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Analysis for cell-penetrating mechanism of histidine-rich peptide/proteins
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Previously, we found that synthesized histidine-rich peptide/proteins are
efficiently internalized into mammalian cells. This finding suggests the possibility that natural
histidine-rich peptide/proteins also show cellular uptake.

In this study, we focused on histidine-rich peptide (Hpn) and histidine-rich protein (HRP2)
derived from Helicobacter pylori and Plasmodium falciparum, respectively. The Hpn has been known to
form amyloid-like oligomer and thought as a pathogenicity factor for Alzheimer®s disease.
Interestingly, here, the Hpn showed cellular uptake and transcytosis in the human gastric epithelial
tumor cells. On the other hand, the HRP2 also showed cellular uptake in various human cell lines
and cytotoxic effects on human fibrosarcoma. These findings suggest a possibility that the Hpn and
HRP2 play as a pathogenic factor in the human body.



(PHP) g PHP
GFP RFP

Helicobacter pylori Histidine-rich protein Hpn
Plasmodium falciparum Higtidine-rich protein Il HRP2

Hpn 60 28 46.7% 1
12
3l Hpn Hpn
Hpn
[4
Hpn Hpn
Hpn
HRP2 5]
HRP2 151 HRP2

HRP2
(A)  WAHHEEQHGGHHHHHHHT HHHHY HGGEHHHHHHS SHHEEGCCST SDSHHQEEGCCHGHHE

(B) AKNAKGL NLNKRLL HET QAHVDDAHHAHHVADAHHAHHAADAHHAHHAADAHHAHHAADAHHAHHAADA
HHAHHAAY AHHAHHAADAHHAHHASDAHHAADAHHAAY AHHAHHAADAHHAHHASDAHHAADAHHAAYA
HHAHHAADAHHAADAHHAT DAHHAHHAADAHHAT DAHHAADAHHAT DAHHAADAHHAADAHHAT DAHHA
ADAHHATDAHHAADAHHAADAHRAT DAHHHHAADAHHAAAHHAT DAHHAT DAHHAAAHHEAATHCL RH

Hpn HRP2
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HGC-27 ( RCB0500) HT1080( RCB1956) RERF-LC-AI (
RCB0444) U251 ( RCB0461  CaCo-2( RCB0988) HepG2 RCB1648  Vero
RCB0001 VA13 RCB0251  NIH-3T3 RCB1862 HGC-27 HT1080
RERF-LC-Al CaCo-2 Vero MEM U251 HepG2 NIH-3T3 D-MEM VA13 MEMa
(FBS) 10 CaCo-2 FBS 20% 37°C  5.0% CO,
Hpn HRP2 Vector pMal-c2X (NEW ENGLAND Biolabs) Hpn HRP2 TEV
protease N Maltose binding protein (MBP) HRP2 C
FLAG BL21(DE3) LBA 200 mL
BL21(DE3) ODgyo=0.5~0.8 37°C Isopropyl p-D-1-
thiogal actopyranoside 0.1mM 20°C  3h 4°C  4,000rpm 20min 20
mM pH7.4 -80°C Q129 Ultrasonic processor: Osonica
4°C 13,000 rpm 20 min
Hpn Ni His trap FF crude: GE Healthcare
MBP MBP-Hpn Ni 10M
TEV protease MBP MBP Hpn Ni
Hpn
HRP2 Amylose Resin: NEW ENGLAND Biolabs
MBP MBP-HRP2-FLAG 10 mM
TEV protease MBP MBP HRP2-FLAG FLAG
DDDDK-tagged Protein PURIFICATION GEL: MBL HRP2
Hpn N NH; Hpn 100 mol Fluoresceinisothiocyanateisomer-1  FITC:
4 Hpn BSA BSA
FITC NH.
HRP2 SH HRP2 25 mol Fluorescein-5-maleimide
4 BSA  Huorescein-5-maleimide
Hpn HRP2 BSA Hpn
7.1kDa FG DM P3-MWCO 3500 Fast Gene HRP2 30.6kDa BSA 66.5kDa Dialysis
Membrane, Size20 Wako 4
0.22 um
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0.05% 0.53mM EDTA
2.0x10* cells/mL 24 well TrueLine 1.0x10* cells/'well 37°C 5.0%CO,
24 well PBS 2 Hpn
HRP2 BSA 0.1~1.0uM 37°C  5.0% CO; 3~24
well PBS 2 0.05% 0.53mM EDTA 500 pL/well 37°C 5.0% CO,
5 1mL  FACShuffer 2%FBS PBS
4°C  500xg 5min 500 uL  FACSbuffer BD FACScanto II
FV10i-LIV: OLYMPUS
2.0x 10* cellls/100 pL/well 35 mm glass bottom dish 37 5.0% CO,
24 Hpn HRP2 BSA 1.0 uM
37°C 5.0% CO; 24 Hoechst33342 1 pg/well 37 5.0%
CO; 1 well PBS 2
0.05% 0.53mM EDTA
1.0x10* cells/well 96well TrueLine 37°C 5.0%CO; 24
Hpn HRP2 BSA 0.5~5.0 uM 5.0%CO, 37°C 3~24
Cell Counting Kit-8 Wako 9:1 well 100 pL
37°C  5.0%CO, 4 Infinite 200 pro: TECAN
450 nm
Hpn
HGC-27 0.05% 0.53 mM EDTA MEM
5.0x10° cells/well 6well Trueline 5.0%CO, 37°C 24
Hpn BSA 1.0 uM 5.0% CO, 37°C 24
PBS 1 mL 2 500 uL 5.0% CO, 37°C 24
500xg 15min 0.22 pm Corning International,
Inc. 12,000xg 10min FRD-51 IWAKI RIPA
Buffer 50 mM Tris-HCI (pH7.4) 150 mM NaCl 0.1% SDS 1% TritonX-100 1% Sodium deoxycholate 150 pL 96 well black plate
Infinite 200 pro: TECAN
HRP2
HT1080 0.05% 0.53 mM EDTA MEM
5.0x10* cells/ well 24 well TrueLine 5.0% CO, 37°C 24
HRP2 1.0 uM 37°C  5.0%CO, 12~60
HRP2 1xSDS-PAGE 300 pL/well 10
3 12% SDS-PAGE PVDF p62
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