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Cell penetrating peptides (CPPs) are widely used as intracellular delivery tools for proteins and nucleic acids.
Common features of CPPs are arginine(R)/lysine(K) rich sequence and high positively charged sequence, because
R/K are protonated and obtain positive charge in physiological condition. Octaarginine (R8), one of the major CCPs,
also shows effective intracellular uptake and high positive charges. The high positive charges are thought as an
important factor for R8 to penetrate cellular membrane.

In this study, we focused on histidine (H), a sole of basic amino acid obtains positive charge in low-pH (< pH6.0)
dependent manner, as low-pH acctivatable trigger. RH hybrid peptides (R8 analogs partially substituted with H)
show rapid increase of positive charge near the low-pH condition (pH6.0) and are expected to penetrate cellular
membrane in low-pH condition (pH6.0) dependent manner. The low-pH condition (pH6.0~6.9) is specifically
formed in solid tumor tissue. Therefore, The RH hybrid peptides are expected to be a solid tumor tissue specific drug
delivery tool. To confirm the above hypothesis, we synthesized 15 kinds of RH hybrid peptides described below and
measured intracellular uptake ratio in physiological condition (pH7.4) and low-pH condition (pH6.0).

R8 : RRRRRRRR-NH;, R4H2R3 : RRRRHHRRR-NH,

R7H2 : RRRRRRRHH-NH, R3H4R3 : RRRHHHHRRR-NH,

R6H4 : RRRRRRHHHH-NH, R3H6R2 : RRRHHHHHHRR-NH,
R5H6 : RRRRRHHHHHH-NH, R2H8R2 : RRHHHHHHHHRR-NH,
R4H8 : RRRRHHHHHHHH-NH, R2HI10R1 : RRHHHHHHHHHHR-NH,
R3H10 : RRRHHHHHHHHHH-NH, R1H12R1 : RHHHHHHHHHHHHR-NH,

R2H12 : RRHHHHHHHHHHHH-NH,
R1H14 : RHHHHHHHHHHHHHH-NH,
H16 : HHHHHHHHHHHHHHHH-NH,

As a result, unfortunately, there were no RH hybrid peptides showing low-pH condition (pH6.0) selective
intracellular uptake. However, in contradiction to our expectation, the H16 (all sequence consisted of only H residue)
showed large intracellular uptake in both pH condition. Compared to the RS, the H16 showed 3.13-fold (pH6.0) and
2.35-fold (pH7.4) higher intracellular uptake ratio against mice macrophage cell line RAW264, and 5.95-fold
(pH6.0) and 5.55-fold (pH7.4) higher intracellular uptake ratio against human kidney carcinoma cell line HepG2. It
has been unknown that the peptide consisted of only H residue penetrates cellular membrane effectively, and the
finding that H16 showed large intracellular uptake in low-pH independent manner suggests that navel positive
charge independent mechanism may be associated with cellular membrane penetration of H16.
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