Science Advances

RAVAAAS

advances.sciencemag.org/cgi/content/full/6/31/eabc2148/DC1

Supplementary Materials for

A supramolecular platform for controlling and optimizing molecular architectures
of siRNA targeted delivery vehicles

Yuting Wen, Hongzhen Bai, Jingling Zhu, Xia Song, Guping Tang*, Jun Li*

*Corresponding author. Email: jun-li@nus.edu.sg (J.L.); tangguping@zju.edu.cn (G.T.)

Published 29 July 2020, Sci. Adv. 6, eabc2148 (2020)
DOI: 10.1126/sciadv.abc2148

This PDF file includes:

Sections S1 and S2
Figs. S1to S7
Tables S1 to S3
References



Section S1. Supplementary Section on Materials and Methods
1) Synthesis of host polymer CD-SS-P

CD-SS-P was synthesized using the method in our previous report (25). Generally, CD-SS-P
polymer was prepared via atom transfer radical polymerization (ATRP) of dimethylaminoethyl
acrylate (DMAEMA) monomer from B-cyclodextrin (3-CD) based macroinitiator with disulfide
linkages.

Synthesis of 2-(aminoethyl) disulfanylethylcarbamoyl-g-CD (CD-SS-NHz2). 3-CD (0.50 g, 0.44
mmol) (Sigma) was dried at 110 °C under vacuum overnight, and then dissolved in 50 mL of
anhydrous DMF. After all B-CD was dissolved, the DMF solution of B-CD was dropwise to a
solution of 1,1-carbonyldiimidazole (CDI) (5.67 g, 35 mmol) (Sigma) in anhydrous DMF for a
period of 3 hrs under nitrogen, then the mixture was allowed to stir overnight at room temperature
(R.T.). Subsequently, the resulting solution was precipitated with the mixture solution of THF (250
mL) and diethyl ether (750 mL). The precipitate was collected by centrifugation and washed with
THF. Then the resulting white powder was dissolved in anhydrous DMF (50 mL) and this solution
was added dropwise into cystamine dihydrochloride (7.88 g, 35.00 mmol) (Sigma) and
triethylenediamine (11.78 g, 105 mmol) (Sigma) which was dissolved in anhydrous DMF (50 mL)
with stirring. After this addition, the reaction mixture was stirred at R.T. for 24 hrs. The final
reaction mixture was precipitated in diethyl ether. The crude product was purified by dialysis.
Yield: 0.55 g, 55.6%, based on a substitution of 5. Yield: 0.55 g, 55.6%, based on a substitution of
5. 'H NMR (400 MHz, d6-DMSO): & 5.00 (brs, 7H, H-1 of B-CD), 3.30 - 3.70 (m, 48H, H-3, 5,
6a, 6b, 4, 2 of B-CD), 2.56 — 3.05 (m, 16H, -CH>- of cystamine). By comparing the integration of
the signals for the methyl protons of cystamine (-SS-CH>CHa-, a, b-d, 2.56-3.05 ppm) to those for
the 1-positioned protons (-C(1)H) of B-CD at around 5.0 ppm, the degree of substitution (DS) was
estimated. The value was calculated to be 5 for the purified CD-SS-NH..

Synthesis of a-bromoisobutyric amidoethyl disulfanylethylcarbamoyl-p-CD (CD-SS-Br).
Briefly, to a solution of p-CD-SS-NH. (0.40 g, 0.2 mmol), N-(3-Dimethylaminopropyl)-N -
ethylcarbodiimide hydrochloride (EDC.HCI) (0.28 g, 1.5 mmol), N-Hydroxysuccinimide (NHS)
(0.17 g, 1.5 mmol) in anhydrous DMSO was added 2-bromo-2-methylpropionic acid (0.20 g, 1.2
mmol). After being stirred for 24 hrs at room teperature, the reaction solution was directly dialyzed
against distilled water to remove the solvent DMSO and the product was obtained by freeze dried
after dialysis (MWCO 1000). Yield: 0.26 g, 43.6%, based on a substitution of 4. *TH NMR (400
MHz, d6-DMSO): 6 5.00 (brs, 7H, H-1 of 3-CD), 3.30 - 3.70 (m, 48H, H3, 5, 6a, 6b, 4, 2 of B-
CD), 2.56 - 3.05 (m, 16H, -CH>- of cystamine), 1.86 (s, 19H, -CHzs). By comparing the integration
of the signals for the methyl protons (-C(C(e)Hs)2Br, 1.86 ppm) of the initiation group to those for
the 1-positioned protons (-C(1)H) of B-CD at around 5.0 ppm, the DS was estimated. The value
was calculated to be 4 for the purified macroinitiator CD-SS-Br.

Synthesis of PCD-SS-pDMAEMA (CD-SS-P). CD-SS-Br (260 mg, 0.10 mmol) and
dimethylaminoethyl acrylate (DMAEMA) (1.57 g, 10.0 mmol) were added into a dry flask. Tris[2-
(dimethylamino)ethyl]lamine (Mes-TREN) (182.5 mg, 0.8 mmol) in 3 mL of DMSO/methanol
(V/V 1:2) was added with a syringe. After de-gassing, CuBr (55 mg, 0.40 mmol) was added to the
mixture. The [DMAEMA]:[CD-Br]:[CuBr]:[Mee-TREN] relative molar ratios were 25:1:1:2. The
mixture was heated at 70 °C in an oil bath. After 24 hrs, final green mixture was diluted in THF
(200 mL) and passed through a short Al>Os column to remove copper catalyst. The resulting



solution was concentrated and precipitated with hexane. The light yellow product was collected
by centrifugation and dried under vacuum. The product was further purified by dialysis against
water for 7 days (MWCO 2000), follow by lyophilized. Yield: 803 mg, 39.2%. *H NMR (400
MHz, D20): 6 4.10 (brs, 96H, -OCH2- of pPDMAEMA\), overlapped with 3.0-4.5 (m, C(2)H-C(6)H
of B-CD, 2.66 (brs, 96H, -NCH.- of pPDMAEMA), 2.26 (brs, 288H, -N(CH3), of pPDMAEMA),
1.84 (brs, 144H, -CBrCHs- of pDMAEMA), 0.62 -1.20 (m, 96H, -CBrCH,- of pPDMAEMA). By
comparing the integration of the signals for the pPDMAEMA (-N(CHj3)2, around 2.26 ppm) to those
for the 1- positioned protons (-C(1)H) of B-CD at around 5.0 ppm, the DP was calculated. The
value was determined to be 48.

2) Synthesis of host polymer CD-P

Non-degradable host polymer without disulfide bond (CD-P) as a control compound was
synthesized as follows.

Synthesis of a-bromoisobutyric §-CD (CD-Br) (41). B-CD (5.01 g, 4.5 mmol) was vacuum dried
at 110 °C overnight. After that, it was dissolved in anhydrous N,N-dimethylacetamide (DMA) (30
mL) with stirring and then was cooled down to 0 °C. Subsequently, a solution of 2-bromo-
isobutyric bromide (4.25 g, 18.0 mmol) in anhydrous DMA (10 mL) was added dropwise to the [3-
CD solution for a period of 1 hr at 0 °C under N2 atmosphere. Reaction was allowed to continue
at R.T. for 24 hrs. The final reaction mixture was precipitated in diethyl ether (900 mL). The
resulting white powder was collected by centrifugation, washed with acetone (3x30 mL) and DI
water (3x30 mL). The purified product was collected by centrifugation and lyophilized. Yield 3.93
g (50.5%, based on an average substitution degree of 4). *H NMR (400 MHz, DMSO-dé6,): 5 1.88
(m, 24H, -OCO-C(CHBz)2Br), 3.00-6.00 (m, 66H, -OH and -CH- of B-CD).

Synthesis of CD-P. CD-P (171.6 mg, 0.10 mmol) and DMAEMA (1.01 g, 6.40 mmol) were added
into adry flask. Mes-TREN (146 mg, 0.64 mmol) in 3 mL of isopropanol was added with a syringe.
After de-gassing, CuBr (44 mg, 0.32 mmol) was added to the mixture. The [DMAEMA]:[CD-
Br]:[CuBr]:[Mes-TREN] relative molar ratios were 16:1:1:2. The mixture was heated at 40 °C in
an oil bath. After 24 hrs, final green mixture was diluted in THF (200 mL) and passed through a
short Al,O3 column to remove copper catalyst. The resulting solution was concentrated and
precipitated with hexane. The product was collected by centrifugation and dried under vacuum.
The product was further purified by dialysis against water for 7 days (MWCO 2000), follow by
Iyophilized. Yield: 923 mg, 78.3%. 'H NMR (400 MHz, D;0): & 4.13 (brs, 96H, -OCHy- of
pDMAEMA), overlapped with 3.0-4.5 (m, C(2)H-C(6)H of B-CD, 2.72 (brs, 96H, -NCH>- of
pDMAEMA), 2.29 (brs, 288H, -N(CHz)> of pDMAEMA), 1.84 (brs, 144H, -CBrCHs- of
pDMAEMA), 0.40 -1.42 (m, 96H, -CBrCH.- of pPDMAEMA). By comparing the integration of
the signals for the pPDMAEMA (-N(CHz3)2, around 2.29 ppm) to those for the 1-positioned protons
(-C(1)H) of B-CD at around 5.05 ppm, the DP was calculated. The value was determined to be 48.

3) Synthesis of guest polymer Ad-PEG-FA

The procedure for synthesis of Ad-PEG4k-FA: from commercial PEG4.6k is given below as a
typical example.

Synthesis of PEG-SS-PEG. To a solution of PEG 4k (920 mg, 0.2 mmol) and 3,3-
disulfanediyldipropanoic acid (21 mg, 0.1 mmol) in 10 mL of CH2Cl, was added DCC (46 mg,



0.11 mmol) and DMAP (4 mg 0.011 mmol). The mixture was stirred at room temperature for 24
hrs. The resulting solution was filtered to remove the white precipitants and then was precipitated
in cold ether. The crude product was recrystallized three times from ether and dried in vacuum,
and further purified by G50 column using H»O as the dilution. Yield: 460 mg, 48.8%.

Synthesis of Ad-PEG-SS-PEG-Ad. To a solution of PEG-SS-PEG (135 mg, 0.015 mmol) and 1-

Adamantaneacetic (8.7 mg, 0.045 mmol) in 2 mL of CH2Cl, was added DCC (10.31mg, 0.05 mmol)
and DMAP (0.6 mg, 0.005 mmol). The mixture was stirred at room temperature for 24 hrs. The

resulting solution was filtered to remove the white precipitants and then was precipitated in cold

ether. The crude product was recrystallized three times from ether and dried in vacuum. Yield: 126

mg, 87.7%.

Synthesis of Ad-PEG-SH. To a solution of Ad-PEG-SS-PEG-Ad (126 mg, 0.13 mmol) in 1.6 mL
of H,O was added DTT (19.98 mg, 1.3 mmol). The mixture was stirred at room temperature for
24 hrs. The resulting solution was dried and the crude was recrystallized three times from ether.
Yield: 78mg, 61.9%.

Synthesis of Ad-PEG-FA. To a solution of Ad-PEG-SH (48 mg, 0.01 mmol) and folic acid (6.6
mg, 0.015 mmol) in 1 mL of anhydrous was added EDCI (2.9 mg, 0.015 mmol), HOBt (2.1 mg,
0.015 mmol), and triethylamine (1.5 mg, 0.015 mmol). The mixture was stirred at room
temperature for 24 hrs under dark. The resulting solution was directly dialyzed against distilled
water to remove the solvent DMSO and the product was obtained by freeze dried after dialysis
(MWCO 1000). Yield: 52 mg, 98%.

4) Synthesis of guest polymer Ad-p(PEGMA)m-FAn

Synthesis of Ad-p(PEGMA)m. In a typical ATRP procedure, Ad-Br (31.2 mg, 0.1 mmol),
determined amounts of monomer poly(ethylene glycol) monomethyl ether methacylate (PEGMA)
and 2,2’-bypyridine ligand (31.1 mg, 0.2 mmol) was dissolved in 3 mL of methanol. This solution
was deoxygenated before adding CuBr (14.3 mg, 0.1 mmol) into the flask. The [Ad-
Br]:[CuBr]:[bpy] molar ratios were 1:1:2. The mixture was reacted at 40 °C for 24 hrs. The final
ATRP reaction mixture was directly dialyzed against deionized (DI) water using dialysis
membrane with molecular weight cut-off (MWCQ) of 2000 for 7 days at room temperature to
remove the catalyst and unreacted macromonomer. The dialyzed solution was then filtered and
freeze-dried. Yield: 0.79 g, 86%.

Synthesis of Ad-p(PEGMA)m-FAn. To a solution of Ad-p(PEGMA) and folic acid in a mixture
of DMSO/pyridine (1:1) was added DCC (1.2 eq. to folic acid) and DMAP (0.1 eq. to folic acid).
The mixture was stirred at room temperature for 1 d under dark. The crude was purified by
recrystalization with ether. Products was further purified by dialysis (MWCO 2000).

Polymer characterization. Proton nuclear magnetic resonance (*H NMR) spectroscopy was
carried out on a 400 MHz Bruker Avance DRX NMR spectrometer. Gel permeation
chromatography (GPC) analysis was performed on a Shimadzu SCL-10A system equipped with a
Shimadzu RID-10A refractive index detector. Tetrahydrofuran (THF) was used as eluent.
Monodispersed poly(ethylene glycol) were used as standards to obtained a calibration curve. The
degree of folate functionalization was determined using UV-Vis spectrophotometer (Shimadzu
UV-2450). The absorbance of folate was detected at 290 nm.



Section S2. Supplementary Section on Results and Discussion

1) Synthesis and characterization of guest polymer Ad-PEG and Ad-PEG-FA
The macromolecular guest adamantyl terminated linear Ad-PEG and Ad-PEG-FA were obtained
according to the reaction scheme described in Supplementary Fig. S1a. The structures of PEG-SS-
PEG, Ad-PEG-SS-PEG-Ad, Ad-PEG-SH, and Ad-PEG-FA were characterized by *H NMR
spectroscopy, and the representative *H NMR spectra are shown in Supplementary Fig S1b. The
adamantyl-terminated Ad-PEG molecules were also analyzed by GPC (Table S1).

2) Synthesis and characterization of guest polymers Ad-p(PEGMA)m and Ad-p(PEGMA)m-
FA(n)

The macromolecular guest adamantyl-terminated Ad-p(PEGMA)m and Ad-p(PEGMA)m-FAn was
obtained according to the reaction scheme described in Supplementary Fig S1lc. 1) The comb-
shaped Ad-p(PEGMA)m hydrophilic polymers were prepared via ATRP of the monomer
poly(ethylene glycol) monomethyl ether methacylate (PEGMA) using bromoisobutyryl-
terminated adamantane (Ad-Br) as the initiator. 2) Folic acids were conjugated to the hydroxyl
end(s) of PEG chains via carbodiimide chemistry coupling reaction.

The structures of Ad-p(PEGMA)m and Ad-p(PEGMA)m-FAn were characterized by *H NMR
spectroscopy, and the representative spectra are shown in Supplementary Figure S1d. The number
of folic acids conjugating to Ad-p(PEGMA)m were calculated by comparing the integration signals
in the region of 6.5 - 9.0 ppm corresponding to protons of aromatic groups of folate to those in the
region of 3.4 - 3.7 ppm assigned to ethylene protons adjacent to ester bond of PEG chains.

The polymerization conditions and molecular characterization data for the adamantyl-
terminated comb-shaped Ad-p(PEGMA)m polymers are shown in Table S2. We further conjugated
various numbers of folic acids (1, 3, 6, 9, and 12) to Ad-p(PEGMA)mn polymers through DCC
coupling reaction. The compositions of the polymers are summarized in Table S3.

The conjugation of folate to PEG chains was further confirmed by UV-vis spectroscopy
(Supplementary Figure Sle and S1f). The folate associated peak at 290 nm was found in all folate
modified PEGs and the pseudo polymer formed by CD-SS-P and folate conjugated adamantyl-
PEG. Moreover, the absorbance of the folate peak was positively correlated to the numbers
conjugated folate. The results confirmed the folic acids were successfully conjugated to PEGs.
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Fig. S1. Synthesis and characterization (*H NMR and UV) of Ad-PEG-FA and Ad-p(PEGMA)n-FAn.
a) Synthesis scheme of Ad-PEG-FA. b) *H NMR spectra of Ad-PEG-FA and its intermediates in D,O (PEG
molecular weight 20k). c¢) Synthesis scheme of Ad-p(PEGMA)n-FA.. d) 'H NMR spectra of Ad-
P(PEGMA)2-FAg and its intermediates in D-0. e) UV spectra for FA-modified guest polymers PLF1 and
PCsxFn (polymer concentration 2 mg/mL). f) UV spectra for self-assembled host-guest siRNA H/G carriers
formed by CD-SS-P host polymer with PLookF: and PCeFA, guest polymers. Folate was detected at 290
nm (polymer concentration 2 mg/mL).



3) Cytotoxicity of the screened PNPs on KB cells

The cytotoxicity of all the screened PNPs were tested on KB cells. From Figure S4, the cell
viability of all screened PNPs were over 90%. Comparing to PEI 25k, their cytotoxicity profile is
much better, probably owing to the benefits of incorporated disulfide linkages to the siRNA
delivery system. It was found that with the increase of length of PEG modifications, the
cytotoxicity of PNPs slightly decreased.

4) Protein adsorption on screened siRNA encapsulated PNPs

To investigate the protein shielding effect of all the screened siRNA loaded PNPs, the protein
adsorption on the particles after 24 hrs incubations were determined. It was confirmed that the
PEG shielding coronas benefited to the shielding properties of the system. It must be noted that
comb-like PEG and PEG with longer arms perform better in protein shielding, as compared to the
linear PEG and the PEG with shorter length. Moreover, conjugation of folate to the shell of PNPs
would not change its shielding ability.
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Fig. S2. Cell viability and protein adsorption. a) Cell viability of PNPs loaded with siRNA and H/G
polymers at various N/P ratios were measured on KB cells. The non-shielding controls PEI 25k and H were
used as the positive controls (n=4). b) Protein adsorption of PNPs with various formulations at N/P 20 (n=3).
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5) In vivo anti-cancer effect in KB xenograft tumour model

Images of the KB xenograft tumors of the mice at days 0 and 10 and experimental endpoint were
shown in supplementary Figure S3. It was observed that tumour treated by H/G(PCskFe) appeared
smaller than other groups at all observation time points.
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Fig. S4. Gross appearances of KB xenograft tumors of mice. Images taken at typical time points (day O,
day 10, and day 20) are shown to indicate the growth of tumor treated by different groups including PBS
and other siRNA-Bcl2 loaded PNPs groups. Photo Credit: Hongzhen Bai, Zhejiang University.

6) In vivo safety profile of treatment groups

Histological sections (H&E staining, 20x) showed that no significant differences in structures of
cells in liver, kidney, heart and spleen among treated and control PBS groups, suggesting that
absence of acute toxicity was observed for all treatment groups.
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Fig. S5. Hematoxylin and erosin (H&E) staining. Representative images of H&E staining of section of
formalin-fixed major organs embedded in paraffin of KB tumor bearing mice after 21-day anticancer
treatment. Major organs included liver, kidney, heart, spleen and lung. Images were analyzed at 20x
magnification (Scale bar = 50 pum).

To investigate whether the sSiRNA-Bcl2 PNPs would induce inflammatory reaction and any liver
tissue injury, hematological examinations were performed for blood drawn from KB tumor bearing
mice after 21-day treatment. Total protein (TP), globulin (GLO), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and uric acid (UA) were examined. From Supplementary Figure
S6a, all examined factors were within normal range and all treatment groups showed no significant
differences from control heathy group.

To examine whether siRNA-Bcl2 loaded PNPs treatment would affect kidney functions, urine
samples from KB tumor-bearing mice were examined after 21-day treatment. From Supplementary
Figure S6b, no increased level of albumin and urea nitrogen in urine was observed for all groups,
indicating that treatment has neglect effect on kidney functions of mice.
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Fig. S6. Hematological and urine examinations. a) Hematological results of KB tumor bearing mice after
treated with different groups including PBS and other siRNA-Bcl2 loaded PNPs groups for 21-day. After
21-day anti-tumor treatment, blood was drawn from mice and sent for hematological examination. Healthy
mice without tumour were used as control. (n=3) b) Urine examination results of KB tumor bearing mice
after treated with different groups including PBS and other siRNA-Bcl2 loaded PNPs groups for 21-day.
Urine samples were collected from mice after 21-day anti-tumour treatment. Healthy mice without tumour

were used as control. (n=3)



T  Tunel H&E

DAPI

Bcl-2

c 404

Bl Cy5-siRNA
. PE

. H

W H/G(PCy)
R H/G(PCyFy)

w W
o O
L 1

254

Mean Fluorescence Intensity
(x107 plsec/lem?/sr)
N
o

**  ** p<0.01
*** p<0.001

36

Time (h post injection)

d I Cy5-sRNA [IPE! [H EEH/G(PC.) M H/G(PC.F,)

16 * p<0.01

Mean Fluorescence Intensity

Tumour liver Kidney Heart

2h
f Il Cy5-sRNA [ PE! - Il H/G(PC;) Il H/G(PCF:)
16 4 *x
144 ¥ p<0.01
%12

Lung

-
@® o
n L

Mean Fluorescence Intensity
(x10° pfseciem?:

Tumour liver Kidney Heart

24h

Lung

e EECy5-siRNA [FE! - M H/G(PC,,) Il H/G(PC.Fy)

16 “ p<0.01

e
N s

Mean Fluorescence Intensity
(x10° pfsec/cm?/sr)

Tumour liver Kidney Heart

8h
g M Cy5-sRNA EPE! [H IEMH/G(PC:) IMH/G(PCFy)

Lung

16
14

P
N

N & OO © O

(x10°® p/seciem?fsr)

Mean Fluorescence Intensity

o

Tumour liver Kidney Heart

3% h

Lung



Fig. S7. Histology and immunofluorescence staining of tumors, and fluorescence intensity of Cyb5-
SiRNA in tumor and organs. a) Histology of KB tumors 21 days after treatment. Serial sections of
formalin-fixed tumors embedded in paraffin were stained with H&E (hematoxylin and eosin) (upper row)
and TUNEL (terminal deoxynucleotidyl transferase dUTP nick end labeling) (lower row), analyzed at 20x
magnification (Scale bar = 50 um). b) Immunofluorescence staining of Bcl-2. Cell nucleus was stained by
DAPI. Green: Bcl-2 protein. Blue: nucleus. On day 21, mice were sacrificed, and their tumors resected and
processed for staining. Images were analyzed at 20x magnification (Scale bar = 50 pm). c) Fluorescence
intensity of Cy5-siRNA in tumor area at various time points. The tumor accumulation was calculated based
on the quantification of Cy5 intensity in red circles. Ex vivo fluorescence imaging of tumors and main
organs exploring the bio-distribution of PNPs. Fluorescence intensity of Cy5-siRNA in tumor and various
major organs atd) 2 h, e) 8 h, f) 24 h, and g) 36 h post injection. Data of H/G(PCgkFs) and H/G(PCsk) groups
were compared.

Table S1. Analytical results of adamantyl-terminated linear PEGs by GPC.
Molecular
Name Polymer® weight, Mx PDI®
Mn cpc”

PLa  Ad-PEGuak 4100 1.08
PLek  Ad-PEGsk 8330 1.19
PLiok  Ad-PEGix 12500 1.11
Plook  Ad-PEG2k 20380 1.20

aStructures shown in Figure Sla.

®Measured by GPC, THF as the eluent.

¢ Measured by GPC, PDI = My/M.

Table S2. Polymerization conditions and molecular characterization data for adamantyl-
ended comb-shaped Ad-p(PEGMA)m polymers.

Cu Mo_lecular
[%]° weight, '\éln PDI®
'vln,predictedC Mn,EA Mn,GPC i

PCux« Ad-p(PEGMA)11 15 79.3 4200 4350.2 3900 1.20
PCs« Ad-p(PEGMA)22 25 88.1 8300 8081.3 7400 1.22
PCik Ad-p(PEGMA)32 40 82.5 11800 10582.3 10300 1.16
PCook Ad-p(PEGMA)s3 70 81.4 19600 18381.9 17800 1.15

2 Ad-p(PEGMA)m polymers were synthesized by ATRP of poly(ethylene glycol) methacrylate (molecular

weight 360).

® The monomer conversion was calculated based on *H NMR.

¢ The predicted M, was calculated based on monomer conversion and [Mo/[l]o.

d Calculated from elemental analysis-derived [N]/[C] ratio.

¢ Measured by GPC, PDI = My/M.

Name Polymer? [M]o/[1]o




Table S3. Characterization of adamantyl-terminated Ad-PEG2aok-FA1 (PL20kFA1) and Ad-
P(PEGMA)si-FAn (PCaiFn).

Feeding Actual Molecular

a :

Name Polymer [FAV[ADP  [FAV[A]® Wel\l/lght, M. PDI

n,GPC

PL2okF1 Ad-PEG0k-FA1 1.2 1 18480 1.14
PCeF1  Ad-p(PEGMA)22-FA1 1.2 1 7510 1.26
PCsFs Ad-p(PEGMA)2-FA3 4 3 7730 1.28
PCsFs Ad-p(PEGMA)2-FAs 8 6 8820 1.27
PCeaFo  Ad-p(PEGMA22-FAg 10 9 10850 1.21
PCsF12 Ad-p(PEGMA)2-FA1> 15 12 12600 1.24

2 Folic acid was conjugated to Ad-PEG and Ad-p(PEGMA),, using DCC as coupling reagent in anhydrous
pyridine/DMSO (v/v 1:1).

b The feeding ratio of folic acid to Ad-PEG or Ad-p(PEGMA) 2.

¢ The actual ratio of folate to Ad-PEG or Ad-p(PEGMA) ,; was calculated based on the *H NMR data
(measured in D.O) by comparing the integration of the signals at the region of 6.5 - 9.0 ppm corresponding
to protons of aromatic groups of folic acid to those at the region of 3.45 — 3.65 ppm assigned to ethylene
protons adjacent to ester bond of PEG chain.
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