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Materials and methods
1. Peptide synthesis

The peptides were synthesized by Fmoc-based solid-phase methods. A
representative coupling and deprotection cycle are described as follows. Rink Amide
ChemMatrix resin was soaked for 30 min in CH2Cl». After the resin had been washed
with DMF, the Fmoc protecting group was removed by treatment with 25%
piperidine in DMF for 15 min at room temperature. Amino acids were coupled for 1.5
h using 4 equiv of Fmoc-protected amino acid, 4 equiv of (1-cyano-2-ethoxy-2-
oxoethylidenaminooxy)dimethylamino-morpholinocarbenium hexafluorophosphate
(COMU) as the activating agent, and 8 equiv of diisopropylethylamine (DIPEA) in
NMP.
Ring closing metathesis reactions were performed using 20 mol% 2nd generation
Grubbs catalyst in 1,2-dichloroethane under bubbling N2 gas. The resin was suspended
in cleavage cocktail (95% TFA, 2.5% water, 2.5% triisopropylsilane) at room
temperature for 3 h. TFA was evaporated to a small volume under a stream of N2 and
dripped into cold ether to precipitate the peptide. The peptides were dissolved in
dimethyl sulfoxide and purified using reverse-phase HPLC (Waters) using a
Discovery® BIO Wide Pore C18 column (Supelco, Bellefonte, PA, USA) (25 cm x 21.2
mm solvent A: 0.1% TFA/water, solvent B: 0.1% TFA/MeCN, flow rate: 10.0 mL/min,
gradient: 10-90% gradient of solvent B over 40 min). After purification, the peptide
solutions were lyophilized, and peptide purity was assessed using UPLC (Waters) and
a ACQUITY UPLC® BEH C18 1.7 pm column (2.1 x 50 mm; solvent A: 0.1%
TFA/water, solvent B: 0.1% TFA/MeCN, flow rate: 0.5 mL/min, gradient: 10-90%

gradient of solvent B over 4 min).

2. Preparation of peptide/pDNA complex

Each peptide and pDNA were dissolved separately in 10 mM HEPES buffer
(pH 7.5). A twice excess amount of peptide solutions at various concentrations was
added to the mRNA solution to form peptide/pDNA complexes of different
compositions. The final concentration of pDNA was adjusted to 33.3 pg/mL and the
complex solution was stored at room temperature for 15 min before use. The N/P ratio
is defined as the molar ratio of the guanidino groups in the peptide to the phosphate
group in the pDNA.

3. Transfection efficiency of peptide/pDNA
HelLa cells were seeded onto clear 24-well plates each well (100,000

S3



cells/well) and incubated overnight at 37°C in 500 pL of Dullbecco’s modified Eagle’s
medium (DMEM) containing 10% fetal bovine serum (FBS). The peptide/pDNA
complexes prepared at various NP ratios (NP ratio = 8, 16) were then added to 24-well
plates at 30 pL/well. The amount of pDNA volume was adjusted to 1 pg/well. After a
24 h incubation, luciferase expression was evaluated based on photoluminescence
intensity using the luciferase assay kit and a luminometer (ARVO™ sx 1420
MULTILABEL COUNTER, PerkinElmer). The amount of protein in each well was
concomitantly assessed using a BCA protein assay kit and Multiskan FC micro plate
reader (Thermo Scientific). Results were presented as the mean and standard
deviation of 3 samples.

The pDNA was prepared fluorescently labeled with Cy5 using the LabellT
Kit (Mirus, Madison, WI). HeLa cells were seeded onto clear 24-well plates each well
(100,000 cells/well) and incubated overnight at 37°C in 500 pL of DMEM containing
10% FBS. The peptide/Cy5-labeled pPDNA complexes prepared at 16 of NP ratio were
then added to 24-well plates at 30 uL/well. The amount of Cy5-labeled pDNA volume
was adjusted to 1 pg/well. After 24 h incubation, the medium was removed and the
cells were washed with 20 units/mL heparin in PBS and treated with trypsin-EDTA.
After addition of the medium containing 10% FBS, the cells were centrifuged at 3000
rpm for 5 min at 4°C and collected cell pelleted. The obtained cell pellets were
suspended in PBS, centrifuged at 3000 rpm for 5 min at 4°C, and then the collected
cells were suspended in 500 pL of 2% FBS in PBS. The mean fluorescence intensity in
cells was measured using flow cytometer (BD Accuri™ C6 Plus Flow Cytometer, BD
Biosciences) . The results are presented as the mean and standard deviation obtained

from 3 samples.

4. Cellular uptake of peptides

HeLla cells were seeded on clear 24-well plates (100,000 cells/well) and
incubated overnight at 37°C in 500 pL of DMEM containing 10% FBS. The medium
was then replaced with fresh medium containing 10% FBS, and peptide solutions were
added to each well at 5 pM. After 1 and 24 h incubation, the medium was removed
and the cells were washed with 20 units/mL heparin in PBS and treated with trypsin-
EDTA. After addition of the medium containing 10% FBS, the cells were centrifuged
at 3000 rpm for 5 min at 4°C and collected cell pelleted. The obtained cell pellets were
suspended in PBS, centrifuged at 3000 rpm for 5 min at 4°C, and then the collected
cells were suspended in 500 pL of 2% FBS in PBS. The mean fluorescence intensity in

cells was measured using flow cytometer (BD Accuri™ C6 Plus Flow Cytometer, BD

S4



Biosciences) . The results are presented as the mean and standard deviation obtained

from 3 samples.

5. Inhibition of intracellular uptake pathways

HelLa cells were seeded onto clear 24-well culture plates (100,000 cells/well)
and incubated overnight at 37°C in 400 pL of DMEM containing 10% FBS. After the
replacement of medium with fresh medium containing 10% FBS in the absence or
presence of nystatin (25 pg/mL), nystatin (0.4 M), or amiloride (50 pM), cells were
pre-incubated at 37°C or 4°C for 30min. Peptide solution was then added to each well.
After 1 h incubation at 37°C or 4°C, the medium was removed and the cells were
washed with 20 units/mL heparin in PBS and treated with trypsin-EDTA. After
addition of the medium containing 10% FBS, the cells were centrifuged at 3000 rpm
for 5 min at 4°C and collected cell pelleted. The obtained cell pellets were suspended
in PBS, centrifuged at 3000 rpm for 5 min at 4°C, and then the collected cells were
suspended in 500 pL of 2% FBS in PBS. The mean fluorescence intensity in cells was
measured using flow cytometer (BD AccuriTM C6 Plus Flow Cytometer, BD
Biosciences). The results are presented as the mean and standard deviation obtained

from 3 samples.

6. Fluorescence microscopy

HeLa cells were seeded onto 35 mm glass bottom dish (200,000 cells/well) and
incubated overnight in 2 mL of DMEM containing 10% FBS. The medium was then
replaced with fresh medium containing 10% FBS, and peptide solution was applied to
well at a concentration of 5 pM. After 2 h incubation at 37°C, the medium was
removed, and the cells were washed 3 times with Hanks' Balanced Salt solution
(HBSS) supplemented with heparin (20 units/mL). The intracellular distribution of
each peptide was observed by fluorescence microscopy after staining Ilate
endosomes/lysosomes with LysoTracker Red DND-99 and nuclei with Hoechst 33342.
Fluorescence microscopy was performed using a BZ-X810 (Keyence, Osaka, Japan)
equipped with a 100x objective lens, and further sectioning and Z-stacking were
performed to acquire images.

Similarly, HeLa cells were seeded onto 35 mm glass bottom dishes (200,000
cells/well) and cultured overnight in 2 mL of DMEM containing 10% FBS. The
medium was then replaced with fresh medium containing 10% FBS and 60 pL of the
prepared Cy5-labeled pDNA/peptide complex (NP ratio = 16) was added. After 24 h
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incubation at 37°C, the medium was removed, and the cells were washed 3 times with
HBSS supplemented with heparin (20 units/mL). After staining lysosomes with
LysoPrime Green-High Specificity and pH Resistance and nuclei with Hoechst 33342,

observations were made as above.

7. Peptide cytotoxicity

HeLa cells were seeded onto clear 96-well plates (20,000 cells/well) and
incubated overnight at 37°C in 100 pL of DMEM containing 10% FBS. Peptide
solution was then added to each well at the appropriate concentration and incubated
at 37°C for 24 hr. Cell counting kit-8 was used after the 24 h incubation according to
the manufacturer’s protocol. Cell viability was evaluated on the basis of the
absorbance of formazan from each well, in which 100% cell viability was calculated
from the wells without peptide. Results were presented as the mean and standard

deviation of 4 samples.

8. Enzymatic resistance of peptides

Digestion tests were performed using trypsin (Sequencing Grade Modified
Trypsin) as the digestive enzyme. Peptides and Trypsin were mixed in 50 mM
NHsHCOs buffer pH 7.8 to final concentrations of 500 pM and 0.2 unit/mL,
respectively, and incubated at 37°C for any time. After each time incubation at 37°C,
the enzymatic reaction was stopped by adding 20% MeCN/H20 with 1% TFA. The
Enzyme resistance of peptides was analyzed using UPLC (Waters) and a ACQUITY
UPLC® BEH C18 1.7 pm column (2.1 x 50 mm; solvent A: 0.1% TFA/water, solvent
B: 0.1% TFA/MeCN, flow rate: 0.5 mL/min, gradient: 0-90% gradient of solvent B over

5 min)

9. Agarose gel electrophoresis

1% agarose gel was prepared with PrimeGel Agarose LE 1-20K GAT using 1
x TAE buffer. Gel electrophoresis was conducted at 100 V for 45 min using 1% agarose
gel.

10. Dynamic light scattering (DLS) Measurements

The size and size distribution of the peptide/pDNA complexes were evaluated
by DLS using Nano ZS (ZEN3600, Malvern Instruments, Ltd., UK) and a He-Ne ion
laser (633 nm) as the incident beam. Light scattering data were obtained at a detection

angle of 173° and a temperature of 25 °C and were subsequently analyzed by the
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cumulant method to obtain the hydrodynamic diameters and PDI (u/I?) of the
complexes. Results were presented as the mean and standard deviation obtained from

3 measurements.

11. Zeta-potential measurements

The zeta-potentials of peptide/pDNA complexes were evaluated by the
electrophoretic light scattering method using Nano ZS (ZEN3600, Malvern
Instruments, Ltd., UK) with a He-Ne ion laser (633 nm). Zeta-potential measurements
were carried out at 25 °C. A scattering angle of 173° was used in these measurements.
Results were presented as the mean and standard deviation obtained from 3

measurements.

12. Preparation of peptide/mRNA complexes

Each peptide and mRNA were dissolved separately in 10 mM HEPES buffer
(pH 7.5). A twice excess amount of peptide solutions at various concentrations was
added to the mRNA solution to form peptide/mRNA complexes of different
compositions. The final concentration of mRNA was adjusted to 33.3 pg/mL and the
complex solution was stored at room temperature for 15 min before use. The NP ratio
is defined as the molar ratio of the guanidino groups in the peptide to the phosphate
group in the mRNA.

13. Transfection efficiency of peptide/mRNA

HeLa cells were seeded onto clear 96-well plates (5,000 cells/well) and
incubated overnight at 37°C in 100 pL of DMEM containing 10% FBS. The
peptide/mRNA complex solutions were prepared at various NP ratios and then added
to each well (250 ng of mRNA/well). After 48 h incubation, cells were lysed using a
passive lysis buffer (Promega) and subjected to a luciferase assay using the Luciferase
Assay System (Promega) and Lumat3 LB9508 luminometer (Berthold Technologies,
Bad Wildbad, Germany).

14. Preparation of peptide/siRNA complexes

Each peptide and mRNA were dissolved separately in 10 mM HEPES buffer
(pH 7.5). Peptide solutions at various concentrations was added to the siRNA solution
to form peptide/siRNA complexes of different compositions. The final concentration
of siRNA was adjusted to 4 pM and the complex solution was stored at room

temperature for 15 min before use. The NP ratio is defined as the molar ratio of the
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guanidino groups in the peptide to the phosphate group in the siRNA.

15. RNAI assay by luciferase assay

Luciferase-expressing human hepatoma cell line, Huh-7-Luc cells (JCRB Cell
Bank, Osaka, Japan) were seeded onto 96-well culture plates (5,000 cells/well) and
incubated overnight at 37°C in 100 pL of DMEM containing 10% FBS. The
peptide/siRNA complex solutions were then added to each well and were incubated
at 37°C. After 48 h incubation, cells were lysed using a passive lysis buffer (Promega)
and the luciferase gene silencing was evaluated based on the intensity of
photoluminescence using the luciferase assay kit (Promega) and Lumat3 LB9508

luminometer (Berthold Technologies, Bad Wildbad, Germany).

S8



Peptide data

Magainin 2
H-Gly-Ile-Gly-Lys-Phe-Leu-His-Ser-Ala-Lys-Lys-Phe-Gly-Lys-Ala-Phe-Val-Gly-
Glu-Ile-Met-Asn-Ser-NH:

NH,

Ny Oy_OH ~
ol v 9 b 9 \HNHO v 9 o9 v 9 o 9 v 9 Hul v 9 o

HQN/YBFE‘\N/\(N\&)'\u N\)J\H N\)'\u N\)J\H N\)J\ﬁ/\n/N\)J\N N\)J\N N\)'\u Tjiku N\:)'\u NH,
[} o X Y 3 o X o X o X o 3 o (o} o i o

NH; NH, NH,

Chemical Formula: Cy44H1g1N31028S
Exact Mass: 2464.3413
Molecular Weight: 2465.9510

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 10-90% gradient of solvent B over 4 min

e Purity: 97.37%

e HRMS (ESI¥) caled for Ci14H181N3102sS [M+4H]*: 617.0926; found: 617.3414
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Pep-1
H-Gly-Ile-Lys-Lys-Phe-Leu-Lys-Ser-Ala-Lys-Lys-Phe-Val-Lys-Ala-Phe-Lys-NH>

VAT YA o

Vol o

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 10-90% gradient of solvent B over 4 min

e Purity: 98.75%

e HRMS (ESI¥) caled for Co7Hi63N2501s [M+5H >*: 394.2594; found: 394.4593
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st4-1

H-Ss-Ile-Lys-Lys-Ss-Leu-Lys-Ser-Ala-Lys-Lys-Phe-Val-Lys-Ala-Phe-Lys-NH>

NH,

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,

Gradient = 10-90% gradient of solvent B over 4 min

e Purity: >99%

e HRMS (EST¥) caled for CiooH173N25018 [M+5H]>*: 403.4751; found: 403.6350

ESI-TOF-MS
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st4-2

H-Gly-Ss-Lys-Lys-Phe-Ss-Lys-Ser-Ala-Lys-Lys-Phe-Val-Lys-Ala-Phe-Lys-NH:

W@&@w@mw{

AR CER G o}

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,

Gradient = 10-90% gradient of solvent B over 4 min

e Purity: >99%

e HRMS (ESI¥) caled for CooHi63N25018 [M+5H >+ 399.0594; found: 399.2184

ESI-TOF-MS
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st4-3

H-Gly-Ile-Lys-Lys-Ss-Leu-Lys-Ser-Ss-Lys-Lys-Phe-Val-Lys-Ala-Phe-Lys-NH>

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,

Gradient = 10-90% gradient of solvent B over 4 min

e Purity: >99%
e HRMS (ESI¥) caled for CooHi71N25018 [M+5H >*: 400.6720; found: 400.8351

ESI-TOF-MS
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st4-4
H—Gly—Ile—Lys—Lys—Phe—Leu—Lys—Ss—Ala—Lys—Lys—Ss—Val—Lys—Ala—Phe—Lys—NH2

2

TAT VA e T
s
A AR

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 10-90% gradient of solvent B over 4 min

e Purity: >99%

e HRMS (ESI¥) caled for CooHi171N2s017 [M+5H>*: 397.4730; found: 397.6335

ESI-TOF-MS
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st4-5

H-Gly-Ile-Lys-Lys-Phe-Leu-Lys-Ser-Ss-Lys-Lys-Phe-Ss-Lys-Ala-Phe-Lys-NH>

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,

Gradient = 10-90% gradient of solvent B over 4 min

e Purity: >99%

e HRMS (ESI¥) caled for CiosH171N250O18 [M+5H >*: 410.2720; found: 410.2316

ESI-TOF-MS

Inten. (x1, 000, 000)

3.54 410. 2316

3.04

2.59

512.7881

2.04
1.5
1.04

342.0298
0.5

288. 7396 \ . 683. 0426
0.0 1398y oyl . HII‘ .

1197. 5860

100 200 300 400 sho 600 700 800 od 1000

UPLC profile

1100

1200 1300 1400 1500 1600 1700 1800 1900  m/z

0.30

AU

| —

0.50

|
SN

|
M

I

—————

% Area

S15

2.378

| Retention time (min)
| 100.00




st4-6
H—Gly—Ile—Lys—Lys—Phe—Leu—Lys—Ser—Ala—Lys—LysSs—Val—Lys—Ala—Ss—Lys—NHz

NH, NH, NH,

HZNwR{JLEJgJJﬁ(NJ{/LIﬁJJ\K% NH,
e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 10-90% gradient of solvent B over 4 min

e  Purity: 98.30%
e HRMS (ESI¥) caled for CosHi67N25018 [M+4H]*: 481.5803; found: 481.8253
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st7-1
H-Rs-Ile-Lys-Lys-Phe-Leu-Lys-Ss-Ala-Lys-Lys-Phe-Val-Lys-Ala-Phe-Lys-NH>

2

AT A

R CER U o

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 10-90% gradient of solvent B over 4 min

e Purity: >99%

e HRMS (ESI¥) caled for CiosH183N2s0O17 [M+5H>*: 423.8918; found: 424.0911

ESI-TOF-MS
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st7-2

H-Gly-Rs-Lys-Lys-Phe-Leu-Lys-Ser-Ss-Lys-Lys-Phe-Val-Lys-Ala-Phe-Lys-NH:

Mwigjﬁagﬁ

NH

IR CER N

NJL J{JLI(NJL J\WNJL Jij

ok

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,

Gradient = 10-90% gradient of solvent B over 4 min

e Purity: >99%

e HRMS (ESI¥) caled for CiosHi7sN2s018 [M+5H]>*: 415.8782; found: 416.0812

ESI-TOF-MS
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st7-3

H-Gly-Ile-Lys-Lys-Rs-Leu-Lys-Ser-Ala-Lys-Lys-Ss-Val-Lys-Ala-Phe-Lys-NH>

VAT Y "

NH2 NH

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,

Gradient = 10-90% gradient of solvent B over 4 min

e Purity: >99%

e HRMS (ESI¥) caled for CosHi73N2501s [M+5H >*: 393.8751; found: 394.0713

Inten. (x1, 000, 000)
394.0713
5.0+
492. 3344
2.5+
328. 5582
279. 094q 656. \] 298
0.0 — \l‘ ““H‘l\”‘ - ' i ' . 1T-' r r .- - r - 1 ' - T T - - T 1
250 500 750 1000 1250 1500 1750 m/z
UPLC profile
0.25-
0.20
0.15
0.10 H
0.05 ,
2 ] ” ||| Nf—”""/’/
1 - — e
0.00—— || —
-0.05- ‘
1 | Retention time (min) % Area
-0.10
] ’I 1| 2.407 100.00
-0.15] |
i
—— — ——— .
0.00 0.50 1.00 2.00 2.50 3.00 3.50 4.00
min
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st7-4
H-Gly-Ile-Lys-Lys-Phe-Rs-Lys-Ser-Ala-Lys-Lys-Phe-Ss-Lys-Ala-Phe-Lys-NH:

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 10-90% gradient of solvent B over 4 min

e Purity: >99%

e HRMS (EST¥) caled for CiosHi171N25018 [M+5H]>*: 410.2720; found: 410.4730

ESI-TOF-MS

Inten. (x1, 000, 000)
5.04 410. 4730

4.0+

3.0
512. 8266

2.0

1.04 342, f243
262.6073 o Wau L, 683. 4569
250 500 750 1000 1250 1500 1750 2

UPLC profile

0.0

0.257
0.20-]

0.15-

0.05- | ]
[ -
-
0.004— \.I l| -

AU

-0.05-
’ | Retention time (min) % Area

-0. 10’_
] | 1 | 2.407 100.00
-0.15 L

T —T——TT —r T T T
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
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st7-5
H-Gly-Ile-Lys-Lys-Phe-Leu-Lys-Rs-Ala-Lys-Lys-Phe-Val-Lys-Ss-Phe-Lys-NH>

NH, NH;

NH,
o"“‘Ho b0 L0 b0 ho© = 0 b o =" 0
HN I A NI N AN N\)kNé NS N N NG N\_)LNH2
HHOEHEHOEH%O:HOE\HHO/E\HOrHOE

\

NH, NH,

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 10-90% gradient of solvent B over 4 min

e  Purity: 98.25%

e HRMS (ESI¥) caled for CiosH181N2sO17 [M+5H]>*: 421.0886; found: 421.0893

ESI-TOF-MS

Inten. (x1. 000, 000;
3.04

2.5
2.0
526. 3557
1.5

1.0

0.54 621.6552
0.0 Fﬂ‘\ Jul ‘M‘f g PR L e 8L, o s s s et B S
100 50 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 m/z
UPLC profile
0.304
%
1 i
0.257 N
0.20
0.157 ’
0.107 ‘
1 0
=2
= " t|£ ]
| \eN

_,___J\-/\—/t‘f_h—‘_‘—"’-—ﬁ—/\f
0.00€<_____JH [ﬁ_~___44474#_~———"“’—_k44________4*___’___—7—Ah_

] | Retention time (min) % Area
0.10 ‘ 1 2.598 98.25
| |
0.15 | 2 2.656 1.75
0.00 050 10 150 'z.lt'm‘ ‘25 30 35 400
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st7-6
H-Gly-Ile-Lys-Lys-Phe-Leu-Lys-Ser-Rs-Lys-Lys-Phe-Val-Lys-Ala-Ss-Lys-NH>

NH,

/\n/j;L Jij% J;(Q% J{J NJL {JI(NJ\ L AL e

IR

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 10-90% gradient of solvent B over 4 min

e Purity: >99%

e HRMS (EST¥) caled for Cio2H177N25018 [M+5H]>*: 409.0813; found: 409.2778

Inten. (x1, 000, 000)
409. 2778
7.5+
5.0
2.5] 34‘~(304 511.3386
0.0 “238.o§24‘u“\“l"68‘1.06‘363“““““““““““““
250 500 750 1000 1250 1500 1750 m/z
UPLC profile
0.25
0.20]
0.15 ‘
0.101 ‘
0.05 , I T
| -
0.00}— | |L——
-0.05- |
1 | Retention time (min) % Area
-0.10+
] ’l 1| 2.357 100.00
-0.15 .
¥
—_—
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
min
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Pep-1_R
H—Gly—Ile—Arg—Arg—Phe—Leu—Arg—Ser—Ala—Arg—Arg—Phe—Val—Arg—Ala—Phe—Arg—NHz

o m & m e m e £

HN NH, HN NH,

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 10-90% gradient of solvent B over 4 min

e Purity: 95.83%

e HRMS (ESI¥) calced for Co7Hi63N30O18 [M+5H>*: 433.4680; found: 433.6706

ESI-TOF-MS
Inten. (x1, 000, 000)
7.5
433. 6706
5.0
361. 5558
2.54
5. ois
1o 200 ado 4do 500 odo %0 ado o0 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
UPLC profile
0.30
0.20
2 0.10 ’ o
) ~ ]
N
ooo—mm‘
| Retention time (min) % Area
0.10- ‘ 2.096 95.83
Ll 2 2.230 417
L e B e e B e e e e e e N s e e e e e e s
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

min
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st7-5_R
H-Gly-Ile-Arg-Arg-Phe-Leu-Arg-Rs-Ala-Arg-Arg-Phe-Val-Arg-Ss-Phe-Arg-NH:

Y NH, NH>
N

Y Y
H NH NH
H
N
o

HN HN HN
o N" , o e Lo e 0 ) b o 0
HZN\)]\N : N\.)J\N N\,)J\N N\,)J\Njéﬁ(N\.)J\N \.)I\N N\.)I\N N\UI\N N\.)LNHZ
HH :oH o5 i A o(z Hig ¢ H : H o/i\ H : H 0(5

C
NH

C
NH NH NH
HNZ NH, HNJ\NHZ HNZ ~NH, HN)\NHZ

NH,

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 10-90% gradient of solvent B over 4 min

e Purity: 96.14%

e HRMS (ESI¥) caled for CiosH181N30O17 [M+5H]>*: 460.2972; found: 460.4957

Inten. (x1. 000, 000)
460. 4957
5.0+
383.9180
2.5+
575. 3546
0.0 ‘HwH"\“1“‘“‘\“‘3"4”“‘6‘3.\57‘8‘7“\‘7@"7‘34\7“‘w“‘wH‘wH‘wHH\H‘wH‘wHH\HH\HH\HH\HH
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900  m/z
UPLC profile
0.25 $
0.20~
0.15 ‘
0.10 o
| Ik
o
2 0.05 ‘ [| N —]
| A
0.00 d
-0.05- ‘
| Retention time (min) % Area
-0.10
] ‘l 1 2.747 96.14
-0.157 y 2 2.829 3.86
—
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

min
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R9
H-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-NH>

2

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 0-90% gradient of solvent B over 4 min

e Purity: >99%

e HRMS (ESI¥) caled for CssHi111N3709 [M+5H*: 285.3946; found: 285.3923

Inten. (x10, 000,
5.0 285.5923
2.5]
356. 4894
oo I R 1114,9829 1339, 9156 1514, 7985
100 200 3l 4bo sdo  edo 700 sbo  9do 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900  m/z
UPLC profile
1.00+ .
| $ | Retention time (min) % Area
0.80- 1| 1,633 100.00
0.60+
2
2
0.40-
0.20
I -
0.00 % '
ﬁU‘f
—_—— ——
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
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FAM-Magainin 2
FAM-BAla-Gly-Ile-Gly-Lys-Phe-Leu-His-Ser-Ala-Lys-Lys-Phe-Gly-Lys-Ala-Phe-
Val-Gly-Glu-Ile-Met-Asn-Ser-NH:

NH,
Ny Oy _OH s

Q 2 2 Hu o9 a9 \HNHO w9 o9 Ho 9 o9 o9 Hu g w oo ™
PP WP WSS WSS WSS W WS WSS W S W L W N\:)LN%NHQ

0 O H H I H o z H o H H o) L H o B H ) B H o z H o) z H I} H o H I} H H o

o Yo O O N
oY °
NH, NH, NH,
Ol

Chemical Formula: CyagH19sNg;035S
Exact Mass: 2893.4262
Molecular Weight: 2895.3350

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 10-90% gradient of solvent B over 4 min

e Purity: 97.78%

e HRMS (ESI¥) caled for CissH196N32035S [M+4H]*: 724.3638; found: 724.6191

Inten. (x1, 000, 000)
724.6191
2.0
580. 1025
1.0]
00 LI TR RO 965 pard
1o 200 3do 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900  m/z
UPLC profile
2.50 i . .
1 Retention time (min) % Area
1 1 2.630 97.78
2.00+
] 2 2.686 2.22
1.50+
=)
Ed
1.00+
0.50 ‘g
] 0
\ N
I A
0.00 49 — -
|| /
—— —— —
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
min
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FAM-Pep-1
FAM-BAla-Gly-Ile-Lys-Lys-Phe-Leu-Lys-Ser-Ala-Lys-Lys-Phe-Val-Lys-Ala-Phe-
Lys-NH:

NH; NH, NH, NH,
o o o Hno u © o w0 w0 ) ) )
N N N N N N N N NH.
N/\)LN/\H’ N \.)LN \.)LN \)LN/H( \.)LN \.)LN \)LNJ\,( \.)LN 2
o H H H PH R ER E PR ER ER
o] o} o : 0 < o] o] o} o) o]
HO Y OH @
oY
NH, NH, NH,

OH

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 10-90% gradient of solvent B over 4 min

e Purity: >99%

e HRMS (ESI¥) caled for Ci21tH178N26025 [M+5H]>*: 480.0764; found: 480.4779

Inten. (x1, 000, 000)
480.4779
2.0
o] 6000911
343.4818 | [526. 7977 721. 4023
00 ‘ 2 §
100 200 ado 400 500 600 700 300 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900  m/z
UPLC profile
3.004
1 | Retention time (min) % Area H
2.50- 1| 2.264 100.00
2.00—-
2 1.50]
1.00- ’
1
4 ,'I ll
] A\ § _—
0.00- e - VAL,
—— ——— —
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
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FAM-st7-5

FAM-BAla- Gly-Ile-Lys-Lys-Phe-Leu-Lys-Rs-Ala-Lys-Lys-Phe-Val-Lys-Ss-Phe-Lys-

NHo>

o NH, NH, NH,
oY,
HOOH w2 Y w9 HoQ v 9 v 9 HoQ no 9 Hoy O e
N\/ﬁfN\)kNi N\.)J\N N\.)I\N N\.)I\NJE\,(N\.)J\N N\.)I\N N\.)I\N N\l)I\N N\.)k
OOoHHoiHosHoaH;o;HozHoaHosHOs
A cHRG oo

NH,

o]
NH,

NH, NH;

(

NHQIKL

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 10-90% gradient of solvent B over 4 min
e Purity: 99.56%
e HRMS (ESI¥) caled for Ciz2H196N26024 [M+5H >*: 506.9056; found: 507.1056
ESI-TOF-MS
Inten. (x1. 000, 000)
507. 1056
5.0 422. 7588
o 362. P549 633 FZSQ
100 200 300 b0 500 600 700 800 a00 000 1100 1200 1300 1400 1500 1600 1700 1800 1900  m/z
UPLC profile
2‘50‘-
1 Retention time (min) % Area i
1 2.794 0.26
2.00
2 2.945 99.56
3 3.261 0.18
1.50
2
1.00—:
0.50] I‘
| I
] | NI o
0.00_ - .Jr— — Ly LD
0.00 I 0.50 l.IOO 1.50 2.60‘ o 2.‘50 3‘60‘ o 3.‘50 4.00
min
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FAM-st7-5_R
FAM-BAla-Gly-Ile-Arg-Arg-Phe-Leu-Arg-Rs-Ala-Arg-Arg-Phe-Val-Arg-Ss-Phe-
Arg-NH>

HN_NH, HN_NH, HN_NH,

OH
Y Y Y
0 Q NH NH NH
HOOH HO'N\Ho T v 9 v 9 HoQ b9 oo f noQ
N\/\“,N\)‘\N'54 N\:)I\N N\:)J\N N\)I\NJ;\,(N\:)\N N\;)I\N N\:)kN N\!)J\N N\:)LNH2
4 T ) ARl som Toi w T nif oW b 2w B o w f 2 H o(;
NH \© NH NH

C C, C
HNJ\NH2 HN)\NHQ HNJ\NHZ HNJ\NHZ

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,

Gradient = 10-90% gradient of solvent B over 4 min

e Purity: >99%
e HRMS (ESI¥) caled for Cis2H196N40O24 [M+5H >*: 546.1142; found: 546.3154

Inten. (x1, 000. 000)
5ol 546.3154
251 455. 4340

’4 682. 8882
ool awvgory | oo [
1o 200 ado ado 500 600 700 300 900 1000 1100 1200 1300 1400 1800 1600 1700 1800 1900  m/z
UPLC profile
2.50- | Retention time (min) % Area ‘%
1| 3.202 100.00

2.00

1.504
- ]
2

1.00+

0.50 ||

1 A
| I&_
0.00 /|
] ¥,
—— ——— —
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
min
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FAM-R9
FAM-BAla-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-NH>

HO Q o o H H v 9
o) O H\/YH\)LN H\)LN N\/U\H N\)LN N\é/U\NH2
G R G G ¢
NH NH NH NH A
A NP,

e UPLC: Conditions = solvent A 0.1% TFA/water, solvent B 0.1% TFA/MeCN,
Gradient = 10-90% gradient of solvent B over 4 min

e Purity: >99%

e HRMS (ESI¥) caled for CrsHi26N3sO16 [M+5H >*: 371.2116; found: 371.2093

ESI-TOF-MS

iten. (x1, 000, 000)

|
7.5 3712003
5.0

2.54

463 f938
|

00 283. 48 ‘ L
T T T T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 m/z

HPLC profile

2.001 \ '
1 '| | Retention time (min) % Area

1.804

] 1 | 1.530 100.00
1.60-
1.401

1.20

1.530

o ]
< 1.00

0.80]

0.60

0.40] ‘

0.20-

|

I
0.00 e

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
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Table S1 ~ Sequence and UPLC retention times of stapled magainin 2 derivative

peptides.
Peptide Sequence Retention Time [min] (CH;CN%)
Magainin2 GIGKFLHSAKKFGKAFVGEIMNS 2.12 (43.9)
Pep-1 GIKKFLKSAKKFVKAFK 1.86 (39.8)
sta-1 S, IKKS,LKSAKKFVKAFK 2.08 (43.2)
st4-2 GS,KKF3,KSAKKFVKAFK 2.12 (43.9)
st4-3 GIKKS,LKSS,KKFVKAFK 2.31 (47.0)
st4-4 GIKKFLKS,AKKS,VKAFK 2.34 (47.5)
st4-5 GIKKFLKSS,KKFS,KAFK 2.38 (48.0)
st4-6 GIKKFLKSAKKS,VKASK 2.09 (43.5)
st7-1 RIKKFLKS,AKKFVKAFK 2,57 (51.1)
st7-2 GR,KKFLKS3;KKFVKAFK 2.45 (49.2)
st7-3 GIKKR,LKSAKKS,;VKAFK 2.41 (48.5)
st7-4 GIKKFR,KSAKKF$,KAFK 2.41 (48.5)
st7-5 GIKKFLKR,AKKFVKS,FK 2.60 (51.6)
st7-6 GIKKFLKSR,KKFVKASK 2.36 (47.7)
Pep1_R  GIRRFLRSARRFVRAFR 2.10 (41.9)
st7-5_R GIRRFLRR,ARRFVRS;FR 2.75 (54.9)
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Table S2 Size, polydispersity index (PDI), and zeta-potential of each peptide/(A)
mRNA and (B)siRNA complex prepared at N/P ratios of 8 and 16.

(A)
Peptide N/P ratio Size (nm) PDI (u/l2) Zeta-potential (mV)
R9 8 257.0+ 25 0.28 + 0.04 173122
16 177.7 + 28.8 0.48 +£ 0.04 235+34
st7-5 8 380.4 £ 16.2 0.35 £ 0.01 184+ 06
16 2113+ 3.2 0.39+ 0.07 128+ 1.8
st7-5_R 8 259.3 + 13.1 0.39 £ 0.03 216+ 13
16 158.3 + 47.4 0.50 £ 0.10 153+ 16
(B)
Peptide N/P ratio Size (nm) PDI (u/T2) Zeta-potential (mV)
R9 8 849.8 + 6.5 0.35 £ 0.04 256+0.3
16 690.6 + 8.7 0.20 + 0.01 279+ 07
st7-5 8 320.0+4.7 0.34 + 0.03 18.9+ 0.5
16 284.8 £ 211 0.43+0.00 21.7 £ 11
st7-5_R 8 2904 + 6.7 0.33 £ 0.01 279+ 11
16 304.0 £ 5.7 0.42 £0.04 275+ 21
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1.E+06

N/P ratio = 2
.953 1.E+05 A N/P ratio = 4 *
o » N/P ratio =8
o 1.E+04 1  WN/P ratio = 16
§ m N/P ratio = 32
E’ 1.E+03 -
©
(0]
N 1.E+02 - =
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E | Lz
§ 1.E+01 {1 = I

1.E+00
R9 st7-5 st7-5_R jetPEI Blank

Fig.S1 Transfection efficiency of peptides/pDNA complexes with N/P ratios of 2-

32. n = 3, mean =+ standard deviation.
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(A)

120

100 -

60 A m37°C
m4°C

Cellular uptake (%)

20 -

FAM-st7-5 FAM-st7-5_R

(B)

140

120 A

100 -
= No inhibitor
m Nystatin

60 - = Sucrose

40 A Amiloride

Cellular uptake (%)

FAM-st7-5 FAM-st7-5_R

Fig.S2 Effects of (A) low temperature (4°C) and (B) endocytosis inhibitors (nystatin:
a caveolae-mediated endocytosis inhibitor; sucrose: a clathrin-mediated endocytosis
inhibitor; amiloride: a macropinocytosis inhibitor) on intracellular uptake of peptides
on Hela cells. n = 3, mean =+ standard deviation. Symbols (*) indicate statistical

significance (**p <0.001).
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Concentration of peptides (uM)
Fig. S3 Cytotoxicity of each peptide at various concentrations on HeLa cells. HeLa

cells were added to the peptides and incubated for 24 hours, then cell viability was

assessed using WST-8.
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Fig. S4 Percentage of each peptide remaining in the presence of Trypsin. Trypsin

was added to each peptide solution, incubated at 37°C for an arbitrary time, and
analyzed using UPLC.
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Fig. S5 Fluorescence intensities of each FAM-labeled peptide/pDNA complex

solutions prepared at various N/P ratios. n = 3, mean + standard deviation.
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(©)

Naked

SRNA R9 st7-5 st7-5_R

N/P ratio 4 8 16 4 8 16 4 8 16

|

\

Fig. S6 Gel retardation assay of each peptide/(A) pDNA, (B) mRNA and (C) siRNA
complex with NP ratio =4 and, 8, 16. Electrophoresis was performed using a 1%
agarose gel for pDNA and mRNA, a 4% agarose for siRNA, and the gel was stained
with Midori Green.
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(C)

i ; »

Fig. S7 Original image of gel retardation assay. Each peptides/(A) pDNA, (B) mRNA
and (C) siRNA complex with NP ratio =4 and, 8, 16.
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Fig.S8 Raw data of flow cytometry analysis for scatter plots with gating information
in Fig. 3A. These data showed treatments of FAM-labelled peptides at 1 and 5 pM and
incubation for (A) 1 h and (B) 24 h.
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Fig.S9 Raw data of flow cytometry analysis for scatter plots with gating information
in Fig. S2A and B. These data showed treatments of FAM-labelled peptides at 5 pM
(A) under low temperature (4°C) or (B) with endocytosis inhibitor (nystatin: a
caveolae-mediated endocytosis inhibitor; sucrose: a clathrin-mediated endocytosis

inhibitor; amiloride: a macropinocytosis inhibitor).
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Fig. S10 Raw data of flow cytometry analysis for scatter plots with gating
information in Fig. 4B and C. These data showed treatments of Cy5-labelled
pDNA/peptide complex at 16 of N/P ratio (A) incubation for 24 h or (B) 1 h with

endocytosis inhibitor (nystatin: a caveolae-mediated endocytosis inhibitor; sucrose: a
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clathrin-mediated endocytosis inhibitor; amiloride: a macropinocytosis inhibitor).
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