74 [M+2H]"".
. . 2+, . 2+
(1)s: m/z calculated: 1317.31 [M+2H]""; m/z observed: 1317.27 [M+2H]"".
6mi 50MeCN 3d Unstir 1dStir
MePEG3 LMC 922 (3.256) Cm (919:923) 1: TOF MS ES+
100 1483.3042 420e3
1452.8000
1483.7027
1483.8242
1432.2960_
1484 3127
9592050
E 988, 523-19%9 5460 1484 8014
14918169
988.2016 14a1 7020}
483,308 _929.3612 hics rase
1481 7762_|[1495-3031
4682817 996 5204 5047544
10108550 |.1505.2041
1505.8179
46,2060 949.2473 10115316 1174.1700
| 1011.2428 1506.7705
948.5004. - 1768.2185
320.2289 | 4843777 287.7508. 12207522
|u]l. JTUTTO LT W P | L.ll PR N P .l J el n o
0 ' ' ! y . y t 1 miz
400 600 500 1000 1200 1400 1600 1300 2000 2200 2400

Figure S9. Mass spectrum of (1) (tr =8.26 min) from the LC-MS analysis of a DCL made from 1.
m/z calculated: 1481.85 [M+2H]*, 988.23 [M+3H]*"; m/z observed: 1481.81 [M+2H]*", 988.20 [M+3H]*".
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6miv 50MeCN 3d Unstir 1dStir
MePEG3 LMC 976 (8.738) Cm (973:980)

1- TOF MS ES+
100 10088828 90483
10892225
1098.2191
10995616
= 1029 6340
1087 8601
1105 5356
1106.5789
1106 5994
1107 2192
_1120.5453
10585421 1647.8384
4683905 1121.5453 1645 5016
397.2956 [469.3815 1057 8501..
o u:.L.H.II.L T Ll I.Ilnln Il vt s miz
400 600 500 1000 1200 1400 1600 1800 2000 2200 2400

Figure S 10. Mass spectrum of (1)10 (tr =8.74 min) from the LC-MS analysis of a DCL made from 1.
m/z calculated: 1646.39 [M+2H]*", 1097.93 [M+3H]>"; m/z observed: 1646.33 [M+2H]**, 1097.88 [M+3H]*".

BmM 50MeCN 3d Unstir 1dStir

MePEG3 LMC 994 (3 893) Cm (992:1000) 1: TOF MS ES+
12182786 Ged

100

12186053

1317.93689.

1208.5514
1319.2739

12038254

~1319.6008

%

1207.9272.

1325.5892
1325.9319
1207.5790. 1326 2745
1326 5725

[1326.9153

1340.2340
1340.9081
0% -
468.3561 PR eazena 1346.5692
4623915 252 0620

0..“-1\';1--5- TR Lol L Ll 1 N—— " 1

a00 | 600 800 1000 1200 1400 1800 1800 2000

T miz
2200 2400

Figure S11. Mass spectrum of (1)11 and (1)12 (tr =8.89 min) from the LC-MS analysis of a DCL made from 1.
(1)11 :m/z calculated: 1207.62 [M+3H]*"; m/z observed: 1207.58 [M+3H]*".
(1)12 :m/z calculated: 1317.31 [M+3H]*"; m/z observed: 1317.27 [M+3H]*".
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Bmh 50MeCN 3d Unstir 1dStir

MePEG3 LMC 1040 (9.307) Cm (1031:1048) 1 TOF MS ES+
1428 2918 1.26ed
100
1437 9660, 14288317
1428 9584
1427.6263. ]
14202213
-
14296370
1427.3022.
14352836
b
14359474
1436 2961
14356218
1426.9391.
1442 9563
50.2:
4553005 1450 2341
_1450.9228
436 3956
4 9953972 1329.0009
o llhll ith‘ i A . ’ miz
400 500 800 1000 1200 1400 1600 1800 2000 2200 2400
Figure S12. Mass spectrum of (1)13 (tr =9.31 min) from the LC-MS anal;/sis of a DCL made from 1.
. . 3+, . +
(1)13:m/z calculated: 1427.00 [M+3H]™"; m/z observed: 1426.94 [M+3H]™".
Bmhl 50MeCN 3d Unstir 1dStir
MePEG3 LMC 1085 (9.521) Cm (1063:1068) 1: TOF MS ES+
1628.2213 521e3
100
1527 9344 |
1537 6475
15356422
1535 6583
15380702
1538 0952
1537.3105.
o 1530.3243
=l
15449794
1538.0728
15453091
1545 9786
[1546.3143
1525.5450.|| 12526572
S0 gaLe
543.2657 1552 8817
5942.5027 1550 9623
158.3817 042.3921
3. 1483 4846
340.3642 |40 3527 1172.4744 -
b % 1283 9926 L
o Ll hmuu.l‘ bkl L1y dabonbellb b Ll iL.L ahedls " Ll A " . iz
a00 | 600 800 | 1000 1200 1400 1600 180D 2000 | 2200 2400

Figure S13. Mass spectrum of (1)14 (tg =9.52 min) from the LC-MS analg/sis of a DCL made from 1.
(1)14 :m/z calculated: 1536.69 [M+3H]*"; m/z observed: 1536.65 [M+3H]"".

S25



emh 50MeCN 3d Unstir 1dStir
MePEG3 LMC 1090 (9.756) Cm (1084:1099)
100

463.3005

397 3033 930.8710

510.1444

500

Figure S 14. Mass spectrum of (1)15 (tr =9.76 min) from the LC-MS analysis of a DCL made from 1.

13352363

1400

16450044
1647 6556 16483365
1647.3402
1648.3531
1548 6683
1648 5354
[1549.0175
1646.9915.
1654 6709
e
1655.3450
1646.6594.
1656.0107
1660.3082
1662.2264
1646.3108.

16198752
Lol

il

1: TOF MS ES+
T77e3

1600 1800

(1)15 :m/z calculated: 1646.39 [M+3H]*"; m/z observed: 1646.31 [M+3H]>".

BmM 50MeCN 3d Unstir 1dStir
MePEG3 LMC 1117 (9.987) Cm (1111:1125)
100

%

463.3905

397 2956 |46 1020 5087

812 3050gg6.1525

9.3015

536.1254 £10.1383
s

400

500 1000

1217.7726_[1319.7405
1276.0293.
1107.1172

1200

1318.5013

1400

1319.2363

1756.0233
17573545

AT57.2373.

1787.01158 1755 3655

1756.9943.

1758 6753
17643500
1764.6593

17848785
1765.0203

1765.6563

176585907
1756.3428.
1765.7078
_1771.9350
T72.0225
1778.3224

ATT9.6597

1756.3035..

7 730.9329

Al L

2000
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A

2200

ki

- miz
2400

1: TOF MS ES+
4.52e3

1600 1800

2000

2200

Figure S 15. Mass spectrum of (1)16 (tr =9.97 min) from the LC-MS analysis of a DCL made from 1.
(1)16 :m/z calculated: 1756.01 [M+3H]*", 1317.31 [M+4H]**; m/z observed: 1756.00 [M+3H]*", 1317.28 [M+4H]*".
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Bmhi 50MeCN 3d Unstir 1dStir

MePEG3 LMC 1141 (10.212) Cm (1135:1153)
100

1: TOF MS ES+
1400 7285 523e3

1401.2702

1401.5234
1400.5358.

_1401.5338

14002755 -1401.7292

1402.0229
o 1867 2604
sl
18670334,
14022740
1267 6376
14062083
1400.0306.] 1873.7037
1266 2952
13666790
_1407.0272
468.3908 1407.2650 1875 0321
1299793
139,704 1820 0221
_1381.0422
72918 | o 2018 e72 5500 1370.9290 -1831.6721
- .
584.4303 10766410 1370 2720
6841727

400 500

800 1000 1200 1400 1600

1800 2000 2200
Figure S16. Mass spectrum of (1)17 (tz =10.21 min) from the LC-MS analysis of a DCL made from 1.

(1)17:m/z calculated: 1865.77 [M+3H]**, 1399.58 [M+4H]*"; m/z observed: 1865.72 [M+3H]**, 1399.55 [M+4H]*".

6mi 50MeCN 3d Unstir 1dStir
MePEG3 LMC 1174 (10.495) Cm (1166:1183)

1: TOF MS ES+
100 1483.3042 86583
1453.2635
1483.8164
1453.0521.
1484 0440
1452 8158,
148423049

1432 5635 |1484.5414

14325322
462.3905
14847855
1482.2280.] 14850371
1439 5551
1693980

1432.0756

391.3126

1977.0480

) 14522847
540.4102 TMATIST 42320238

400 500

L "
miz
G800 1000 1200 1400 1600 1800 2000 ' 22‘00 2400

Figure S17. Mass spectrum of (1)1s (tg =10.50 min) from the LC-MS analysis of a DCL made from 1.
(1)1 :m/z calculated: 1975.46 [M+3H]*", 1481.85 [M+4H]*" ; m/z observed: 1975.37 [M+3H]*", 1481.81 [M+4H]*".
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Bmhd 50MeCN 3d Unstir 1dStir
MePEG3 LMC 1203 (10.764) Cm (1192:1214)
100 453.3905

1- TOF MS ES+
144ed

1565.8413

[1566.0673
1565.3232.

1566.3269

%

1565.0724. |
1566.5779
460.3015 -1566.8208

1564.8295_|

1571.3340
1564.5707_§ - 1571.5610
1575.5695

145396664 156431120 1577.0719
397.2956 1582.5620

pani nl.llhjllm -u‘lLle-I!\-ulmh lu‘I sl o TP TP T s L+ e ki o : hI.L — . . miz
400 500 &00 1000 1200 1400 1600 1800 2000 2200 2400

Figure S18. Mass spectrum of (1)19 (tr =10.76 min) from the LC-MS analysis of a DCL made from 1.
(1)10 :m/z calculated: 1564.12 [M+4H]*"; m/z observed: 1564.06 [M+4H]"".

BmM 50MeCN 3d Unstir 1dStir
MePEG3 LMC 1237 (11.055) Cm ({1226:1248)

1: TOF MS ES+
100 468.3905 1.10e

16481040

1647 8384_|1648.3531

1645 6023

1647 5726,

1648 8350

%

16491007
1647.2402 ]

469.3815

1649 3459
1647.0211
-1649.5825
1853.3232
18538306
1654.0802
1645 3254._J1654.3330

1658.0022
1859.2420

16455930
£12.8181 a8 2145 1282.4786 1572.3153
ORI (T I TRPUT FOUNTOUT N 1 TP 0 R TTPT T A T [ ) FPY (TN miz

o
a0 | 800 800 | 1000 1200 1400 1600 1800 2000 | 2200 2400

Figure S 19. Mass spectrum of (1)20 (tr =11.06 min) from the LC-MS analysis of a DCL made from 1.
(1)20 :m/z calculated: 1646.39 [M+4H]** ; m/z observed: 1646.34 [M+4H]*".
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6mi 50MeCN 3d Unstir 1dStir
MePEG3 LMC 1270 (11.358) Cm (1259:1285)

1- TOF MS ES+
100 462.3905 132e4
N 17306002
b 1730.3448. | 17206172
17298514
269.3057
1731.1108
469 3915 17206132 [1731.3661
1720 5962..
1731.6045
1735.8545
1729.2409.
| 17363403
1720.0944 || 1736.8045
ls06752 1740 5962
o 1741 8510
4742568 1021.9088 1230 3025 1722.8562.
ol L ﬁ‘u“, MTRTRA e by PRy S i it e e, Ll : : : — miz
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Figure S20. Mass spectrum of (1)21 (tg =11.36 min) from the LC-MS anal
(1)21 :m/z calculated: 1728.65 [M+4H]*" ; m/z observed: 1728.59 [M+4H]"".

6mi 50MeCN 3d Unstir 1dStir
MePEG3 LMC 1307 (11.675) Cm (1293:1321)
100 463.3905

%

I)/sis of a DCL made from 1.

1: TOF MS ES+

268 3957
469.3915
18123590
1813 3683
18121316, | #13.6298
; 18132562
1818530 1247 meeT
ls50 sa64 1811.6005._f 1812.6333
211 345018188778
ot JI.H. TRU IR TR L " bt it s i s | o :
400 500 &00 1000 1200 1400 1600 1800 2000 2200 2400

Figure S21. Mass spectrum of (1), (tr =11.68 min) from the LC-MS anaLysis of a DCL made from 1.

(1)22 :m/z calculated: 1810.92 [M+4H]** ; m/z observed: 1811.09 [M+4H]".

1.9%e4
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6mi 50MeCN 3d Unstir 1dStir
MePEG3 LMC 1342 (11.995) Cm (1336:1347)

1: TOF MS ES+
100 462.3905 3 Goea
1895 1211
o8 3ese 1394 3540
120538527
1205.2704
1204 6226
1395 6021
13958514
| 268 2007 1394 3643,
X
469.3915 1595 9043
1900.1289
18941239 )
1894.0706_} 1900 6016
19011277
1901 3774
1905 6077
1892.8480
1905 8577
1166.2001 19063575
l470 3981 900.0397 1593.5985.
£10.1545 o
1352.4830 1432 1108 1893 3495,
1502.1813 1893 2951.
o L A..LIL ..l].‘ A L L miz
400 500 800 1000 1200 1400 1600 1800 2000 2200 2400

Figure S22. Mass spectrum of (1)23 (tzr =11.99 min) from the LC-MS ana!}/sis of a DCL made from 1.
(1)23 :m/z calculated: 1893.12 [M+4H]** ; m/z observed: 1893.14 [M+4H]".
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Figure S23. Mass spectrum of (1).4 (tr =12.32 min) from the LC-MS anal
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: m/z observed: 1975.57 [M+4H]*".
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Figure S24. Mass spectrum of (1)25 (tr =12.64 min) from the LC-MS analysis of a DCL made from 1.
(1)25 :m/z calculated: 2057.58 [M+4H]4+; m/z observed: 2057.58 [M+4H]4+.
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Figure S25. Mass spectrum of (1)26 (tr =12.93 min) from the LC-MS anaLysis of a DCL made from 1.
(1)26 :m/z calculated: 2140.00 [M+4H]** ; m/z observed: 2140.14 [M+4H]".
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Figure S 26. Mass spectrum of (1)27 (tzr =13.26 min) from the LC-MS analysis of a DCL made from 1.
(1)27 :m/z calculated: 2222.27 [M+4H]**, 1778.02 [M+5H]** ; m/z observed: 2222.24 [M+4H]*", 1777.96 [M+5H]>".
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Figure S27. Mass spectrum of (1)2s (tr =13.49 min) from the LC-MS analysis of a DCL made from 1.
(1)28 :m/z calculated: 2304.54 [M+4H]**, 1843.83 [M+5H]*" ; m/z observed: 2304.60 [M+4H]**, 1843.95 [M+5H]>".
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Figure S 28. Mass spectrum of (1)29 (tr =13.77 min) from the LC-MS analysis of a DCL made from 1.
(1)20 :m/z calculated: 2386.81 [M+4H]**, 1909.65 [M+5H]*" ; m/z observed: 2386.74 [M+4H]**, 1909.69 [M+5H]>".
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Figure S29. Mass spectrum of (1)zo (tr =14.01 min) from the LC-MS analysis of a DCL made from 1.
(1)30 :m/z calculated: 2469.07 [M+4H]**, 1975.46 [M+5H]*" ; m/z observed: 2469.22 [M+4H]**, 1975.49 [M+5H]>".
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Figure S30. Figure 1: Mass spectrum of (1)31 (tr =14.28 min) from the LC-MS analysis of a DCL made from 1.

(1)31 :m/z calculated: 2041.27 [M+5H]*"; m/z observed: 2041.30 [M+5H]>".
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Figure S31. Mass spectrum of (1)s2 (tr =14.55 min) from the LC-MS analysis of a DCL made from 1.

(1)32 :m/z calculated: 2107.09 [M+5H]>"; m/z observed: 2107.10 [M+5H]>".

2109.3142

2109.1453

21085210

2112.9517
2102.7319.

(2113.5344

2117.2979
2102.5159.

2102 4875,
2103.3467_|

[117.7307
2102.1401.
[2120.5121

2102 0837_§>120.0231

_2121.1208

07 95
21079524 ~2122.185

21078865,

1247588

2000

2125.5503

1: TOF MS ES+
1.17e

S34



6mi 50MeCN 3d Unstir 1dStir

MePEG3 LMC 1654 (14.788) Cm (1652:1655) 1: TOF MS ES+
21751118 799
100
2175.3403
R176.7126
21750417
2179.3494
21750828
21747490,

2174.5391_R2172.5117

21742339 | 21831323

2174.1003_Jf2183.5051
663.4125

T46.4541 2184.1455

584.47G8

2173.0332 21866857

| 746.4553 2173 5005 2155 2485
9881837 1751.8707 - B BECRERS

a10.8774
762.4667 10101788 1751.16387| 21463206

17522344
1533.8051

miz
1400 1600 1800 2000 2200 2400 2600

Figure S 32. Mass spectrum of (1)s3 (tr =14.79 min) from the LC-MS analysis of a DCL made from 1.
(1)33:m/z calculated: 2172.91 [M+5H]>"; m/z observed: 2172.99 [M+5H]>".
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Figure S33. Mass spectrum of (1)z4 (tr =15.04 min) from the LC-MS analysis of a DCL made from 1.
(1)34 :m/z calculated: 2238.72 [M+5H]°*; m/z observed: 2238.84 [M+5H]°".
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Figure S34. Mass spectrum of (1)s35 (tg =15.29 min) from the LC-MS analysis of a DCL made from 1.
1: TOF MS ES+
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(1)35 :m/z calculated: 2304.54 [M+5H]>"; m/z observed: 2304.64 [M+5H]>".
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Figure S35. Mass spectrum of (1)zs (tr =15.68 min) from the LC-MS analysis of a DCL made from 1.

(1)36 :m/z calculated: 2370.35 [M+5H]>*; m/z observed: 2370.35 [M+5H]°".
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Figure S36. Mass spectrum of (1)37 (tzg =15.81 min) from the LC-MS analysis of a DCL made from 1.

(1)s7 :m/z calculated: 2436.17 [M+5H]>"; m/z observed: 2436.00 [M+5H]">".
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Figure S37. Mass spectrum of (1)ss (tr =16.16 min) from the LC-MS analysis of a DCL made from 1.

(1)s8 :m/z calculated: 2501.91 [M+5H]>*; m/z observed: 2501.94 [M+5H]°".

S37

852

miz



438075_DK_20161003_MP2_LMC_amii_Dil10fold 518 (5.314) Cm (614°636) 1: TOF MS ES+
8561381 3.38e5
100+
= 857 1446
878.1147
879.1219
8801176
901.1931
b
Fnzwss
0 1 ; ; T ; T ; A T ; ; ; - miz
600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

Figure S 38. Mass spectrum of (2)3 (tr =5.31 min) from the LC-MS analysis of a DCL made from 2.

(2)3:m/z calculated: 856.16 [M+H]"; m/z observed: 856.14 [M+H]".
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Figure S 39. Mass spectrum of (2)4 (tr =6.21 min) from the LC-MS analysis of a DCL made from 2.

(2)4:m/z calculated: 1141.21 [M+H]"; m/z observed: 1141.18 [M+H] *.
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Figure S 40. Mass spectrum of (2)s (tr =7.51 min) from the LC-MS analysis of a DCL made from 2.
(2)s :m/z calculated: 1448.24 [M+Na]"; m/z observed: 1448.20 [M+Na] *.
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Figure S 41. Mass spectrum of (2)6§

tr =8.38 min) from the LC-MS analysis of a DCL made from 2.
(2)s :m/z calculated: 856.16 [M+2H]*": m/z observed: 856.14 [M+2H]*".
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Figure S 42. Mass spectrum of (2)7 and (2)s (tr =9.35 min) from the LC-MS analysis of a DCL made from 2.
(2)7: m/z calculated: 998.65 [M+2H]**; m/z observed: 998.68 [M+2H]*".
(2)s: m/z calculated: 1141.21 [M+2H]**; m/z observed: 1141.08 [M+2H]*".
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Figure S 43. Mass spectrum of (2)g (tr =9.53 min) from the LC-MS ana
(2)o :m/z calculated: 1283.73 [M+2H]**; m/z observed: 1283.70 [M+2H]*".

I%/sis of a DCL made from 2.
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Figure S 44. Mass spectrum of (2)10 (tr =10.41 min) from the LC-MS analysis of a DCL made from 2.
(2)10 :m/z calculated: 1426.23 [M+2H]*"; m/z observed: 1426.25 [M+2H]*".
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Figure S 45. Mass spectrum of (2)11and (2)12 (tr =10.71 min) from the LC-MS analysis of a DCL made from 2.
(2)11: m/z calculated: 1568.78 [M+2H]**, 1046.19 [M+3H]>" ; m/z observed: 1568.75 [M+2H]*", 1046.15 [M+3H]*".
(2)12: m/z calculated: 1711.30 [M+2H]**, 1141.21 [M+3H]*" ; m/z observed: 1711.28 [M+2H]**, 1141.17 [M+3H]*".
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Figure S 46. Mass spectrum of (2)13 (tg =11.52 min) from the LC-MS analysis of a DCL made from 2.
. . 2+ 3+, . 2+ 3+
(2)13:m/z calculated: 1853.83 [M+2H]"", 1236.22 [M+3H]™" ; m/z observed: 1853.79 [M+2H]"", 1236.20 [M+3H]™".
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Figure S 47 Mass spectrum of (2)14 (tg =11.97 min) from the LC-MS analg/sis of a DCL made from 2.
(2)14 :m/z calculated: 1331.24 [M+3H]** ; m/z observed: 1331.22 [M+3H]"".
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Isysis of a DCL made from 2.

Figure S48: Mass spectrum of (2)15 (tg =12.45 min) from the LC-MS ana
(2)15: m/z calculated: 1426.25 [M+3H]>*; m/z observed: 1426.24 [M+3H]*".
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I;/sis of a DCL made from 2.

Figure S49. Mass spectrum of (2)16 (tr =12.86 min) from the LC-MS ana
(2)16: M/z calculated: 1521.27 [M+3H]>*; m/z observed: 1521.25 [M+3H]*".
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Figure S50. Mass spectrum of (2)17 (tg =13.23 min) from the LC-MS ana[éysis of a DCL made from 2.
. . 3+, . +
(2)17: m/z calculated: 1616.29 [M+3H]™"; m/z observed: 1616.25 [M+3H]"".
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Figure S 51. Mass spectrum of (2)1s (tzr =13.61 min) from the LC-MS an
(2)18: m/z calculated: 1711.30 [M+3H]3+; m/z observed: 1711.25 [M+3H

a3|ysis of a DCL made from 2.
I
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Figure S 52. Mass spectrum of (2)19 (tzg =13.94 min) from the LC-MS analysis of a DCL made from 2.
(2)10: m/z calculated: 1806.32 [M+3H]**; m/z observed: 1806.30 [M+3H]*".
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Figure S 53. Mass spectrum of (2)20 (tr =14.26 min) from the LC-MS analysis of a DCL made from 2.
(2)20 :m/z calculated: 1901.34 [M+3H]*", 1426.25 [M+4H]*" : m/z observed: 1901.27 [M+3H]*", 1426.23 [M+4H]*".
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Figure S 54. Mass spectrum of (2)21 (tr =14.55 min) from the LC-MS analysis of a DCL made from 2.
(2)21 :m/z calculated: 1996.35 [M+3H]*", 1497.52 [M+4H]*" ; m/z observed: 1996.31 [M+3H]**, 1497.53 [M+4H]*".
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Figure S 55. Mass spectrum of (2)22 (tr =14.86 min) from the LC-MS analysis of a DCL made from 2.
(2)22 :m/z calculated: 2091.37 [M+3H]*", 1568.78 [M+4H]*" : m/z observed: 2091.33 [M+3H]*", 1568.73 [M+4H]**.
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Figure S 56. Mass spectrum of (2)23 gtR
T

(2)23 :m/z calculated: 2186.39 [M+3H]

=15.15 min) from the LC-MS analysis of a DCL made from 2.
1640.04 [M+4H]*" ; m/z observed: 2186.25 [M+3H]**, 1639.96 [M+4H]*".

438075_DK_20161003_MP2_LMC_4mMM_Dil10fold 1796 (15 411) Cm (1788:1807) 1- TOF MS ES+
17133018 661
100
1163.1672 1713.2681.
1713.5052
1712 7766
| 1713.5391
1713.7764
1165.1648
1712 4872
1163.1533, 1714.0137
1714 0645
11831393 1714.2679
2284 2092
11411971 1712.2769 .
N 1718.8132 2283524
1711.9974 5
| 11411096 | |-11BE178T 17192715
1736 2466 2283231 )
1741.9306 D284 5225
| 2305.4600
1711.768
1073.2822 | 11166.1711 o
1445.2098
1255 5488 1450.2202 1711.7349 | 306.1870
2307 1699
[} m/z
1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700

Figure S 57. Mass spectrum of (2)24 (tr =15.41 min) from the LC-MS analysis of a DCL made from 2.
(2)24 :m/z calculated: 2281.40 [M+3H]*", 1711.30 [M+4H]*" : m/z observed: 2281.47 [M+3H]*", 1711.25 [M+4H]*".
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Figure S 58. Mass spectrum of (2)25 (tr =15.70 min) from the LC-MS analysis of a DCL made from 2.
(2)25 :m/z calculated: 2376.42 [M+3H]*", 1782.57 [M+4H]*" ; m/z observed: 2376.56 [M+3H]*", 1782.49 [M+4H]*".
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Figure S 59. Mass spectrum of (2)26 (tr =15.97 min) from the LC-MS analysis of a DCL made from 2.

(2)26 :m/z calculated: 2471.44 [M+3H]*", 1853.83 [M+4H]*" : m/z observed: 2471.45 [M+3H]*", 1853.75 [M+4H]**.
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Figure S 60. Mass spectrum of (2)27 (tr =16.24 min) from the LC-MS analysis of a DCL made from 2.

(2)27 :m/z calculated: 2566.45 [M+3H]**, 1925.09 [M+4H]*" ; m/z observed: 2566.50[M+3H]**, 1925.30 [M+4H]*".
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Figure S 61. Mass spectrum of (2)2s (tr =16.50 min) from the LC-MS ana[}/sis of a DCL made from 2.
(2)28 :m/z calculated:, 1996.35 [M+4H]*" ; m/z observed: 1996.51 [M+4H]*".
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Figure S 62. Mass spectrum of (2)29 (tr =16.78 min) from the LC-MS ana[}/sis of a DCL made from 2.
. . 4+, . +
(2)29 :m/z calculated:, 2067.62 [M+4H]™ ; m/z observed: 2067.82 [M+4H]"".
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Figure S 63. Mass spectrum of (2)z0 (tg =17.04 min) from the LC-MS analz}/sis of a DCL made from 2.
(2)30 :m/z calculated:, 2138.88 [M+4H]"" ; m/z observed: 2139.01 [M+4H]"".
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Figure S 64. Mass spectrum of (3)s (tr =5.96 min) from the LC-MS analysis of a DCL made from 3.
(3)3:m/z calculated: 1120.31 [M+H]", 1142.30 [M+Na]"; m/z observed: 1120.30 [M+H]", 1142.29 [M+Na]".

438075_DK_20161003_MP4LMC_300ul_DIHZO 721 (6.197) Cm (720.723) 1: TOF MS ES+
747 2064 5.06e4
100+
748.2027
7487067
15156.3933
15173700
[749.1956
1515.3909
353 2023
1142.2900 5
755 1946 2900 e 14934176 1519.3500
7596910 1120 299@ ™
0 T T . - T T l. i by y T T T T T T T T T m/z
600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

Figure S 65. Mass spectrum of (3)4 (tr =6.20 min) from the LC-MS analysis of a DCL made from 3.
(3)a:m/z calculated: 1515.40 [M+Na]*, 747.21 [M+2H]*"; m/z observed: 1515.39 [M+Na]', 747.21 [M+2H]*".
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Figure S 66. Mass spectrum of (3)s (tr =7.75 min) from the LC-MS analysis of a DCL made from 3.
(3)s :m/z calculated: 1888.50 [M+Na]*, 933.76 [M+2H]*"; m/z observed: 1888.46 [M+Na]', 933.75 [M+2H]*".
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Figure S 67. Mass spectrum of (3)e (tg =8.75 min) from the LC-MS analysis of a DCL made from 3.

600

(3)s :m/z calculated: 1142.30 [M+2Na]**, 1120.31 [M+2H]**; m/z observed: 1142.29 [M+2Na]**, 1120.29 [M+2H]*".
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Figure S 68. Mass spectrum of (3)g (tr =9.03 min) from the LC-MS analysis of a DCL made from 3.

(3)s: M/z calculated: 1515.40 [M+2Na]**, 995.95 [M+3H]** ; m/z observed: 1515.36 [M+2Na]**, 995.93 [M+3H]*".
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Figure S 69. Mass spectrum of (3)g (tr =9.13 min) from the LC-MS analysis of a DCL made from 3.

(3): m/z calculated: 1701.95 [M+2Na]**, 1120.31 [M+3H]*";m/z observed: 1701.94 [M+2Na]*", 1120.31 [M+3H]*".

S53



438075_DK_20161003_MP4LMC_300uiM_DilH2O 1085 (9.429) Cm (1098:1100) 1: TOF MS ES+
13258293 2.81e3
100
1330.3220
1307.8403 13303369
13073522
1330 8257
1330.8446
1307337
= 13073225
1331.3226
1306.8635
a72 2407 1306 8489,
871.9022.| 5725793 1331.3378
_1331.3525
1 ~-1398.3181
872.9301
871 588
872.5421 _1386.3458
871.5517 [
817.2165. _873.2808 1398 8386
817.1989.| |.873.3051 13993439
1 8171814, 1/531.30?4
0 J..;L. Lol b ‘ha ) L . n l 4 miz
" " ’ ' Y ' ¥ /
€00 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2500

Figure S 70. Mass spectrum of (3)7 (tz =9.43 min) from the LC-MS analysis of a DCL made from 3.
(3)7: m/z calculated: 1306.86 [M+2H]**, 871.58 [M+3H]*";m/z observed: 1306.85 [M+2H]*", 871.59 [M+3H]*".
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Figure S 71. Mass spectrum of (3)10 and (3)12 (tr =9.58 min) from the LC-MS analysis of a DCL made from 3.
(3)10: M/z calculated: 1888.50 [M+2Na]**, 1244.68 [M+3H]>";m/z observed: 1888.48 [M+2Na]**, 1244.66 [M+3H]".
(3)12: m/z calculated: 2261.61 [M+2Na]**, 1493.42 [M+3H]**;m/z observed: 2261.42 [M+2Na]**, 1493.42 [M+3H]".
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Figure S 72. Mass spectrum of (3)11 (tzr =9.67 min) from the LC-MS analysis of a DCL made from 3.
(3)11:m/z calculated: 2075.05 [M+2Na]**, 1369.05 [M+3H]*"; m/z observed: 2075.05 [M+2Na]*", 1369.03
[M+3H]*".
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Figure S 73. Mass spectrum of (3)13 (tr =9.89 min) from the LC-MS analysis of a DCL made from 3.
(3)13: m/z calculated: 1617.78 [M+3H]*", 1213.59 [M+4H]*": m/z observed: 1617.75 [M+3H]**, 1213.55 [M+4H]*".
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Figure S 74. Mass spectrum of (3)14 (tzg =10.05 min) from the LC-MS analysis of a DCL made from 3.
(3)14: m/z calculated: 1742.15 [M+3H]**, 1306.86 [M+4H]*"; m/z observed: 1742.13 [M+3H]*", 1306.

86 [M+4H]*.
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Figure S 75. Mass spectrum of (3)1s (tr =10.23 min) from the LC-MS analysis of a DCL made from 3.
(3)15: m/z calculated: 1866.52 [M+3H]3+, 1400.14 [M+4H]4+; m/z observed: 1866.50 [M+3H]3+, 1400.

11 [M+4H]*".
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Figure S 76. Mass spectrum of (3)16 (tg =10.40 min) from the LC-MS analysis of a DCL made from 3.

(3)16 : M/z calculated: 1990.88 [M+3H]**, 1493.42 [M+4H]*"; m/z observed: 1990.81 [M+3H]**, 1493.42 [M+4H]*".
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Figure S 77. Mass spectrum of (3)17 (tg =10.56 min) from the LC-MS analysis of a DCL made from 3.

(3)17: m/z calculated: 2115.25 [M+3H]>*, 1586.69 [M+4H]*": m/z observed: 2115.17 [M+3H]*", 1586.70 [M+4H]**.

S57



100 661.7122

1681.4773 1681 7250
1682.2328
1681.443T

1682 4675

16509565
1680 9232 |

16827197

= 16829716
1680 7052

1680.6834.
1680 6714.-1582.9883

1683.0050
1680.4701. | 1683 2402

1142.2%00 1683.4753
-1685.9789

1650.7056 2263.0857

1680.1849
1143.2866

600.4628 97525841

OLd...ﬂu n \lu.ll ulw ekl Fm \IL..LLJ..

500 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

1558 6888

438075_DK_20161003_MP4LMC_300un_DilH20O 1253 (10.757) Cm (1245:1261) 1: TOF MS ES+
1

5.04e3

Figure S 78. Mass spectrum of (3)1s (tzg =10.76 min) from the LC-MS analysis of a DCL made from 3.

(3)18: M/z calculated: 2239.62 [M+3H]**, 1679.97 [M+4H]*"; m/z observed: 2239.77 [M+3H]**, 1679.95 [M+4H]**.

100 7749812

1775.2400
17747571

17747399

1774.7054.
1775 4641

1774 4811
1774.4639_|-1775.7402

17757574
17742225

17759880

ol | 1776.0162

1778.2577
17741881

1773.9467.
AT7E.2749
| 1776.5166

17737225 1776 5510
ATTE.7TE3

11423040 1788.7357

14202026

876.1147

U_Mul II\Jnkld ALl 1 T P

600 800 1dOD 12‘00 ' 1400 1600 1800 2000 2200 2400 2600 2800

438075_DK_20161003_MP4LMC_300un_DilH20O 1273 (10.929) Cm (1266:1282) 1: TOF MS ES+
1

5.36e3

Figure S 79. Mass spectrum of (3)19 (tr =10.93 min) from the LC-MS analysis of a DCL made from 3.
(3)19: M/z calculated: 1773.24 [M+4H]*"; m/z observed: 1773.22 [M+4H]*.
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Figure S 80. Mass spectrum of (3)20 (tr =11.11 min) from the LC-MS analysis of a DCL made from 3.
(3)20: M/z calculated: 1866.52 [M+4H]*"; m/z observed: 1866.52 [M+4H]*".
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Figure S 81. Mass spectrum of (3)21 (tr =11.23 min) from the LC-MS analysis of a DCL made from 3.

(3)21: m/z calculated: 1959.79 [M+4H]*, 1568.03 [M+5H]>*; m/z observed: 1959.73 [M+4H]**, 1568.07 [M+5H]>".
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Figure S 82. Mass spectrum of (3)22 (tr =11.47 min) from the LC-MS analysis of a DCL made from 3.

(3)22: m/z calculated: 2053.07 [M+4H]*", 1642.66 [M+5H]>"; m/z observed: 2052.98 [M+4H]**, 1642.63 [M+5H]°".
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Figure S 83. Mass spectrum of (3)23 (tr =11.67 min) from the LC-MS analysis of a DCL made from 3.

(3)23: m/z calculated: 2146.34 [M+4H]*", 1717.28 [M+5H]>*; m/z observed: 2146.26 [M+4H]**, 1717.24 [M+5H]>".
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Figure S 84. Mass spectrum of (3)24 (tr =11.85 min) from the LC-MS analysis of a DCL made from 3.
(3)24: M/z calculated: 2239.62 [M+4H]*", 1791.90 [M+5H]>"; m/z observed: 2239.76 [M+4H]**, 1791.88 [M+5H]>".
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Figure S 85. Mass spectrum of (3)2s5 (tr =12.05 min) from the LC-MS analysis of a DCL made from 3.
(3)25: m/z calculated: 2332.89 [M+4H]", 1866.52 [M+5H]>*; m/z observed: 2332.85 [M+4H]**, 1866.52 [M+5H]>".
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Figure S 86. Mass spectrum of (3)2s (tr =12.27 min) from the LC-MS analysis of a DCL made from 3.
(3)26: M/z calculated: 2426.17 [M+4H]*", 1941.37 [M+5H]>*; m/z observed: 2426.15 [M+4H]*", 1941.33 [M+5H]>".
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Figure S 87. Mass spectrum of (3)27 (tr =12.45 min) from the LC-MS analysis of a DCL made from 3.
(3)27: m/z calculated: 2519.45 [M+4H]**, 2015.76 [M+5H]°"; m/z observed: 2519.46 [M+4H]*", 2016.07 [M+5H]>".
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Figure S 88. Mass spectrum of (3)2s (tr =12.67 min) from the LC-MS analysis of a DCL made from 3.
(3)26: M/z calculated: 2090.38 [M+5H]*"; m/z observed: 2090.55[M+5H]>".
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Figure S 89. Mass spectrum of (3)29 (tr =12.85 min) from the LC-MS analysis of a DCL made from 3.
(3)20: M/z calculated: 2165.00 [M+5H]>*; m/z observed: 2165.31 [M+5H]>".

S63




100

8758.132%
§50.3E46

B679.3550
-
7143776

1142 2500

1142.2693
1144.2972

1194 3705
re

1573.3556

1123.3782
N 1513.5000
N

1200

1400 1600

438075_DK_20161003_MPALMC_300ul_DilH20 1522 (13.063) Cm (1512-1534)

2241

22412486 |

2241.0723

22409172

22408398

1868.4808 2240.7041

1868.8701

18681978, , 22405493
1867 8262|059 5426 5303 7019,

4985

2241 8860

2242 4675

2242 8304

2242 7152
22431069

[2243.2620

22433201
22602542
o

2261.4500

'261.9277

2000

2200

22646536

2400

2600

1: TOF MS ES+
1.06e3

2800.5608

2800.4741 ~2820.0105
28202168

2800

Figure S 90. Mass spectrum of (3)so0 (tr =13.06 min) from the LC-MS analysis of a DCL made from 3.
(3)30: M/z calculated: 2239.62 [M+5H]**; m/z observed: 2239.92 [M+5H]"".
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Figure S 91. Mass spectrum of (3)s1 (tr =13.26 min) from the LC-MS analysis of a DCL made from 3.
(3)s1: M/z calculated: 2314.24 [M+5H]>*; m/z observed: 2314.74 [M+5H]>".
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Figure S 92. Mass spectrum of (3)s2 (tr =13.47 min) from the LC-MS analysis of a DCL made from 3.
(3)32: m/z calculated: 2388.86 [M+5H]**; m/z observed: 2389.24 [M+5H]"".
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Figure S 93. Mass spectrum of (3)s3 (tr =13.67 min) from the LC-MS analysis of a DCL made from 3.
(3)33: m/z calculated: 2463.48 [M+5H]>*; m/z observed: 2464.03 [M+5H]"".
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Figure S 94. Mass spectrum of (3)s4 (tr =13.86 min) from the LC-MS analysis of a DCL made from 3.
(3)34: M/z calculated: 2115.25 [M+6H]®*, 2538.10 [M+5H]>* ; m/z observed: 2115.80 [M+6H]®*, 2538.36 [M+5H]"".
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Figure S 95. Mass spectrum of (3)ss (tr =14.05 min) from the LC-MS analysis of a DCL made from 3.
(3)3s: m/z calculated: 2177.44 [M+6H]®", 2612.72 [M+5H]*" ; m/z observed: 2177.87 [M+6H]®", 2613.21 [M+5H]>".
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2242 0217 160
100
878.1390
550.3846
4 02422153
2241.5557]
1142.2900
22413240 5342 3511
D242 4675
2241.1757]
| 2242 8611
682.3667
2689.7422
714.3613
B 716.5404 1143.3074 2690.0818
= 2240.9753.
6905593
791341 2243 8162 2689.4028.
60,1357 2688.975%600 7200
22108062 2710.1052
1 2651.7817
536.2530 1414 5924 2210.4602. 7
22432620
1356.0385 2179.1499._ 611592 26152327 2710 7859
1.15
1127281 [ 13120192 2070.3879 2600.0027 2808.1636
1525.7856 1830.3960 2837 9485
1759.5709._ 1821.9479
| n - miz
1400 1600 1800 2000 2200 2400 2600
Figure S 96. Mass spectrum of (3)ss (tr =14.28 min) from the LC-MS analysis of a DCL made from 3.
. . 6+ 5+. . 6+ 5+
(3)36: M/z calculated: 2239.62 [M+6H]"", 2687.34 [M+5H]”" ; m/z observed: 2239.90 [M+6H]"", 2687.396[M+5H]"".
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Figure S 97. Mass spectrum of (3)s7 (tr =14.46 min) from the LC-MS analysis of a DCL made from 3.
(3)s7: m/z calculated: 2301.80 [M+6H]®*, 2761.96 [M+5H]>* ; m/z observed: 2302.30 [M+6H]®", 2762.32 [M+5H]>".
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Figure S 98. Mass spectrum of (3)ss (tr =14.67 min) from the LC-MS analysis of a DCL made from 3.
(3)3s: m/z calculated: 2363.99 [M+6H]®*, 2836.58 [M+5H]>* ; m/z observed: 2364.64 [M+6H]®", 2837.11 [M+5H]>".
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Figure S 99. Mass spectrum of (3)s9 (tr =14.85 min) from the LC-MS analysis of a DCL made from 3.
(3)30: M/z calculated: 2426.17 [M+6H]®" ; m/z observed: 2426.68 [M+6H]®".
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Figure S 100. Mass spectrum of (3)4o (tr =15.02 min) from the LC-MS analysis of a DCL made from 3.
(3)a0: M/z calculated: 2488.35 [M+6H]®" ; m/z observed: 2488.61 [M+6H]®".
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Figure S 101. Mass spectrum of (3)41 (tr =15.22 min) from the LC-MS analysis of a DCL made from 3.
(3)a1: M/z calculated: 2550.54 [M+6H]®" ; m/z observed: 2550.97 [M+6H]®".
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438075_DK_20161003_MP4LMC_300un_DilH20O 1799 (15.437) Sm (Mn, 2x3.00), Cm (1786:1810) 1: TOF MS ES+
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Figure S 102. Mass spectrum of (3)42 étR =15.44 min) from the LC-MS analysis of a DCL made from 3.
(3)a2: m/z calculated: 2612.72 [M+6H]®" ; m/z observed: 2613.52 [M+6H]®".

Remark: For the large oligomers, UPLC-TOF-MS can in principle distinguish between cyclic
and linear species as the latter ones would contain two extra hydrogen atoms at the chain
ends. In practice, as the amount of the corresponding oligomers (and thus the corresponding
signal intensities and signal-to-noise ratios) decrease with increasing oligomer length, we
could only confirm the presence of cyclic oligomers up to 35™'s, based only on the MS
analysis. Furthermore, the low abundance hampered the MS detection of oligomers above
38-mer (building block 1) and 42-mer (building block 3), respectively. Additional peaks most
likely corresponding to even larger oligomers were clearly observed in the UPLC
chromatograms (see Figure S 107 and Figure S 114).

If linear oligomers were present in considerable amount, thiols and linear dimers would also
be detectable in similar concentrations, due to thiol-disulfide exchange. UPLC analysis of
fully oxidized samples show that the amount of these free thiol-containing species are below
the detection limit. One can argue that for larger oligomers, the linear and cyclic species
composed of the same number of monomer units cannot be separated by UPLC because the
difference in polarity conferred by the presence of two thiol groups is relatively small due to
the large size of both species. Thus, we performed the following experiment: For each
building block 1-3, a UPLC spectrum of a fully oxidized library (6 mM), containing
considerable amounts of LMCs, alongside with a low amount of organic co-solvent, was
recorded. Subsequently, a 100 pL portion of each sample was diluted with 900 uL
isopropanol, resulting in DCLs (1.2 mM) containing 90 V/V % organic co-solvent. As
discussed in detail in the main text, these libraries contained only neglectable amounts of
LMCs as the hydrophobicity-driven aggregation of trimers and tetramers, which is necessary
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for the formation of large oligomers, is far less pronounced in mainly organic media (see
Figure 2 in the Main Text).
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Figure S 103. Free thiol (calculated as c(SH) = c(monomer)+0.5xc(dimer); black bars) and LMC (red bars)
content of fully-oxidized, non-stirred DCLs (6 mM) prepared from building block (A) 2, (B) 1, (C) 3 before (left-side
bars) and after (right-side bars) diluting into 90 V/V% isopropanol.

If there were a considerable amount of linear large oligomers containing free thiol groups,
these would cause a considerable increase in the amount of free thiols (monomer and linear
dimer). However, the linear thiol concentration increased only by a negligible amount (0.1 %
and 1.1 % for building block 1 and 3, respectively, whereas in the case of building block 2, no
change was detectable), as shown in Figure S 103. Thus, based on our analytical data, the
detected large oligomers are most probably macrocyclic species, with at most a few percent
of linear species present.
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7. Additional characterization of the LMCs formed from building
block 1.

Remark: In oxidized, non-stirred DCLs prepared from 1, stable colloids are formed at
concentrations below 1 mM. In contrast, in libraries with a DMF content less than 10 V/V %
and building block concentration higher than 1 mM, phase separation occurred (Figures
S104-106). This process was also evident from UPLC analysis of the samples, showing
extensive peak area loss for samples that exhibited phase separation (Figure S104). After re-
dissolving phase-separated material in MeCN, UPLC analysis revealed that it had a
composition similar to that of the solution phase, consisting mainly of trimers and tetramers
(Figure S 106). Consistently, upon the addition of increasing amounts of co-solvent, the
phase-separated material could be re-dissolved as evidenced by the increase in the overall
UPLC peak area.
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Figure S104. Total UPLC peak area of a DCL prepared from 1 (6.0 mM) with different amounts of DMF as a co-
solvent.
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Figure S 105. Fluorescent emission spectrum of a solution containing a DCL prepared from 1 (6.0 mM) in the
absence of agitation and 230 nM Nile Red in 50 mM borate buffer (pH = 8.2, without co-solvent) at Aexc = 553 nm
(blue line) and the fluorescent emission spectra of Nile Red (red dots), a DCL prepared from 1 at a total
concentration of 6.0 mM (green dots) and buffer (black line) recorded under the same conditions.
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Figure S 106. A sample prepared by isolating the oily substrate (see inset, arrow pointing towards an oil droplet),
formed in a vial containing a 2 months old non-agitated DCL prepared from 1. The oil was dissolved in MeCN and
UPLC chromatograms were recorded by adding (A) 0% (B) 10 % DMSO to the sample. Note that the intensity
scales of the two chromatograms are the same.
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Figure S 107. Partial UPLC chromatogram of a DCL prepared from 1, showing peaks most likely corresponding to
oligomers 139-144 (not detected in LC-MS due to low signal intensity).
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50 pm

Figure S 108. Optical microscopy images taken of a non-agitated DCL prepared of 1 (6.0 mM) in borate buffer (50
mM, pH = 8.2), pre-oxidized 80 % with sodium perborate (A) 1 hour (B) 1 day (C) 4 months after preparation.
Note the presence of spherical aggregates in the fresh samples.

Figure S 109. Fluorescence micrscopy image of an oxidized sample of building block 1 (6.0 mM in 50 mM borate
buffer, pH = 8.2) containing trimers, tetramers and LMCs, stained with Nile Red (100 nM).
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8. Additional characterization of the LMCs formed from building
block 2.
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Figure S 110. UPLC chromatograms of a DCL prepared from building block 2 (4 mM), oxidized to 95% with
sodium perborate in aqueous borate buffer (50 mM, pH = 8.2) containing (A) 5 V/V % DMSO (B) 75 V/V % MeCN.

Figure S 111. Negative staining TEM image of a DCL prepared from building block 2 (4 mM) in borate buffer (50
mM, pH = 8.2), oxidized to 90% with sodium perborate. According to the UPLC analysis, the sample contained
trimers, tetramers and large macrocycles, whereas TEM shows no indication for the presence of nanoscale
objects.
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Figure S 112. Confocal fluorescence microscopy image of a freshly oxidized sample of building block 2 (4.0 mM
in 50 mM borate buffer, pH = 8.2) containing trimers, tetramers and LMCs, stained with Nile Red (100 nM).
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9. Additional characterization of the LMCs formed from building
block 3.
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Figure S 113. A sample prepared by injecting a 2 months old, non-agitated DCL prepared from 3 after adding (A)
0% (B) 10 % DMSO to the sample. Note that the intensity scales of the two chromatograms are the same.
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Figure S 114. Partial UPLC chromatogram of a DCL prepared from 3, showing peaks most likely corresponding to
oligomers 340-3s51 (not detected in LC-MS due to low signal intensity).
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Figure S115. LMC percentage (left axis) and maximal detected LMC size n (right axis) of DCLs prepared from 3
(6.0 mM) with different amounts of DMF as a co-solvent. Lines are drawn to guide the eye.
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Figure S116. Fluorescent emission spectrum of a solution containing a DCL (total concentration 1.0 mM)
prepared from 3 (in the absence of agitation) and 240 nM Nile Red in 50 mM borate buffer (pH = 8.2) at Aexc = 553
nm (blue line). The fluorescent emission spectrum of Nile Red (green), a DCL prepared from 3 at a total
concentration of 1.0 mM (blue) and buffer (black) recorded under the same conditions is also indicated.
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Figure S117. Fluorescent emission maximum (left axis, Aexc = 553 nm ) and LMC content (right axis) of solutions
containing 240 nM Nile Red and a pre-oxidized DCL prepared from 3 (50 mM borate buffer, pH = 8.2), at different
building block concentrations.
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Figure S 118. Negative staining TEM image of a DCL prepared from building block 3 (6 mM) in borate buffer (50
mM, pH = 8.2), fully oxidized by air. According to the UPLC analysis, the sample contained trimers, tetramers and
large macrocycles, whereas TEM shows no evidence for the presence of any nanoscale objects.
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Figure S 119. Confocal fluorescence microscopy image of a freshly oxidized sample of building block 3 (6.0 mM
in 50 mM borate buffer, pH = 8.2) containing trimers, tetramers and LMCs, stained with Nile Red (100 nM).
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Figure S 120. Particle size distribution in a non-agitated DCL prepared from building block 3 (6.0 mM) in aqueous
borate buffer (50 mM, pH = 8.2), measured with dynamic light scattering.
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10. Additional characterization of the formation and structure of
hexamer 14

Synthesis of 1¢ from 1.

Ol

”
/
O

H
. J&
(0] N\/\O/\/O\/\o/ sodium borate buffer
pH=82 NH
RT,2d o K|
[ j S (0}
0, s/
HS SH b2k \L
gj 0.

1 (7.7 mg, 23 umol) was suspended in aqueous sodium borate buffer (1.2 mL, 50 mM, pH =
8.2) and was left standing for 1 day. Subsequently, it was stirred for one day. At this time,
UPLC analysis showed complete conversion of the monomer to hexamer. The resulting
suspension was centrifuged (17 min, 3900 rpm). The pellet was washed with doubly distilled
water (2x1200 pL) to remove excess sodium borate and centrifuged. The residue was
freeze-dried overnight to yield 15 (4.0 mg, 2.0 yumol) as a white solid in 52 % yield. The purity
of the product was confirmed by UPLC.
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Figure S 121. UPLC chromatogram of isolated 1s, freshly dissolved in MeCN.
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Figure S122. Powder X-ray diffractogram of isolated 1s.
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Figure S123. Time evolution of stirred DCLs prepared from 1 (6.0 mM) with different amounts of co-solvent
(DMF), pre-oxidized with NaBOs .
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Figure S 124. Change of the relative concentration of 1 in agitated libraries prepared from 1 at 0.05, 0.1 and 0.5
mM concentrations, in aqueous sodium borate buffer (50 mM, pH = 8.2).
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Figure S 125. Change of the relative concentration of 15 in libraries agitated at different stirring rates (100, 600
and 1200 rpm) prepared from 1 at 2 mM concentrations, in aqueous sodium borate buffer (50 mM, pH = 8.2). The
data points corresponding to 1200 rpm stirring rate were taken from Figure 4A of the main text.
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Figure S126. Change of the relative concentration of the hexamer of 1 in a DCL prepared from 1 (6.0 mM) in
UPLC grade water with different concentrations of NaCl. The time evolution of the hexamer shows no readily
interpretable correlation between the replication rate and the concentration of Na" ions, thus ruling out that Na*
ions promote the association of hexamers by inserting between the oligo(ethylene oxide) chains, forming a crown
ether-type chelate. Note that replication is also relatively fast in the absence of Na' ions.

Figure S 127. Confocal fluorescence microscopy image of a sample containing exclusively 1¢ (6.0 mM) in borate
buffer (50 mM, pH = 8.2) stained with Nile Red (100 nM).
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Height 2.0 um

Figure S 128. AFM images of a library prepared from 1 (6.0 mM) by oxidizing it to 80 % with NaBOs3 in aqueous
borate buffer and subsequently stirred for (A) 8.5 hours (early stage of self-assembly) and (B) 12 hours (late stage
of self-assembly). Note that at the early stage of self-assembly aggregates of 4-5 nanoribbons (150 — 300 nm
long) are observed, whereas at the late stage of self-assembly several tens of nanoribbons self-assemble to give
large aggregates (more than 6 pm long).
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Figure S 129. TEM images taken of samples from of a DCL prepared from 1 (6.0 mM) in borate buffer (50 mM,
pH = 8.2), pre-oxidized 80 % with sodium perborate, after stirring for (A) 0 hours , (B) 2 hours, (C) 3.5 hours, (D)
17 hours, (E) 20 hours, (F) 72 hours. All images were recorded with cryo-TEM, except for the image shown in (G),
which was recorded with negative staining. Note the absence of nanoribbons at 0-1 hour, the presence of
increasingly elongated and laterally associated nanoribbons (associated with the self-replication and self-
assembly of 1) from 2-43 hours, as well as the presence of nanoplatelets at 72 hours.




11. Additional characterization of the formation and structure of
tetramer 24

Synthesis of 2, from 2:

/O\/\o/\/N \O
H
o N\/\O/\/O\ sodium borate buffer s
pH =82 5 Ng s 0
RT, 5 days o >_Q / 2
76% S
HS SH : HN NH

2 24

2 (5.2 mg, 15 ymol) was suspended in aqueous sodium borate buffer (2.74 mL, 50 mM, pH =
8.2). Sodium borate (60mM, 304 pL in sodium borate buffer) was added in portions of 12.2
ML over the course of 25 minutes. Subsequently, the reaction mixture was stired for 5 days
until UPLC analysis showed complete conversion of the monomer to the tetramer. The
resulting suspension was centrifuged (5 min, 5000 rpm). The pellet was washed with doubly
distilled water (1 mL) to remove excess sodium borate and centrifuged. The residue was
freeze-dried overnight to yield 2, (4.0 mg, 3.5 umol) as a white solid in 76 % yield. The purity
of the product was confirmed by UPLC.
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Figure S 130. UPLC chromatogram of isolated 24, freshly dissolved in 2-propanol.
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Figure S131. Negative stain TEM image of a stirred DCL prepared from building block 2 (3.84 mM), containing
exclusively the cyclic tetramer 24. Note the presence of nanoribbons similar to those observed in the case of 1,
which suggests a similar mode of self-assembly of the two species.

Figure S 132. Confocal fluorescence microscopy image of a sample containing exclusively 24 (3.84 mM) in borate
buffer (50 mM, pH = 8.2) stained with Nile Red (100 nM).
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Figure S 133. Change of the relative concentration of 24 in an agitated (880 rpm) library prepared from 2 (4 mM)
in aqueous sodium borate buffer (50 mM, pH = 8.2).
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Figure S 134. Change of the relative concentration of 24 in a non-agitated DCL prepared from 2 (4.0 mM in 50
mM borate buffer, containing 10 V/V % DMF) by fast oxidation with sodium borate (90% oxidation level) without
seeding (squares) and upon seeding with 10 % (circles) preformed tetramer seed at t = 0 min.
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