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Materials

All commercial reagents were purchased from Shanghai Aladdin Biochemical
Technology Co., Ltd. (Shanghai, China) and used as received unless otherwise
specified. = Amino acid, 18-crown 6-ether (CE), and N,N’-bis[3,5-
bis(trifluoromethyl)phenyl]thiourea (TU-S) were purchased from Tokyo Chemical
Industry (Shanghai, China). 3-(1-Naphthyl)-1-alanine was purchased from Inno-chem
Industry (Beijing, China). Triphosgene, 1,3-dimethyl-2-(diethylamino)-2-(ter¢-
butylimino)-1,3-diaza-2-phospha(V)cyclohexane (BEMP) and indole were purchased
from Shanghai Macklin Biochemical Technology Co., Ltd. (Shanghai, China). The
initiator n-hexylamine (Hex-NH») was purchased from Millipore Sigma Chemical Co.
(St. Louis, USA). Deuterated solvents were purchased from Cambridge Isotope
Laboratories, Inc. (Tewksbury, USA). The amino acid N-carboxyanhydride (NCA)
monomers, including y-benzyl-L-glutamate NCA (BLG-NCA), N*-benzyloxycarbonyl-
L-lysine NCA (ZLL-NCA), N*-tert-butoxycarbonyl-.-lysine NCA (BLL-NCA), y-tert-
butyl-L-glutamate NCA (tBuLG-NCA), r-tryptophan NCA (L-Trp NCA) and p-

tryptophan NCA (p-Trp NCA) were synthesized following literature procedures.!!?!

Instrumentations

NMR

"H nuclear magnetic resonance (NMR) and '*C NMR spectra were recorded on a 600
MHz Bruker BioSpin AVANCE NEO NMR Spectrometer. NOESY experiments were
performed with the “noe syesgpph” pulse sequence employing excitation sculpting with
gradients for water suppression. 2D data were collected with eight repeated scans, 2048
data points in the direct dimension and 256 increments in the indirect dimension. Unless
otherwise noted, a relaxation delay of 3 s was used. The mixing time was set to be 0.3
s. Solid state '3C cross-polarization (CP) magic angle spinning (MAS) NMR

experiments were performed on a 500 MHz Bruker Avance NEO spectrometer
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equipped with a 3.2 mm HFX triple-resonance MAS probe. A magic-angle spinning
speed of 10 kHz was used for all experiments. The initial 90° pulse length was 3.0 ps,
and a recycle delay of 2 s was used. The duration of the ramped CP pulse was 2 ms.
Chemical shifts (0) were reported with the residual protons in deuterated solvents as
reference. MestReNova software (version 14.0.0, Mestrelab Research, Escondido, CA,

USA) was used for all NMR analysis.

X-Ray diffraction

Single crystals of Trp-NCA were selected and characterized on a Bruker D8 Venture
diffractometer. The crystal was kept at 100.00 K during data collection. The data were
processed in Olex2,! the structure was solved with the XT™*! structure solution program
using Intrinsic Phasing and refined with the XLP! refinement package using Least

Squares minimisation.

GPC

Gel permeation chromatography (GPC) experiments were performed on a system
equipped with an isocratic pump (1260 Infinity II, Agilent, Santa Clara, USA), a multi-
angle laser light scattering (MALLS) detector (DAWN HELEOS-II, Wyatt Technology,
Santa Barbara, USA), and a differential refractive index (dRI) detector (Optilab, Wyatt
Technology, Santa Barbara, USA). The detection wavelength of HELEOS was set at
658 nm. Separations were performed using serially connected size exclusion columns
(three Shodex packed columns KD-803, KD-804 and KD-805, 10 pm, 8 x 300 mm,
Yokohama, Japan) using DMF containing LiBr (0.1 M) as the mobile phase at a flow
rate of 1.0 mL/min at 50 °C. The MALLS detector was calibrated using pure toluene
and was used for the determination of the absolute molecular weights (MWs). The
MWs of polymers were determined based on the dn/dc value of each polymer sample
using the internal calibration system processed by the ASTRA software (Version 8.12,

Wyatt Technology, Santa Barbara, CA, USA).
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FTIR

Fourier transform infrared (FTIR) spectra were recorded on a Perkin Elmer 100 serial
spectrometer with a diamond ATR element. FTIR spectrophotometer (PerkinElmer,
Santa Clara, CA, USA) was calibrated with polystyrene film. IR spectra were obtained

with 1 cm™ resolution and 32 scans.

LC MS

The purity of Nap-NCA was assessed by LC MS. A minimal amount of NCA was
dissolved in 80% acetonitrile in water (0.4 mL) containing 0.1% formic acid (FA) and
analyzed on an LC system (VanquishFlex, Thermo-Fisher) equipped with a
Phenomenex Luna C18(2) column (100 A, 5 um, 50 x 2 mm, 0.3 mL/min) and
connected to a diode array detector (DAD) and an Ultra-performance liquid
chromatography-time of flight mass spectrometer (UPLC-TOF MS) (Syanpt-XS,

Waters). All ions were analyzed in positive mode.

MALDI-TOF MS

Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectra
were collected on a Bruker Rapiflex in the mass spectrometry laboratory, Westlake
University, with tetrahydrofuran as solvent and 2,5-dihydroxybenzoic acid (DHB) as
the matrix. All polypeptide samples or the matrices/salts were dissolved in THF at a
concentration of 10 mg/mL. The “sandwich” technique was used for MALDI-TOF MS
sample preparation. Briefly, 0.5 pL matrix solution was deposited on the wells of a 384-
well ground-steel plate. Upon brief drying, 0.5 uL sample solution was deposited on
top of the dried matrix. Finally, another 0.5 pL. of DHB solution was deposited. Data

analyses were conducted with Bruker’s flexAnalysis software.
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CD
Circular dichroism (CD) measurements were carried out on a chirascan spectrometer
V100 (Applied Photophysics, Leatherhead, UK). In short, the solution of polypeptides
(0.5 mL, 0.02 mg/mL) was added to the CD cuvette for characterization (path length =
1 mm). The solution of monomers (0.5 mL, 0.05 mg/mL) was added to the CD cuvette
for characterization (path length = 1 mm). The mean residue molar ellipticity was
calculated based on (1) as follows:

[6] = (8 xM)/(lxc) (D
where 6 is the raw ellipticity from CD measurement, / is the path length, and M and ¢
are the mean residue MW and concentration of the monomers and polypeptides,

respectively.

HRTEM

HRTEM images were obtained using a Talos F200X G2 microscope operated at an
accelerating voltage of 200 kV. Standard TEM samples were prepared by dropping
diluted polymer solutions onto carbon film-coated copper grids. The excess solutions
on the grids were removed using filter paper and the residues were allowed to dry under
ambient condition. For negatively stained samples, the sample solutions loaded on TEM
grids were rinsed by 50 pL of 0.5 wt% uranyl acetate solution and then blotted by filter
paper followed by drying under ambient condition. The carbon film-coated copper grids
(carbon film 300 mesh copper, China Mirror Science Instrument, China) were pre-

treated with plasma for 15 s before loading samples.

PL

Fluorescence emission and excitation spectra were measured in quartz cells with a path
length of 1 mm on a FLS1000 spectrofluorometer (Edinburgh) equipped with a Xenon
lamp. The 3D spectra were recorded at Aex from 240 nm to 400 nm and Aem from 250

nm to 500 nm.
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Methods

Polymerization Kkinetics

To record the polymerization kinetics, the consumption of NCA was monitored through
FTIR or NMR. For FTIR analysis, the kinetics was monitored in situ in a liquid cell
(for reactions in DCM solutions) or on an ATR FTIR plate after drying (for reactions
in DMF/DCM cosolvents). Typically, the polymerization mixture was immediately
transferred into a liquid FTIR cell after the mixing of reactants. The FTIR spectra were
monitored at different time intervals until the disappearance of anhydride peaks at 1850
cm™ and 1774 cm™. The concentration of NCA monomer was then quantified through
the standard curve based on the absorbance at 1774 cm™'. For BLG-NCA, 1730 cm™'
was used as the internal standard for calculation of monomer conversions. For Trp-
NCA, the absorption peak at 746 cm™ (assigned to the trisubstituted benzene ring) and

the v(C=C) stretching vibration peak at 1458 cm™ were used as internal references.

For NMR analysis, the kinetics was monitored in deuterated solvent in NMR tubes. The
mixture was vortexed and transferred into an NMR tube, and the NMR spectra were
collected at different time intervals. The conversions of NCA were quantified by
monitoring the integrals of ring N-H signals (0 =10.9 - 11.1 ppm) or a-H (0 = 4.6 ppm).
The ring N-H signal at = 0 was calculated based on the integral ratio of side-chain

indole N-H peaks between Trp-NCA (0 = 11.04 ppm) and resulting PLW (0 = 10.44
ppm).

In order to determine molecular weights (MWs) at different monomer conversions, the
polymerization was quenched at designated time intervals by adding trifluoroacetic acid

(TFA, 2.5 vol%). The resulting polypeptides were collected by precipitation, dried, and
redissolved in DMF containing LiBr (0.1 mol/L) for GPC analysis.
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Synthesis of Nap-NCA

To a pressure vessel with a heavy wall, .-1-naphthylalanine (3.0 g, 13.9 mmol, 1.0 eq),
THF (50 mL), methyloxirane (9.7 mL, 139 mmol, 10 eq) were added sequentially under
magnetic stirring. Triphosgene (2.1 g, 7.1 mmol, 0.5 eq) was added in one portion and
the vessel was sealed immediately. The amino acid solids gradually dissolved within
~60 min with noticeable heat release. The reaction was stirred at room temperature for
~4 h in total and cooled down to ~4 °C in an ice bath. The excessive triphosgene was
quenched by adding cold water (20 mL) at ~4 °C. The mixture was extracted with ethyl
acetate (EA, 30 mL x 2) at room temperature. The combined organic phase was washed
with brine and dried with anhydrous Na;SO4. After the removal of the solvent by
rotatory evaporation under vacuum, the crude product was purified by crystallization
in hexane/THF below 10 °C. The Nap-NCA was obtained as a white needle crystal
(1.55 g,46.3%). The NCA can be stored at -10 °C for at least 5 months.

'H NMR (600 MHz, DMSO-ds) & 9.04 (s, 1H), 8.09 (d, J = 8.4 Hz, 1H), 7.95 (d, J =
7.6 Hz, 1H), 7.87 (d, J= 8.2 Hz, 1H), 7.62 — 7.57 (m, 1H), 7.57 — 7.52 (m, 1H), 7.50 —
7.46 (m, 1H), 7.42 (d, J = 6.3 Hz, 1H), 4.85 (s, 1H), 3.60 (dd, J = 14.6, 5.4 Hz, 1H),
3.50 (dd, J = 14.6, 7.2 Hz, 1H).

13C NMR (151 MHz, DMSO-ds): 6 170.9, 151.8, 133.5, 131.6, 131.5, 128.7, 127.7,
126.3, 125.5, 123.7, 57.9, 33.5.

HRMS (ESI-EIC, m/z): [M + H]" calcd for C14H11NO3: 242.0812; found: 242.0821.

FTIR (cm): 1854, 1781, 1597.

General procedures for open vessel NCA polymerization

A typical polymerization procedure was as follows. To a DMF/DCM solution (1:1, v/v,

197.2 uL) of Trp-NCA (10 mg, 0.043 mmol), stock solution of Hex-NH: (0.076 M, 11.2

uL) and DMAP (0.1 M, 8.69 puL) were added sequentially to initiate the polymerization.
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Final condition: [M]o = 0.2 M, [M]o/[I]Jo = 50, and [I]o/[DMAP]o = 1. The reaction was
conducted in an open vessel under ambient atmosphere. After completion, the
polypeptide was isolated by precipitation into cold diethyl ether, dried under vacuum,
and subsequently dissolved in DMF containing 0.1 M LiBr for GPC analysis.

The control polymerization in the absence of any catalyst was performed in a similar
way, but without the addition of DMAP.

The polymerization in the presence of DMAP/AcOH was conducted in a similar way,
but under anhydrous conditions. The solutions of Trp-NCA (10 mg, 0.043 mmol) and
AcOH (2.5 ul, 0.044 mmol) were first mixed, followed by the addition of initiators and
DMAP. ((M]o/[AcOH]o = 1).

The preparation of random copolypeptides was conducted through simultaneous
addition of monomers. Meanwhile, the block copolypeptides were synthesized with a
sequential addition of monomers.

The relative secondary structure content in our copolypeptide solid powder was
determined by employing FTIR deconvolution for the peaks within the amide I region
(1800-1600 cm™), adopting standardized methodologies as outlined in literature!®7),
Specifically, the Peak Analyzer function in Origin software was used for the
deconvolution analysis, ensuring a robust and replicable evaluation of the spectral data.
Specific peak assignments: 1650-1655 cm™ (a-helix), 1625-1635 cm™ and 1692 cm™
(B-sheet), and 1675 cm™ (S-turn).

General procedure for the deprotection of polypeptides

To remove the side-chain Boc or rBu protecting group in PBLL-co-PLW or P(rBu)LG-
co-PLW, the obtained polypeptide was treated with TFA/TIS/H,O cleavage solution
(95:2.5:2.5, v/v/v, 2 mL) at room temperature for 3 h under gentle shaking. After the
removal of TFA, the obtained viscous liquid was dissolved in DMF (0.5 mL) and
precipitated in cold ether/hexane (1:1, v/v) for three times. The precipitate was

dissolved in 5.0 mL of DMF, dialyzed with a membrane (MWCO 3500) in deionized
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water for 3 days and lyophilized to give the deprotected polypeptide in the form of TFA

salt. All operations require protection from light.

NMR titration
NMR titration experiments were conducted to probe the molecular interactions between
the reactants during NCA polymerization. Taking the experiments to elucidate the
AcOH/Hex-NH2/DMAP interactions as an example, DMAP (24.4 mg, 0.086 mmol)
was dissolved in DMF-d7/CDCl; (250 puL), into which Hex-NH> (26.4 puL) were added.
Various amounts of AcOH solution were then added (from 0 to 572.5 uL), so that the
[AcOH]o/[Hex-NHz]o ratio was 0 to 50. The chemical shifts of ring N-H at different
[AcOH]o/[Hex-NH2]o ratios were recorded.
The fraction of Hex-NH> and DMAP protonation was quantified by the chemical shift
of a-H of Hex-NH_, which was calculated according to the following equation:

Om = Op + (J5-0p) X
Where o0, and Js are the standard chemical shifts of a-H in the amine (-NH») and
ammonium (-NH3") forms of Hex-NHa, respectively, and dm is the chemical shift of a-
H under certain conditions. The mole fraction of protonated amine, Xs, was then

calculated from the equation. [®!

Simulation Methods

All calculations were performed using the Gaussian 16 program package. ! Geometry
optimizations of all reactants, products, intermediates, and transition states were carried
out at the B3LYP[!*-121.D3BJ!3-14/def2-SVP!!S] Jevel of theory. Harmonic vibrational
frequency calculations were performed at the same level to confirm that each optimized
minimum has no imaginary frequencies and that each transition state possesses a single
imaginary frequency. Intrinsic reaction coordinate (IRC) calculations were further
conducted to verify the correct connectivity between each transition state and the

corresponding reactant and product minima. To obtain more accurate electronic
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energies, single-point energy calculations were performed on the B3LYP-D3BJ/def2-
TZVP!5! Jevel of theory. We reported Gibbs free energies were computed by combining
the single-point electronic energies with the Gibbs free energy corrections (thermal and
entropic contributions) obtained from the frequency calculations at the optimization
level. All calculations were performed in DMF/DCM 1:1 using the PCM solvation
model.['®! The 3D structures of key transition states were visualized using CYLview

software.[!7]
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Supporting Scheme
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Scheme S1. Preparation of water-soluble statistical Trp-containing copolypeptides.

(a) Hex-NHa, AcCOH/DMAP, DCM/DMF, RT. (b) TFA/TIS/H,0, 0 °C, 3 h.
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Supporting Figures

(a) w/o DMAP (b) w/ DMAP
Trp-NCA ——5min  Trp-NCA ——5min
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: e RN “ »J\\/
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Figure S1. FTIR characterization of polymerization mixture in the absence (a) or

presence (b) of DMAP. [M]o = 0.2 M; [M]o/[I]o = 50.
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Figure S2. Interactions between side-chain indole and primary amine during the

polymerization of Trp-NCA. (a) Overlaid 'H NMR spectra of Trp-NCA, Hex-NH; and

mixtures. [Trp-NCA]o/[Hex-NHz]o = 1. (b) Calculated Gibbs free-energy profile of the

model ring opening reaction in different NCA monomers. BLG NCA was used as a

model monomer for comparsion. Some crucial intermediates (INT) and transition states

(TS) are illustrated by 3D models where some hydrogen atoms are neglected for clarity.
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Figure S3. MALDI-TOF MS of the degradation product of Trp-NCA in DMF/DCM

T /7

O
°i
z

cosolvent (1:1, v/v) after 24-h exposure in air. [M]o = 0.2 M. The obtained m/z from
major peaks agreed well with the calculated values, including water-initiated

polymerization (18.02 + 186.21n + 1.01) and cyclic PLW (186.21n + 1.01).
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Figure S4. Studies on polymerization mechanism in traditional methods. (a)
Normalized GPC-dRi trace of polymerization of Trp-NCA at room temperature in
DMF without any catalysts. (b) Normalized GPC-LS traces of the obtained PLW at 25
°C or 4 °C. [M]o/[1Jo= 50, [M]o = 0.2 M.
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Figure SS. Comparison of the catalyzed ROP of Trp-NCA using different reported
catalysts. (a) Chemical structures of various commercial catalysts. (b) Semilogarithmic
kinetic plots of polymerization of Trp-NCA with different commercial catalysts. (c¢)
Normalized GPC-LS traces of the obtained PLW catalyzed by different commercial
catalysts. (d) MALDI-TOF characterization of resulting PLW from polymerization of
Trp-NCA in the presence of AcOH. (¢) Chemical structures of corresponding polymeric
species in the MALDI-TOF MS analysis. (f) Comparison of representative m/z signals
between calculated values from molecular formula and obtained values from MALDI-

TOF spectra. [M]o/[T]o = 50, [M]o = 0.2 M. [T]o/[Cat]o = 1, 0.005, and 1 for the
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3000 13 | 2544.91 | 254433 | 246174 | 2461.19

polymerization catalyzed by 18-C-6, AcOH, and TU-S, respectively.
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Figure S6. Studies on polymerization mechanism in the presence of DMAP. (a)

Normalized GPC-LS traces of the resulting PLW with different [DMAP]o/[I]o ratios.

(b) Normalized GPC-LS traces of the resulting PLW in the presence or absence of Hex-

NHo initiators at [DMAP]o/[I]o = 1. [M]o =
between DMAP and Hex-NHa.

0.2 M, [M]o/[I]o = 50. (c) Interactions

[Trp-NCA]o/[Hex-NH2Jo = 10 mM. (d) Possible

reaction pathways for the NAM and AMM of Trp-NCA catalyzed or initiated by DMAP.
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Figure S7. Studies on catalytic behavior of DMAP. (a) NMR titration of Trp-NCA
upon addition of DMAP. [Trp-NCA]o/[Hex-NHz2]o = 10 mM. (b) MALDI-TOF MS of
the resulting PLW in the presence of DMAP. (e) Chemical structures of corresponding
polymeric species in the MALDI-TOF MS analysis. The obtained m/z signals agreed

well with the calculated values (101.19 + 186.21n + 1.01) corresponding to the
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polypeptides with n-hexyl tails.
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Figure S8. Comparison of ROP of Trp-NCA in the presence of various organic bases.
Semilogarithmic kinetic plots of polymerization of Trp-NCA in the presence (a) or
absence (b) of Hex-NH> with different organic base catalysts. [M]o/[I]o= 50, [M]o = 0.2
M.
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Figure S9. Characterization of resulting PLW from DMAP-catalyzed polymerization.
(a) Normalized GPC-LS traces of the resulting PLW at various [M]o/[I]o ratios. (b)
MWs and dispersity of PLW at various [M]o/[I]o ratios. [M]o = 0.2 M, [DMAP]o/[1]o =

1.

S21



Solvent peak

12 16 20 24
Elution time (min)

Figure S10. GPC-dRI trace of the resulting PLW from DMAP-catalyzed
polymerization. [M]o/[I]o = 50, [M]o = 0.2 M, [DMAP]o/[1]o = 1.
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Figure S11. Two-stage kinetics of DMAP-catalyzed polymerization of Trp-NCA. (a)
Overlaid FTIR spectra monitoring the DMAP-catalyzed polymerization of Trp-NCA.
The highlighted peaks (1649 and 1655 cm™') suggested the formation of a-helical and
random-coiled conformations (amide I) at the early stages of the polymerization. (b)
Semilogarithmic kinetic plots of polymerization of Trp-NCA and its racemic pr-
tryptophan NCA analogue. (¢) Normalized GPC-LS traces of the resulting polypeptides.
[M]o/[1]o = 50, [M]o = 0.2 M, [DMAP]o/[1]o = 1.
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Figure S12. Overlaid NMR spectra (600 MHz) showing the polymerization process in
the presence of AcCOH/DMAP in DMF-d;/CDxCl,. [M]o/[I]o = 50, [M]o = 0.2 M,

[DMAP]o/[1]o= 1, [M]o/[AcOH]o = 1.
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Figure S13. Normalized GPC-LS traces of the resulting PLW from polymerization of
Trp-NCA under different AcCOH/DMAP ratios. (a) AcOH amount was varied while the

DMAP and initiator loadings were kept constant. (b) DMAP amount was varied while

the AcOH and monomer loadings were kept constant. [M]o/[I]o = 50, [M]o = 0.2 M.

S25



My/T1,

50

—75
—100
— 150
—200

12 16 20 24
Elution time (min)
Figure S14. Normalized GPC-LS traces of the resulting PLW from polymerization of
Trp-NCA in the presence of AcCOH/DMARP at various [M]o/[1]o ratios. [M]o = 0.2 M,

[DMAP]o/[T]o= 1, [M]o/[AcOH]o = 1.
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Figure S15. Normalized GPC-LS traces of obtained oligo(L-tryptophan) at [M]o/[1]o
values of 10 (a) and 20 (b) in the presence or absence of AcCOH/DMAP. [M]o= 0.2 M,
[DMAP]o/[1]o= 1, [M]o/[AcOH]o = 1.
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Figure S16. Normalized GPC-LS traces of PLW from polymerization of Trp-NCA in
the presence of AcCOH/DMAP at various monomer conversions. [M]o/[I]Jo = 50, [M]o =

0.2 M, [DMAP]o/[1]o= 1, [M]o/[AcOH]o = 1.
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Figure S17. Normalized GPC-LS traces of diblock PLW-6-PLW and its first-block
intermediate synthesized from the polymerization in the presence of AcOH/DMAP.

[M1o/[1]o = 50, [M]o = 0.2 M, [DMAP]o/[1]o= 1, [M]o/[AcOH]o = 1.

S29



(a) DP =50 (b) DP = 100

6000 6500 7000 7500 16000 16400 16800
mlz miz
(c) o G
/\/\/\N N}H + H /\/\/\N N)H + Na*
H n H n
- o =2
NH NH
m/z=101.19 + 186.21 = n + 1.01 m/z=101.19 + 186.21 * n + 22.99
(d) (e)
[Hex+PLW-+Nal* [Hex+PLW+H]*
n
Calcd Found : Calcd Found
32 | 6078.10 6078.86 86 | 16116.26 | 16117.03
33 | 626416 20512 87 | 16302.47 | 16303.81
34 | 645022 6450.94
oe | 550eE SEIE 56 88 | 16488.68 | 16489.32
36 | 6822.34 682262 89 | 16674.89 | 16675.54
37 7008.40 7008.91 90 | 16861.10 | 16862.36

Figure S18. MALDI-TOF characterization of resulting PLW from polymerization of
Trp-NCA in the presence of AcCOH/DMAP. (a, b) MALDI-TOF MS spectra of resulting
PLW with [M]o/[I]Jo value of 50 (a) and 100 (b). (c¢) Chemical structures of
corresponding polymeric species in the MALDI-TOF MS analysis. (d-e) Comparison
of representative m/z signals between calculated values from molecular formula and
obtained values from MALDI-TOF spectra in (a-c). [M]o = 0.2 M, [DMAP]o/[I]o= 1,
[M]o/[AcOH]o = 1.
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Figure S19. Quantification of ionization fraction of DMAP and Hex-NH> through
NMR titration. (a) Chemical structures of DMAP, AcOH, Hex-NH», and TFA. (b, ¢)
Overlaid '"H NMR spectra of the mixture of DMAP and Hex-NH> with AcOH (b) and
TFA (c) in DMF-d7/CD:Cl; at various [acid]o/[Hex-NHz]o ratios. [Hex-NHz]o = 0.2 M.
The protons with significant changes in chemical shift was highlighted with black

dashed lines.
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Figure S20. Effect of acid on polymerization behavior. Overlaid FTIR spectra showing
the polymerization of Trp-NCA in the presence of AcOH/DMAP (a) or HCI/DMAP (b)
in DMF/DCM. [M]o/[1]o = 50, [M]o = 0.2 M, [DMAP]o/[I]Jo= 1, [M]o/[AcOH]o = 1.
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Figure S21. Time-resolved '"H NMR spectra (600 MHz) showing the copolymerization
of Trp-NCA and BLL-NCA in DMF-d7/CD2Cl.. [M]o/[I]lo = 100, [M]o = 0.2 M,
[DMAP]o/[1]o= 1, [M]o/[AcOH]o = 1, [Trp-NCA]o/[BLL-NCA]o = 1.
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Figure S22. Time-resolved "H NMR spectra (600 MHz) showing the copolymerization
of Trp-NCA and BLL-NCA in DMF-d7/CDCL. [M]o/[I]Jo = 100, [M]o = 0.2 M,
[DMAP]o/[1]o= 1, [M]o/[AcOH]o = 1, [Trp-NCA]o/[tBuLG-NCA]o = 1.
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Figure S23. The copolymerization behavior of BLL-NCA and Trp-NCA. (a)
Semilogarithmic kinetic plot of copolymerization of BLL-NCA and Trp-NCA in the
presence AcOH/DMAP. (b) MWs and dispersity of KB%-co-W obtained from
copolymerization of Trp-NCA and BLL-NCA mixtures. [M]o/[1]Jo = 100, [M]o = 0.2 M,
[DMAP]o/[1]o= 1, [M]o/[AcOH]o = 1.
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Figure S24. Representative °C CP/MAS NMR spectra of PLWs (a) and expanded
spectra of the backbone carboxyl region of PLW with different DP (b).

S36



O

T 201 PDW,,
<} — - Trp NCA
£ 10l T 31 — PDLW,,
R — TP NCA
c =
S 04
()]
Q
2101
o
x -20
)
301 — . , : , : . . . . , . , .
220 240 260 280 0 1 2 3 4 5 12 16 20 24 28
Wavelength (nm Polymerization time (h Elution time (min
- E ~ 60 — PLW,
M1/11, 401 = M, goc 20 £ 00 0
— 75 Y _g 40+ — PDW,,
—100 1 . o™ ¢ 20] — PDLW,,
—150 & S
—200 = 5@ @ ]
=2 3 201
o
<, -40
10 1 - i r» » 10 E-GO-
12 16 20 24 50 100 150 200 220 240 260 280

Elution time (min)

M1,

Wavelength (nm)

Fig S25. Polymerization behavior and chiroptical properties of monomers with
different chiral configurations. (a) CD spectra of L, D and DL monomers (b)
Semilogarithmic kinetic plot of polymerization of D and DL monomers in the presence
AcOH/DMAP. (¢) Normalized GPC-LS traces of PDWs5¢ and PDLWsy. (d) Normalized
GPC-LS traces of the resulting PDW from polymerization of Trp-NCA in the presence
of AcOH/DMAP at various [M]o/[I]o ratios. (e) Mny-conversion plot of the
polymerization of D-Trp NCA in the presence of AcOH/DMAP. (f) CD spectra of
PLWso, PDW5s0, and PDLWs. [M]o = 0.2 M, [DMAP]o/[1]o = 1, [M]o/[AcOH]o = 1.
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Figure S26. 2D NOESY spectra of KooW 10 in D20. Distinct NOE signals are observed
in KooWio, specifically between the indole ring Hy.x of tryptophan and the side chain

Ha-c of lysine.
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Figure S27. Representative HRTEM images of the different copolymer nanoparticles
obtained with KooW 10, KeoW40 and K5oWsp in disodium hydrogen phosphate/citric acid

buffer solutions at different pH values.
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NMR Spectra and Single Crystal Diffraction Data
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Figure S28. 'H NMR spectrum (600 MHz) of Trp-NCA in DMSO-ds.
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Figure S29. °C NMR spectrum (151 MHz) of Trp-NCA in DMSO-ds.
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Figure S30. Structure of Trp-NCA by single-crystal X-ray diffraction.
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Figure S31. '"H NMR spectrum (600MHz) of Nap-NCA in DMSO-ds.
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Figure S32. °C NMR spectrum (151 MHz) of 1-Nap-NCA in DMSO-d.
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Figure S33. 'H NMR spectrum (600 MHz) of PLW50 in DMSO-ds.
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Supporting Tables

Table S1. Characterization of resulting polypeptides from polymerization of

Trp-NCA at different temperatures.”

Entry T (°C) t (h)’ M. cee (kDa)* P
1 25 48 19.9 1.19
2 4 72 12.6 1.05

“Both polymerizations were conducted at room temperature in DMF/DCM (1:1, v/v)
with Hex-NH> as the initiator and Trp-NCA as the monomer. [M]o/[I]o = 50, [M]o= 0.2
M. The theoretical MW was 9.4 kDa. Polymerization time reaching 95% monomer

conversion. “Determined by GPC; dn/dc = 0.125.
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Table S2. Characterization of resulting polypeptides from polymerization of

Trp-NCAs in different catalytic systems.”

Entry Catalyst M. cee (kDa)? pb
1 18-crown-6 5.6 1.11
2 AcOH 114 1.08
3 TU-S 5.0 1.08

“All polymerizations were conducted at room temperature in DMF/DCM (1:1, v/v) with
Hex-NH> as the initiator and Trp-NCA as the monomer. [M]o/[I]o = 50, [M]o = 0.2 M.
[T]o/[Cat]o = 1, 0.005, and 1 for the polymerization catalyzed by 18-C-6, AcOH, and
TU-S, respectively. ’Polymerization time reaching 95% monomer conversion.

“Determined by GPC; dn/dc = 0.125.
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Table S3. Polymerization of Trp-NCA in the presence of DMAP.“

Entry [M]o/[1]0 t(h)?  Muymeo (kDa) Mycrec (kDa)* B¢
1 75 3 14.1 23.7 1.17
2 100 4 18.7 27.2 1.12
3 150 6 28.0 33.8 1.07
4 200 8 37.3 41.9 1.06
54 50 48 9.41 10.3 1.20

“All polymerizations were conducted at room temperature in DCM/DMEF cosolvents
(1:1, v/v) with Hex-NH> as the initiator, Trp-NCA as the monomer, and DMAP as the
catalyst. [M]o = 0.2 M, [DMAP]o/[I]o = 1. The monomers conversions were > 95% for
all polymerizations as determined by FTIR. “Polymerization time reaching 95%

monomer conversion. “Determined by GPC. dn/dc = 0.125. “pi-tryptophan NCA was

used as monomer.
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Table S4. Polymerization of Trp-NCA under different AcCOH/DMAP ratios at
fixed DMAP amount.”

Entry  [AcOH]/[DMAP]o  #(h)’ Mumeo (kDa) Mugre (kDa)® DF

1 50 3 94 11.1 1.05
2 25 3 94 17.0 1.13
3 12.5 3 94 18.0 1.15
4 6.25 3 94 19.6 1.16
5 1 3 94 21.3 1.15

“All polymerizations were conducted at room temperature in DCM/DMF cosolvents
(1:1, v/v) with Hex-NH> as the initiator, Trp-NCA as the monomer, and AcOH/DMAP
as the catalyst. [M]o = 0.2 M, [DMAP]o/[I]Jo = 1. The monomers conversions were >
95% for all polymerizations as determined by FTIR. ?Polymerization time reaching 95%

monomer conversion. ‘Determined by GPC. dn/dc = 0.125.
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Table S5. Polymerization of Trp-NCA under different AcCOH/DMAP ratios at

fixed AcOH amount.?

Entry [DMAP]/[IJ0  ¢(h)’  Mueo (kDa) Mugec (kDa)® BF

1 10 1 94 11.3 1.20
2 5 1 9.4 10.6 1.15
3 2.5 1.5 9.4 10.7 1.16
4 1.25 3 94 11.7 1.09
5 0.5 6 94 10.9 1.05
6 0.25 15 94 10.6 1.05

“All polymerizations were conducted at room temperature in DCM/DMF cosolvents
(1:1, v/v) with Hex-NH> as the initiator, Trp-NCA as the monomer, and AcOH/DMAP
as the catalyst. [M]o = 0.2 M, [M]o/[AcOH]o = 1. The monomers conversions were >
95% for all polymerizations as determined by FTIR. ?Polymerization time reaching 95%

monomer conversion. ‘Determined by GPC. dn/dc = 0.125.
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Table S6. Polymerization of Trp-NCA at low [M]o/[I]o in the presence of
AcOH/DMAP.¢

Entry Additive  [M]o/[Tlo Maeo. (KDa) MaGec (kDa)® D°

1 - 10:1 2.0 4.7 1.63
2 - 20:1 3.8 7.2 1.73
3 AcOH/DMAP  10:1 2.0 2.0 1.05
4 AcOH/DMAP  20:1 3.8 4.2 1.09

“All polymerizations were conducted at room temperature in DCM/DMEF cosolvents
(1:1, v/v) with Hex-NH> as the initiator, Trp-NCA as the monomer, and AcOH/DMAP
as the catalyst. [M]o = 0.2 M, [DMAP]o/[1]o = 1, [M]o/[AcOH]o = 1. The monomers
conversions were > 95% for all polymerizations as determined by FTIR.
bPolymerization time reaching 95% monomer conversion. ‘Determined by GPC. dn/dc

=0.125.
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Table S7. Characterization of resulting PLW from the polymerization of Trp-

NCA in the presence of AcCOH/DMAP at various monomer conversions.’

Entry t(min) M, grc (kDa)® Pt
1 30 4.1 1.13
2 60 6.5 1.11
3 90 8.1 1.10
4 180 9.9 1.08

“All polymerizations were conducted at room temperature in DCM/DMF cosolvents
(1:1, v/v) with Hex-NH> as the initiator, Trp-NCA as the monomer, and AcOH/DMAP
as the catalyst. [M]o/[I]Jo = 50, [M]o = 0.2 M, [DMAP]o/[1]o= 1, [M]o/[AcOH]o = 1.
’Determined by GPC; dn/dc = 0.125.
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Table S8. Polymerization of Trp-NCA initiated by different amines in the
presence of DMAP or AcOH/DMAP.“

Entry Initiator Additive M,?Gec (kDa)? PP
1 Pr-NH: DMAP 25.2 1.27
2¢ Pr-NH>  AcOH/DMAP 13.3 1.16
3 Bn-NH» DMAP 26.2 1.16
4¢ Bn-NH>  AcOH/DMAP 12.5 1.18

“All polymerizations were conducted at room temperature in DCM/DMEF cosolvents
with Trp-NCA as the monomer. [M]o/[IJo = 50, [M]o = 0.2 M, [DMAP]o/[1]o= 1,
[M]o/[AcOH]o = 1. The theoretical MW was 9.4 kDa. The monomer conversion was >
95% for all polymerizations as determined by FTIR. *Determined by GPC; dn/dc =
0.125.
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Table S9. Polymerization of Trp-NCA in the presence of DMAP/AcOH initiated
by PEG2k-NH2.?

Entry M]o/[Tlo M theo. (kDa) Mugrc (kDa)  D°

1 10 3.9 4.1 1.05
2 20 5.7 7.9 1.05
3 50 11.3 17.0 1.05
4 100 20.6 31.8 1.05

“All polymerizations were conducted at room temperature in DCM/DMEF cosolvents
(1:1, v/v) with PEGo-NH; as the initiator, Trp-NCA as the monomer, and
AcOH/DMAP as the catalyst. [M]o = 0.2 M, [DMAP]o/[1]o= 1, [M]o/[AcOH]Jo = 1. The
monomer conversion was > 95% for all polymerizations as determined by FTIR.

’Determined by GPC; dn/dc = 0.125.
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Table S10. Synthesis of tryptophan-containing block copolypeptides in the

presence of AcOH/DMAP.“

Entry Copolypeptide Mo (kDa)  Mycec (kDa)? PP
1 EP"s 11.1 10.0 1.13
2 EP"s50-b-Wso 20.3 23.3 1.05
3 EB50-h-Wso-b-EBsg 29.7 30.3 1.05

“All polymerizations were conducted at room temperature in DCM/DMF cosolvents
(1:1, v/v) with Hex-NH> as the initiator, Trp-NCA and BLG-NCA as the monomer, and
AcOH/DMAP as the catalyst. [M]o = 0.2 M, [DMAP]o/[I]o= 1, [M]o/[AcOH]o = 1.
’Determined by GPC; dn/dc = 0.09-0.13.
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Table S11. Synthesis of EB'-co-W copolypeptides in the presence of

AcOH/DMAP.“
Entry Sample Mo (kDa) Mycee (kDa)?  D?
1 E®BY)5-co-W 12 4.6 59 1.05
2 E®%5-co-Was 9.4 113 1.05
3 EBY37-co-W37 13.8 16.7 1.05
4 E®BU5-co-Wso 18.7 20.5 1.05
5 EBY75-co-W7s 27.9 30.0 1.07
6 E™®%00-co-W100 37.2 36.0 1.08

“All polymerizations were conducted at room temperature in DCM/DMF cosolvents
(1:1, v/v) with Hex-NH> as the initiator, Trp-NCA and tBuLG-NCA as the monomer,
and AcOH/DMAP as the catalyst. [M]o/[IJo= 100, [M]o = 0.2 M, [DMAP]o/[I]o= 1,
[M]o/[AcOH]o = 1. *Determined by GPC; dn/dc = 0.09-0.13.
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Table S12. Synthesis of KB°¢-co-W random copolypeptides using different NCA

monomers in the presence of AcOH/DMAP.“

Entry Sample Mo (kDa)  Mugec (kDa)? PP
1 KB-co-Wio 22.5 21.0 1.06
2 KB%s-co-Wis 22.3 23.2 1.05
3 KB%0-co-Wao 22.1 23.0 1.06
4 KB¢-co-W3o 21.6 23.7 1.07
5 KB°¢%0-co-Wao 21.2 21.8 1.08
6 KB¢5-co-Wso 20.8 20.7 1.09

“All polymerizations were conducted at room temperature in DCM/DMF cosolvents
(1:1, v/v) with Hex-NH> as the initiator, Trp-NCA and BLL-NCA as the monomer, and
AcOH/DMAP as the catalyst. [M]o/[IJ]o = 100, [M]o = 0.2 M, [M]o/[AcOH]o = 1,
[1]o/[DMAP]o = 1. ’Determined by GPC; dn/dc = 0.070-0.098.
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Table S13. Polymerization of Trp-NCA in the presence of AcOH/DMAP with

monomers of different chiralities.”

Entry  [M]o/[Ile  ¢(h)’  Mumeo (kDa) Magec (kDa)® BF

1 50 3 94 9.6 1.1
2 75 3 14.1 15.6 1.07
3 100 4 18.7 19.1 1.07
4 150 6 28.0 29.5 1.05
5 200 8 37.3 38.0 1.05
67 50 7 94 11.8 1.09

“All polymerizations were conducted at room temperature in DCM/DMF cosolvents
(1:1, v/v) with Hex-NH2 as the initiator, p-Trp NCA as the monomer, and DMAP as the
catalyst. [M]o = 0.2 M, [DMAP]o/[I]Jo = 1. The monomers conversions were > 95% for
all polymerizations as determined by FTIR. “Polymerization time reaching 95%
monomer conversion. “Determined by GPC. dn/dc = 0.125. %pL-Trp NCA was used as

monomer.
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Cartesian Coordinates of the optimized geometries
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