
 
 
 
 

 

 

 

 

 
 
 
 
 
 
 
 

 
 

2020 1  
 
 
 
 

 

 

 
 

  



 
 

 
1  

1-1  
1-2  
1-3  
1-4  
1-5  
1-6  

 
 

2  DNA  
2-1  
2-2 DNA -Annulus peptide  

2-2-1 -Annulus Cys peptide 
  INHVGGTGGAIMAPVAVTRQLVCS  
2-2-2 -Annulus Cys peptide  
2-2-3 HPLC  
2-2-4 -Annulus-dA20 peptide  
2-2-5 -Annulus-dT20 peptide  

2-3  DNA -Annulus peptide  
2-3-1 DLS  
2-3-2 TEM  
2-3-3  -  

2-4  DNA DNA
 

2-4-1 CD  
2-4-2  
2-4-3  

2-5  dA20 dT20  
2-7  

 
 

3  DNA  
3-1  



3-2 DNA-SS- -Annulus peptide  

3-2-1 Cys- -Annulus peptide 
CINHVGGTGGAIMAPVAVTRQLVGS  

3-2-2 Cys- -Annulus peptide  
3-2-3 HPLC  
3-2-4 DNA-SS- -Annulus peptide  

3-3  DNA-SS- -Annulus peptide  
3-3-1 DLS  
3-3-2 TEM  

3-4  DNA  
3-4-1 HPLC  
3-4-2 MALDI-TOF-MS  
3-4-3 DLS  
3-4-4 TEM  

3-5  (DTT) DNA  
3-5-1 HPLC  
3-5-2 MALDI-TOF-MS  
3-5-3 DLS  
3-5-4 TEM  

3-6  
 

 
4  mRNA  

4-1  
4-2 dT20-SS- -Annulus peptide  
4-3  dT20-SS- -Annulus peptide  

4-3-1 DLS  
4-3-2 TEM  

4-4  dT20-SS- -Annulus peptide RNA  
 4-4-1 RNA  

4-4-2 RNA DLS  
 4-4-3  
4-5  dT20-SS- -Annulus peptide -Annulus peptide  

4-5-1 DLS  
4-5-2 TEM  

4-6  dT20 mRNA mRNA



 
4-6-1  

 4-6-2 DLS  
4-6-3 TEM  
4-6-4 mRNA  
4-6-5 mCherry mRNA dT20- -Annulus  (CLSM ) 

4-7   
 

 
 5    



1 
 

1   
 
1-1  

- -

( )
nm m ( )

1)

 
(DNA RNA)

X ( cryo-EM)

2)  

(TMV) 300 × 18 nm
( 1-1) 2,130

RNA 1 16.3
130 3)  

 
 
 
 
 
 
 
 
 
 

(HSV) 125 nm
1-2(a)

1-1. TMV: (a)  (b)  



2 
 

6 5 1 12

DNA
cryo-EM 2 -
5 5

1-2(b) 4)  
 
 
 
 
 
 
 
 
 
 

(TBSV) 180

2
5 6

5) 6
connecting arm

-annulus
TBSV

( 1-3 (c))  

1-2. HSV : (a) HSV  (b) HSV

 

1-3. TBSV : (a)

 (b)  (c)

-annulus 5) 
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6)

7)

X (cryo-
EM)

Zlotnick

8)  
Heck 4

(IMS-MS) B
(HBV)

9) IMS-MS N2 IMS
N2

 (Ω )

6 3
(trimer of dimers) 5

6
2

( 1-4)  
Stonehouse (SEC) Native PAGE(
) (ESI-MS)

10) HBV
2

2 2
(dimer of dimers) 5 (pentamer of dimers)

( 1-5) dimer of dimers trimer of dimers

 
 

1-4. Heck  
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Mateu
11) SEC

(MVM)
(TEM) (AFM)

Stonehouse 3
3 1

10-20 nm  
 
 
 
 
 
 
 
 
 

Jarrold (Charge Detection Mass Spectrometry: CDMS)

12) MS
2 CDMS

m/z
m

120

1-5. Stonehouse HBV  

1-6. MVM  



5 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
1-2  

3 2, 13)

Belcher M13
14) M13 p8 2700

1 DNA p8
2

KMnO4

1-8. M13  

 

1-7. HBV  
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1kg 2-3
 

Steinmetz (CPMV)
N-

1-9
TMV

TMV CPMV
15)  

 

 
 

DNA
DNA

Francis
MS2 T

DNA
16)

(T)
p-

1-9.  

1-10. MS2 DNA  
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DNA
DNA

 
 
 
1-3  

17)

Triskelion 3

Triskelion Mg2+ 50-120 nm
18)  

Aquifex aeolicus (AaLs) 16 nm

Hilvert
(GFP) 19a) AaLs

8
C GFP

GFP ( 1-12 (a)) Hilvert circular permutation
C N C N

AaLs

1-11.  (a) Triskelion  

(b) cryo-EM

 

1-12.   

(a) GFP  (b) RNA  
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(cpAaLS-RX)
AaLs RNA

RNA
( 1-12 (b))19b)  

17)

Yeates

3

2

-

( 1-13(a))20a)

( 1-13(b))20b)  
Marsh Pseudomonas putida 3

5
21)  

 

 
 

1-13. -

  

(a)  (b)  

1-14.  
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Baker (Protein Data Bank : PDB)
300 3

(RosettaDesign)
25 nm (I3-01)

cyro-EM 22)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- ( -LG)
162 pH 2
Nallani (PEG)

- A 
( -LG A)

(PEG)

-
LGA-PEG(-) -LGA-
PEG(+)

80-100 nm

GFP

23)  

1-16. -

A-PEG  

1-15. I3-01  (a)cyro-EM  (b)  (c)

2  (d)  (e)(c) I3-

01  
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Heddle
RNA

 (TRAP) 11
(i)-

24)  
 
 
 
 
 
 
 
 
 
 
 
 
1-4  

17, 

25) - -

 
Mihara

Pro  (FI
: 

H-PKFKIIEFEP-OH) 

26a)
1-18. FI

26) 

1-17.   

(a) TRAP  (b)TRAP cyro-EM  
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- 80-
130 nm FI N

50-70 nm

TEM 26b)  

Matsuura
-

FKFEFKFE
Trigonal(FKFE)2

20 nm

27)

Matsuura

Trigonal-Glutathione 
(TG) 100-250 nm 28) TG

SEM
 

 
 
 
 
 
 
 
 
 
 

1-19. Trigonal(FKFE)2

27) 

1-20. Trigonal-Glutathione SEM  

 (A) [TG] =1 mM, (B) [TG] = 10 mM 28) 
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Ryadnov

29)

25

RRWQWR

-

Gln Thr C Arg Glu
(RRWTWE) -

20-200 nm
 

 
 
1-5  

1-1
(TBSV)

33 nm

388
69 Ile 92

Ser
-annulus

1-3 5)

Matsuura 24
-Annulus

1-22. (a) -Annulus

 (b) -Annulus

 

1-21.  
29) 
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(INHVGGTGGAIMAPVAVTRQLVGS) 30-50 nm
1-22(a) X (SAXS)

17, 30) pH -
C C N

1-22(b) 31)  
-Annulus C

1-23(a) 32) Coiled-
coil Spike 1-23(b) 33) (HSA) 1-23(c) 34)

HSA
585 N 34 Cys

(Cys34)  (SH) -
Annulus C Cys -Annulus Cys
(INHVGGTGGAIMAPVAVTRQLVCS) HSA

Cys34 Tris-HCl 50-70 nm
HSA -

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

17, 31)

M13 DNA 1-24(a) 31) CdTe
1-24(b) 35) N ZnO36) His GFP

1-23.  (a)

 (b) Coiled-Coil Spike (c) HSA 
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1-24(c) 37) DNA
M13 DNA(7249 ) -Annulus 1:1

82 nm TEM 82-108 
nm 31) DNA

TEM 23-
37 nm DNA TEM

M13
DNA ( 1-25)  

 

 
 
1-6  

TBSV 24 -Annulus 
(INHVGGTGGAIMAPVAVTRQLVGS) 30-50 nm

C
N

1-24.  (a)M13 DNA 

(b) CdTe (c) His GFP 

1-25. DNA TEM 31) 
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DNA DNA mRNA
1-26  

2 DNA
20 (dA20) 20

(dT20)
DNA

DNA

 
3 20 DNA

M13 phage DNA DNA
N Cys

DNA
DNA

DNA  
4 mRNA

mRNA 3’ A
mRNA

3
DNA , 

N dT20 mRNA
mRNA  
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: Biotage, Initiator+ 

(HPLC)  
 

(1) 
: SHIMADZU CBM-20A 

UV-VIS : SHIMADZU SPD-20A 
: SHIMADZU LC-20AD (2 ) 

: SHIMADZU CTO-20A 
: SHIMADZU DGU-20A3 

: Rheodyne 7725i 

1-26. (a) DNA (b) 

DNA  (c) mRNA  
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(2) 
: SHIMADZU SCL-10A VP 

UV-VIS : SHIMADZU SPD-M20A 
: SHIMADZU LC-20AR, LC-6AD 

: SHIMADZU FRC-10A 
: SHIMADZU CTO-20A 

: SHIMADZU DGU-20A3 

: Rheodyne 7725i 
 

(MALDI-TOF-MS): 
Bruker Daltonics Autoflex Ⅲ 

(DLS) : Malvern, Zetasizer Nano ZS 
pH : HORIBA, twin pH meter B-212 

(UV-vis) : JASCO, V-630 spectrophotometer 
: JASCO, FP-8200 spectrophotometer 

(TEM): JEOL, JEM 1400 Plus 
(CD): JASCO, J-820 

Atto mypower Ⅱ300 AE-8130 
Atto AE-6100 
Atto TP-15MP ( 312 nm) 

 (CLSM) OLYMPUS, FLUOVIEW FV10i 
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2 DNA  
 
2-1  

20 (ODN)

1) DNA 4
1, 2, 3

2)

Francis DNA DNA
2 DNA

ODN DNA 1
3) Finn ODN CPMV

ODN
4)

5) Hashizume

6)

 
-Annulus C 20 (dA20)

-Annulus-dA20 (dT20) -Annulus- 
dT20 DNA
( 2-1) -Annulus C 

7) C  dA20  

 DNA 
(DLS)

(TEM) DNA DNA
DLS  
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2-1. DNA  
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2-2 DNA -Annulus peptide  
2-2-1 -Annulus-Cys peptide INHVGGTGGAIMAPVAVTRQLVCS  

-Annulus-Cys peptide (INHVGGTGGAIMAPVAVTRQLVCS)  Fmoc
8, 9)  

 
 

 
Fmoc-Ser(tBu)-Alko-PEG resin 

0.23 mmol/g, 521 mg (0.125 mmol) 
 
Fmoc            (  4 ) 

Fmoc-Ile-OH    Mw 353.42, 177 mg (0.50 mmol) 2 
Fmoc-Asn(Trt)-OH   Mw 596.69, 298 mg (0.50 mmol) 
Fmoc-His(Trt)-OH   Mw 619.73, 310 mg (0.50 mmol) 
Fmoc-Val-OH    Mw 339.39, 170 mg (0.50 mmol) 4 

  Fmoc-Gly-OH    Mw 297.31, 149 mg (0.50 mmol) 4 
Fmoc-Thr(tBu)-OH   Mw 397.48, 199 mg (0.50 mmol) 2 
  Fmoc-Ala-OH H2O   Mw 329.36, 165 mg (0.50 mmol) 3 
  Fmoc-Met-OH    Mw 371.46, 186 mg (0.50 mmol) 
  Fmoc-Pro-OH AcOEt   Mw 425.46, 213 mg (0.50 mmol) 
  Fmoc-Arg(Pbf)-OH AcOEt 0.2IPE Mw 669.29, 335 mg (0.50 mmol) 
  Fmoc-Gln(Trt)-OH   Mw 610.72, 305 mg (0.50 mmol) 
  Fmoc-Leu-OH    Mw 353.42, 177 mg (0.50 mmol) 
  Fmoc-Cys(Trt)-OH   Mw 585.72, 293 mg (0.50 mmol) 
 

 
O-(1H-Benzotriazole-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (HBTU) 

Mw 379.25,  
O-(7-aza-1H-benzotriazole-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (HATU) 

Mw 380.21,  
 

 
1-Hydroxy-1H-benzotriazole hydrate (HOBt H2O) Mw 153.14,  

 
N, N'-Diisopropylethylamine (DIPEA) Mw 129.25,  
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Fmoc  
Mw 85.15,  

 
 

N-methyl-2-prrolidone (NMP)  
 

1  
TNBS  (1 %  DMF 10 % N, N

 DMF )  
 

1 2  
2 %  DMF 2 %  DMF 

 
 
 

 
1  

 Fmoc-Ser(tBu)-Alko-PEG resin 602 mg (0.126 mmol) 
NMP  5 mL 1  
 

2 Fmoc  
DMF 20 80 ( )  2.5 mL 

15  2 
 NMP  5  2   (Pro)  

Fmoc (3)  TNBS 30  
2  
 

3 Fmoc  
 DMF 1 %  DMF  1 

10 % N, N  DMF  1  5 
23 

  (Asn) TNBS 
 DMF 2 % 

 DMF  1 2 %  DMF  1 
 5  Fmoc 
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4  
Fmoc- HBTU HOBT 2H2O 

 4 DIPEA  8 NMP  2.5 mL 
 2  NMP  

5 Pro  3 13 
 (Met) HATU  

 
5  

  DMF 1 %  DMF  1 
10 % N, N  DMF  1  5 

 DMF 
 

DMF 2 %  DMF  1 2 % 
 DMF  1  5 

 
 

2 5 Ile-Asn(Trt)-His(Trt)-Val-Gly-Gly-Thr(tBu)-Gly-Gly-Ala-Ile-
Met-Ala-Pro-Val-Ala-Val-Thr(tBu)-Arg(Pbf)-Gln(Trt)-Leu-Val-Cys(Trt)-Ser 

 
 
2-2-2 -Annulus-Cys peptide  
 

 
TFA  Mw 114.02,  

1,2- EDT  Mw 94.20,  
TIS  Mw 158.36,  

tert-   Mw 88.15, Wako  
H2O  

 
 

 
100 mL  TFA 9.5 mL  0.25 mL EDT 0.25 mL
TIS 0.1 mL  3 

 tert-  20 mL 
 (2000 rpm, 10 ) 

 3 
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 2 
 

 
546.4 mg 184 % 

 
MALDI-TOF-MS  

Matrix: -CHCA, Mode: Linear positive 
 
 
 
 
 
 
 
 
 
 
 
 
 
2-2-3 HPLC  
 

HPLC  
 

0.1 % TFA 0.1 % TFA 10 % = 3 : 2 : 5  
         

Inertsil WP300 C18 ( 5 m, 20 × 250 mm ) 
 10 mL / min 

 0.9 mg / mL × 2 mL 
UV-vis  220 nm 

 /  ( 0.1%TFA ) 
75 % (0 min) → 45 % (90 min)  
 25 % (0 min) → 55 % (90 min) 

 
 
 

2-2. MALDI-TOF-MS (matrix: -CHCA) 
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MALDI-TOF-MS  
 23  MALDI-TOF-MS  

 
 
 
 
 
 
 
 
 
 
 
 

 -Annulus-Cys  
 

5.1 mg 
13 % 

 
 
2-2-4 -Annulus-dA20 peptide  
 -Annulus-dA20 peptide 5’ DNA (dA20-(CH2)6 -NH2) 

 Sulfo-GMBS dA20-maleimide  

2-3. HPLC  

2-4. 23 MALDI-TOF-MS (matrix: -CHCA) 
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dA20-(CH2)6-NH2  (NH2-5’AAAAAAAAAAAAAAAAAAAA3’)  

   Mw 6468.47,  
N -(4-Maleimidobutyryloxy) sulfosuccinimide (Sulfo-GMBS)      Mw 382.82 , Wako   
Sodium biocarbonate     Mw 84.01 , SIGMA  
 

 
 dA20-(CH2)6-NH2 641.3 g( 100.5 nmol)
100 L 1.0 mM Sulfo-GMBS 9.1 mg (24 mol, 240

0.1 M 500 L 25 C 2
Sulfo-GMBS Spectra/por7 (cutoff 

Mw 1000 : SPECTRUM ) 20
2 HPLC

Sulfo-GMBS dA20-(CH2)6-NH2 HPLC
 

 
HPLC  

Inertsil ODS-3 (5 m, 4.6×250 nm) 
(A) CH3CN / (B) 0.1 M NH4HCO2 aq 

B 100 % (0 min) 100 % (5 min) 
    100 % (5 min)  50 % (55 min) 
     50 % (55 min)  0 % (65 min) 

20 L 
UV-vis 260 nm 
1 mL / min 
(1) Sulfo-GMBS, (2) dA20-(CH2)6-NH2, (3) (dA20-maleimide) 

2-5. dA20-maleimide  
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MALDI-TOF-MS   
2-6 (3)  (24.5 ) MALDI-TOF-MS

HPLC
100 L

4  
 

 
3- -2- (3-HPA) 50 mg 

500 L 
500 L 

5 mg 
 
 

2-6. HPLC  
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2-6  HPLC dA20-(CH2)6-NH2

 22  Sulfo-GMBS  20 
24.5 2-7  MALDI-TOF-

MS m/z=6569 dA20-maleimide (Mw 6533) 
dA20-maleimide -Annulus-

Cys peptide  

 
dA20-maleimide 0.1 M

(pH6.6) 200 μL (A) -
Annulus-Cys 1.1 mg (0.468 mol) 400 L

600 L (A) (B) 40 C 24
HPLC

-Annulus-Cys HPLC  
 
 

2-7.  MALDI-TOF-MS (matrix: 3-HPA) 

2-8. -Annulus-dA20  
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HPLC  
Inertsil ODS-3 (5 m, 4.6×250 nm) 
(A) CH3CN / (B) 0.1 M NH4HCO2 aq 

B 100 % (0 min) 100 % (5 min) 
    100 % (5 min)  50 % (55 min) 
     50 % (55 min)  0 % (65 min) 

20 L 
UV-vis 260 nm ((3) 220 nm) 
1 mL / min 
(1) dA20-(CH2)6-NH2, (2) dA20-maleimide, (3) -Annulus-Cys peptide, (4) 

( -Annulus-dA20) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2-9 HPLC 35.5
Spectra/por7 (cutoff Mw 1000 : 

2-9. HPLC  
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SPECTRUM ) 20  
 

MALDI-TOF-MS  
Matrix: 3-HPA, Mode: Linear positive 
 
 
 
 
 
 
 
 
 
 
 
 
 

2-10 Mw: 8897 (m/z = 8909)  
 

UV-vis  
 20 -Annulus-dA20  200 L 

200-350 nm 
25 C    : 1.5 nm 

1 mm   : Fast 
   : 400 nm / min 

2-10. -Annulus-dA20 MALDI-TOF-MS (matrix: 3-HPA) 

2-11. 10 -Annulus-dA20 UV-vis  
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-Annulus-dA20 UV-vis 2-11
260nm A = 0.2086 = 0.1 cm dA20

10) -Annulus-dA20  

 

 
 

 

 

-
Annulus-dA20  
 

25.2 % 
35.2 nmol 

 
 
2-2-5 -Annulus-dT20 peptide  

2-2-4 -Annulus-dA20 peptide -Annulus-dT20 peptide
 

 
 
 
 
 
 
 
 
 
 

 
dT20-(CH2)6-NH2 Mw6201.2  
N -(4-Maleimidobutyryloxy) sulfosuccinimide (Sulfo-GMBS)      Mw 382.82 , Wako   
Sodium biocarbonate     Mw 84.01 , SIGMA  
 
 

2-12. dT20-maleimide  
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dT20-(CH2)6-NH2  595.2 g (96 nmol)
96 L 1.0 mM Sulfo-GMBS 9.1 mg(24 mol, 240 )

0.1 M 500 L 25 C 2
Sulfo-GMBS Spectra/por7 (cutoff 

Mw1000 : SPECTRUM ) 20 1
HPLC

 
 

HPLC  
Inertsil ODS-3 (5 m, 4.6×250 nm) 
(A) CH3CN / (B) 0.1 M NH4HCO2 aq 

B 100 % (0 min) 100 % (5 min) 
    100 % (5 min)  50 % (55 min) 
     50 % (55 min)  0 % (75 min) 

20 L 
UV-vis 260 nm 
1 mL / min 
(1) dT20-(CH2)6-NH2, (2) (dT20-maleimide) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2-13. HPLC  
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2-13 (2) 27
MALDI-TOF-MS  

 
MALDI-TOF-MS  

Matrix: 3-HPA, Mode: Linear positive 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MALDI-TOF-MS m/z = 6433
dT20-maleimide (Mw: 6366) 67

dT20-maleimide dT20-maleimide
-Annulus-Cys peptide  

 
 
 
 
 
 
 
 
 
 

dT20-maleimide 0.1 M (pH 6.6) 200 
μL (A) -Annulus-Cys peptide 1.1mg 
(0.468 μmol) 400 μL 600 μL

2-14. 27 MALDI-TOF-MS (matrix: 3-HPA) 

2-15. dT20-maleimide  
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(B) (A) (B) 40 C 24
HPLC  

 
HPLC  

Inertsil ODS-3 (5 m, 4.6×250 mm) 
(A) CH3CN / (B) 0.1 M NH4HCO2 aq 

B 100 % (0 min) 100 % (5 min), 
100 % (5 min)  50 % (55 min) 

20 L 
UV-vis 260 nm 
1 mL / min 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2-16. HPLC  
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2-17 HPLC 36
Spectra/por7 (cutoff Mw 1000 : SPECTRUM

) 20  
 

MALDI-TOF-MS  
Matrix: SA, Mode: Linear positive 
 
 
 
 
 
 

2-17. HPLC ( ) 
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2-18 m/z = 8718  
 

UV-vis  
 20 -Annulus-dT20  200 L 

200-350 nm 
25 C 

1 mm  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

2-18. dT20- -Annulus MALDI-TOF-MS (matrix: SA) 

2-19. 10 -Annulus-dT20 UV-vis  
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260nm A=0.099047 = 0.1 cm dT20

10) 
-Annulus-dT20  

 

 
 

 

 22.2 % 
 185.65 g 

 
 
2-3  DNA -Annulus peptide  
10 mM phosphate buffer (pH 7.1) -Annulus-dA20 -Annulus-dT20

DLS TEM
 

 
2-3-1 DLS  
10 mM phosphate buffer (pH 7.1) 25  M -Annulus-dA20 10 mM 
phosphate buffer 25 M -Annulus-dT20 10 mM phosphate buffer

5  
 

DLS  
ZEN2112-Low volume glass cuvette (12 L) 
25 C 

10  
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[ -Annulus-dA20] = 25 M 

 

[ -Annulus-dT20] = 25 M 
 

 
2-20 60 nm

-Annulus-dA20

DLS  
 

 
-Annulus-dA20 10 mM phosphate buffer (pH 7.1) 100 μM, 

50 μM, 25 μM, 12.5 μM, 6.25 μM, 3.13 μM, 1.56 μM, 0.78 μM, 0.38 μM 
 5  

 
 

ZEN2112-Low volume glass cuvette (12 μL) 
25 C 

2-20. 25 M -Annulus-dA20 -Annulu-dT20 10 mM phosphate 

buffer DLS ( ) ( )  
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Attenuator  

[ -Annulus-dA20] = 100 M    

 

[ -Annulus-dA20] = 50 M  

 
 

[ -Annulus-dA20] = 25 M  
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[ -Annulus-dA20] = 12.5 M  

 

[ -Annulus-dA20] = 6.25 M 

 
 

[ -Annulus-dA20] = 3.13 M 
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[ -Annulus-dA20] = 1.56  

 

[ -Annulus-dA20] = 0.78  

 

[ -Annulus-dA20] = 0.38  

 

2-21. -Annulus-dA20 10 mM phosphate buffer (pH 7.1)  

DLS ( ) ( )  
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2-21 DLS
 

 
2-22 0.38-25 M -Annulus-dA20 18-190 nm

50-100 M 200 nm
-Annulus (CMC) 25 M

11) -Annulus-dA20 DNA

DNA 12, 13) 14)

 
 
2-3-2 TEM  

TEM -Annulus-dA20 -Annulus-dT20 10 mM 
phosphate buffer  
 

 
Grid: C-SMART Hydrophilic TEM grids (ALLIANCE Biosystems) 

: 80 kV 
: 2 % Na3(PW12O40)(H2O)n   

 
 
 

2-22. -Annulus-dA20 10 mM phosphate buffer (pH 7.1)  
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-Annulus-dA20 10 mM phosphate buffer Grid 5 L 1 

2 % Na3(PW12O40)(H2O)n  5 L
1  1  

 

 
2-23 -Annulus-dA20 -Annulus-dT20 25 M

50 nm 2-20 DLS
24 -Annulus

(INHVGGTGGAIMAPVAVTRQLVGS)
30-50 nm11) 20 DNA

44-64 nm 8) dA20

dT20  
 
2-3-3  -  
 - -Annulus-dA20  
 

 
A: 25 M -Annulus-dA20 , B: -Annulus-Cys   1 mL 
10 mM phosphate buffer (pH 7.1) 
DT1061 Clear disposable zeta cell  
25 C 

2-23. -Annulus-dA20 -Annulus-dT20 10 mM phosphate buffer

TEM  (A) [ -Annulus-dA20] = 25 M, (B) [ -Annulus-dT20] = 25 M 
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2-24 -Annulus-Cys  0 -
Annulus-dA20

DNA
 

 
 
2-4  DNA DNA

 
DNA

 
 
2-4-1 CD  

 (CD) -Annulus-dA20 DNA
 

 
 

Polytymidylic acid sodium salt (Poly dT) SIGMA  
 

 
-Annulus-dA20 10 mM phosphate buffer (pH 7.1) 25 M -

Annulus-dA20 10 mM phosphate buffer -Annulus 

2-24. -  (A) [ -Annulus-dA20] = 25 M, (B) [ -Annulus-Cys] = 25 M, (C)
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Q 100 M -Annulus  
 

CD  
CD  

10mM phosphate buffer (pH 7.1)  0.1 cm  
25 C     200 L 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2-26. Poly dT CD : ( ) Poly dT, ( ) -Annulus-dA20, 

( ) dA20 + Poly dT, ( ) -Annulus-dA20 + Poly dT ; [A] = [T] = 0.5 mM 

2-25. -Annulus-dA20 CD : ( ) dA20, ( ) -Annulus-dA20, ( ) [ -

Annulus ] = 100 M, ( ) -Annulus-dA20 -Annulus ; [A] = 

[T] = 0.5 mM 
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2-25 dA20( ) -Annulus-dA20 ( ) ( )
dA20 248 nm

DNA -Annulus-Cys
2-26 248 nm

-Annulus-dA20 Poly dT ( ) -Annulus-dA20 ( )
dA20 Poly dT ( )

 dA20  Poly dT 
2 DNA CD 240 nm-280 nm

B CD
C

 
 
 
2-4-2  
2  DNA  DAPI 

-Annulus-dA20 -Annulus-dT20

 
 

 
4’,6-Diamidino-2-phenylindole,dihydrochloride (DAPI) Mw:350.25  

 
 
 
 

 
100 M DAPI  10mM phosphate buffer  (pH 7.1) 20 

L 10mM phosphate buffer ( pH 7.1) 180 L 10 M DAPI 200 L
A T

100 M DAPI 20 L 10 mM phosphate buffer (pH 
7.1) 200 L  
 

 
: 200 L 
: 10 mM phosphate buffer (pH 7.1)  : very low 

: 345 nm     : 25 C 
: 360-600 nm    :  0.1cm  
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2-27. 10 M DAPI 10 mM phosphate buffer : (a) DAPI, (b) 

DAPI+ -Annulus-dA20 + Poly dT, (c) DAPI+ -Annulus-dA20 + dT20, (d) DAPI+ dA20 + Poly 

dT ; [A] = [T] = 0.5 mM 

2-28. 10 M DAPI 10 mM phosphate buffer : (a) DAPI, (e) DAPI+ 

-Annulus-dA20, (f) DAPI+ -Annulus-dT20, (g) DAPI+ -Annulus-dA20 + -Annulus-dT20 

; [A] = [T] = 0.5 mM 
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DAPI DNA2
15) 2-27 DAPI (d) dA20

Poly dT
(b) -Annulus-dA20 + Poly dT

(c) -Annulus-dA20 + dT20

(c) -Annulus-dA20 + dT20 (d) -
Annulus-dA20 + Poly dT DNA

 
2-28 (g) -Annulus-dA20 + -Annulus-dT20 (e) -Annulus-dA20

(f) -Annulus-dT20 1.4

dA20 dT20  
 
 
2-4-3  
CD DAPI DNA

DLS TEM
 

 
 

Polytymidylic acid sodium salt (Poly dT) SIGMA  
Polydeoxyadenylic acid sodium salt (Poly dA) SIGMA  
 

DLS   
DLS  

10 mM phosphate buffer (pH 7.1) 
ZEN2112-Low volume glass cuvette (12 μL) 
25 C 
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25 M -Annulus-dA20 + Poly dT   

([A] = [T] = 500 M) 

 
25 M -Annulus-dA20 + PolydA   

([A] = 500 M) 

25 M -Annulus-dT20 + Poly dA   

([T] = [A] = 500 M) 
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25 M -Annulus-dT20 + Poly dT  

 ([T] = 500 M) 

 
2-29 -Annulus-dA20 Poly dT 500 nm

Poly dA 100 nm
-Annulus-dT20 Poly dT

30 nm Poly dA
10 nm  

DLS TEM  
 

TEM  
TEM  

Grid: C-SMART Hydrophilic TEM grids (ALLIANCE Biosystems) 
: 80 kV 

: 2 % Na3(PW12O40)(H2O)n   
 

2-30 Poly dT -Annulus-dA20 300 nm
Poly dA 50 nm Poly 

dA -Annulus-dT20 300 nm 30 nm
Poly dT 50 nm

2-29 DLS -Annulus-dA20 -Annulus-
dT20 DNA

DNA  

2-29. DNA DLS

( ) ( )  
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2-5  dA20 dT20  
 -Annulus-dA20 -Annulus-dT20

-Annulus-dA20 -Annulus-dT20

DLS TEM  
 

 
-Annulus-dA20 -Annulus-dT20 10 mM phosphate buffer 

(pH 7.1) 25 M ([A] = [T] = 
500 M)  

2-30. DNA TEM

 (A) Poly dT -Annulus-dA20, (B) Poly dA -Annulus-dA20, (C) Poly dA

-Annulus-dT20, (D) Poly dT -Annulus-dT20 
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DLS   
DLS  

10mM phosphate buffer (pH 7.1) 
ZEN2112-Low volume glass cuvette (12 μL) 
25 C 

 

 
2-31 60 nm 200-600 

nm DLS
TEM  

 
TEM  
TEM  

Grid: C-SMART Hydrophilic TEM grids (ALLIANCE Biosystems) 
: 80 kV 

: 2 % Na3(PW12O40)(H2O)n   
 

2-32 110 nm 30 nm
2-31 DLS -Annulus-

dA20 -Annulus-dT20

DNA
DNA

 

2-31. -Annulus-dA20 -Annulus-dT20 DLS

( ) ( )  
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2-7 9, 16) 

Fmoc C 2 Cys -Annulus-Cys 
-Annulus-Cys dA20 dT20

-Annulus-dA20 -Annulus-dT20 -Annulus-
dA20 -Annulus-dT20 DLS TEM DNA
C 50 nm

-Annulus-dA20

DNA
-Annulus-dA20 CD

DNA DNA
DNA

Poly dT
 

-Annulus-dA20 -Annulus-dT20

DNA
DNA DNA

DNA
 

  
 

2-32. -Annulus-dA20 -Annulus-dT20

TEM  
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3 DNA  
 
3-1  

1 2
DNA RNA DNA mRNA

1) DNase 
RNase

2)  

3) 1 M13
4) CPMV5) HIV

6)

7)

8)  

-Annulus 24
30-50 nm 9)

C N

DNA 10)  

(0.5-10 mM) (-SH)

11) DNA
DNA

siRNA 12) Langer
PBS GSH 10 mM
DNA 13)  

DNA
-Annulus peptide N Cys

SPDP DNA -Annulus (DNA-SS- -Annulus 
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peptide) 3-1
(DLS) (TEM)

HPLC DLS TEM
 

 
 
 
 
 
 
 
 
 
 
 

3-1.  
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3-2 DNA-SS- -Annulus peptide  
3-2-1 Cys- -Annulus peptide CINHVGGTGGAIMAPVAVTRQLVGS  
Cys- -Annulus peptide (CINHVGGTGGAIMAPVAVTRQLVGS) Fmoc

 
 

 
 

Fmoc-Ser(tBu)-Alko-PEG Resin   
0.24 mmol/g, 521 mg(0.125 mmol) 

 
Fmoc  
Fmoc-Ile-OH   Mw 353.42, 177 mg (0.5 mmol)×2 
Fmoc-Asn(Trt)-OH  Mw 596.69, 298 mg (0.5 mmol) 
Fmoc-His(Trt)-OH   Mw 619.73, 310 mg (0.5 mmol) 
Fmoc-Val-OH   Mw 339.39, 170 mg (0.5 mmol)×4 
Fmoc-Gly-OH   Mw 297.31, 149 mg (0.5 mmol)×4 
Fmoc-Thr(tBu)-OH  Mw 397.48, 199 mg (0.5 mmol)×2 
Fmoc-Ala-OH H2O  Mw 329.36, 165 mg (0.5 mmol)×3 
Fmoc-Met-OH   Mw 371.46, 186 mg (0.5 mmol) 
Fmoc-Pro-OH H2O  Mw 355.40, 178 mg (0.5 mmol) 
Fmoc-Arg (Pbf)-OH  Mw 648.78, 324 mg (0.5 mmol) 
Fmoc-Gln(Trt)-OH  Mw 610.72, 305 mg (0.5 mmol) 
Fmoc-Leu-OH   Mw 353.42, 177 mg (0.5 mmol) 
Fmoc-Cys(Trt)-OH  Mw 585.72, 293 mg (0.5 mmol) 
 

 
(1-Cyano-2-ethoxy-2-oxoethylideneaminooxy)dimethylamino(morpholino)carbenium 
hexafluorophosphate (COMU) Mw 428.27,  
 

 
N,N’-Diisopropylethylamine (DIPEA) Mw 129.25,  
 
Fmoc  

Mw 85.15, Fmoc  
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N-Methyl-2-Pyrrolidone (NMP)  
N,N-Dimethylformamide (DMF)  
 

 
TNBS  ( 1 %  DMF 10 % N,N-

 DMF  )  
 

 
 ( 2 %  DMF 2 %  DMF 

 )  
 

 
5 min 
75  

30 sec 
High 

35 W 0-400 W  
2.45 GHz  

 
 

1  
 Fmoc-Ser(tBu)-Alko-PEG Resin 521 mg (0.125 mmol) NMP 2 

mL 1 1  
 

2 Fmoc  
40 %  2 mL 

3 20 % 2 mL
10  NMP  5 

Fmoc  
 

3 Fmoc  
DMF 1 %  DMF  1 

10 % N, N  DMF  1  5 
 DMF 

2 Fmoc
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DMF 2 % 
 DMF 1 2 %  DMF 1 5

 
 

4  
Fmoc- COMU  4 

DIPEA  8 NMP 2 mL 
(Biotage ) 75 5  
NMP NMP 5mL 30 NMP 5

90
NMP 5  

 
5  

DMF 1 %  DMF  1 
10 % N, N  DMF  1  5 

 DMF 

DMF 2 %  DMF 1
2 %  DMF 1 5

 
 

2 5  
Cys(Trt)-Ile-Asn(Trt)-His(Trt)-Val-Gly-Gly-Thr(tBu)-Gly-Gly-Ala-Ile-Met-Ala-Pro-Val-Ala-
Val-Thr(tBu)-Arg(Pbf)-Gln(Trt)-Leu-Val-Gly-Ser(tBu)  
 
3-2-2 Cys- -Annulus peptide  
 

 
TFA Mw 114.02,  

1,2- EDT Mw 94.20,  
TIS Mw 158.36,  

H2O  
tert- Mw 88.15,  
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TFA 3.17 mL  0.083 mL EDT 0.083 mL TIS 0.033 mL (94 % 

TFA, 2.5 % water, 2.5 % EDT, 1 % TIS)
30  3 
100 mL

 tert- 20 mL
 (4000 rpm, 5 ) 5

 
 

301 mg (0.125 mmol) 
238 mg 
79.1 % 

 
MALDI-TOF-MS  

Matrix: -CHCA, Mode: Linear positive 
 
 
 
 
 
 
 
 
 
 
 
 
 
3-2-3 HPLC  
 

HPLC  
 

: Inertsil WP300 C18 (5 m, 20 250 mm) 
: 500 L 

: / 0.1 % TFA  
: 78 % (0 min)  50 % (95 min)  

3-2. MALDI-TOF-MS (matrix: -CHCA) 
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: UV-vis  220 nm 
: 10 mL / min 

 
 
 
 
 
 
 
 
 
 
 
 
 

MALDI-TOF-MS  

Matrix: -CHCA, Mode: Linear positive 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Cys- -Annulus  
 

3.93 mg 
21.2 % 

 
 

3-3. HPLC  

3-4. 25 MALDI-TOF-MS (matrix: -CHCA) 
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3-2-4 DNA-SS- -Annulus peptide  
DNA-SS- -Annulus peptide 5’ DNA (DNA-(CH2)6 

-NH2)  SPDP PySS-DNA 14)  
   

 
 
 

 
5’ DNA   MW: 7203 

NH2-(CH2)6-5’-TCTACAAAGGGAAGCCCTTTCTG-3’  
N-Succinimidyl 3-(2-pyridyldithio) propionate (SPDP)  Mw 312.36  
 

 
5’ DNA 1037.8 g (0.144 mol) 50 mM phosphate buffer (pH 8.0) 720 L

0.2 mM 0.2 mM DNA 200 L (0.04 mol)
10 mM SPDP 100 L(1 mol, 25 )

25 C 1 SPDP
Spectra/por7 (cutoff Mw 1000 : SPECTRUM ) 20

2 HPLC
SPDP DNA-(CH2)6-NH2

HPLC  
 

HPLC  
: Inertsil WP300 C18 (5 m, 4.6 250 mm) 
: (A) CH3CN / (B) 0.1 M NH4HCO2 aq 

: B: 100 % (0 min)  0 % (95 min)  
: UV-vis 260 nm 
: 1 mL / min 

(1) SPDP, (2) DNA-(CH2)6-NH2, (3) (PySS-DNA) 

3-5. PySS-DNA  
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3-6 18.6
MALDI-TOF-MS  

 
 

MALDI-TOF-MS  
Matrix: 3-HPA, Mode: linear positive 
 

3-6. HPLC  
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3-6  HPLC DNA-(CH2)6-NH2

 14.6 SPDP 3.5 18.6
3-7  MALDI-TOF-MS 

m/z = 7402 PySS-DNA (Mw 7400) 
PySS-DNA UV-vis

PySS-DNA 3-8  
 

UV-vis  
 20 PySS-DNA  200 L 

200-350 nm 
25 C 

: 1.5 nm 
: Fast 

: 400 nm / min 
1 mm  

 
 
 

3-7.  MALDI-TOF-MS (matrix: 3-HPA) 
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260 nm A = 0.180626, l = 0.1 cm, DNA

M-1cm-1 15) DNA  

 

 
PySS-DNA  

 

: 72 % 
: 28.8 nmol 

 
PySS-DNA Cys- -Annulus peptide
3-9  

 

3-8. 20 PySS-DNA UV-vis  

3-9. DNA-SS- -Annulus peptide  
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PySS-DNA (28.8 nmol) 50 mM phosphate buffer (pH 7.2) 0.1 mM

Cys- -Annulus peptide 1.4 mg 581 nmol
50 mM (pH 7.2) 2 mM PySS-

DNA : Cys- -Annulus peptide = 1: 20 25 C 24
HPLC Cys-

-Annulus HPLC  
 

HPLC  
: Inertsil WP300 C18 (5 m, 4.6 250 mm) 
: (A) CH3CN / (B) 0.1 M NH4HCO2 aq 

: B: 90 % (0 min)  0 % (95 min)  
: UV-vis 220 nm (Cys- -Annulus peptide), 260 nm (DNA-SS- -Annulus peptide) 
: 1mL / min 
: (1) Cys- -Annulus (2) DNA-SS- -Annulus  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3-10. HPLC  
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3-10 HPLC 25

Spectra/por7 (cutoff Mw 1000 : 
SPECTRUM ) 20  
 

MALDI-TOF-MS  
Matrix: 3-HPA, Mode: Linear positive 

 
 

3-11 (Mw: 9698) (m/z = 9692)  
 

UV-vis  
 : 15 DNA-SS- -Annulus  200 L 

200-350 nm 
25 C 

: 1.5 nm 
: Fast 

: 400 nm / min 
1 mm  

 
 
 
 

3-11. DNA-SS- -Annulus MALDI-TOF-MS (matrix: 3-HPA) 
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3-12 260 nm A = 0.051128, l = 0.1 cm, DNA
M-1cm-1 15)  

DNA  
 

 

 

 
 

 

 
21 % 
6.11 nmol 

 
 
3-3  DNA-SS- -Annulus peptide  
 10 mM phosphate buffer (pH 7.1) DNA-SS- -Annulus

DLS TEM  
 
3-3-1 DLS  

 

3-12. 15 DNA-SS- -Annulus UV-vis  
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DNA-SS- -Annulus 10 mM phosphate buffer (pH 7.1) 
100 75 50 25 10 5 1 M 5 

1 25 C  
 

 
ZEN2112-Low volume glass cuvette (12 L) 
25 C 

 

[DNA-SS- -Annulus] = 100 M  

 
 

[DNA-SS- -Annulus] = 75 M 
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[DNA-SS- -Annulus] = 50 M 
 

[DNA-SS- -Annulus] = 25 M 
 

[DNA-SS- -Annulus] = 10 M 
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[DNA-SS- -Annulus] = 5 M 

 

[DNA-SS- -Annulus] = 1 M 

 

3-14. DNA-SS- -Annulus 10 mM phosphate buffer (pH 7.1)  

3-13. DNA-SS- -Annulus 10 mM phosphate buffer (pH 7.1)  

DLS ( ) ( )  
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3-13 14 DNA-SS- -Annulus DLS
25-100 M 30-50 nm

10 M 300 nm
 

DLS

 (CAC)  
 

 
10mM phosphatebuffer (pH 7.1, 0.45 m )  

DNA-SS- -Annulus 100 M 1 1.56 2.5 3.13 5  
10 25 30 M 5 1 25 C

 
 

DLS  
: ZEN2112 -Low volume glass cuvette (12 L) 
: 25 C 

Attenuator: 11 
Positioning method:Centre of the cell (water clear sample only) 

Count Rate 10 Mean Count Rate  

 

3-15. DNA-SS- -Annulus 10 mM phosphate buffer (pH 7.1) DLS
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3-15 3.13 M
CAC 3.13 M  

pH DNA-SS- -Annulus
DLS  

 
 

DNA-SS- -Annulus Q 100 M (pH 4.2)
5 M NaOH 0.1 M HCl

pH DNA-SS- -Annulus (pH 2.1 9 11) pH NaOH
HCl 5

1 25 C  
 

DLS  
: ZEN2112 -Low volume glass cuvette (12 L) 
: 25 C 

 
pH 2.1  

 

pH 4.2   
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pH 7  10mM phosphatebuffer (pH 7.1) 

 
pH 9  

 
pH 11  

 

 

3-16. DNA-SS- -Annulus pH DLS  

( ) ( )  
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3-3-2 TEM  
 TEM DNA-SS- -Annulus 10 mM phosphate buffer

pH  
 

 
DNA-SS- Annulus 10 mM phosphate buffer (pH 7.1) 50 

M DNA-SS- Annulus Q 100 M (pH 
4.2) 5M NaOH 0.1M HCl

pH DNA-SS- Annulus (pH 2.1 9 11) pH
NaOH HCl

5 1 25 C  
 

 
Grid: C-SMART Hydrophilic TEM grids (ALLIANCE Biosystems) 

: 80 kV 
: 2 % Na3(PW12O40)(H2O)n   

 
 

DNA-SS- -Annulus Grid 5 L 1 
2 % Na3(PW12O40)(H2O)n  5 L 1

 1  
DNA-SS- -Annulus] = 50 M pH 7.1 

3-17. 50 M DNA-SS- -Annulus 10 mM phosphate buffer (pH 7.1)

TEM
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3-18. 100 M DNA-SS- -Annulus pH TEM   
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3-17 50 M DNA-SS- -Annulus 50 nm
3-18 DLS DNA-SS- -Annulus

pH 4-11
2 dA20- -Annulus 50 M

DNA
DNA

16) DNA

 
 
 
3-4  DNA  

(GSH) DNA-SS- -Annulus
13, 17) 10 mM

37 C 17)

10 mM phosphate buffer (pH 7.1)  
 

 

Glutathione (GSH) (Reduced Form)  L- -glutamyl-L-cycteinyl-glycine    
      Wako, Mw 307.33  

 
 
 
3-4-1 HPLC  
 

 
DNA-SS- -Annulus 10 mM phosphatebuffer (pH 7.1)

100 M 50 mM GSH  8 L 100 M 
DNA-SS- -Annulus phosphatebuffer 20 L 10mM phosphate buffer (pH 7.1) 12 L

37 C [GSH] = 10 mM [DNA-SS- -Annulus] 
= 50 M 2 12 18 HPLC  
 

HPLC   
Inertsil WP300 C18 (5 m, 20 250 mm) 
(A) CH3CN (B)0.1M Na4HCO2 aq 

B:100 % (0 min) – 100 % (3 min), B:100 % (3 min) – 0 % (73 min) 
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UV-vis 260 nm     
1 mL/min 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3-19 GSH DNA-SS- -Annulus 100 %
DNA-SS- -Annulus GSH 2 66 % 12 19 %

3-19. HPLC  (a) DNA-SS- -Annulus  (b) GSH 2  

(c) 12  (d) 18  
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18 11 % GSH
15 min  

 
3-4-2 MALDI-TOF-MS  

MALDI-TOF-MS  
Matrix: 3-HPA, Mode: Linear positive 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GSH 3-19 3-20

3-20. GSH 18 DNA-SS- -Annulus MALDI-TOF-MS 

(matrix: 3-HPA)  
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-  
 
 
 

 

 
3-20 MALDI-TOF-MS GSH

3-22 DNA-SH (Mw: 7291) Cys- -Annulus (Mw: 2409) GSS-  -
Annulus peptide (Mw: 2714) DNA-SSG (Mw: 7596)

GSH DNA-SS- -Annulus
 

 
3-4-3 DLS  

DLS  
ZEN2112-Low volume glass cuvette (12 L), 25 C 

 
 

3-21. GSH -  

3-22. -  
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[DNA-SS- -Annulus] = 50 M, [GSH] = 10 mM 

 
3-23 50 nm

DLS TEM
 

 
 
3-4-4 TEM  
 

TEM  
Grid: C-SMART Hydrophilic TEM grids (ALLIANCE Biosystems) 

: 80 kV 
: 2 % Na3(PW12O40)(H2O)n  

 
 
 
 
 
 
 
 
 
 
 
 

3-24. GSH 18 DNA-SS- -Annulus TEM

3-23. GSH 18 DNA-SS- -Annulus DLS

( ) ( )  
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3-24 50 nm
3-23 DLS

10 mM GSH DNA

 
 
 
3-5  (DTT) DNA  

GSH DTT DNA-
SS- -Annulus  
 

 
(+/-)-Dithiothreitol Wako Mw: 154.25  
 
3-5-1 HPLC  
 

 
DNA-SS- -Annulus 10mM phosphatebuffer (pH 7.1) 100 M

DTT 10mM phosphatebuffer (pH 7.1) 50 mM
50 mM DTT  16 

L 100 M DNA-SS- -Annulus 40 L 10 mM phosphate buffer (pH 7.1) 24 L
37 C [DTT] = 10 mM [DNA-SS- -Annulus] = 

50 M 2 HPLC  
 

HPLC   
Inertsil WP300 C18 (5 m, 20 250 mm) 
(A) CH3CN (B)0.1 M Na4HCO2 aq 

B:100 % (0 min) – 100 % (3 min), B:100 % (3 min) – 0 % (73 min) 
UV-vis 260 nm     
1 mL/min 
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3-25 DNA-SS- -Annulus DTT 2
(16.8 min) GSH

18 DNA-SS- -Annulus ( 3-19) GSH
(-0.24 V) DTT(-0.33 V)  

 
3-5-2 MALDI-TOF-MS  
 

MALDI-TOF-MS  
Matrix: 3-HPA, Mode: Linear positive 
 
 
 
 
 
 

3-25. HPLC  (a) DNA-SS- -Annulus  (b) DTT 2   
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DTT DNA-SS- -Annulus DTT

/ 3-27 DTT
 

 
 

3-26 MALDI-TOF-MS Cys- -Annulus (Mw: 2409)
(m/z = 2411) DNA-SH (Mw: 7291) (m/z = 7318)

DTT DNA
 

 

3-27. DTT /  

3-26. DTT 2 DNA-SS- -Annulus MALDI-TOF-MS 

(Matrix: 3-HPA) 
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3-5-3 DLS  
DLS  

ZEN2112-Low volume glass cuvette (12 μL) 
25 C 

 

[DNA-SS- -Annulus] = 50 M, [DTT] = 10 mM 
 

 
 

3-28 DNA
DNA Cys-

-Annulus DLS  
 

 
Cys- -Annulus 10mM phosphatebuffer (pH 7.1)

50 M 50 mM DTT  16 L
100 M Cys- -Annulus 40 L 10 mM phosphate buffer (pH 7.1) 24 L 37 C

2 [DTT] = 10 mM [Cys- -Annulus] = 50 M
 

 
DLS  

ZEN2112-Low volume glass cuvette (12 L) 
25 C 

 
 

3-28. DTT 2 DNA-SS- -Annulus DLS

( ) ( )  
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(1) [Cys- -Annulus] = 50 M 

 

(2) [Cys- -Annulus] = 50  M, [DTT] = 10 mM 
 

 
3-29 DNA Cys- -Annulus

DNA Cys- -Annulus
3-28 DLS DTT 2 DNA-SS-

-Annulus TEM  
 
3-5-4 TEM  

TEM  
TEM  

Grid: C-SMART Hydrophilic TEM grids (ALLIANCE Biosystems) 
: 80 kV 

: 2 % Na3(PW12O40)(H2O)n  

3-29. Cys- -Annulus DLS ( ) ( )

; (1) Cys- -Annulus (2)DTT 2 Cys- -Annulus  
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3-30
DNA

 
 
 
3-6 18) 

Fmoc N Cys Cys- -Annulus
Cys- -Annulus DNA DNA-SS- -

Annulus DNA-SS- -Annulus DLS TEM
50 nm

DNA Cys- -Annulus
DNA

 
 GSH DTT DNA HPLC
DLS TEM DNA

DNA siRNA DNA

 
 
 

 
1) (a) D. Luo, W. M. Saltzman, Nat. Biotechnol., 18, 33 (2000); (b) R. L. Juliano, Nucleic 

Acids Res., 44, 6518 (2016) 

3-30. DTT 2 DNA-SS- -Annulus TEM  
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4 mRNA  
 
4-1  

DNA mRNA
mRNA

 mRNA
1 mRNA

RNA 2
DNA

2) mRNA
Pascolo

mRNA
300 nm

3)  
mRNA

DNA RNA Ⅱ
mRNA mRNA

4) 5’
3’ Poly A

mRNA 5’
3’ Poly A

4-1 2, 5) 5
5’ RNA 5’-5’

Poly A 3’
mRNA

5) Walter mRNA mRNA
Poly A

Poly A mRNA
6)  

Poly A
mRNA

-Annulus peptide N dT20 dT20-SS- -Annulus
dT20 ( 4-2)
m-Cherry Poly A mRNA dT20-SS- -

Annulus  
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4-2. mRNA  

(a) dT20-SS- -Annulus  (b) mRNA  

4-1. mRNA  
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4-2 dT20-SS- -Annulus peptide  
dT20- -Annulus peptide 5’ DNA(dT20-(CH2)6 -NH2) 

SPDP PySS-dT20
7)  

 
 
 
 
 
 
 
 
 

 
5’amino-dT20 NH2-(CH2)6-5’-TTTTTTTTTTTTTTTTTTTT-3’ MW: 6201  
N-Succinimidyl 3-(2-pyridyldithio) propionate (SPDP) Mw: 312.36  
Cys- -Annulus peptide: 3  

CINHVGGTGGAIMAPVAVTRQLVGS Mw: 2409  
 

 
5’amino-dT20 (230.6 nmol) 230.6 L Q 46 L 5

1 (46 nmol) 50 mM 
(pH 8.0) 0.2 mM SPDP 0.0019 g 608 L

10 mM dT20 : SPDP = 1 : 20
25ºC 1 SPDP
Spectra/por7 (SPECTRUM, cutoff Mw1000)

1
HPLC SPDP 5’amino-dT20 (dT20)

HPLC  
 

HPLC   
Inertsil WP300 C18 (5 m, 4.6×250 mm) 
(A) CH3CN / (B) 0.1 M NH4HCO2 aq 

B:100 % (0 min) → 0 % (95 min) 
UV-vis 260 nm 
1 mL/min 

 

4-3. PySS-dT20  
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(1) 5’amino-dT20 (dT20), (2) SPDP 
(3) (PySS-dT20), (4) PySS-dT20  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4-4 (3) dT20 PySS-
dT20 (4) SPDP

SPDP  
 

MALDI-TOF-MS  
Matrix: 3-HPA, Mode: Linear positive 

4-4. HPLC  
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4-5  MALDI-TOF-MS m/z = 6409 
PySS-dT20 (Mw: 6398) PySS-
dT20 UV-vis PySS-dT20

 
 

UV-vis  
 5 PySS-dT20  200 l   1.5 nm 

200-350 nm    : Fast 
25ºC     : 400 nm / min 

1 mm    
 
 
 
 
 
 
 
 
 
 
 
 
 

4-5. PySS-dT20 MALDI-TOF-MS (Matrix: 3-HPA) 

4-6. 5 PySS-dT20 UV-vis  
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260 nm A = 0.210783, l = 0.1 cm, DNA
M-1cm-1 8) DNA  

 

 
PySS-dT20  

 

: 94.8 % 
: 43.6 nmol 

 
PySS- dT20 Cys- -Annulus peptide

PySS-dT20 (43.6 nmol) 50 mM phosphate buffer (pH 7.2) 0.1 mM
Cys- -Annulus 1.7 mg (706 nmol)

50 mM phosphate buffer (pH 7.2) 2 mM
PySS- dT20 : Cys- -Annulus peptide = 1 : 20 25ºC 24

HPLC  
 

HPLC  
Inertsil WP300 C18 (5 m, 20×250 mm) 
(A) CH3CN / (B) 0.1 M NH4HCO2 aq 

B:90 % (0 min) → 0 %  (95 min) 
260 nm 
10 mL/min 

 
 
 
 
 
 
 
 
 
 
 
 4-7. HPLC  
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4-7 26.7
Spectra/por7 (cutoff Mw 1000 : SPECTRUM ) 20

 
 

MALDI-TOF-MS  
Matrix: 3-HPA, Mode: Linear positive 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4-8 (Mw: 8696) (m/z = 8710)  
 
 
UV-vis      

 5 dT20-SS- -Annulus  200 L   
200-350 nm      

25ºC       
1 mm    

: 1.5 nm 
: Fast 

: 400 nm / min 
 
 
 
 
 

4-8. HPLC 26.7 min MALDI-TOF-MS  
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4-9 260 nm A = 0.0486181, l = 0.1 cm, DNA
M-1cm-1 8) DNA  

 

 

 

 
 

 

27.4 % 
12.6 nmol 

 
 
4-3  dT20-SS- -Annulus peptide  
 PBS  (pH 7.4) dT20-SS- -Annulus

DLS TEM  
 

4-3-1 DLS  
 
dT20-SS- -Annulus 125, 100, 50, 25, 10, 5, 1 M PBS

3 DLS  
 
 

4-9. 5 dT20-SS- -Annulus UV-vis  
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ZEN2112-Low volume glass cuvette (12 L) 
25ºC 

 

[dT20-SS- -Annulus] = 125 M 

 

[dT20-SS- -Annulus] = 100 M 

 

[dT20-SS- -Annulus] = 50 M 
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[dT20-SS- -Annulus] = 25 M 

 

[dT20-SS- -Annulus] = 10 M 

 

[dT20-SS- -Annulus] = 5 M 
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[dT20-SS- -Annulus] = 1 M 

 
 

4-10 DLS
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

4-10 11 dT20-SS- -Annulus DLS
5-125 M 50 nm

3 DNA-SS- -Annulus
 

 
 

4-11. dT20-SS- -Annulus PBS (pH 7.4)  

4-10. dT20-SS- -Annulus PBS (pH 7.4)  

DLS ( ) ( )  
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4-3-2 TEM  
 TEM dT20-SS- -Annulus PBS buffer  
 

 
 dT20-SS- -Annulus PBS buffer (pH 7.4) 50 M

 
 

 
Grid: C-SMART Hydrophilic TEM grids (ALLIANCE Biosystems) 

: 80 kV 
: 2 % Na3(PW12O40)(H2O)n  

 
 

dT20-SS- -Annulus Grid 5 L 1 
2 % Na3(PW12O40)(H2O)n 5 L 1

 1  
 

dT20-SS- -Annulus] = 50 M, pH 7.4 
 
 
 
 
 
 
 
 
 
 
 
 
 

4-12 50 M dT20-SS- -Annulus 50 nm
3 DNA DNA-SS- -Annulus
DNA

9)  
 

4-12. 50 M dT20-SS- -Annulus PBS buffer (pH 7.4)  

TEM   
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4-4  dT20-SS- -Annulus peptide RNA  
 

4-4-1 RNA  
dT20-SS- -Annulus Poly A

mCherry mRNA  
 

 
Poly A Sigma-Aldrich   
mCherry Fluorescent Protein coding mRNA ~1kb, 1mg/mL, OZB  
 

mCherry mRNA  
mCherry 3 - 13 - -

10)

(Discosoma sp) 4
(DsRed)

mCherry mRNA mCherry
3’ Poly A

mRNA  
[ 587 nm 610 nm] 
 
mCherry mRNA  GenBank 911  
AUGGUGAGCAAGGGCGAGGAGGAUAACAUGGCCAUCAUCAAGGAGUUCAUGCGC
UUCAAGGUGCACAUGGAGGGCUCCGUGAACGGCCACGAGUUCGAGAUCGAGGGC
GAGGGCGAGGGCCGCCCCUACGAGGGCACCCAGACCGCCAAGCUGAAGGUGACC
AAGGGUGGCCCCCUGCCCUUCGCCUGGGACAUCCUGUCCCCUCAGUUCAUGUACG
GCUCCAAGGCCUACGUGAAGCACCCCGCCGACAUCCCCGACUACUUGAAGCUGUC
CUUCCCCGAGGGCUUCAAGUGGGAGCGCGUGAUGAACUUCGAGGACGGCGGCGU
GGUGACCGUGACCCAGGACUCCUCCCUGCAGGACGGCGAGUUCAUCUACAAGGU
GAAGCUGCGCGGCACCAACUUCCCCUCCGACGGCCCCGUAAUGCAGAAGAAGACC
AUGGGCUGGGAGGCCUCCUCCGAGCGGAUGUACCCCGAGGACGGCGCCCUGAAG
GGCGAGAUCAAGCAGAGGCUGAAGCUGAAGGACGGCGGCCACUACGACGCUGAG
GUCAAGACCACCUACAAGGCCAAGAAGCCCGUGCAGCUGCCCGGCGCCUACAACG
UCAACAUCAAGUUGGACAUCACCUCCCACAACGAGGACUACACCAUCGUGGAAC
AGUACGAACGCGCCGAGGGCCGCCACUCCACCGGCGGCAUGGACGAGCUGUACA

4-13. mCherry  

-  
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AGUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
 

Poly A  
Poly A UV-vis

 
 

 
1 mg Poly A Q 1 mL

Q 50 1cm UV-vis
 

 
UV-vis  

 : 50 Poly A  200 L  200-350 nm 
25ºC     : 1.5 nm 

: Fast     : 400 nm / min 
1 cm  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

260 nm A = 0.38631 Oligocalc11) 25 M = 12.2 g/mL
2 mM Poly A PBS  

 

4-14. 50 Poly A UV-vis  
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mCherry mRNA  
RNA 34012) OZB mCherry mRNA 1kb

1000 340×1000 = 340,000  
mCherry 1 mg/mL  

1 g/L = 2.941 mol/L = 2.941 nmol/mL 
2.941×1000 = 2.941 mol/mL  

 
 

4-4-2 RNA DLS  
 Poly A mCherry mRNA DLS

 
 

 
2 mM Poly A PBS 3 mM mCherry mRNA PBS PBS 1 

mM  
 

 
ZEN2112-Low volume glass cuvette (12 L)   
25ºC 

 
[Poly A] = 1 mM 
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[mCherry mRNA] = 1 mM 

4-15 Poly A mCherry mRNA PBS 10-20 nm
 

 
 

4-4-3  

-DNA
DNA 13)

-DNA
-Annulus pH N

C N
14) -Annulus 0 PBS

(pH 7.4)

15)  
 
 
 
 
 
 

4-15. RNA PBS (pH 7.4)  

DLS ( ) ( )  
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S ,  0.5-2 % 0.5- 30 kbp   

GelRed   270, 510 nm;  600 nm, wako   
50 × TAE wako   
Bluejuice Gel loading buffer (10×) Thermo Fisher  
 

 
dT20-SS- -Annulus (2 nmol) PBS (pH 7.4) 100 M 2 mM 

Poly A PBS 3 mM mCherry mRNA PBS
25ºC 30

4-1  
 
 

RNA Peptide PBS  

2 mM Poly A 10 L 100 M dT20-SS- -
Annulus 10 L 

- [peptide] = 50 M, [A] = [T] = 1 mM 

3 mM mRNA 6.7 

L 
100 M dT20-SS-

Annulus 10 L 

3.3 

L 
[peptide] = 50 M, [mRNA nt] = [T] = 
1 mM 

 
 

 GelRed 2 w/v % 1 TAE
210 V 30

312 nm  
 

  [dT20-SS- -Annulus] = 50 M, [A] = [T] = [nt] = 1 mM 
 
 
 
 
 
 
 
 
 
 
 

4-1. dT20-SS- -Annulus RNA  
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4-16 Poly A + dT20-SS- -Annulus mCherry mRNA + dT20-SS- -Annulus Poly 
A+dT20 mCherry mRNA + dT20 mCherry 
mRNA mCherry mRNA + dT20

dT20-SS- -Annulus RNA
RNA

 
 
 
4-5  dT20-SS- -Annulus peptide -Annulus peptide  

RNA dT20-SS- -Annulus

4-16. dT20-SS- -Annulus RNA  

Poly A, mCherry mRNA, Poly A + dT20-NH2, mCherry mRNA+ dT20-NH2,  

Poly A + dT20- -Annulus, mCherry mRNA+ dT20- -Annulus  
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dT20

dT20 -Annulus
dT20 DLS TEM  
 

 
dT20-SS- -Annulus -Annulus Q

[dT20-SS- -Annulus]:[ -Annulus] = 1 : 9 1 : 4.5 1 : 2 1 : 1 5
 

 
 

 
 

4-5-1 DLS  
 

ZEN2112-Low volume glass cuvette (12 L) 
25ºC 

 

[dT20-SS- -Annulus] : [ -Annulus] = 1 : 9 
 
 

 
 

dT20-peptide -Annulus peptide water [dT20-SS- -Annulus]:[ -Annulus]  

100 M 10 L 900 M 10 L - 1 : 9 = 50 M : 450 M 

100 M 10 L 450 M 10 L - 1 : 4.5 = 50 M : 225 M 

100 M 10 L 1 mM 2 L 8 L 1 : 2 = 50 M : 100 M 

100 M 10 L 1 mM 1 L 9 L 1 : 1 = 50 M : 50 M 

4-2. dT20-SS- -Annulus -Annulus  
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[dT20-SS- -Annulus] : [ -Annulus] = 1 : 4.5 

 

[dT20-SS- -Annulus] : [ -Annulus] = 1 : 2 

 

[dT20-SS- -Annulus] : [ -Annulus] = 1 : 1 

 

4-17. dT20-SS- -Annulus -Annulus  

DLS ( ) ( )  
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4-17 dT20-SS- -Annulus Annulus

40 nm  
 

 
4-5-2 TEM  

4-5-1 dT20-SS- -Annulus -Annulus
TEM RNA

TEM
 

 
 

 dT20-SS- -Annulus -Annulus Q
[dT20-SS- -Annulus] : [ -Annulus] = 1 : 9 = 50 M : 450 M
PBS [dT20-SS- -Annulus] : [ -Annulus] = 1 : 9 = 50 

M : 450 M (a) 37ºC 30
(b) 60ºC 10 4ºC 30

TEM  
 

 
Grid: C-SMART Hydrophilic TEM grids (ALLIANCE Biosystems) 

: 80 kV 
: 2 % Na3(PW12O40)(H2O)n  

 
 

Grid 5 L 1 
2 % Na3(PW12O40)(H2O)n  5 L 1

 1  
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dT20-SS- -Annulus] : [ -Annulus] = 1 : 9 Q  
 
 
 
 
 
 
 
 
 
 
 

dT20-SS- -Annulus] : [ -Annulus] = 1 : 9  PBS  
(a) 37ºC 30        (b) 60ºC 10  

 
 

4-18 dT20-SS- -Annulus -Annulus 70
nm DLS

50 nm

 
 
 
 
 

4-18. dT20-SS- -Annulus -Annulus

TEM   
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4-6  dT20 mRNA mRNA
 

dT20 mRNA
 

 
4-6-1  

 
S ,  0.5 - 2 % 0.5 - 30 kbp   

GelRed  wako   
50 × TAE wako   
Bluejuice Gel loading buffer (10×) Thermo Fisher  
OneSTEP ladder 50 (0.05 - 2 kbp)  

 
 

 dT20-SS- -Annulus -Annulus
Q 5 1 : 
9 1 : 4.5 1 : 2 1 : 1 3 mM 
mCherry mRNA PBS dT20

25ºC 30

4-3  
 

 
 
 
 
 
 
 

DNA -Annulus PBS (pH 
7.4) 1 mM 3 mM mCherry mRNA PBS

500 M  
 

 
DNA GelRed 3 w/v %

210 V 30 312 nm

[dT20-SS- -Annulus ] : [ -Annulus] [mCherry mRNA nt] : [T]  

1 : 9 = 50 M : 450 M 1 : 1 = 1 mM  

1 : 4.5 = 50 M : 225 M 1 : 1 = 1 mM  

1 : 2 = 50 M : 100 M 1 : 1 = 1 mM  

1 : 1 = 50 M : 50 M 1 : 1 = 1 mM  

4-3. dT20-SS- -Annulus -Annulus  
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4-19 1 mM mCherry mRNA 25ºC
30 [dT20- SS-

-Annulus peptide] : [ -Annulus peptide] = 1 : 9
mCherry mRNA

 
 
 
 

4-19. dT20-SS- -Annulus -Annulus mCherry mRNA

 

( DNA mCherry mRNA mCherry mRNA + dT20-NH2  

mCherry mRNA +  (1:9, 1:4.5, 1:2, 1:1)) 
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[ -Annulus] = 500 M 
[mCherry mRNA nt] = 1 mM  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4-20 DNA -Annulus mCherry mRNA
mCherry mRNA -Annulus

mRNA
mCherry

4-19
600

[dT20- SS- -Annulus] : [ -Annulus] = 1 : 9
 

 
 
 

4-20. DNA -Annulus mCherry mRNA

 

DNA , mCherry mRNA, mCherry mRNA + -Annulus  
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dT20-SS- -Annulus -Annulus Q

5 1 : 
9 3 mM mCherry mRNA 6 

L PBS

10 L
4-3

4-4
37ºC 25ºC  
 

 
 
 
 
 
 

 
DNA GelRed 3 w/v %

4ºC 210 V 30 312 nm
 

 
 

([dT20-SS- -Annulus] : [ -Annulus] = 1 : 9 = 50 M : 450 M) 
[mCherry nt] : [T] = 1 : 1 = 1 mM  
 
 
 
 
 
 
 

 60ºC 37ºC 25ºC 4ºC 

(1) 4ºC - - - 30 min 

(2) 25ºC - - 30 min - 

(3) 37ºC - 30 min 10 min - 

(4) 60ºC 10 min 10 min 20 min - 

4-4.  



116 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4-21 25 ºC 37 ºC 60ºC mCherry 
mRNA

4ºC mRNA
600

4ºC
25 37 60ºC

mCherry mRNA  
 
 
 

4-21.  

 

( DNA , dT20-NH2, mCherry mRNA, mCherry mRNA + dT20, mCherry 

mRNA+ (4, 25, 37, 60 ºC)) 
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4-6-2 DLS  
 mCherry mRNA

DLS  
 

 
ZEN2112-Low volume glass cuvette (12 L) 
25ºC 
 

([dT20-SS- -Annulus] : [ -Annulus] = 1 : 9 = 50 M : 450 M) 
[mCherry mRNA nt] : [T] = 1 mM 
 

(1) 4ºC 

 
 

(2) 25ºC 
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(3) 37ºC 

 

(4) 60ºC 

 
4-22 (2) 25ºC (3) 37ºC 50-60 nm

(4) 60ºC mRNA
TEM  

 
 
4-6-3 TEM  

 
Grid: C-SMART Hydrophilic TEM grids (ALLIANCE Biosystems) 

: 80 kV 
: 2 % Na3(PW12O40)(H2O)n  

 

4-22. mCherry mRNA

DLS ( ) ( )  
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Grid 5 L 1 

2 % Na3(PW12O40)(H2O)n  5 L 1
 1  

 
([dT20-SS- -Annulus] : [ -Annulus] = 1 : 9 = 50 M : 450 M) 

[mCherry nt] : [T] = 1 mM 
 
(1) 4ºC        (2) 25ºC 

 
(3) 37ºC     (4) 60ºC 

 
4-23 (2) 25ºC (3) 37ºC 50-60 nm

(1) 4ºC (4) 60ºC
4-6-2 DLS

4-23. mCherry mRNA

TEM  
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mCherry mRNA  
 
 
4-6-4 mRNA  
 RNA RNase A RNA 3’

RNA
( C ) ( U ) 16)

mRNA
mRNA dT20-SS- -Annulus

-Annulus mCherry mRNA RNase A
 

 
 

RNase A  (Ribonuclease A from Bovine pancreas, 100 mg, 
83.8 U/mg)   

 

 
 

 
 

 
RNase A 1.089 mg PBS 91.3 L 1 unit/mL Rnase A

dT20-SS- -Annulus peptide Q 100 M
-Annulus peptide (0.132 mg) Q 900 M

9 L
3 mM mCherry mRNA 

PBS 6 L  PBS  12 L
18 L 25℃ 30  

mRNA C dT20 -Annulus-dT20

-Annulus-dT20 PBS
100 M 100 M -Annulus-dT20 4.5 L 3 mM mCherry mRNA 3 L

PBS1.5 L 25 ºC 30
3 L RNase A 3 L 37℃

3 mM mCherry mRNA 1 L PBS 2 L RNase 
A 3 L 37℃ 10 

 

4-24. RNase A 
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[mCherry mRNA nt] = [T] = 1 mM, [ -Annulus] = 450 M 
[dT20-SS- -Annulus peptide] = [ -Annulus-dT20] = 50 M 
 

 
DNA GelRed 3 w/v %

4ºC 210 V 30 312 nm
 

 

 
 

4-25 RNase A mCherry mRNA -Annulu-dT20

4-25. RNase A  

( DNA , mCherry mRNA, mCherry mRNA + RNase A, mCherry mRNA + 

(RNase A , RNase A 10 , 20 , 40 , 60 ), mCherry mRNA + -

Annulus-dT20 (RNase A , RNase A 10 )) 
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mCherry mRNA mRNA
RNase A

mCherry mRNA 60
dT20 C dT20

-Annulu-dT20 mCherry mRNA
Rnase A mRNA

mRNA
mCherry mRNA

mRNA
mRNA

 
 
 
4-6-5 mCherry mRNA dT20- -Annulus  (CLSM  

-Annulus N TAMRA
TAMRA- -Annulus

17) TAMRA- -Annulus C His16 (His16) TAMRA-
-Annulus-His16 3.2 His16

18)

Arg8
(RRRRRRRR)19) 5.5~6
His16 mCherry

dT20-SS- -Annulus -Annulus -Annulus-His16

mCherry mRNA CLSM
 

 
 

HepG2  
 

 
TransIT-mRNA Transfection kit, Mirus  

 
 

 
 (DMEM ) 

10 % (v/v), 100 g/mL , 100 units/mL , 1mM 
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, 1 % MEM  (v/v, Sigma M7145) 
 

 
dT20-SS- -Annulus -Annulus Q

5 1 : 
9 dT20-SS- -Annulus -Annulus-His16

1:9 3 mM mCherry 
mRNA PBS 6 L  PBS  12 L

18 L 25℃ 30  
 

 
 HepG2  1.0 x 104 cells / 100 L / well single-well glass 

bottom dish DMEM 37℃, 5.0 % CO2 24 h
PBS (pH 7.4, 0.45 m )

100 L/well 37℃, 5.0 % CO2 48 h
4-5 CLSM

mCherry  
 

 

mCherry : 587 nm,  610 nm 
 
 
 
 
 
 
 
 

(1) [mCherry mRNA] = 1 

M 10 L 
mRNA Boost Ragent 2 L TransIT-mRNA Ragent 2 L 

(2) [mCherry mRNA] = 1 M ([nt] = 1 mM) 10 L 
(3) ([mCherry mRNA] = 1 M, [dT20-SS- -Annulus] = 50 M, [ -Annulus] = 450 M) 10 

L 
(4) ([mCherry mRNA] = 1 M, [dT20-SS- -Annulus] = 50 M, [ -Annulus-His16] = 450 M) 

10 L 

4-5.  
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4-26. HepG2 CLSM  
(1) mCherry mRNA + (2) mCherry mRNA (3) mCherry mRNA + 

(dT20-SS- -Annulus + -Annulus) (4) mCherry mRNA + 

(dT20-SS- -Annulus + -Annulus-His16) 
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4-26 CLSM (3) mRNA
CLSM (4) -Annulus-His16

mRNA mCherry  
 

ImageJ  
4-26 ImageJ21)  

 
 
 
 
 
 
 
 
 
 

 
1. 4-27 ( ) (n=10) mCherry ( 4-

27( ))  
2. (n=5)  
3. 1 2 mCherry  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

4-27. ImageJ ( ) ( )mCherry  

4-28. mCherry  
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4-28 dT20-SS- -Annulus -Annulus-His16 mCherry
dT20-SS- -Annulus -Annulus 26.5

(His16)
mCherry

mCherry
4-26

dT20-SS- -Annulus 1/10
 

mRNA
(GSH DTT) HPLC MALDI-TOF-MS

mCherry mRNA dT20

DNA -Annulus N C
mRNA

 
 
4-7   

3 Cys- -Annulus N dT20 dT20-SS- -
Annulus dT20-SS- -Annulus DLS TEM

PBS 50 nm
 

mCherry mRNA dT20-SS- -Annulus
DLS TEM -Annulus

mRNA dT20-SS- -Annulus -
Annulus mRNA

mRNA
 
His16 C -Annulus-His16

mRNA  
dT20
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5   
 

-Annulus
DNA DNA

mRNA  
 

1

-Annulus
 

 
2 DNA

C 2 Cys -Annulus-Cys dA20

dT20 -Annulus-dA20 -Annulus-dT20

(DLS) (TEM) -Annulus-dA20

-Annulus-dT20 50 nm
-Annulus-dA20

DNA (CD)
DNA DNA

DNA
-Annulus-dA20 -Annulus-dT20

DNA DNA
DNA

DNA
 

 
3 20 DNA

DNA (RNA)

-Annulus 
N Cys Cys- -Annulus

SPDP DNA -Annulus (DNA-SS-
-Annulus peptide) DLS TEM 50 nm
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DNA Cys- -Annulus
DNA

GSH DTT
DNA HPLC DLS TEM
DNA

DNA siRNA
DNA

 
 

4 mRNA
mRNA

mRNA 3’ Poly A

mRNA 3
DNA Cys- -Annulus N

dT20 dT20-SS- -Annulus DLS TEM
50 nm dT20-SS- -Annulus

-Annulus dT20

Poly A mRNA mRNA
mRNA

DLS TEM mRNA

mRNA His16

C -Annulus-His16 mRNA
-Annulus mRNA

dT20 mRNA
mRNA DDS  
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