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Identification of designed membrane-lytic peptides

All products were identified by HPLC and high resolution mass analyses. Analytical HPLC 

chromatograms of peptides were obtained at 280 nm from a gradient of 20% to 80% (eluent B) over 

30 min on an Inertsil ODS-3 column, 5 m, 250 mm × 4.6 mm i.d., GL-science, Japan; eluent A: 

water / 0.1% TFA, eluent B: acetonitrile / 0.1% TFA; flow rate 1.0 ml/min. Mass spectra were 

recorded on the Agilent 6210 ESI-TOF mass spectrometer (Agilent Technologies, Santa Clara, CA, 

USA). The samples were dissolved in acetonitrile/water (1/1) containing 0.1% TFA and injected 

directly into the spray chamber by using a syringe pump with flowrates of 10 to 50 l/min. The 

spray voltage was 4000 V and flow rate of the drying N2 gas was set to 1 psi.

Fig. S1  Analytical HPLC chromatograms and mass spectra of melittin and a typical membrane-
lytic peptide (LP).

 

Melittin

Calculated
molecular mass

Experimental
molecular mass

melittin

2847.5115 (+1)
1424.2597 (+2)
949.8424 (+3)
712.6338 (+4)

1424.0250 (+2)
949.7159 (+3)

17.72

LP

Calculated
molecular mass

Experimental
molecular mass

LP

2948.6213 (+1)
1474.8146 (+2)
983.5457 (+3)
737.9112 (+4)

1474.7331 (+2)
983.8526 (+3)

18.01



Fig. S2  Analytical HPLC chromatograms and mass spectra of the designed weakly acidic pH-
selective lytic peptides mutated at the hydrophobic helical segment (LPE series).

LPE1

Calculated
molecular mass

Experimental
molecular mass

LPE1

2964.5773 (+1)
1482.7926 (+2)
988.8643 (+3)
741.9002 (+4)

1482.9311 (+2)
988.9640 (+3)

16.98

LPE3-1

Calculated
molecular mass

Experimental
molecular mass

LPE3-1

2996.4893 (+1)
1498.7486 (+2)
999.5017 (+3)
749.8782 (+4)

1498.9040 (+2)
999.7442 (+3)

15.68

LPE3-2

Calculated
molecular mass

Experimental
molecular mass

LPE3-2

2996.4893 (+1)
1498.7486 (+2)
999.5017 (+3)
749.8782 (+4)

1498.7273 (+2)
999.8549 (+3)

15.52

LPE5

13.96

Calculated
molecular mass

Experimental
molecular mass

LPE5

3028.4013 (+1)
1514.7046 (+2)
1010.1390 (+3)
757.8562 (+4)

1514.9809 (+2)
1010.2382 (+3)



Fig. S3  Analytical HPLC chromatogram and mass spectrum of LPH4 replaced cationic arginine 
and lysine residues with histidine.

LPH4

17.91

Calculated
molecular mass

Experimental
molecular mass

LPH4

2928.4625 (+1)
1464.7352 (+2)
976.8261 (+3)
732.8715 (+4)

1464.9154 (+2)
976.9255 (+3)



Characterization of membrane lytic properties of LP

Characterization of pH-dependence of membrane lytic activity of LP 

Membrane lytic properties of LP were characterized by calcein-leakage assay as same procedures 

written in “Experimental Section”.

Fig. S4  Membrane lytic activities of LP in the range of pH 4.0 to pH 10.0. Calcein leakage from 
EggPC liposomes was measured every 30 or 60 s a following the addition of 20 M of LP at 25 °C.



Characterization of contribution of electrostatic interactions at the surface of the liposomes to 
membrane lytic activity of LP  

We carried out this characterization by the use of cationic liposomes (lipid compositions: 

EggPC/EthylPC = 100/0, 95/5, 90/10, and 80/20). Membrane lytic properties were characterized by 

calcein-leakage assay and the secondary structure of LP were estimated by circular dichroism (CD) 

measurements as same procedures written in “Experimental Section”.

Fig. S5  Membrane lytic activity of LP toward cationic charged (EggPC/EthylPC) liposomes at pH 
7.4. Calcein leakage from liposomes was measured every 30 or 60 s a following the addition of 20 
M of LP at 25 °C.
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Fig. S6  Circular dichroism spectra of LP in the presence of EggPC and cationic charged 
(EggPC/EthylPC = 90/10) liposomes at pH 7.4. These spectra were taken for solutions of 20 μM LP 
in the presence of 2.0 mM lipids at 25 °C.



Characterization of pH-selective (or -responsive) membrane lytic properties of 
designed peptide, LPE3-1

Membrane-penetrating property of lytic peptides characterized by fluorescence spectroscopy
Membrane-penetrating properties of lytic peptides (LP and LPE3-1) were characterized by the 
fluorescence of the Trp residue as same procedures written in “Experimental Section”.
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Fig. S7  Fluorescence spectra of LP and LPE3-1 in the presence or absence of liposomes at pH 7.4 
and pH 5.0. These spectra were taken for 20 μM peptide solutions at 25 °C.



Characterization of pH-responsive membrane lytic properties of LPE3-1 by membrane 
accessibility assay
Membrane lytic properties of LPE3-1 were characterized by membrane accessibility assay as same 
procedures written in “Experimental Section”.

Fig. S8  pH-activated membrane lysis of LPE3-1 characterized by the membrane accessibility 
assay. LPE3-1 was added to liposome (inner-leaflet of liposome was labeled by NBD) solution at 
pH 7.4. After 15 min incubation, the pH was lowered to a value of 5.0 by adding hydrochloric acid.



Monitoring the liposome integrity during the membrane lytic process by LPE3-1
Size distribution of liposomes during membrane lytic process was characterized by the dynamic 
light scattering (DLS) measurements as same procedures written in “Experimental Section”.

Time (min)

Triton X-100LPE3-1 pH 7.4       5.0

pH 7.4 pH 5.0

M
ea

n 
di

am
et

er
 (n

m
)

Fig. S9  Mean diameter from DLS measurements during pH-activated membrane lytic process by 
LPE3-1. LPE3-1 was added to liposome solution at pH 7.4. After 15 min incubation, the pH was 
lowered to a value of 5.0 by adding hydrochloric acid.


