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! The 'H-NMR analysis showed some signals with very low intensity (noted as*) which correspond to residual
traces (~ 1.2 %) of bromo propyl methacrylate. The % of residual bromo propyl methacrylate was calculated by

comparing the signal integral of one of the vinyl protons of the bromo propyl methacrylate (noted as Iy. , between
5.72 ppm and 5.75 ppm) to the signal integral of one of the vinyl protons of the AAMA (noted as Iy , between 5.82

Iy,
)

X 100

1
ppm and 5.9 ppm), by using the equation: % of residual (non-reacted) bromo propyl methacrylate = 1

2 The 3C-NMR analysis depicted some traces corresponding to hydroquinone residues. Hydroquinone was added
to AAMA in order to avoid the degradation of monomer over time. The hydroquinone residues were removed
before to perform the polymerisations, by passing AAMA through a silica column.



Fig. S1 'H-NMR spectrum! (A) and 3C-NMR spectrum (B) of 3-(adenin-9-yl)propyl
methacrylate (AdMA).>
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Fig. S2 TH-NMR spectrum’® and '3C-NMR spectrum (B) of 3-(uracil-1-yl)propyl
methacrylate (UrMA)
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3 The '"H-NMR analysis showed some signals with very low intensity (noted as*) which correspond to residual
traces (~ 1 %) of bromo propyl methacrylate. The % of residual bromo propyl methacrylate was calculated by

comparing the signal integral of one of the vinyl protons of the bromo propyl methacrylate (noted as Iy. , between

5.72 ppm and 5.75 ppm) to the signal integral of one of the vinyl protons of the UrMA (noted as Iy , between 5.9
ppm and 6.01 ppm), by using the equation: % of residual (non-reacted) bromo propyl methacrylate =

I*
=)

x 100
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Fig. S3 'H-NMR spectrum of Poly((3-(uracil-1-yl) propyl methacrylate) -staz-(2-ethyl
thiomorpholine oxide methacrylate)) P(UrMA,, -stat-THOXMA,,)
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Fig. S4 "TH-NMR spectrum of Poly(ethylene glycol)-b-Poly((3-(adenine-9-yl) propyl
methacrylate) -stat-(2-ethyl thiomorpholine oxide methacrylate)) PEG,,-b-P(AAMA,, -
stat-THOXMA,)
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Table S1 Properties co-assembled formulations

Code Co-assembly Molar ratio between Aggregation number Particle size (Dy)®
formulation Ur/Ad units (Nagg)?
A P1+P2 1:1 315 130
B P3+P2 1:1 194 101
C P3+P4 1:1 9.95 40
D P1+P4 1:1 7.8 35
E P1+P2 0.1:1 44 58
F P3+P2 0.1:1 47.6 52
G P3+P4 0.1:1 12 28.5
H P1+P4 0.1:1 5.2 31
I P1+P2 10:1 101 81
J P3+P2 10:1 92 75
K P3+P4 10:1 33 21
L P1+P4 10:1 21 29

2Evaluated by SLS: for 0.1:1 and 1:1 stoechiometries the measurements were performed at different concentrations (ranging from 1 g/L
to 5 g/L), according to the protocol presented in Materials and Methods section; for 10:1 stoechiometry, the measurements were performed
at a mass concentration of 5 g/L; "PEvaluated by DLS, at a concentration of 5 g/L.

Table S2 Molar mass of individual unimers (M,) vs. apparent molar mass and aggregation number N,,, of objects in the starting
polymer solutions (evaluated by SLS)

Polymer entry Molar mass of Apparent molar Aggregation

unimers (M, mass (g/mol, by number (N,g,)

g/mol)* SLS)
P1 12100 20000 1.6
P2 39864 300000 7.5
P3 11550 38000 33
P4 8769 100000 11.4




* M, determined by multiplying the M,, (determined by end-group analysis from 'H-NMR spectroscopy) by the corresponding M,,/M, values determined by SEC

Table S3 Characterisation of nucleobase-containing copolymers

Polymer Experimental Experimental molar Co-monomer conversion M, M, (g/mol),  Dispersity (D)* Average Mg, Theoretical
name DP? composition (%) (%), by '"H-NMR*¢ (g/mol), number of (g/mol)  target DPf
by 'H- by SEC* nucleobases
NMR¢ per polymer
chain

Nucleobase THOXMA Nucleobase THOXMA

P1 P(UrMAg- 42 20 80 85 92 10,000 10,430 1.21 8 11,840 50
stat-
THOXMA;,)

P2 PEGb- 104 30 70 72 38 30,200 32,100 1.32 30 29,400 100
P(AdMA -
Stat-
THOXMA )

P3 P(UrMA,,- 41 53 47 81 90 10,500 11,200 1.1 22 11,950 50
Stat-
THOXMA o)

P4 PEG,-b- 10 50 50 70 87 7,900 9,000 1.11 5 7,700 15
P(AdMA;-
stat-
THOXMAj5)

2Calculated by "H-NMR performed in DMSO-d6, according to the Eq. S4. and Eq. S9.; ® Calculated by '"H-NMR performed in DMSO-d6, according to the Eq. S5., Eq. S6., Eq.
S12., Eq. S13.; ¢ Calculated by "H-NMR performed in DMSO-d6, according to the Eq. S1. and Eq. S8.; 4 Calculated by 'H-NMR performed in DMSO-d6, accordlng to the Eq.
S7. and Eq. Sl4 ¢ SEC analysis performed in DMF containing 0.1% LiCl and by using PMMA standards. fCalculated using the following equation DPie =
(([THOXMA]/[cham transfer agent]) x Conv  thoxma) + (JAAMA or UrMA]/[chain transfer agent]) x Conv  aqma  or  UMA)-



Fig. S5 (A) Overall conversion evaluated by 'H-NMR; (B) Representation of In(C,/C)
versus time for statistical copolymers prepared by RAFT; (C) Evolution of number-
average molecular weight M, and dispersity (D) versus global monomer conversion
monitored by SEC. Experiments performed for P(UrMA,, -stat-THOXMA,)
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Fig. S6 (A) Overall conversion evaluated by 'H-NMR; (B) Representation of In(C,/C)
versus time for statistical copolymers prepared by RAFT; (C) Evolution of number-
average molecular weight M, and dispersity (D) versus global monomer conversion
monitored by SEC. Experiments performed for PEG;-b-P(AdMA,, -stat-THOXMA,)
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Fig. S7 Urea effect on the co-assembled structures: N,4, and Dy evolution data
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Fig. S9 Evolution of apparent molecular weight (M,) at different concentrations (g/L) for
different formulations (A) individual polymer solutions; (B) formulations using 1:1 molar
ratio between uracil and adenine nucleobases; (C) formulations using 0.1:1 molar ratio
between uracil and adenine nucleobases.
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(C)

0.1:1 molar ratio of Ur/Ad in P1/P2 0.1:1 molar ratio of Ur/Ad in P3/P2

_4
23 3 ‘
E Es
e 2 2
S %2
%1 . o, - . %1 . 'Y ° .
= =
[ t t t t | =
o 1 2 3 4 5 0 ' i . ; |
Concentration (g/L) 0 1 2 X 3 4 5
Concentration (g/L)
0.1:1 molarratio of Ur/Ad in P1/P4 0.1:1 molar ratio of Ur/Ad in P3/P4
10 4
E° 23
2 6 . - * i .? 2
T 4 &
x 2 x 1 - L L -
= 0 - : ; : i o4 - ‘ ‘ : .
0 1 2 3 4 5 1 2 3 4 5
Concentration (giL) Concentration (giL)

12



Fig. S10 Evolution of R/KC over q for different formulations (A) individual polymer
solutions; (B) formulations using 1:1 molar ratio between uracil and adenine nucleobases;
(C) formulations using 0.1:1 molar ratio between uracil and adenine nucleobases; (D)
formulations using 10:1 molar ratio between uracil and adenine nucleobases.
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Scheme S1. (A) Preparation of the solutions of individual uracil- (P1, P3) and adenine-
containing (P2, P4) polymers, at physiological pH; (B) Preparation of co-assembled
micelles, obtained by adding the solution of uracil-containing polymer (at pH 7.4) to the
solution of adenine-containing polymer (at pH 7.4)

( A P(UrMA, -stat-THOXMA,,))
HEPES buffer

(pH=7.4) Solution of

~ ot ‘ uracil polymer

N
PEG-b-P(AdMA,,-stat-THOXMA,,,) HEPES buffer —

. . ;  (pHET4) Solution of
PEG g i ‘ adenine polymer

(B) Co-assembled nucleobase
copolymer micelles

Solution of
uracil polymer 2 days
D over stprrmg
Solution of
adenine polymer

Equations used for polymer characterisation
A. Characterisation of P(UrMA,, -stat-THOXMA,,) copolymers
e Conversion of co-monomers

The conversions of co-monomers were calculated by 'H NMR (Eq. S1.), via the
comparison of signal integrals of the CPDB (7.4-7.9 ppm) and of the protons of -C=C- double
bond of THOXMA (6.06-5.68 ppm) and/or UrMA (5.99-5.73 ppm).

(IO, vinyl function /10’ CTA) - (It. vinyl function /It, CTA)

; X 100
Conversion (%) = ( 0, viny! function /1, CTA) (Eq. S1.)

Where 10,c74 and 6, cT4 are the values of the integrals of the signal of the aromatic protons of

the chain transfer agent (between 7.4 ppm and 7.9 ppm) at t=0 and t respectively;

Lo, vinyt function and Iy, vinyt function are the value of the integral of the signal of one of the
protons of the vinyl group of methacrylate (5.68 ppm and 6.06 ppm for THOXMA, 5.73 ppm

and 5.99 ppm for UrMA), at t=0 and t respectively.

o Degree of polymerisation

15



DPracii copolymer Was calculated as a sum between the number of UrMA (noted as DPypvia
synthons) and THOXMA (noted as DPrgoxma).

The number of UrMA was calculated considering the integral values at 5.56-5.58 ppm and
7.64 ppm that correspond to -C=C- double bond protons of uracil, compared to the two of the
protons of CPBD (between 7.88 ppm and 7.9 ppm) as it follows (Eq. S2.):

d,+1,)/2

DPynvia = ( leral2 ) (Eq. S2.)
Where 11 is the value of the integral of the signal of the proton of double bond of uracil

heterocycle (between 7.6 ppm and 7.83 ppm (H))), I3 is the value of the integral of the other
signal of the proton of double bond of uracil heterocycle (between 5.31 ppm and 5.71 ppm

(Hy)), and lera is the value of the integral of the signal of two of the aromatic protons of the

chain transfer agent (between 7.88 ppm and 7.9 ppm).

The number of THOXMA were calculated according to Eq. S3.:
(s +1, +1g -2(I; +1,))/12

DPrhoxma = leral? (Eq. S3.)

The /3 and /4 are the values of the integrals of the proton signals in the field of 3.5 ppm-4.5
ppm and 2.52 ppm- 2.82 ppm respectively that correspond to the protons of thiomorpholine
oxide cycle (III, and III}). s is the value of the integral of the protons of UrMA aliphatic linker
(I, and II;), and the protons of THOXMA aliphatic linker (Il and II;) in the field of 2.82
ppm-3.48 ppm. To calculate the DP of THOXMA, the sum of integrals corresponding to these
signals was assessed. Because this sum includes the integral of the protons of UrMA aliphatic
linker, these values (1 and ’2) were subtracted in order to correctly evaluate the DP of
THOXMA. However, it was impossible to determine exactly the region where the protons of
UrMA aliphatic linker were situated, due to signal interferences. Since in UrMA4 protons of
aliphatic linker are present in the field of 2.52 ppm- 4.55 ppm, the sum of integrals of uracil
double bond protons (that correspond to 2 protons in UrMA) was multiplied by 2, to calculate
the integral value of UrMA aliphatic linker protons. Then, this multiplied value (corresponding
with the UrMA aliphatic linker) was subtracted and the result was divided by 12 (that
correspond to the total of protons of thiomorpholine oxide cycle and THOXMA aliphatic
linker).

Then, DP il copotymer Was calculated (Eq. S4.):

DPuracil copolymer — Dp UrMA +DPTHOXMA (Eq S4)

16



o Experimental molar percentage of co-monomers
The molar percentage of UrMA and THOXMAwere calculated according to the equations:
% (molar) of UrMA= (PPurma X 100)/PPuracit copolymer (Eq. S5.)

% (molar) of THOXMA = (PPruoxma X 100) /P Puracit copolymer (Eq. S6.)
® FExperimental M,

The experimental M,, of P(UrMA,-stat-THOXMA,,,) copolymer was calculated as:

M, = (% (molar) of UTMA X DP i copolymer * M of urma) T (% (molar) of THOXMA

X DPuracil copolymer X Mth of THOXMA) + Mth,CTA (Eq 87)

Where % (molar) of UrMA was calculated by Eq. S5., % (molar) of THOXMA was
calculated by Eq. S6., DP il copolymer Was calculated by Eq. S4. My, cra = 221.34 g/mol, My, o

tHOXMA = 231 g/mol, My, or urma = 238 g/mol.

B. Characterisation of PEG-b-P(AAMA,, -stat-THOXMA,,)) copolymers
o Conversion of co-monomers

The conversions of co-monomers were calculated by '"H NMR (Eq. S8.), via the
comparison of signal integrals of the PEG region (noted as region I'V) of the macro-CTA agent
(3.48-3.58 ppm) and of the protons of -C=C- double bond of THOXMA (6.06-5.68 ppm) and/or
AdMA (5.95-5.72 ppm).

(IO, vinyl function /IO, macroCTA) - (It. vinyl function /It,macro CTA) % 100

Conversion (%) = (10' vinyl function /I macro CTA) (Eq.

S8.)

Where Tomacro cra and Iy, macrocra are the values of the integrals of the signal of the methylene
protons of the PEG region of the macro-chain transfer agent (between 3.48 ppm and 3.58 ppm)
at t=0 and t respectively; Lo, vinyt function and Iy, vinyt punction are the value of the integral of the
signal of one of the protons of the vinyl group of methacrylate (5.68 ppm and 6.06 ppm for

THOXMA, 5.72 ppm and 5.95 ppm for AdMA), at t=0 and t respectively.

o Degree of polymerisation of the adenine containing block
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DPgenine containing block Was calculated as a sum between the number of AAMA (noted as
DPagma) and THOXMA (noted as DPryoxma)-

The number of AAMA was calculated considering the integral values at 8.7-9.3 ppm and
9.48-9.56 ppm that correspond to the heterocycle protons of adenine (noted with h and 1),
compared to the methylene protons of the PEG region (region IV) of the macro-CTA (between
3.48 ppm and 3.58ppm) as it follows (Eq. S9.). The DP of the macro-CTA is equal to 112, so
it is assigned to 112 ethylene glycol units. Since 1 unit of ethylene glycol contains 4 protons, in
the PEG region (with 112 ethylene glycol units) of macro-CTA we have 4x 112= 448 protons.

(I, +1,)/2

DPgvia = (’mamcm/ 448) (Eq. S9.)
Where I is the value of the integral of the signal of the first proton of adenine

heterocycle (between 8.7 ppm and 9.3 ppm (Hy)), I is the value of the integral of the other
signal of the proton of double bond of uracil heterocycle (between 9.48 ppm and 9.56 ppm

(Hj)), and Imacrocra is the value of the integral of the proton signals of PEG region the macro-

chain transfer agent (between 3.48 ppm and 3.58 ppm).

The number of THOXMA were calculated according to Eq. S10.:
(I +1, -2(1; +1,))/12
I

DPTHOXMA = macroCTA/448 (Eq SlO)

The '3 and /4 are the values of the integrals of the proton signals in the field of 3.7 ppm-4.3
ppm and 4.31 ppm- 4.8 ppm respectively that correspond to the protons of thiomorpholine oxide
cycle (II1, and III,), the protons of AAMA aliphatic linker (II, and II.), and the protons of
THOXMA aliphatic linker (II4 and II¢). To calculate the DP of THOXMA, the sum of integrals
corresponding to these signals was assessed. Because this sum includes the integral of the
protons of AAMA aliphatic linker, these values were subtracted in order to correctly evaluate
the DP of THOXMA. However, it was impossible to determine exactly the region where the
protons of AAMA aliphatic linker were situated, due to signal interferences. Since in AdMA 4
protons of aliphatic linker are present in the field of 3.7 ppm- 4.8 ppm, the sum of integrals of
the protons of adenine heterocycle (that correspond to 2 protons in AAMA monomer) was
multiplied by 2, to calculate the integral value of AAMA aliphatic linker protons. Then, this
multiplied value (corresponding with the AAMA aliphatic linker) was subtracted and the result
was divided by 12 (that correspond to the total of protons of thiomorpholine oxide cycle and
THOXMA aliphatic linker).

Then, DPygenine containing block Was calculated (Eq. S11.):
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DPadenine containing block = DPAdMA +DPTHOXMA (Eq S11 )

e Experimental molar percentage of co-monomers
The molar percentage of AAMA and THOXMA were calculated according to the equations:
% (molar) of AdMA = (PPaama * 100) /PP adenine containing biock (Eq. S12.)
% (molar) of THOXMA = (PProxma % 100) /PP adenine containing biock (Eq. S13.)

® FExperimental M,

The experimental M,, of PEG-b-P(AAMA,, -stat-THOXMA,,) was calculated as:
M, = (% (molar) of AAMA X DP,denine containing block < Min of adma) T (% (molar) of THOXMA
X DPygenine containing block < Mih of THOXMA ) T M (macro cTA) (EqQ.S14.)
Where % (molar) of AMA was calculated by Eq. S12., % (molar) of THOXMA was
calculated by Eq. S13., DP,genine containing block Was calculated by Eq. S11. My, cra = 5400 g/mol,

Min or THoxMA = 231 g/mol, My, of aama = 261 g/mol.

Equation used for the preparation of co-assembled formulations

The volumes of uracil-containing copolymer solution (noted as V;) and of adenine-containing
copolymer solution (noted as V;) were calculated according to the following equations (Eq.

S15. And Eq. S16):

R X ¢, X Number ,; X MUrpolymer

+ R X ¢, X Number ,, X M

vV, =
1" ¢, X Numbery, x M

Ad polymer Ur polymer (Eq. S15.)

Where:

V, is the volume (in mL) of the uracil-containing copolymer solution; R is the molar ratio
between the molar equivalents of the number of uracil groups and the number of adenine
groups; Number,q is the number of adenine groups in the copolymer; Numbery;, is the number
of uracil groups in the copolymer; c; is the concentration of uracil containing copolymer (in
mg/mL); ¢, is the concentration of adenine containing copolymer (in mg/mL); My polymer 1S the
molecular weight of uracil containing copolymer (calculated by 'H-NMR, according to the Eq.
S7.) and Mg polymer is the molecular weight of adenine containing copolymer (calculated by 'H-

NMR, according to the Eq. S14.).

Vo =Viota= V1 (Eq. S16.)

19



Where: V, is the volume (in mL) of the adenine-containing copolymer solution and Vi, is the
total volume (in mL) of the formulation prepared by using uracil-containing and adenine-

containing copolymers.
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