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Figure 1-1. Identification of the receptor for the endocytic uptake of octaarginine (R8).  
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Biotin-Photo-R8 Figure 1-3

Biotin-Photo-R8 UV

SDS
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MALDI-TOF MS
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MASCOT

 

 

 

 

 

 

 

 

 

 

 

Figure 1-2. Stracture of Biotin-Photo-R8. 

Figure 1-3. (B) The procedure for identification of proteins interacted with Biotin-Photo-R8. Cells are treated with 
Biotin-Photo-R8 and irradiated with UV. Cells are lysed, followed by isolation with streptavidin-coated beads. 
Crosslinked proteins are subjected to gel-electrophoresis. Protein bands are trypsinized, followed by MALDI-TOF 
MS analysis. Protein identification is performed on MASCOT.  
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R8 R8

R8  ( 5 µM )

[24]

Biotin-Photo-R8

2.5 µM

[10]

K+-rich buffer [24] K+-rich buffer

HEK293T 2.5 µM Biotin-Photo-R8 37°C 30

365 nm UV 5 0.5 mg/mL K+-rich 

buffer (+) RIPA buffer

SDS

SDS-PAGE

40 kDa  (Figure 1-4A

HEK293T

 (Figure 1-4B  

 

 

 

  

Figure 1-4. Western blot (A) and silver-stain SDS-PAGE (B) analysis of HEK293T lysates photo-crosslinked with 
Biotin-Photo-R8. Arrows indicate the presence of a band at ~37 kDa, which is specific to Biotin-Photo-R8-treated 
cells.  
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MALDI-TOF MS

MASCOT

Lanthionine synthetase component C-like protein 1 (LanCL1) 

(45 kDa) [25] LanCL1 LanCL1
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Epidermal growth factor receptor kinase substrate 8 (EPS8)

[25]  
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LanCL1 R8  
 

LanCL1 R8

LanCL1

HeLa LanCL1_pCI

LanCL1 pCI HeLa

LanCL1  

(Figure 1-5A)  (

-MEM(-), 200 µL) 1 µM R8-Alexa488

R8-Alexa488

LanCL1 R8-Alexa488

25 %  (Figure 1-5B) LanCL1

R8  

 

 
 
 
 
  

(A) (B) 

Figure 1-5. Cellular uptake of R8 increases in LanCL1-overexpressing cells. (A) Western blot analysis of cells 
transfected with pCI or LanCL1_pCI. (B) Overexpression of LanCL1 led to promotion of cellular uptake of 
R8-Alexa488. HeLa cells were transfected with pCI or LanCL1_pCI, and then treated with 1 µM R8-Alexa488 for 
30 min at 37°C. R8 uptake was analyzed by flow cytometry. The amounts of cellular uptake of R8-Alexa488 were 
normalized to pCI-transfected cells. Means ± standard devision (SD) of three independent experiments are 
shown. 

LanCL1�

β-actin�

–� +�

+� –�

LanCL1_pCI�

pCI�

0 

20 

40 

60 

80 

100 

120 

140 

pCI LanCL1_pCI 

R
el

at
iv

e 
ce

llu
la

r 
up

ta
ke

  
of

 R
8-

A
le

xa
48

8 
(%

)�

*�



 -11- 

 
 

R8

R8 LanCL1

LanCL1 R8

LanCL1 R8

LanCL1 EPS8

 

R12

Myosin-9

Myosin-9 LanCL1

 

  



 -12- 

α  
 

 
 

R8

 

α R8

R8

(1)

(2)

α

R8

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 -13- 

 

 

R8 R8

–

[26] α

[27]  
R8

R8 (PhotoR8CL)  (Figure 2-1A) UV

R8 N 4-[3-(trifluoromethyl)-3H-diazirin-3-yl]benzoic acid [(Tmd)BA]

 (Na2S2O4)
[28] R8 C

C

PhotoR8CL

Figure 2-1B  

PhotoR8CL  (Scheme 2-1)

4-[5-(N-fluorenylmethyloxycarbonyl-2-amino-ethyl)-2-hydroxy-phenylazo]-benzoic 

acid (Fmoc-Azo) [28]

Fmoc-[Arg(Pbf)]8-Azo-Lys(Mtt)-resin Fmoc N

Fmoc piperidine (Tmd)BA N
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(4-methyltrityl) HFIP/DCM (1:4) [29]

biotinamidohexanoic acid N-hydroxysuccinimide ether

ε biotin TFA/EDT (95:5)

RP-HPLC

PhotoR8CL  

 

  

Figure 2-1. Combination system of photocrosslinker and cleavable linker for identification of R8 receptors. (A) 
Structure of PhotoR8CL, the photoaffinity probe for the identification of R8-interacting proteins. (B) The procedures 
for identification of proteins interacted with PhotoR8CL. Cells are treated with PhotoR8CL and irradiated with UV. 
Cells are lysed, and then isolated using streptavidin-coated beads. Crosslinked proteins are detected by reductant 
from beads prior to gel-electrophoresis. Protein bands are trypsinized and the crosslinked proteins are identified by 
LC-MS/MS analysis.  
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Scheme 2-1. Synthesis scheme for PhotoR8CL. 
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Na2S2O4

HPLC MS

PhotoR8CL HPLC

22  (Figure 2-2A, left)

MALDI-TOF MS 2213.36 2185.73 2

 (Figure 2-2A, right) 2213.36 PhotoR8CL

2185.73 MALDI	 TOF MS

[13]

PhotoR8CL 365 nm 5 HPLC 21

 (Figure 2-2B)

MALDI-TOF MS 2203.1

UV

[22] UV

(Na2S2O4)

PhotoR8CL 5 UV

25 mM Na2S2O4 15 HPLC

11.2 16

MALDI-TOF MS 604.14 1602.25

2

 (Figure 2-2C) UV

Na2S2O4

 

 

 

 

 

 



 -17- 

 

Figure 2-2. Reduction cleavage of PhotoR8CL. (A) HPLC chromatogram and MALDI-TOF MS spectrum of 
PhotoR8CL. (B) HPLC chromatogram and MALDI-TOF MS spectrum of PhotoR8CL irradiated with 365 nm light for 
10 min. PhotoR8CL reacted with H2O. (C) HPLC chromatogram and MALDI-TOF MS spectrum of PhotoR8CL 
incubated with 25 mM Na2S2O4 for 15 min after UV irradiation.  
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(B) 
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(A) (B) 

Figure 2-3. Combination of (i) use of membrane fraction and (ii) Na2S2O4-cleavable azobenzene linker may reduce 
contamination of non-specific proteins bound to streptavidin beads. (A) SDS-PAGE of proteins liberated from 
streptavidin-coated beads and cleaved by the Na2S2O4-treatment. HeLa cells were treated with 1 µM PhotoR8CL at 
4°C for 5 min and were irradiated with 365 nm UV light for 10 min. The cells were lysed and membrane fractions 
were collected. The crosslinked proteins were liberated from streptavidin beads by the cleavage with Na2S2O4. The 
proteins were analyzed with SDS-PAGE and visualized by silver staining. (B) SDS-PAGE of proteins remaining on 
the streptavidin beads after Na2S2O4 cleavage. 
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Band No. Protein 

1 Glypican-1 (GPC1) 

 

Syndecan-2 (SDC2) 

 

Syndecan-4 (SDC4) 

 

Chondroitin sulfate proteoglycan 4 (CSPG4) 

 

Transforming growth factor beta receptor type 3 (TGFR3) 

 

Collagen alpha-1(V) chain (COL5A1) 

2 Glypican-5 (GPC5) 

 

Myoferlin (MYOF) 

 

Laminin subunit gamma-1 (LAMC1) 

3 Zinc transporter ZIP10 (ZIP10) 

4 Transferrin receptor protein 1 (CD71) 

 

Semaphorin-3C) (SEMA3C) 

5 4F2 cell-surface antigen heavy chain (CD98) 

6 Choline transporter-like protein 2 (CTL2) 

7 Interferon-induced transmembrane protein 1 (IFITM1) 

 

Interferon-induced transmembrane protein 3 (IFITM3) 

 

Vesicle-associated membrane protein 1 (VAMP1) 

Table 2-1. Identified proteins by photocrosslinking experiments 
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 R8 	 Syndecan-4 (SDC4)  
 

R8

siRNA

 (Figure 2-4A) R8-Alexa488

SDC4

R8-Alexa488 30%  (Figure 

2-4B) SDC4 siRNA (siSDC4-2)

 (Figure 2-5A) R8

(Figure 2-5B) R8 SDC4  

SDC4 R8-Alexa488

Figure 2-4 siRNA SDC4 1 

µM R8-Alexa488

SDC4

 (Figure 2-6)

R8-Alexa488 SDC4

R8-Alexa488

SDC4 R8
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Figure 2-4. Possible involvement of SDC4 onto the cellular uptake of R8. (A) Quantitative real-time PCR 
measurement of mRNA of proteins in siRNA-transfected cells. The mRNA levels of proteins identified by 
photocrosslinking (Table 2-1) were analyzed. All data were normalized for the expression of β-actin. Means ± SD of 
three independent experiments are shown. (B) Effect of downregulation of proteins in (A) on cellular uptake of 
R8-Alexa 488. HeLa cells were transfected with siRNAs for specific proteins or non-targeting sequence (siNTC), and 
then treated with 1 µM R8-Alexa488 at 37°C for 30 min. Uptake of R8-Alexa488 was analyzed by flow cytometry. The 
amounts of cellular uptake of R8-Alexa488 were normalized to the siNTC-transfected cells. Means ± SD of three 
independent experiments are shown.  

(A) 

(B) 
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Figure 2-5. Decrease in cellular uptake of R8 by the SDC4 knockdown. (A) SDC4 expression levels on cell surfaces. 
HeLa cells transfected with siSDC4-1, siSDC4-2 or siNTC were treated with anti-SDC4 antibody and then labeled 
with anti-mouse IgG conjugated with Alexa488. Cells were analyzed by flow cytometry and the values were 
normalized to those of the siNTC-transfected cells. Means ± SD of three independent experiments are shown. (B) 
Involvement of SDC4 in cellular uptake of R8-Alexa488 is confirmed by using distinct siSDC4. HeLa cells transfected 
with siSDC4-1, siSDC4-2 or siNTC were treated with 1 µM R8-Alexa488 and incubated at 37°C for 30 min. Cellular 
uptake of R8-Alexa488 was analyzed by flow cytometry. The amounts of uptake of R8-Alexa488 were normalized to 
the siNTC-transfected cells. Means ± SD of three independent experiments are shown. siSDC4-1 is identical with 
that employed for Figure 2-4. 
 

Figure 2-6. Decrease in endocytic uptake of R8-Alexa488 by SDC4-knockdown cells. HeLa cells were transfected 
with siNTC or siSDC4, and then treated with 1 µM R8-Alexa488 for 30 min at 37°C. Cells were imaged by confocal 
microscopy. Scale bar: 20 µm. 
 

(A) (B) 
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AR-CPPs

[31] R8 SDC4 antibody feeding 

assay  (Figure 2-7A) [32]

SDC4 SDC4 Alexa488 2

tetramethylrhodamine (TAMRA) R8 (R8-TAMRA)

30 SDC4 R8

(Figure 2-7B)

30 R8 SDC4 R8

 

 

 

  

Figure 2-7. (A) Schematic diagram of the antibody feeding assay. Cell-surface SDC4 were labeled with anti-SDC4 
antibody together with Alexa488-labeled secondary antibody. Colocalization with TAMRA-labeled R8 was then 
analyzed. (B) Punctate signals of R8-TAMRA colocalizing with SDC4. Cells were treated with SDC4 antibody, 
followed by treatment of Alexa-labeled secondary antibody and the cells were subjected to 30 min incubation with 1 
µM R8-TAMRA at 37°C. Cells were analyzed by confocal microscopy. Scale bar: 20 µm. 
 

(A) 
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SDC4 SDC 5 µM R8

R8

[33, 34] R8  (GAG)

[20, 35]

5 µM 10 µM R8 SDC4

SDC4 R8

5 µM 10 µM

SDC4 R8

 (Figure 2-8A-C) R8

SDC4 GAG

R8  (1 µM)

SDC4  
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Figure 2-8. Decrease in contribution of SDC4 to cellular uptake of R8 at more than 5 µM. (A) Downregulation of 
SDC4 expression has no significant effect on cellular uptake of R8-Alexa488 at 5 µM and 10 µM. HeLa cells 
transfected with siNTC or siSDC4 were treated with 5 µM or 10 µM R8-Alexa488 and incubated for 30 min at 37°C. 
Cells were analyzed by flow cytometry. The amounts of cellular uptake of R8-Alexa488 were normalized to the 
siNTC-transfected cells. Means ± SD of three independent experiments are shown. Confocal microscopic imaging of 
the cell treated with 5 µM (B), or 10 µM (C) for 30 min iat 37°C. 

(A) 

(B) (C) 
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R8 SDC4  
 

R8

R8

 [36] monodansylcadaverine (MDC) [37]

filipin [38] nystatin [39]

Na+/H+ exchanger 

(NHE) 5-(N-ethyl-N-isopropyl) amiloride (EIPA) [40] PAK1 IPA-3 

[41] PKC Gö6983 [42] PI3K wortomannin [43]

[41, 44] HeLa 1 µM R8-Alexa488 30

R8-Alexa488

filipin

nystatin  

(Figure 2-9) R8 1 µM

nystatin nystatin

[45]  
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Figure 2-9. The effects of endocytosis inhibitors on the R8-Alexa488 uptake. HeLa cells were pretreated with respective 
inhibitors (or DMSO using as a control), and then incubated with 1 µM R8-Alexa488 at 37°C for 30 min. R8-Alexa488 
uptake was analyzed by flow cytometry. The amounts of cellular uptake of R8-Alexa488 were normalized to the control. 
Means ± SD of three independent experiments are shown. 
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R8 SDC4

R8 SDC4

R8 SDC4

R8 SDC4 R8

SDC4

R8 SDC4
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 (Figure 2-10A, B)

SDC4 R8  (Figure 2-10C-F)

SDC4 R8

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 -30- 

 

Figure 2-10. Effect of downregulation of SDC4 on cellular uptake of R8-Alexa488 in cells treated with endocytosis 
inhibitors. (A-F) HeLa cells were transfected with siNTC or siSDC4 for 48 hr prior to pretreatment with endocytosis 
inhibitors (or DMSO as a control). Cells were incubated with 1 µM R8-Alexa488 at 37°C for 30 min. R8-Alexa488 
uptake was analyzed by flow cytometry. The amounts of cellular uptake of R8-Alexa488 were normalized to the 
siNTC-transfected cells. Means ± SD of three independent experiments are shown.  
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SDC4

[46] SDC4

[47] SDC4

R8

SDC4 Figure 2-9

antibody feeding assay SDC4 SDC4

MDC 1 µM R8-TAMRA 30

 

SDC4 R8 MDC

SDC4 R8  (Figure 2-11A) SDC4 R8

MDC

 (Figure 2-11B) SDC4 R8

 

 

 

 

Figure 2-11. R8 and SDC4 are internalized by clathrin-mediated endocytosis. (A) Colocalization of R8-TAMRA with 
antibody-labeled SDC4 decreased by treatment with a clathrin-mediated endocytosis inhibitor (MDC). Cell-surface 
SDC4 was labeled by sequential pretreatment of HeLa cells with anti-SDC4 antibody for 30 min and with 
Alexa488-conjugated anti-mouse IgG as secondary antibody for 30 min in serum-free a-MEM containing 0.5% (w/v) 
bovine serum albumin. After pretreatment, cells were treated with MDC for 30 min and were treated with 1 µM of 
R8-TAMRA for 30 min at 37°C, and were subjected to microscopic analysis. Cellular localization of these signals 
were analyzed by confocal microscopy. (B) Pearson’s correlation coefficients were obtained for the quantification of 
colocalization between R8-TAMRA and SDC4 in eight cells. Scale bars: 20 µm. 
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R8 SDC4

time-lapse imaging

SDC4 Alexa405 R8-TAMRA

Alexa488

 (Tf-Alexa488) SDC4 R8 Tf

SDC4 R8

Tf

 (Figure 2-12) SDC4 R8

 

 

 

 

 

 

 

 

 

 

 

Figure 2-12. Colocalization of R8 signals with those of SDC4 and transferrin in endosomes. Cell-surface SDC4 was 
labeled by sequential pretreatment of HeLa cells with anti-SDC4 antibody for 30 min and with Alexa405-conjugated 
anti-mouse IgG as secondary antibody for 30 min in serum-free a-MEM containing 0.5% (w/v) bovine serum albumin. 
After pretreatment, Cells were then incubated with 1 µM R8-TAMRA and 25 µg/mL transferrin-Alexa488 and 
observed by time-lapse imaging. Arrows indicate vesicles containing SDC4, transferrin and R8. Scale bar: 5 µm. 
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R8 	 SDC4  
 

AR-CPPs Cre-loxP

[48] Cre loxP

CPP Cre

CPPs

R8 loxP-DsRed-loxP-EGFP

DNA Flp-In loxP 293

Flp-In loxP 293 Cre

EGFP DsRed Cre

loxP EGFP

 (Figure 2-13A) CreR8 Cre C  (NLS) R8  

single-step His-tag R8 Cre

 (Figure 2-13B) Cre CreR8

SDS-PAGE  (Figure 2-13B) EGFP

CreR8  (Figure 2-13D)  
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Figure 2-13. (A) Schematic representation of the reporter gene construct of Flp-In loxP HEK293 stable cell line. Cre 
deletes the loxP-flanked DsRed segment, thereby activating EGFP gene. (B) Design of expression cassettes of Cre 
fusion proteins. Both constructs encode Cre recombinase and a His-tag as represented by white boxes. Black boxes 
represent R8. The gray box represents a nuclear localization signal (NLS) (myc; EQKLISEEDL) to facilitate 
translocation of Cre proteins into nucleus and promote gene rearrangement. (C) SDS-PAGE analysis of the purified 
Cre or CreR8 through Ni(Ⅱ)-affinity chromatography. (D) Internalization of CreR8 lead to gene rearrangement and 
expression of EGFP in the cells. 
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CreR8 SDC4

SDC4 Flp-In loxP 293 Cre CreR8

siRNA 5 µM Cre

CreR8 30 24 EGFP

Cre SDC4

EGFP CreR8

siNTC

SDC4 CreR8 30%

 (Figure 2-14) Cre

R8 SDC4

 

 

 

 

 

 

 

 

 

 

 

Figure 2-14. Decrease in gene rearrangement by CreR8 in SDC4-knockdown cells. Flp-In loxP HEK293 cells 
transfected with siNTC or siSDC4 were incubated for 30 min in medium containing 5 µM Cre or CreR8. After 
incubation, cells were washed, trypsinized, replated, and incubated for 24 hr. EGFP expressing cells were analyzed 
by flow cytometry and the values were normalized to siNTC-transfected cells treated with CreR8. Means ± SD of 
three independent experiments are shown. 
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R8 	 

SDC4  
 

R8 Cre R8

EIPA CreR8
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EGFP  (Figure 2-15A, B) R8

Cre

 

 

 

 

 

 

 

 

 

Figure 2-15. The effect of endocytosis inhibitors on CreR8 transduction. Flp-In loxP HEK293 loxP cells were 
pretreated in the presence and absence of (A) sucrose, (B) EIPA, and then incubated with 1 µM R8-Alexa488 at 
37°C for 30 min. After incubation, cells were washed, trypsinized, replated, and incubated for 24 hr. EGFP 
expressing cells were analyzed by flow cytometry and the EGFP expressing cells were normalized to the control 
(DMSO-treated cells). Means ± SD of three independent experiments are shown. 
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SDC4 CreR8

Figure 2-10

SDC4

 (Figure 2-16A)

 SDC4  (Figure 2-16B)

CreR8

SDC4  

 
 

 

 
 
 
 
 
 
 

Figure 2-16. Effect of downegulation of SDC4 on CreR8 transduction into cells with inhibitor treatment. Flp-In loxP 
HEK293 cells were transfected with siNTC or siSDC4, followed by 48 hr incubation. Transfected cells were 
pretreated with or without (A) sucrose, and (B) EIPA, and then incubated with 5 µM CreR8 at 37°C for 30 min. After 
incubation, cells were washed, trypsinized, replated, and incubated for 24 hr. EGFP expressing cells were analyzed 
with a flow cytometer and the values were normalized to siNTC-transfected cells without inhibitor treatment. Means ± 
SD of three independent experiments are shown. 
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LanCL1 LanCL1 R8

LanCL1 R8

R8

 

α α (1) 

(2) 

(1)

(2)

R8

SDC4 R8

 

SDC4

SDC4 R8

SDC4 R8

SDC4 R8

R8 SDC4

SDC4 R8

R8 Cre 

R8 SDC4
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SDC4

R8 R8
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α  

 
 

 

Fmoc-Arg (Pbf) Fmoc-Gly Fmoc-Cys (Trt)  

N-hydroxybenzotriazole (HOBt) 2-(1H-benzotriazole-1-yl)-1, 1, 3, 

3-tetrametyluronium hexafluorophosphate (HBTU)

Fmoc-γ-Abu (GABA) Novabiochem biotinamidohexanoic acid 

N-hydroxysuccinimide ether Sigma-Aldrich Alexa Fluor 488 

C5-maleimide sodium salt Invitrogen  Fmoc-(Tmd)Phe [23]

C TGS-RAM  (

) GABA-Tmd(Phe)-Gly-[Arg(Pbf)]8-resin

[Arg(Pbf)]8-Gly-Cys(Trt)-resin PSSM-8  ( )

GABA-Tmd(Phe)-Gly-[Arg(Pbf)]8-resin biotin 3

biotinamidohexanoic acid N-hydroxysuccinimide ether

N,N-dimethylformamide (DMF) 3  

 

 

trifluoroacetic acid 

(TFA)-ethanedithiol (EDT) (95 5) 3

HPLC

Cosmosil 5C18-AR-II (10 × 250 mm) Cosmosil 5C18-AR-II 

(4.6 × 150 mm)  

 

 

C Alexa Fluor 488 

C5-maleimide DMF-methanol (1:1) 1.5

HPLC  [20]  
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HPLC

-  (MALDI-TOF MS)

 

 

Biotin-Photo-R8: biotin-GABA-Tmd(Phe)-Gly-(Arg)8-amide 

: 25.5  [ : Cosmosil 5C18-AR-II (4.6 × 150 mm); : A = 0.1% 

TFA , B = 0.1% TFA CH3CN ; %B : 5-85% 80 ; : 1 mL/min; 

: 220 nm] 

MALDI-TOF MS: 2003.5 [calcd. for (M+H)+: 2003.1]  

 

R8-Alexa488: H-(Arg)8-Gly-Cys(Alexa)-amide 

: 17.5  [ : Cosmosil 5C18-AR-II (4.6 × 150 mm); : A = 0.1% 

TFA , B = 0.1% TFA CH3CN ; %B : 5-85% 80 ; : 1 mL/min; 

: 220 nm] 

MALDI-TOF MS: 2126.5 [calcd. for (M+H)+: 2126.2] 

 

 

 (HEK293T ) 10% (v/v)  

(Gibco)  (DMEM )

HeLa 10% (v/v)  (Gibco)

 (α-MEM Gibco) 37°C 5% CO2

80-90% 3-4  

 

 
1.0 × 106 cells HEK293T 100 mm 48

Ca2+ Mg2+

 (K+-rich buffer (+) [100 mM L-glutamic acid 

monopotassium salt monohydrate, 43 mM KCl, 20 mM HEPES (pH7.4), 5 mM 

glucose]) K+-rich buffer (+) 3

2.5 µM K+-rich buffer (+) Biotin-Photo-R8
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37°C 30 4°C 3 UV  ( 365 nm

7 mW/cm2 5 cm) 0.5 mg/mL K+-rich 

buffer (+) Complete Mini, EDTA-free  (Roche)

RIPA buffer (150 mM NaCl, 10 mM Tris-HCl (pH 7.2), 0.1% SDS, 1 % NP-40, 

1 % deoxycholate, 5 mM EDTA) BCA Protein Assay Kit (Pierce)

2.5 mg/600 µL

1 %  (BSA) RIPA buffer streptavidin 

magneshere (Promega, 300 µL) 4°C 1

1 % BSA RIPA buffer 3 RIPA 

buffer 3  (Biotin-Photo-R8

) 2 × SDS 20 µL

85°C 5 SDS-PAGE 

(15% )

polyvinylidene difluoride (PVDF)  (GE Healthcare) PVDF

5% BSA 0.1% Tween-20 phosphate buffered saline (PBS-T)

1 5%BSA

PBS-T biotin  (Bethyl Laboratories) (1:1000) 1

1 PVDF PBS-T 5

3 horseradish peroxidase (HRP) IgG  

(Cell Signaling Technology) (1:2000) 5% BSA PBS-T 1

PVDF PBS-T 5 3 ECL Plus (GE 

Healthcare)

SDS-PAGE (15% )  
 

 
1.5 mL 30 

mM K3[Fe(CN)6]-100 mM Na2S2O3 (1:1) 2 100 mM 

NH4HCO3  (10 mM dithiothreitol, 100 

mM NH4HCO3) 60°C 1

 (55 mM iodoacetamide, 100 mM NH4HCO3) 30

Methanol-H2O-acetic acid (5:4:1, v/v/v)

Speedvac sequencing grade modified trypsin 
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(Promega)

MALDI-TOF MS MASCOT

 

 
 

HeLa total RNA RNA cDNA High 

-Capacity cDNA Archive Kit (Applied Biosystems) cDNA

LanCL1 cDNA polymerase chain 

reaction LanCL1 Nhe1/Sal1 pCI 

Mammalian Expression Vector (pCI) (Promega)  

(LanCL1_pCI)  

 
 

5.0 × 104 cells HeLa 24 24

pCI-LanCL1 Lipofectamine2000 (Invitrogen)

24 PBS (-) 0.01% 5

RIPA buffer

4°C 17000 × g 30 BCA Protein Assay Kit 

(Pierce) 10 µg/well

SDS-PAGE PVDF PVDF

5%BSA PBS-T 1

5% BSA PBS-T LanCL1  (Gene Tex) (1:1000)

actin  (Invitrogen) (1:10000) 1

4°C PVDF PBS-T 5 3

HRP IgG  (Cell Signaling Technology) (1:2000) HRP

IgG  (Invitrogen) (1:20000) 5%BSA PBS-T 1

PVDF PBS-T 5 3 ECL Plus (GE 

Healthcare)  

 
R8-Alexa488  

5.0 × 104 cells HeLa 24 24

24
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α-MEM (α-MEM (-)) 2

1 µM R8-Alexa488 α-MEM (-) 30

 (37°C 5% CO2) 0.5 mg/mL PBS (-) 3

0.01% 10 1.5 mL

PBS 2

PBS FACScalibur (BD Bioscience) ( 488 nm

515-545 nm) 1

 

 
α  

 
 

 

Fmoc-Arg (Pbf) Fmoc-Gly Fmoc-Cys (Trt)  

N-hydroxybenzotriazole (HOBt) 2-(1H-benzotriazole-1-yl)-1, 1, 3, 

3-tetrametyluronium hexafluorophosphate (HBTU)

Fmoc-Lys (Mtt) biotinamidohexanoic acid 

N-hydroxysuccinimide ether Sigma-Aldrich Alexa Fluor 488 

C5-maleimide sodium salt tetramethylrhodamine-5-maleimide Invitrogen

 4-[3-(trifluoromethyl)-3H-diazirin-3-yl]benzoic acid [(Tmd)BA]

4-[5-(N-fluorenylmethyloxycarbonyl-2-amino-ethyl)-2-hydroxy-phenylazo]-benzoic 

acid (Fmoc-Azo)  [28]

TGS-RAM ( ) C

N,N-dimethylformamide (DMF) 3

Fmoc-Lys(Mtt) 3 HBTU 3 HOBt 6 DIEA DMF

3 Fmoc-Lys(Mtt)

Fmoc 20% piperidine/DMF 20

DMF 3 Fmoc-Azo 3 HBTU

3 HOBt 6 DIEA DMF 3

Fmoc-Azo Fmoc 20% piperidine/DMF

20 8 Arg(Pbf)
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H-[Arg(Pbf)]8-Azo-Lys(Mtt)-resin  3

(Tmd)BA 3 HBTU 3 HOBt 6 DIEA DMF

3 N (Tmd)BA

Mtt (4-methyltrityl) 1,1,1,3,3,3-hexafluoro-2-propanol 

(HFIP)-dichloromethane (DCM) (1:4) 3

3 biotinamidohexanoic acid N-hydroxysuccinimide 

ether DMF 3 biotin  
 

 

trifluoroacetic acid (TFA)-ethanedithiol 

(EDT) (95 5) 3

HPLC TFA-EDT 

(95 5) 3

HPLC Cosmosil 5C18-AR-II 

(10 × 250 mm) Chlomolith Performance RP-18e (4.6 × 100 

mm) Cosmosil 5C18-AR-II (4.6 × 150 mm)

 

 

 

C Alexa Fluor 488 

C5-maleimide tetramethylrhodamine-5-maleimide  DMF-methanol (1:1)

1.5 HPLC  [20]  

 

 

HPLC

-  (MALDI-TOF MS)

 

 

PhotoR8CL: (Tmd)BA-(Arg)8-Azo-Lys(biotin)-amide 

: 27.5  [ : Cosmosil 5C18-AR-II (4.6 × 150 mm); : A = 0.1% 

TFA , B = 0.1% TFA CH3CN ; %B : 5-85% 80 ; : 1 mL/min; 
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: 220 nm] 

MALDI-TOF MS: 2214.6 [calcd. for (M+H)+: 2214.6]  

R8-Alexa488: H-(Arg)8-Gly-Cys(Alexa488)-amide 

: 17.2  [ : Cosmosil 5C18-AR-II (4.6 × 150 mm); : A = 0.1% 

TFA , B = 0.1% TFA CH3CN ; %B : 5-85% 80 ; : 1 mL/min; 

: 220 nm] 

MALDI-TOF MS: 2126.5 [calcd. for (M+H)+: 2126.2] 

 

R8-TAMRA: H-(Arg)8-Gly-Cys(TAMRA)-amide 

: 23.5  [ : Cosmosil 5C18-AR-II (4.6 × 150 mm); : A = 0.1% 

TFA , B = 0.1% TFA CH3CN ; %B : 5-85% 80 ; : 1 mL/min; 

: 220 nm] 

MALDI-TOF MS: 1908.1 [calcd. for (M+H)+: 1908.0] 

 
PhotoR8CL  

PBS (pH 7.4) PhotoR8CL (5 nmol/10 µL) 4°C 10 UV  (

365 nm 7 mW/cm2 5 cm)

HPLC PhotoR8CL UV

4°C 10 UV  ( 365 nm 7 mW/cm2 5 cm)

PhotoR8CL (5 nmol/10 µL) 50 mM Na2S2O4 PBS (10 µL) 15

HPLC

UV

MALDI-TOF MS HPLC [

: Cosmosil 5C18-AR-II (4.6 × 150 mm);  A= 0.1% TFA B=0.1% 

TFA CH3CN ; %B : 10-40% 30 ; : 220 nm]  

 
 

HeLa 10% (v/v)  (Gibco)

 (α-MEM Gibco) Flp-In loxP 293 10% 

(v/v)  (Gibco) 100 µg/mL hygromycin B

 (DMEM )

37°C 5% CO2 80-90%
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3-4  

 
 

1.0 × 106 cells HeLa 100 mm 48

Ca2+ Mg2+

 (K+-rich buffer (+) [100 mM L-glutamic acid 

monopotassium salt monohydrate, 43 mM KCl, 20 mM HEPES (pH7.4), 5 mM 

glucose]) K+-rich buffer (+) 3

1 µM K+-rich buffer (+) PhotoR8CL 4°C

5 4°C 10 UV  ( 365 nm 7 mW/cm2

5 cm) 0.5 mg/mL K+-rich buffer (+)

Complete, Mini, EDTA-free  (Roche)

 [10 mM Tris-HCl (pH7.4) , 4 mM EDTA] (1 mL/dish)

25G 10 4°C 1000 × g

10 4°C 17000 × g

12 mL  (Beckman) SW 40 Ti rotor 1

4°C100000 × g  (Beckman)

Complete, Mini, EDTA-free (Roche)

RIPA buffer [25 mM Tris-HCl (pH 7.4), 150 mM NaCl, 0.1% SDS, 1% NP-40, 1% 

deoxycholate, and 1mM EDTA] (500 µL) 30 4°C 17000 × g

BCA Protein Assay Kit (Pierce)

450 µg/450 µL 1%BSA  RIPA 

buffer 500 µg/50 µL Dynabeads MyOne Streptavidin T1 (Invitrogen)

4°C 1

RIPA buffer 3 25 mM Na2S2O4 100 mM

 (pH 7.4) 7.5 µL 15

2 4 × SDS

95°C 5 RIPA buffer

2 × SDS 20 µL 95°C 5

SDS-PAGE 

(5-20% )  ( )
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1.5 mL 30 

mM K3[Fe(CN)6]-100 mM Na2S2O3 (1:1) 2 100 mM 

NH4HCO3  (10 mM dithiothreitol, 100 

mM NH4HCO3) 60°C 1

 (55 mM iodoacetamide, 100 mM NH4HCO3) 30

Methanol-H2O-acetic acid (5:4:1, v/v/v)

Speedvac Trypsin Gold (Promega)

LC-MS/MS

MASCOT

LC-MS/MS Eksigent Ekspert nano-LC 400 HPLC system 

(AB SCIEX) quadrupole time-of-flight (QqTOF) TripleTOF 5600+ mass 

spectrometer (AB SCIEX)  

 
PCR mRNA  

5.0 × 104 cells HeLa 24  (Iwaki) 24

siRNA Sigma-Aldrich Santa Cruz Lipofectamine2000 

(Invitrogen) 10 nM siRNA 4

24 RNA RNeasy Mini Kit (Qiagen)

500 ng RNA PrimeScript RT reagent Kit with gDNA eraser (TaKaRa)

cDNA PCR SYBR Green PCR Master Mix (Applied 

Biosystems) 7300 Real Time PCR System (Applied Biosystems)

10  (95°C) [15  (95°C) 1  (60°C)] 40

95°C 60°C
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loxP-DsRed-loxP-EGFP-N1 loxP-DsRed-loxP

Sac1/EcoR1 EGFP-N1 (Clontech)

loxP-Ds-Red-loxP-EGFP-N1_pcDNA5/FRT loxP-DsRed-loxP-EGFP-N1 5’

3’ pcDNA5/FRT Nhe1 BamH1

DNA PCR Sac1/EcoR1

pcDNA5/FRT  Gibson Assembly (New England Biolabs) 

Cre-His_pET-42b(+)

Cre-R8-His_pET-42b(+) Cre-His Cre-R8-His DNA

Nde1/EcoR1 pET-42b(+) (Novagen)   

 

 

Protein name Forward primer Reverse primer 

Glypican-1  5'-CTTCCGGGACCTGTACTCAG-3' 5'-CAGGTAGTCATCAGGCAGCA-3' 

Syndecan-2 5'-GAGTGTATCCTATTGATGACGATGACTAC-3' 5'-CTCTGGACTCTCTACATCCTCATCAG-3' 

Syndecan-4 5'-GTCTGGCTCTGGAGATCTGG-3' 5'-CACCAAGGGATGGACAACTT-3' 

Chondroitin sulfate proteoglycan 4 5'-CACACAGAGGAACCCTCGAT-3' 5'-CTTCAGCGAGAGGAGCACTT-3' 

Transforming growth factor beta receptor type 3 5'-ACA TGG ATA AGA AGC GAT TCA GC-3' 5'-AAC GCA ATG CCC ATC ACG GTT AG-3' 

Collagen alpha-1(V) chain 5'-GCATTGTCTGTGGTGTGACC-3' 5'-ATGACTGAACGGCTTGGAAC-3' 

Glypican-5 5'-GGTCGTTGGAAGAACTCTCG-3' 5'-GCGGCCACAAATCCTATTTA-3' 

Myoferlin 5'-GGCTTGCTCTTCACATCCTC-3' 5'-GGAAAACATCCACCCACATC-3' 

Laminin subunit gamma-1 5'-CAGGCTCCATGAAGCAACAGA-3' 5'-GCACTTCTCTCACTGTATGTCCCAC-3' 

Zinc transporter ZIP10 5'-TCCTTGCTAGGCGTGATCTT-3' 5'-TGATCATGTCCACCCTGAGA-3' 

Transferrin receptor protein 1 5'-TCCCAGCAGTTTCTTTCTGTTTT-3' 5'-CTCAATCAGTTCCTTATAGGTGTCCA-3' 

Semaphorin-3C 5'-ATC GCA GCG CTG AGA TTC CTT TAC-3' 5'-GATGCGCTTGTGTCTCCAGTCC-3' 

4F2 cell-surface antigen heavy chain 5'-CAGGTTCGGGACATAGAGA-3' 5'-GAGTTAGTCCCCGCAATCAA-3' 

Choline transporter-like protein 2 5'-CTGTGGGATACGTCATGTGC-3' 5'-TGGACAGGAAGACAGCAGTG-3' 

Interferon-induced transmembrane protein 1 5'-ACTAGTAGCCGCCCATAGCC-3' 5'-GCACGTGCACTTTATTGAATG-3' 

Interferon-induced transmembrane protein 3 5'-CAAGGAGGAGCACGAGG-3' 5'-TTGAACAGGGACCAGACG-3' 

Vesicle-associated membrane protein 1 5'-CTCCTCCTTGCCTAATGCAG-3' 5'-GGACAGAAACCCAGGAATGA-3' 
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R8-Alexa488  

5.0 × 104 cells HeLa 24  (Iwaki) 24

Lipofectamine2000 (Invitrogen) 10 nM siRNA 4

48 α-MEM 

(α-MEM (-)) 2 1 µM R8-Alexa488 α-MEM (-) 

30  (37°C 5% CO2) 0.5 mg/mL

PBS (-) 3 0.01% 10 1.5 mL

PBS (-)

2 PBS FACScalibur (BD Bioscience) 

( 488 nm 515-545 nm) 1

 

 
R8-Alexa488  

1.5 × 105 cells HeLa 35 mm  (Iwaki) 24

24 Lipofectamine2000 (Invitrogen) 10 

nM siRNA 4 48

α-MEM (-) 2 α-MEM (-)

R8-Alexa488 30  (37°C 5% CO2)

0.5 mg/mL PBS (-) 3 (α-MEM 

(+)) 1 mL

 IX-81 (Olympus) FV-1000D

 UPlanSApo (60 ×, NA 1.35, oil)  

 
 

5.0 × 104 cells HeLa 24  (Iwaki) 24

Lipofectamine2000 (Invitrogen) 10 nM siRNA 4

48 1 mM EDTA/PBS 15

1.5 mL

0.5% (w/v)BSA PBS ( BSA-PBS)

PBS 4

(5G9) (Santa Cruze) (1:50) 1 4°C

BSA-PBS 3 2 PBS Alexa488
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IgG  (1:400) 1 4°C

BSA-PBS 3 PBS

FACScalibur (BD Bioscience) ( 488 nm 515-545 nm)

1  

 
R8-Alexa488  

8.0 × 104 cells HeLa 24  (Iwaki) 24

LipofectamineLTX (Invitrogen) DNA 4

24 α-MEM (-)

2 1 µM R8-Alexa488 α-MEM (-) 30

 (37°C 5% CO2) 0.5 mg/mL PBS (-) 3

0.01% 10 1.5 mL

PBS (-) 2

PBS FACScalibur (BD Bioscience) ( 488 nm

515-545 nm) 1

 

 
syndecan-4  

2.0 × 105 cells HeLa 35 mm  (Iwaki) 24

24 α-MEM (-) 2

0.5% (w/v)BSA α-MEM (-) 4

(5G9) (Santa Cruze) (1:50) 30 37°C

PBS 3 0.5% (w/v)BSA α-MEM (-) Alexa488

IgG  (Invitrogen) (1:200) 30 37°C

PBS 3 α-MEM (-)

R8-TAMRA (1 µM) 30  (37°C 5% CO2)

 (50 µM MDC) 30 37°C

0.5 mg/mL

PBS (-) 3  (α-MEM (+)) 1 mL

syndecna-4

 IX-81 (Olympus)

FV-1000D
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 UPlanSApo (60 ×, NA 1.35, oil) Fiji software (ImageJ; NIH)

Fiji Coloc 2 plug-in

 

 

 

2

monodansylcadaverine (MDC, 50 µM) (Sigma) sucrose (0.45 mM)

filipin (1 µg/mL) (Sigma)

nystatin (50 µM) (Sigma)

5-(N-ethyl-isopropyl)amiloride (EIPA, 100 µM) (Sigma) IPA-3 (20 µM) (Sigma)

wortmannine (500 nM) (Sigma), Gö6983 (2 µM) (Sigma) 37°C 30

FACScalibur (BD Bioscience)

 

 

Syndeca-4 transferrin R8  

2.0 × 105 cells HeLa 35 mm  (Iwaki) 24

24 α-MEM (-) 2

0.5% (w/v)BSA α-MEM (-) 4

(5G9) (Santa Cruze) (1:50) 30 37°C

PBS 3 0.5% (w/v)BSA α-MEM (-) Alexa405

IgG  (Invitrogen) (1:200) 30 37°C

PBS 3 α-MEM (-) (100 µL)

MI-IBC 

(Olympus) 5

α-MEM (-) transferrin-Alexa488 (25 µg/mL) R8-TAMRA 

(1 µM) (100 µL 200 µL)

 IX-81 (Olympus) FV-1000D

(GaAsP PMT)  

UPlanSApo (60 ×, NA 1.35, oil)  
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Flp-in loxP HEK293  

2.0 × 105 cells Flp-In 293 35 mm  (Iwaki) 24

Lipofectamine3000 (Invitrogen)

loxP-DsRed-loxP-EGFP-N1_pcDNA5/FRT pOG44 (1:4)

48 5 1 100 mm  

(Iwaki) 400 µg/mL hygromycin B DMEM (+) 10

96  (Iwaki)

24  (Iwaki) DsRed

FACScalibur (BD Bioscience) ( 488 nm 546-606 nm)

 

 

Cre recombinease  

Cre-His_pET-42b(+) Cre-R8-His_pET-42b(+) BL21 (DE3)

OD600 0.6 37°C 0.5 mM IPTG

37°C 4 Complete, Mini, 
EDTA-free  ( )  DNase I ( )

RNase A ( ) Buffer A [10 mM Tris (pH 8.0), 100 mM 

NaH2PO4, 500 mM NaCl, 10 mM imidazole]

Akta Start (GE Healthcare) His-trap FF  (GE 

Healthcare)  [binding bffuer: Buffer A; elution buffer: 10 mM Tris (pH 

8.0), 100 mM NaH2PO4, 500 mM NaCl, 500 mM imidazole] DMEM-HEPES buffer 

[20 mM HEPES (pH 7.4), 1 M NaCl] (1:1) 4°C

SDS-PAGE BCA Protein Assay Kit (Pierce)

 

 
Syndecan-4 Cre

 

6.0 × 104 cells  Flp-In loxP 293 BioCoat Poly-D-lysine 24  

(Corning) 24 Lipofectamine2000 (Invitrogen) 10 

nM siRNA 48 DMEM (-)

2 DMEM (-) Cre CreR8
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30  (37°C 5% CO2) 0.5 mg/mL

PBS (-) 3 0.01% 10 1.5 mL

PBS (-)

2 DMEM (+) 24

37°C 24 FACScalibur (BD 

Bioscience) ( 488 nm 515-545 nm)

1  
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