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Supplementary Figure S1. Ligand aggregation properties. *H NMR spectrum (BO, 300 MHz, 298

K) of compound3a.
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Supplementary Figure S2. Ligand aggregation properties. *"H NMR spectra (BO, 300
MHz, 298 K) of 1 mM compound6 (A) alone and (B and C) in the presence of increasing
amounts of inorganic salts.
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Supplementary Figure S3. Ligand aggregation properties. *H NMR spectra (BO, 300
MHz, 298 K) of 1 mM compoun@b (A) alone and (B, C and D) in the presence of
increasing amounts of inorganic salts.
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Supplementary Figure S4. Ethidium bromide displacement assays. Relative fluorescences (top)
ligand or (bottom) charged groups concentrationofdscence studies (excitation at 530 nm, emission
at 600 nm) were performed collecting the emissjpecga of buffer solutions (4 mM Hepes, 10 mM
NaCl) of 50 mM ethidium bromide (relative fluoreace = 0), mixture of 0.5 nM plasmid DNA
(PEGFP-C1) and 50 mM ethidium bromide (relativeoflescence = 1) and after addition of increasing
amounts of ligand to the DNA/ethidium bromide mbetu
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Supplementary Figure S5. EMSA binding studies. EMSA of pEGFP-C1

DNA (1 pg in 14ul) in presence of increasing concentration of la@B, 6

and7.
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Supplementary Figure S6. AFM binding studies. AFM images
(2x2 um scan each) in tapping mode on air showing thectff
induced on plasmid EGFP-C1 DNA 0.5 nM by incubatath a)

0.5 uM calixarene6, b) 2uM calixarene3b, c) 4 uM Gemini-type

derivative7 and d) 1QuM Gemini-type derivative.
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Supplementary Figure S7. Transfection studies. Images by
fluorescence microscopy of Rhabdomyosarcoma cedisstected (in
green) upon treatment with pEGFP-C1 DNA 1 nM forated with
argininocalix[4]areneS8a, 6 or Gemini-type ligand, in the presence of
DOPE (ligand/adjuvant molar ratio 1:2)
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Supplementary Figure S8. Transfection studies. Transfection efficiency
at 48h from the treatment of liganda, 6 and7 with and without DOPE
(ligand:adjuvant molar ratio 1:2) compared to LTXdaDOPE, expressed
as Relative Luciferase Units.
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Supplementary Figure S9. Cytotoxicity studies. Cell viability
(RD-4 human Rhabdomyosarcoma cells) at 48 h frarréatment
a) after simple incubation with ligand®a, 6 and 7, alone and
together with adjuvant, and b) in transfection d¢tods with
argininocalix[4]arenea or lysinocalix[4]arene8b, alone and with
adjuvant, compared to LTX and DOPE. CTRL is rehatito

untreated cells.
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Supplementary Figure S10. NMR spectra of argininocalix[4]arene 3a. a) *H NMR spectrum
(CDs0OD, 300 MHz, 298 K) and BYC NMR spectrum (CEDD, 100 MHz, 298 K).
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Supplementary Figure S11. NMR spectra of lysinocalix[4]arene 3b. a) *H NMR spectrum
(CDs0OD, 300 MHz, 298 K) and BYC NMR spectrum (CEDD, 150 MHz, 298 K).
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Supplementary Figure S12. NMR spectra of argininocalix[4]arene 6. a) *H NMR spectrum (B0,
300 MHz, 298 K) b)}*C NMR spectrum (CEDD, 100 MHz, 298 K).
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Supplementary Figure S13. NMR spectra of Gemini-type arginino derivative 7. a) *H NMR
spectrum in CBOD (400 MHz, 298 K), bfH NMR spectrum in BO (400 MHz, 298 K) and c}°C
NMR spectrum (CBOD, 100 MHz, 298 K).
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Supplementary Figure S14. NMR spectra of Gemini-type arginino derivative 8. a) 'H NMR
spectrum (BO, 300 MHz, 298 K) and BYC NMR spectrum (CEDD, 75 MHz, 298 K).
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Supplementary M ethods

Abbreviations. DMF: dimethylformamide, TFA: trifluoroacetic acidlHOBt: hydroxybenzotriazole, DCC: N,N’-
dicyclohexylcarbodiimide,  TIS: triispopropylsilane, Boc: t-Butoxycarbonyl, Pbf.  2,2,4,6,7-Pentamethyl-
dihydrobenzofuran-5-sulfonyl, DMAP: dimethylaminajmine, EDAC: N-ethyl-N’-(3-dimethylaminopropyl)chodiimide
hydrochloride, DIPEA: N,N-diisopropylethylamine, HB: O-(benzotriazol-1-yl)-N,N,N’,N’-tetramethylurgum
hexafluorophosphate, Cbz: carbobenzyloxy, DCU: NjMyclohexylurea, PTFE: polytetrafluoroethyleneeflon), TLC:
Thin Layer Chromatography.

Pbf Pbf

NH >:NH

NO; NO, NH, NH, BOCHNéOCHN%

0 o) 71% o)

HN

9%

79%

HaN, H,N

OO o i

0
§ -Cl+HgN CI+H3N

O
o

a

Synthesis of compound 7. i) NaH, iodohexane, dry DMF, Nrt; ii) NaNGs;, TFA, rt; iii) NH,NH,-H,O, Pd/C, N, abs
ethanol, reflux, M iv) Boc-Arg(Pbf)-OH, HOBt, DCC, dry DMF, N rt; v) TFA/TIS/HO (95/2.5/2.5), dil. HCI in
methanol, pH 4, rt.
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Synthesis of compound 8. i) Boc-Arg(Pbf)-OH, HOBt, DCC, dry DMF, N rt; ii) TFA/TIS/H,O (95/2.5/2.5), dil. HCI in
methanol, pH 4, rt.

Big[(2-hexyloxy-3-methyl-5-tert-butyl)phenyllmethane (b). The product was obtained according to the litemtur
procedure relative to alkylation of calixarerfé3.o asuspension of Gemimf* (0.8 g, 2.35 mmol) in dry DMF (24 mL) at
0 °C NaH (60 wt.-% in oil, 0.57 g, 14.1 mmol) wakdad. The mixture was stirred for 30 min. and theadohexane (2.13
mL, 14.1 mmol) was added. After 1 h the ice batls wemoved and the reaction mixture was stirredofee day. The
reaction was quenched with 1 N HCI (70 mL) andréwulting solid filtered on a Buchner funnel. Thade product was
dissolved inCH,CI, (70 mL) and washed with 1 N HCI (3x50 mL). Theami phase was separated, dried over anhydrous
N&SO, and evaporated under reduced pressure to obtgmll@vish oil. The residue was purified by flash column
chromatography on silica gel (eluent: £&H, and CHCI,/MeOH= 99:1) to obtain the pure product as a cdéssroil in
90% vyield.*H NMR (300 MHz, CDCJ): & 7.12 (d,J = 2.3 Hz, 2H, ArH), 6.98 (dJ = 2.3 Hz, 2H, ArH), 4.16 (s, 2H,
ArCH,Ar), 3.82 (t,J = 6.7 Hz, 4H, OCH), 2.40 (s, 6H, ArCh), 1.86 (quintJd = 7.0 Hz, 4H, OCHCH,), 1.62-1.32 (m,
12H, O(CH),CH,CH,CH,), 1.31 (s, 18H, C(CHs), 0.99 (t,J = 6.8 Hz, 6H, CHCH;); *C NMR (75 MHz, CDC)): &
153.8, 145.8, 133.1, 129.8, 125.7, 125.6, 72.81,331.8, 31.5, 30.5, 29.6, 25.9, 22.7, 16.7, 1MS$; (W2): [M + Na]’
calcd for GsH5¢0,, 531.4; found, 531.5.

Big[(2-hexyloxy-3-methyl-5-nitr o)phenyl]methane (c). The product was obtained according to the genewalgulure for
the ipso nitration of calixarendsTo a solution ob (1.05 g, 2.07 mmol) in trifluoroacetic acid (4.70.n61.2 mmol),
NaNGQ; (3.45 g, 40.7 mmol) was added and the mixture thrmeange. After one night the reaction was stopywéh
addition of water (100 mL) and extracted with £ (2x50 mL). The separated organic layer was washedwatier (75
mL), dried over anhydrous NaO, and concentrated under reduced pressure. Theueesids purified by flash column
chromatography on silica gel (eluent: hexane/etitdtate= 98:2) to obtain the pure product as a lighow oil in 60%
yield. *H NMR (300 MHz, CDC)):  7.99 (d,J = 2.8 Hz, 2H, ArH), 7.77 (d] = 2.8 Hz, 2H, ArH), 4.10 (s, 2H, ArGAr),
3.81 (t,J = 6.6 Hz, 4H, OCH), 2.38 (s,6H, ArCHy), 1.79 (quint,d = 6.6 Hz, 4H, OCHCH,), 1.55-1.25 (m, 12H,
O(CH,),CH,CH,CH,), 0.89 (t,J = 6.7 Hz, 6H, CH); °C NMR (75 MHz, CDCJ): & 161.4, 143.5, 134.1, 132.8, 125.3,
123.6, 73.4, 31.6, 30.3, 30.2, 25.6, 22.5, 16.8;1@S (W2): [M + Na]" calcd for G;H3gN,0g, 509.3; found, 509.4.
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Big[(2-hexyloxy-3-methyl-5-amino)phenylmethane (d). The product was obtained according to the genexaegalure
for the nitro reduction of calixarendsTo a solution ot (0.22 g, 0.45 mmol) and hydrazine monohydrateX®., 4.52
mmol) in ethanol (14 mL), a catalytic amount of ®dias added and the reaction mixture was stirretl refluxed
overnight. The solvent was then removed under rdipcessure, the residue dissolve@kyCl, (50 mL) and the catalyst
filtered off through a paper filter. Pure amidevas obtained after evaporation of the solwamder reduced pressure as a
light yellow oil in 78% yield *H NMR (300 MHz, CDCY): 8 6.34 (d,J = 2.7 Hz, 2H, ArH), 6.17 (d] = 2.7 Hz, 2H, ArH),
3.90 (s, 2H, ArCHAr), 3.69 (t,J = 6.9 Hz, 4H, OCH), 3.30 (bs, 4H, Nb), 2.23 (s,6H, ArCHy), 1.76 (quintJ = 6.9 Hz,
4H, OCHCH,), 1.46 (bquintJ = 5.4 Hz, 4H, OCHCH,CH,), 1.42-1.28 (m, 8H, O(CHLCH,CH,CH,), 0.91 (t,J = 6.9
Hz, 6H, CHCH3); *C NMR (75 MHz, CDCJ): & 148.5, 142.0, 134.6, 131.4, 115.7, 115.0, 73.23,330.3, 29.6, 29.0,
25.8, 22.6, 16.4, 14.0; MSn(2): [M + H]" calcd for G;H4.N,O,, 427.3; found, 427,9M + Na]* calcd, 449.3; found,
449.5.

Big[(2-aminopr opoxy-3 methyl)phenyl]methane (f). The compound was obtained according to literatvoequure’

Synthesis of 25,26,27,28-Tetr akis(3-aminopropoxy)calix[4]arene (4). It was synthesized according to literature

procedure?

5,11,17,23-Tetr akig(Ng-Boc-Ng,-Pbf-L -Ar g)amino]-25,26,27,28-tetr akis(n-hexyloxy)calix[4]arene (2a). To a solution
of Boc-L-Arg(Pbf)-OH (0.58 g, 1.09 mmol) and DMAPB.27 mg, 2.19 mmol) in dry Gi&l, (15 mL), HOBt (0.17 g, 1.24
mmol) and EDAC (0.21 g, 1.09 mmol) were added d=dmixture stirred for 15 min. Then, aminocalixardn(0.15 g,
0.18 mmol) dissolvedth CH,Cl, (6 mL) was added. The reaction proceeded at reompérature for 24 f.he reaction was
guenched by addition of water and the organic laysshed with watef2x25 mL) and saturated NaH@@&queous solution
(2x25 mL). The organic solvent was removed at redymressure giving a crude material that was arifiy flash column
chromatography (gradient from GEl, to CHCI/CH;OH 95:5). The pure product was isolated as a wdot&l in 40%
yield. mp: 156-158 °C*H NMR (300 MHz, CDCJCD,OD= 19:1):8 9.04 (bs, ArNH), 7.10-6.10 (bs, 8H, ArH and
NHCNHNH), 5.90 (bs, NHBoc), 4.33 (d,= 13.1 Hz, 4H, ArCHiAr), 4.06 (bs, 4H, COBNH), 3.77 (bs, 8H, OCH),
3.10 (bs, 8H, €,NH), 3.04 (d,J = 13.1 Hz, 4H, Ar€GIHAr), 2.89 (s, 8H, Chlof Pbf), 2.49 (s, 12H, Ckbf Pbf), 2.43 (s,
12H, CH; of Pbf), 2.00 (s, 12H, Ckbf Pbf), 1.90-1.20 (m, 108H, OGEH,CH,CH,CH,, C(CHs)s, COCHQH,CH, and
C(CHs), of Pbf), 0.84 (tJ = 6.5 Hz, 12H, ChCH,); °C NMR (75 MHz, CDCY/CD,0D = 19:1):5 171.0, 158.6, 156.3,
155.9, 153.5, 138.2, 134.9, 132.4, 132.2, 131.4,6,2121.0, 117.4, 86.4, 79.9, 75.3, 54.3, 43.02,481.9, 31.0, 30.0,
29.5, 28.3, 28.1, 25.8, 25.1, 22.7, 19.1, 17.89,1R2.2; MS (m/z): [M + 2N4] calcd for GagHodN200,6Ss 1449.8; found
m/z = 1450.6.

Synthesis of 5,11,17,23-Tetrakig[(N4-Boc-Ng-Boc-L -L ys)amino]-25,26,27,28-tetr akis(n-hexyloxy)calix[ 4] ar ene (2b).

To a stirring solution of Boc-L-Lys(Boc)-OH (0.14 §.36 mmol) and DIPEA (0.06 mL) in dry GEl, (5 mL), HBTU
(0.16 g, 0.42 mmol) and aminocalixareh€0.05 g, 0.06 mmoljvere added. The mixture proceeded at room temperatu
for 24 h. Then the reaction was quenched by addiaigr (6 mL), the organic layer separated and whstith brine (6
mL), and dried over anhydrous MggS@fter filtration, the solvent was removed at redd pressure and the pure product
was isolated by flash column chromatography (graadi®m CHCI, to CH,Cl,/CH;OH 95:5) as white solid in 69% vyield.
mp: 182-185 °C*H NMR (300 MHz, CDCJCD;OD 19/1):3 7.10 (bs, 4H, ArH), 6.32 (bs, 4H, ArH), 4.34 (&5 13.2 Hz,
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4H, ArCHHAr), 4.05 (bs, 4H, COBNHBoc), 3.87-3.60 (m, 8H, OCH{ 3.12-2.87 (m, 12H, ArBHAr and GH,NHBoc),
1.79 (bs, 16H, OCKCH, and COCH®I,), 1.59 (bs, 8H, 8,CH,NH;"), 1.80-1.20 (m, 104H, (C¥, COCHCHCH, and
O(CH,),CH,CH,CH,), 0.85 (bs, 12H, CKCHs); *C NMR (150 MHz, CDGJCD,OD 19/1):5 170.9, 156.3, 156.0, 153.5,
135.1, 131.3, 121.2, 119.8, 79.9, 79.1, 75.1, 530, 32.0, 31.1, 30.0, 29.4, 29.0, 28.5, 28.30,282.7, 22.5, 14.1; MS
(m/z): [M + 2Na] " calcd for G;¢H18dN120,4, 1089.7; found, 1090.2.

25,26,27,28-Tetr akis{3-[ (N4-Cbz-L -Ar g)amino] pr opoxy}calix[4]arene, tetra-hydrochloride (5). To a stirring solution
of N,-Cbz-L-Arg-OH (0.79 g, 2.58 mmol) in dry DMF (10 mLHOBt (0.4 g, 2.92 mmol) and DCC (0.54 g, 2.58 aoijm
were added. After 15 min, a solution of calix[4}Jse& (0.28 g, 0.43 mmol) in dry DMF (10 mL) was addedpvise to
the mixture. The reaction proceed at room tempegdtur 5 days following its evolution by ESI-MS, i further HOBt
(0.07 g, 0.51 mmol) and DCC (0.09 g, 0.43 mmol)evadded and the reaction stirred for 2 days lonfjes. reaction was
guenched by filtration of DCU using a Gooch 5 funamed by evaporation of solvent at reduced pressiiie crude was
dissolved in MeOH (5 mL) and eluted through aniamichange sorbent SAX (ammonium form,) @ obtain5 as a white
solid in 76% yield. mp: 107-110 °@&4 NMR (300 MHz, CQOD): & 7.42-7.20 (m, 20H, Arkbf Cbz), 6.70-6.42 (m, 12H,
ArH), 5.15-4.93 (m, 8H, CkCbz), 4.37 (dJ = 13.1 Hz, 4H, ArCHIAr), 4.26-4.09 (m, 4H, COBNH), 4.00-3.76 (m, 8H,
OCH,), 3.50-3.31 (m, 4H, OCH¥H,CH), 3.25-3.03 (m, 16H, ArBHAr, CH,NHCNH and OCHCH,CH), 2.28-2.00 (m,
8H, OCH,CH,), 2.00-1.49 (m, 16H, COCH&;CH,); **C NMR (100 MHz, CRQOD) 5174.8, 174.4, 158.9, 158.7, 158.6,
157.7, 138.3, 138.2, 136.4, 129.7, 129.3, 129.9,112129.0, 123.5, 74.1, 68.0, 67.9, 56.5, 55.22,422.1, 38.3, 32.1,
31.5, 30.8, 29.9, 26.9, 26.7, 26MS (m/z): [M + 3H — 4HCH{* calcd for GgH12dN200:16Cls, 605.3; found, 605.5.

Bis{[(5-Ng-Boc-Ng-Pbf-L -Arg)-amino]-2-hexyloxy-3-methylphenyl}methane (€). To a solution of Boc-L-Arg(Pbf)-OH
(0.51 g, 0.97 mmol) in dry DMF (5 mL) were added Bt(0.15 g, 1.09 mmol) and DDC (0.20 g, 0.96 mmaig the
mixture stirred for 10 minutes. Then compouhd0.12 g, 0.29 mmol) dissolved DMF (2 miyas added. The reaction
proceeded under stirring at room temperature foh.Zthyl acetate was added (10 mL), DCU was filterfcbyg gravity

on a PTFE filter, and the organic solvents wereawed at reduced pressure. The crude was dissatvethyl acetate (10
mL) and the organic layer was washed first wittatusated NaHC@aqueous solution (2x10 mL), then with brine (3x10
mL) and dried over anhydrous p&D,. After filtration, the solvent was removed at na@por and the residue purified by
preparative TLC (eluent: ethyl acetate/hexane= @ibtain the pure produetas a white solid in 10% yield. mp: 136 °C
dec;'H NMR (300 MHz, CROD): & 7.70 (bs, 2H, ArH), 6.75 (bs, 2H, ArH), 4.35-3 0n, 8H, ArCHAr, NHCOCH and
OCH,), 3.30-3.02 (bm, 4H, N=CNH@,), 2.92 (s, 4H, Chlof Pbf), 2.52 (s, 6H, Ckbf Pbf), 2.46 (s, 6H, Ckbf Pbf), 2.23

(s, 6H, ArCH), 1.99 (s, 6H, CKlof Pbf), 1.90-1.10 (bm, 54H, N=CNHGBH,CH,, C(CHs)s, C(CH), of Pbf and
OCH,CH,CH,CH,CHy), 0.90 (bs, 6H, C}J; B¥C NMR (100 MHz, CROD): & 173.5, 159.8, 158.0, 153.5, 139.4, 135.1,
134.8, 134.3, 133.5, 132.4, 125.9, 122.1, 121.8,4.187.6, 80.8, 74.1, 62.7, 56.5, 44.0, 41.6, 33104, 30.9, 30.8, 28.8,
27.3,27.0, 23.7,19.7, 18.5, 17.0, 14.5, 12.6;(M&): [M + NaJ calcd for GsH114N19014S,, 1465.8; found, 1466.0.

Bis{2-[3-(N4-Boc-Ng,-Pbf-L -Arg)-amino] propoxy-3-methylphenyl}methane (g). To a solution of Boc-L-Arg(Pbf)-OH
(0.168 g, 0.32 mmol) in dry DMF (2 mL) were adde@Bt (0.050 g, 0.36 mmol) and DCC (0.066 mg, 0.32afyrand the
mixture stirred for 10 minutes. Then, compoun(D.032g, 0.094 mmol) dissolved in dry DMF (1 mlasvadded. The
reaction proceeded under stirring at room tempegdtr 24 h.Ethyl acetate was added (10 mL), DCU was filteréchyp

gravity on a PTFE filter, and the organic solvewtre removed at reduced pressure. The crude washdisgl in ethyl
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acetate (10 mL) and the organic layer was washetiiith a saturated NaHG@queous solution (2x10 mL), then with
brine (3x10 mL) and dried over anhydrous,81@,. After filtration, the solvent was removed at r@por and the residue
purified by preparative TLC (eluent: ethyl acethéxane= 9:1) to obtain the pure prodgcts a colourless oil in 21%
yield. *H NMR (300 MHz, CRCN): & 7.13 (bt, 2H, MCOCH), 7.02 (dd, 2HJ = 7.4 Hz, 1.3 Hz, ArH), 6.89 (t, 2H,=
7.4 Hz, ArH), 6.82 (dd, 2HJ = 7.4 Hz, 1.3 Hz, ArH), 6.10 (bs,HCNHNH), 5.70 (bs, 2H, NHBoc), 3.97 (bs, 4H,
ArCH,Ar and NHCO®), 3.73 (t,J = 6.3 Hz, 4H, OCH), 3.45-3.20 (m, 4H, OCHH,CH,), 3.20-2.95 (m, 4H,
NCNHCH,), 2.96 (s, 4H, Chklof Pbf), 2.52 (s, 6H, Ckbf Pbf), 2.45 (s, 6H, Ckbf Pbf), 2.22 (s, 6H, ArCh}, 2.03 (s, 6H,
CH; of Pbf), 1.98-1.82 (m, 4H, OGIBH,), 1.75-1.30 (m, 8H, NCNHC}H,CH,), 1.41 (s, 18H, C(Ch)s), 1.34 (s, 12H,
C(CHs), of Pbf); °C NMR (75 MHz, CRCN): & 173.1, 158.9, 157.1, 156.3, 156.2, 138.6, 13434,3, 132.8, 131.7,
129.9, 128.9, 125.6, 124.4, 87.1, 79.6, 71.0, 5488, 40.7, 37.1, 30.6, 30.2, 29.9, 28.3, 28.21,289.2, 17.9, 16.3, 12.3;
MS (m/z): [M + NaJ calcd for GgH10aN10014S,, 1381.7; found, 1382.3.

General procedure for Boc/Pbf deprotection. A solution of calix[4]arene or Gemini-type compoufith pmol) in
TFAITIS/H,O (95/2.5/2.5, 5 mL) was stirred at room temperatihe progression of the reaction was followedElS}
mass spectrometry. After completion (2-24 h), tldatles were removed under reduced pressure, dhid sesidue
suspended in ethyl acetate (3x5 mL) and every tiraeorganic solvent was evaporated to help in rémgothe exceeding
TFA. The crude material was repeatedly washed aitilled diethyl ether (3x7 mL) removed after saenpentrifugation.

Bis(5-L-Arg-amino-2-hexyloxy-3-methylphenyl)methane, tetra-hydrochloride (7). The trifluoroacetate anion of the
TFA tetra-salt resulting from the deprotection teat was exchanged with chloride by dissolving (4k¢ solid in a
methanol solution of conc HCI (pH= 3-4) followed byaporation. The purgroduct7 was obtained as a white solid in
79% yield. mp: 238 °C decH NMR (400 MHz, CQOD): & 7.50 (s, 2H, ArH), 7.05 (s, 2H, ArH), 4.06 (Bt= 5.6 Hz,
2H, COCH), 4.03 (s, 2H, ArCjAr), 3.74 (t,J = 6.4 Hz, 4H, OCH), 3.28 (t,J = 6.8 Hz, 4H, N=CNH@E,), 2.30 (s, 6H,
ArCHz), 2.10-1.90 (m, 4H, COCH{,), 1.82-1.67 (m, 8H, OC}H, and COCHEI,CH,), 1.55-1.42 (m, 4H,
OCH,CH,CH,), 1.42-1.28 (m, 8H, OC}CH,CH,CH,CH,), 0.93 (t,J = 6.8 Hz, 6H, CHCH3); '"H NMR (400 MHz, BO):

0 7.25 (d,J = 2.2 Hz, 2H, ArH), 7.09 (d] = 2.2 Hz, 2H, ArH), 4.12 (tJ = 8.8 Hz, 2H, COCH), 4.03 (s, 2H, ArGAt),
3.73 (t,J = 8.4 Hz, 4H, OCH), 3.23 (t,J = 8.8 Hz, 4H, N=CNH@E,), 2.28 (s, 6H, ArChH), 2.10-1.92 (m, 4H, COCHS4y),
1.80-1.55 (m, 8H, OCKCH, and COCHEI,CH,), 1.42-1.10 (m, 12H, O(CHLCH,CH,CH,), 0.84 (t,J = 8.8 Hz, 6H,
CH,CHs); **C NMR (100 MHz, CROD) & 167.9, 158.6, 154.1, 135.5, 134.5, 132.8, 122245, 74.0, 54.6, 41.8, 32.9,
31.4,30.7, 29.9, 27.0, 25.5, 23.7, 16.8, 14.4;(M&): [M + 2H - 4HCI[" calcd. for GoH;Cl4N1¢04, 370.3; found, 370.9;
HRMS (m/z): [M + 2H - 4HCI]" calcd. for GgH;ClsN1¢O4, 370.2707; found, 370.2706.

Bis-{2-[3-(L-Arg-amino)propoxy]-3-methylphenyl}methane, tetra-hydrochloride (8). The trifluoroacetate anion of the
TFA tetra-salt resulting from the deprotection teat was exchanged with chloride by dissolving (4 solid in a
methanol solution of conc HCI (pH= 3-4) followed byaporationThe pure product was obtained as a white solid afte
liophilization, in 85% yield. mp: 184 °C de¢H NMR (300 MHz, CRQOD): & 7.03 (d,J = 6.9 Hz, 2H, ArH), 6.90 (t) =

6.9 Hz, 2H, ArH), 6.82 (d) = 6.9 Hz, 2H, ArH), 4.02 (s, 2H, ArGHAr), 3.94 (bs, 2H, NHCOR8), 3.78 (bt, 4H, OCH),
3.46 (bs, 4H, OCKCH,CH,), 3.22 (bs, 4H, NCNHB,), 2.28 (s, 6H, ArCh), 2.11-1.80 (bm, 8H, OC}EH, and
COCHGH,), 1.70 (bs, 4H, COCHCJ€H,); *H NMR (300 MHz, BO): 5 7.19 (d,J = 7.0 Hz, 2H, ArH), 7.05 (] = 7.0 Hz,
2H, ArH), 6.95 (dJ = 7.0 Hz, 2H, ArH), 4.02 (s, 2H, ArGAr), 3.95 (t, 2H,J = 6.6 Hz, COCH), 3.83 (t, 4H,= 6.3 Hz,
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OCH,), 3.56-3.42 (m, 2H, OC}CH,CHH), 3.40-3.26 (m, 2H, OC}CH,CHH), 3.12 (t, 4HJ = 6.9 Hz, NCNHG&1,), 2.27

(s, 6H, ArCH), 2.10-1.93 (m, 4H, OC}CH,), 1.93-1.82 (m, 4H, COCH#4,), 1.68-1.52 (m, 4H, COCHGEH,); **C
NMR (75 MHz, CQOD): & 170.3, 158.9, 157.1, 135.4, 132.4, 130.7, 1298,4, 71.6, 54.4, 42.0, 38.6, 31.4, 30.9, 30.1,
25.7, 17.0; MS (m/z): [M + H - 4HCl]calcd. for GaHsgCliN1¢O4, 655.4; found, 655.6; HRMS (m/z): [M + 2H - 4HE]]
calcd. for G3HsgCl4N4104, 328.2238; found 328.2240.

DNA preparation and storage. Plasmid DNA was purified through cesium chloridedjent centrifugatiof® A stock

solution of the plasmid 0.3%M in milliQ water (Millipore Corp., Burlington, MA)was stored at -20 °C.

Electrophoresis mobility shift assay (EM SA). Binding reactions were performed in a final voluofel4 pL with 10 pL

of 20 mM Tris/HCI pH 8, 1uL of plasmid (1pg of pEGFP-C1) and AL of compound at different final concentrations,
ranging from 25 to 20QM. Binding reaction was left to take place at rommperature for 1 h; gL of 1 g/mL in HO of
glycerol was added to each reaction mixture andddaon a TA (40 mM Tris-Acetate) 1% agarose gelth&tend of the
binding reaction 1L (0.01 mg) of ethidium bromide solution is add&te gel was run for 2.5 h in TA buffer at 10 V/cm.

EDTA was omitted from the buffers because it corpetith DNA in the reaction.

M elting curves deter mination. Melting curves of the linearized pEGFP-C1 DNA (8M) and of the same plasmid in the
presence of ligand (146M) in buffer solution (4 mM Hepes, 10 mM NaCl, pHiy were registered on a PerkinElmer UV-
vis LAMBDA-Bio 20 spectrophotometer in the range@®°C and following emission at 260 nm.

Fluor escence studies. Ethidium Bromide Displacement Assays (excitatioB2® nm, emission at 600 nm) were performed
collecting on a PerkinElmer LS 55 the emission speaf buffer solutions (4 mM Hepes, 10 mM NacCl, pH4) of 50 mM
ethidium bromide (relative fluorescence = 0), migtof 0.5 nM plasmid DNA (pEGFP-C1) and 50 mM eitinid bromide
(relative fluorescence = 1) and after additionrafreasing amounts of ligand. Experiments with Wkd were performed
on the same instrument (excitation at 530 nm) iffibsolutions (4 mM Hepes, 10 mM NaCl, 2 mM MgQdH = 7.4) of
the dye (0.2uM) and mixture of the dye with ligand (V1) and pEGFP-C1 DNA (0.5 nM).

Sample preparation for AFM imaging. DNA samples were prepared by diluting the plasmiADto a final
concentration of 0.5 nM in deposition buffer (4 nidépes, 10 mM NaCl, 2 mM MgglpH = 7.4) either in the presence or
absence of ligands. When needed, ethanol at aediefioncentration was added to the deposition bpffer to addition of
DNA and calixarenes. The mixture was incubatedsfonin at room temperature, then aj20droplet was deposited onto
freshly-cleaved ruby mica (Ted Pella, Redding, @) 1.5 min. The mica disk was rinsed with milliQater and dried
with a weak nitrogen stream. AFM imaging was perfed on the dried sample with a Nanoscope IlI1A Micape (Digital
Instruments Inc. Santa Barbara, CA) operating ppitag mode. Commercial diving board silicon cawéies (NSC-15
Micromash Corp., Estonia) were used. Images of 512xpixels were collected with a scan size @in2 at a scan rate of

3-4 lines per second and were flattened after déegrusing Nanoscope software.
Cell culture and transient transfection assay. Cell culture and transient transfection assay. RD-4 [human

Rhabdomyosarcoma cell line (obtained from David seerNational Cancer Institute, Frederick, Marylgnd)2C12
[mouse myoblast; ATCC @RL-1772)], N2a [mouse neuroblastoma; ATCC (#CCL-131)], EAD%guine Adipose
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Derived Stromal Cells primary culture was obtaiasddescribed in Donofrio, G. et@| Biology 11, 73 (2010)], COS-7
[African Green Monkey Kidney cells; ATCC (#CRL-1631VERO [African Green Monkey Kidney Cells; ATC@CCL-
81), HEK 293 [Human embryo Kidney cells; ATCC (#CR&73)], Ishikawa [Human Endometrial cancer céei§ACC
(#99040201)] and HelLa [Human Cervix Adenocarcino®maCC (#CCL-2)] were grown in EMEM medium contaigin
NEAA, 10% FBS, 2 mM I-glutamine, 100 IU/mL penidgilland 10Qug/mL streptomycin. All cultures were incubated at 3
°C in a humidified atmosphere containing 5%,CCQells were subcultured to a fresh culture vesésn growth reached
70-90% confluence (i.e. every 3-5 days) and inadadt 37 °C in a humidified atmosphere of 95% &ir-E0..
Transfections were performed in 24 well plates, whells were 80% confluent (approximately 5%&6lls) on the day of
transfection. 2.5ug of plasmid and different concentrations of ligameere added to 1 mL of serum-free medium (DMEM,
2 mM L-glutamine and 50 pg/ml), mixed rapidly and incellaat room temperature for 20 min. When used, sevas
added at this point to the transfection solutioolldwing the removal of the culture medium from tbells, 0.5 mL of
transfection mixture were carefully added to ewsgjl. Lipoplex formulations with helper lipid wepgrepared adding a 2
mM ethanol solution of DOPE to plasmid-ligand miewat 1:2 ligand:DOPE molar ratio, where ligand cantration was
kept to 10uM. These solutions administered to the cells warmpletely clear and homogeneus. L Xransfection
reagent was used according to manufacturer’s pobtas positive transfection control. The mixturedacells were
incubated at 37 °C in a humidified atmosphere é6%br-5% CQ for 5 h. Finally, transfection mixture was remosed] 1
mL of growth medium added to each transfected amdl left to incubate for 72 h. Five fields weredamly selected from
each well without viewing the cells (one in the tterand one for each quadrant of the well) and éxaan The transfected
cells were observed under fluorescence microsampEGFP expression. Each experiment was done times. Statistical

differences between treatments were calculated Stitdent's test and multifactorial ANOVA.

MTT survival assay for cell viability determination. 2000 cells/well (in 50 puL) were seeded in a 96lsvelate, cells
were grown in complete medium (90% DMEM, 10% FBSm® |-glutamine, and 100 IU/mL penicillin, 10 mg/mL
streptomycin)and incubated at 37 °C overnight. @&y after 50 pL of scalar dilution of calixarenalmne or with DOPE,
were added to the cells and incubated at 37 °Oniyletr Calixarenes were tested from 40 to 2.5 p6l ROPE from 80 to
5 UM. 24 hours later, 10 puL of complete medium aonbg MTT (5 mg/mL) was added to each well andubrated for 6
h. Then, after the addition of 100 pL per well ofubilisation solution (10% SDS in HCI 0.01 M) celivere incubated at
37 °C overnight. MTT survival assay for cell viatyildetermination in transfection conditions wasfpemed with the
same procedure at 24 h from transfection (seeignangansfection assay). Specific optical denéity each well was
measured at 540 nm, using 690 nm as reference evaytel in an SLT-Lab microreader (Salzburg, Austriaach
experiment was done three times and each treatwemtperformed with eight replicates. Statisticdfedlences among

treatments were calculated with Student's testnamtifactorial ANOVA.

Luciferase reporter assay. Luciferase reporter assay was performed with a Qualferase Reporter Assay System kit
(Promega) with minor modifications. At 48 h frometlreatment, cells were washed with PBS, lysed a@®pul of lysis
passive buffer by freeze-thawing at —80 °Cul0f the cell lysate was added to fl0of LAR and Luciferase activity were
determined with a PerkinElmer Victor Multilabel Guar, according to the manufacturer's specificatidndividual assays

were normalized foRenilla Luciferase activity with a second reading, addifigil of Stop & Glo substrate.
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