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 [0029] 

 Fig. 11 shows the change of the mixed liposome, which is manufactured by 

mixing DOPG and DOPC at different ratio, after incubating with and mCherry-LBPr1 

by using the confocal laser scanning microscope (No. 1).   

 Fig. 12 shows the change of the mixed liposome, which is prepared by mixing 

DOPG and DOPC at different ratio, after incubating with and mCherry-LBPr1 by using 

confocal laser scanning microscope (No. 2).   

 Fig. 13 is the confocal laser scanning microscopic image which shows the result 

for studying change of the incorporation of mCherry-LBPr1 or mCherry depending 

when the different solution is used for incubating the cell.  In the figure, the cells 

indicated by arrows are these that showed the incorporation of mCherry-LBPr1. 

 Fig. 14 is the figure showing cell assay result of mCherry-LBPr1 uptake into 

HeLa cell incubated in DMEM (-) or PBS (-) by using a flow cytometer.   

 [0030] 

 Fig. 15 is the fluorescent observation image showing the localization of mCherry-

LBPr1 penetrated the cell membrane by fluorescent labelled organelles, which are early 

endosome and nuclei.   

 Fig. 16 is the fluorescent observation image showing the localization of mCherry-

LBPr1 penetrated the cell membrane by fluorescent labelled organelles, which are late 

endosome and nuclei.   

 Fig. 17 shows the comparison result of the membrane penetration capability of 

mCherry, mCherry-LBPr1, and mCherry-R8.   

 Fig. 18 is the graph showing the comparison result of the fluorescent intensity of 

mCherry, mCherry-LBPr1, and mCherry-R8.   

 

Mode of carrying out the invention 

 [0031] 

 Hereinbelow, the present invention is explained in detail, referring to the 

embodiment of the present invention.   

 One embodiment of the present invention is a peptide interacting with a lipid 

bilayer at C-terminal, comprising (A1) a binding region for binding said lipid bilayer at 
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C terminal side thereof , (A2) a basic region being composed of at least 6 basic amino 

acidsat Nterminal side, (A3) and a region composed of hydrophobic rich amino acids 

ligated to 3’ side of said basic region through a sequence composed of 4 amino acids, 

and (A4) said peptide is composed of 10 to 100 amino acids.   Here, it is preferable that 

the binding region comprises a certain number of the amino acids, and more than half of 

them are the hydrophobic amino acids; because the peptide of the present invention 

interacts to the liposome with its C-terminal.  Also, it is preferable that the basic 

region has the structure being composed of not less than 6 arginine, because of 

conducting the stable interaction between the peptide and the liposome.   

 [0032] 

 In the present specification, the terms, “interaction with the lipid bilayer” 

contains followings: that the peptide binds to the lipid bilayer at its C-terminal; that it 

binds to the lipid bilayer at its C-terminal and then it penetrates the membrane of the 

liposome formed by the lipid bilayer; that it is incorporated into the space in the 

membrane formed by the lipid bilayer, namely, the liposome, by penetration through the 

membrane; and that it is incorporated into inside of the cell. 

 Also, it is preferable that the amino acid numbers composing the present peptide 

is, for example, from 25 to 40, from view points of the stability of the interaction 

between the liposome, and operability thereof.  In below, the present invention is 

explained, illustrating when it is composed of 30 amino acids as the example.   

 [0033] 

 As shown in Fig. 1(A), the membrane interacting peptide of the present invention 

has the sequence designed based on the amino acid sequence of the liposome binding 

protein at N-terminal (LBP1).  Here, the term, “the sequence designed based on the 

amino acid sequence”, is defined that the sequence wherein the amino acid sequence of 

LBP1 is divided into 5 blocks based on functions thereof to change the order of the 

blocks, or that contains the blocks prepared by rearranging the order of the amino acids 

thereof (see, Fig. 2 (A) to (C)).   
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like.  

 [0041]  

 Also, DNA sequence encoding the membrane interacting peptide of the 

present invention is integrated into the random region to manufacture the 

construct.  By using the construct, a fusion protein of the present peptide and a 

fluorescent protein may be expressed.  After that, the expressed protein is 

incubated with the liposome prepared by using desired phospholipid, thereby the 

interaction between the present peptide and the liposome may be studied.  

 [0042]  

 Here, as the membrane interacting peptide of the present invention, there 

are mentioned, for example, such as the peptide being composed of from 10 to 

100 amino acid, having the binding region at the C- terminal thereof, and the 

hydrophobic region comprising at least 6 hydrophobic amino acids at N-terminal 

thereof.  Among them, the peptide shown in SEQ ID NO. 8 to 10, hereinbelow, 

they are referred to as “LBPr1”, “LBPr2”, and “LBPr3” are preferable , because 

they conduct unique interaction with the phospholipid forming the liposome 

membrane at C-terminal thereof.   

 [0043] 

 Above-mentioned LBP1 is the peptide binding to the liposome at its N-

terminal.  When it is interacted with the liposome, the phospholipid bilayer 

emits red fluorescence so that the fluorescent image shown in Fig. 1 (C) in the 

upper column is obtained.  When the confocal laser scanning microscope is 

used, the image shown in Fig. 1 (D) in the upper column is obtained.  Lower 

columns of Figs. 1 (C) and 1 (D) are diagrams obtained by tracing the images of 

their upper columns.   

 [0044] 

 As described above, the peptide used as the random region of the construct 

of the present invention is prepared by using Block A to E, which are obtained by 

dividing amino acid sequence of LBP1 into 5 blocks, and rearranged in a variety 

of orders; after that it is subjected to cDNA display method described later to 

conduct desired rounds to select.  
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