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Figure S1. UV melting curves for 5 µM of (a) iM, iM10m, and iM10,16m in the presence of 
K+, (b) iM, iM10hm, and iM10,16hm in the presence of K+, (c) iM, iM10m, and iM10,16m in the 
presence of K+ and 40 wt% PEG200, (d) iM, iM10hm, and iM10,16hm in the presence of K+ 
and 40 wt% PEG200, (e) iM, iM10m, and iM10,16m in the presence of Na+, (f) iM, iM10hm, 
and iM10,16hm in the presence of Na+, (g) iM, iM10m, and iM10,16m in the presence of Na+ and 
40 wt% PEG200, and (h) iM, iM10hm, and iM10,16hm in the presence of Na+ and 40 wt% 
PEG200. 
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Figure S2. UV melting curves for 5 µM of (a) Gq, Gq5m, Gq11m, and Gq5,11m in the 
presence of K+, (b) Gq, Gq5hm, Gq11hm, and Gq5,11hm in the presence of K+, (c) Gq, Gq5m, 
Gq11m, and Gq5,11m in the presence of Na+, (d) Gq, Gq5hm, Gq11hm, and Gq5,11hm in the 
presence of Na+, (e) Gq, Gq5m, Gq11m, and Gq5,11m in the presence of Na+ and 40 wt% 
PEG200, and (f) Gq, Gq5hm, Gq11hm, and Gq5,11hm in the presence of Na+ and 40 wt% 
PEG200. 
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Figure S3. The effect of modifications on the formation of i-motifs in 100 mM KCl or 
NaCl in 0 wt% or 40 wt% PEG200. The DDGº25,mod values in (a) 100 mM KCl with 0 wt% 
PEG200, (b) 100 mM KCl with 40 wt% PEG200, (c) 100 mM NaCl with 0 wt% 
PEG200, and (d) 100 mM NaCl with 40 wt% PEG200. 
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Figure S4. UV melting curves at pH 5.0 for (a) 20 µM of iM, iM10m, and iM10hm in the 
presence of K+, (b) 20 µM of iM, iM10m, and iM10hm in the presence of Na+, (c) 10 µM of 
iM, iM10m, and iM10hm in the presence of K+, (d) 10 µM of iM, iM10m, and iM10hm in the 
presence of Na+, (e) 5 µM of iM, iM10m, and iM10hm in the presence of K+, (f) 5 µM of 
iM, iM10m, and iM10hm in the presence of Na+, (g) 2 µM of iM, iM10m, and iM10hm in the 
presence of K+, and (h) 2 µM of iM, iM10m, and iM10hm in the presence of Na+. 
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Figure S5. UV melting curves at pH 7.0 for (a) 5 µM of iM, iM10m, and iM10hm in the 
presence of K+ and (b) 5 µM of iM, iM10m, and iM10hm in the presence of Na+. 
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Figure S6. The effect of PEG200 on the formation of i-motifs. The DDGº25,PEG values in 
(a) 100 mM KCl and (b) 100 mM NaCl 
 

(a) (b)

iM

in KCl in NaCl

iM
10
m

iM
10
,1
6m

iM
10
hm

iM
10
,1
6h
m iM

iM
10
m

iM
10
,1
6m

iM
10
hm

iM
10
,1
6h
m



 S10 

 
  

 
 
Figure S7. The effect of cations on the formation of i-motifs. The DDGº25,Na values in (a) 
0 wt% PEG200 and (b) 40 wt% PEG200 
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Figure S8. The effect of the modifications on the formation of G-quadruplexes. The 
DDGº25,mod values in (a) 100 mM KCl with 0 wt% PEG200, (b) 100 mM NaCl with 0 wt% 
PEG200, (c) 100 mM NaCl with 40 wt% PEG200. 
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Figure S9. CD spectra of (a) iM, (b) iM10m (c) iM10,16m, (d) iM10hm, and (e) iM10,16hm in the 
presence of K+. All experiments were carried out at 4 ºC in 50 mM MES-LiOH (pH 6.0) 
containing 100 mM KCl containing 0 wt% (blue) or 40 wt% PEG200 (red). 
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Figure S10. CD spectra of (a) iM, (b) iM10m (c) iM10,16m, (d) iM10hm, and (e) iM10,16hm in the 
presence of Na+. All experiments were carried out at 4 ºC in 50 mM MES-LiOH (pH 6.0) 
containing 100 mM NaCl containing 0 wt% (blue) or 40 wt% PEG200 (red). 
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Figure S11. CD spectra of (a) Gq, (b) Gq5m (c) Gq11m, (d) Gq5,11m, (e) Gq5hm, (f) Gq11hm, 
and (g) Gq5,11hm in the presence of K+. All experiments were carried out at 4 ºC in 50 mM 
MES-LiOH (pH 6.0) with 100 mM KCl containing 0 wt% (blue) or 40 wt% PEG200 
(red). 
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Figure S12. Nondenaturing gel electrophoresis of (a) Gq, Gq5m, Gq11m, and Gq5,11m and (b) 
Gq, Gq5hm, Gq11hm, and Gq5,11hm at 25 ºC in 50 mM MES-LiOH (pH 6.0) containing 100 mM 
KCl without or with 40 wt% of PEG200. Lane M: 10 bp DNA standard; Lanes 1, 3, 5, 7 
and 9; without PEG200: lanes 2, 4, 6, 8, and 10; with 40 wt% PEG200. iHum23 indicates 
telomeric G-quadruplex, TA(G3TTA)3G3 as the marker of monomer G-quadruplex with 
antiparallel. 
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Figure S13. CD spectra of (a) Gq, (b) Gq5m (c) Gq11m, (d) Gq5,11m, (e) Gq5hm, (f) Gq11hm, 
and (g) Gq5,11hm in the presence of Na+. All experiments were carried out at 4 ºC in 50 mM 
MES-LiOH (pH 6.0) with 100 mM NaCl containing 0 wt% (blue) or 40 wt% PEG200 
(red). 
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Figure S14. CD spectra of Gq in the presence of Na+. All experiments were carried out at 
4 ºC in 50 mM MES-LiOH (pH 6.0) with 100 mM NaCl containing 0 wt% (blue), 10 
wt% (green), 20 wt% (yellow), 30 wt% (orange), or 40 wt% PEG200 (red). 

8

6

4

2

0

-2

-4

[θ
] (

10
5  d

eg
 c

m
2  d

m
ol

-1
)

350300250200

Wavelength (nm)

0 wt% PEG200

40 wt% PEG200
30 wt% PEG200

20 wt% PEG200

10 wt% PEG200

Gq



 S18 

 

 
 
  

 

 
Figure S15. Nondenaturing gel electrophoresis of (a) Gq, Gq5m, Gq11m, and Gq5,11m and (b) 
Gq, Gq5hm, Gq11hm, and Gq5,11hm at 25 ºC in 50 mM MES-LiOH (pH 6.0) containing 100 mM 
NaCl without or with 40 wt% of PEG200. Lane M: 10 bp DNA standard; Lanes 1, 3, 5, 7 
and 9; without PEG200: lanes 2, 4, 6, 8, and 10; with 40 wt% PEG200. iHum23 indicates 
telomeric G-quadruplex, TA(G3TTA)3G3 as the marker of monomer G-quadruplex with 
antiparallel. 

- + - + - + - + - +- + - + - + - + - +

iHum23iHum23
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Figure S16. Nondenaturing gel electrophoresis of Gq, Gq5,11m, and Gq5,11hm, at 25 ºC in 50 mM 
MES-LiOH (pH 6.0) containing 100 mM KCl with 0, 10, 20, 30, and 40 wt% of PEG200. Lane 
M: 10 bp DNA standard; lanes 1, 6, and 11; 0 wt % PEG200: lanes 2, 7, and 12; with 10 wt% 
PEG200: lanes 3, 8, and 13; with 20 wt% PEG200: lanes 4, 9, and 14; with 30 wt% PEG200: 
lanes 5, 10, and 15; with 40 wt% PEG200. 
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Table S1. i-motif and G-quadruplex forming sequences in CpG island of ELOVL2 
No. sense sequences Tm (ºC) a antisense sequences Tm (ºC) a NCpGb 

1 GGGCAGCGGGTGGGTATTCCTGGGG N.D.c CCCCAGGAATACCCACCCGCTGCCC 34.8 1 

2 GGGGGCGGGGAGGCGCGGGCGGG 60.6 CCCGCCCGCGCCTCCCCGCCCCC 36.8 4 

3 GGGCGTGGGTGTGGGTGGGGG 58.7 CCCCCACCCACACCCACGCCC 34.3 1 

4 GGGCGGGAAAGGGCCGAGCGGG N.D. c CCCGCTCGGCCCTTTCCCGCCC 27.8 3 

5 GGGGCCGGGTCCGCGCGGGCCTGGGGAGCGGG 72 CCCGCTCCCCAGGCCCGCGCGGACCCGGCCCC 34.4 5 

6 CCCACCCTCCGACCCTCCGGACCCCC 34.5 GGGGGTCCGGAGGGTCGGAGGGTGGG 45.2 2 

7 CCCCTCTCCCCGGTCCCGCCCC 45.4 GGGGCGGGACCGGGGAGAGGGG 56.0 2 

8 CCCTGCGCCCCTCCCCCGCGCGCCC 24.5 GGGCGCGCGGGGGAGGGGCGCAGGG 60.5 4 

9 CCCCCAGAGAAACCCACCCAACCCCC 26.3 GGGGGTTGGGTGGGTTTCTCTGGGGG N.D. c 0 

10 CCCACCGCACCCCCAGAGAAACCCACCC 36.0 GGGTGGGTTTCTCTGGGGGTGCGGTGGG 43.2 1 

aThe value of melting temperature (Tm) was determined by differentiation of UV melting curve 

of each DNA (5 µM) in 50 mM MES-LiOH (pH 6.0) and 100 mM NaCl. bNCpG represents the 
number of CpG sites within structure forming sequences and CpG sites are marked in bold. 
c“N.D.” indicates that values could not be obtained from the melting curves. 
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Table S2. The thermodynamic parameters of i-motif forming DNA in the presence of K+ a 

 

aThe values were determined in 50 mM MES-LiOH (pH 6.0) and 100 mM KCl with or without 
40 wt% PEG200. Each value is the average of three determinations and the standard deviation is 

shown with the average. Melting temperatures were measured at 5 µM of DNA. bThe amount of 
change resulting from the modifications was calculated by using DX = [X(without modification) 
– X (modification)], in which X is DHº, TDSº, DGº25, or Tm and included in parentheses. 
 
  

without PEG200 40 wt% PEG200

DHº
(DDHºmod)b
[kcal mol-1]

TDSº 
[D(TDSºmod) 

] b
[kcal mol-1]

DGº25
(DDGº25, mod)
b [kcal mol-

1]

Tm (DTm, 

mod) b [ºC]

DHº
(DDHºmod) b
[kcal mol-1]

TDSº 
[D(TDSºmod) 

] b
[kcal mol-1]

DGº25
(DDGº25, mod)
b [kcal mol-

1]

Tm (DTm, 

mod) b [ºC]

iM -37.1±0.7 -35.5±0.8 -1.7 ± 0.0 39.1 ± 0.5 -41.2±0.7 -39.4±0.7 -1.8 ± 0.0 38.6 ± 0.4 

iM10m
-32.6±0.8

(+4.5)
-31.1±0.9

(+4.4)
-1.4 ± 0.1

(+0.3)
38.8 ± 1.0

(- 0.3)
-38.7±4.4

(+2.5)
-37.0±4.2

(+2.4)
-1.8 ± 0.3

(0.0)
39.5 ± 0.5

(+ 0.9)

iM10,16m
-35.9±1.0

(+1.2)
-34.2±1.0

(+1.3)
-1.8 ± 0.1

(-0.1)
40.4 ± 0.7

(+ 1.3)
-38.1±1.8

(+3.1)
-36.1±1.8

(+3.3)
-1.9 ± 0.1

(-0.1)
40.9 ± 0.7

(+ 2.3)

iM10hm
-36.9±0.5

(+0.2)
-35.0±0.5

(+0.5)
-1.9 ± 0.1

(-0.2)
41.2 ± 0.7

(+ 2.1)
-35.2±2.4

(+6.0) 
-33.7±2.3

(+5.7)
-1.5 ± 0.1

(+0.3)
38.4 ± 0.1

(- 0.2)

iM10,16hm
-34.9±0.5

(+2.2)
-33.4±0.5

(+2.1)
-1.5 ± 0.0

(+0.2)
38.8 ± 0.1

(- 0.3)
-36.6±1.1

(+4.6)
-35.1±1.1

(+4.3) 
-1.6 ± 0.0

(+0.2)
38.2 ± 0.5

(- 0.4)
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Table S3. The thermodynamic parameters of i-motif forming DNA in the presence of Na+ a 

 

aThe values were determined in 50 mM MES-LiOH (pH 6.0) and 100 mM NaCl with or without 
40 wt% PEG200. Each value is the average of three determinations and the standard deviation is 

shown with the average. Melting temperatures were measured at 5 µM of DNA. bThe amount of 
change resulting from the modifications was calculated by using DX = [X(without modification) 
– X (modification)], in which X is DHº, TDSº, DGº25, or Tm and included in parentheses. 
 
  

without PEG200 40 wt% PEG200

DHº
(DDHºmod)b
[kcal mol-1]

TDSº 
[D(TDSºmod) 

] b
[kcal mol-1]

DGº25
(DDGº25, mod)
b [kcal mol-1]

Tm (DTm, mod)
b [ºC]

DHº
(DDHºmod) b
[kcal mol-1]

TDSº 
[D(TDSºmod) 

] b
[kcal mol-1]

DGº25
(DDGº25, mod)
b [kcal mol-1]

Tm (DTm, mod)
b [ºC]

iM -36.8±1.1 -35.0±1.0 -1.8 ± 0.0 40.1 ± 0.4 -41.6±2.8 -39.7±2.7 -1.9 ± 0.1 39.3 ± 0.4 

iM10m
-31.4±1.0

(+5.4)
-29.9±1.0

(+5.1)
-1.5 ± 0.1 

(+0.3)
40.2 ± 0.8

(+ 0.1)
-40.0±2.8

(+1.6) 
-38.1±2.6

(+1.6)
-1.9 ± 0.2

(0.0)
39.7 ± 0.2

(+ 0.4)

iM10,16m
-37.5±0.6

(-0.7)
-35.7±0.6

(-0.7)
-1.9 ± 0.0

(-0.1)
40.7 ± 0.1

(+ 0.6)
-40.2±2.0

(+1.4)
-38.5±2.0

(+1.2) 
-1.8 ± 0.1

(+0.1)
38.6 ± 1.0

(-0.7)

iM10hm
-38.6±1.0

(-1.8)
-36.5±1.0

(-1.5)
-2.0 ± 0.1

(-0.2)
41.7 ± 0.4

(+ 1.6)
-37.8±2.5

(+3.8)
-36.1±2.3

(+3.6)
-1.7  ± 0.2

(+0.2)
38.8 ± 0.8

(- 0.5)

iM10,16hm
-35.5±2.8

(+1.3) 
-33.8±2.7

(+1.2)
-1.7 ± 0.1

(+0.1)
40.0 ± 0.7

(- 0.1)
-37.0±2.2

(+4.6)
-35.3±2.1

(+4.4)
-1.7  ± 0.0

(+0.2)
39.1 ± 0.6

(- 0.2)
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Table S4. The thermodynamic parameters of G-quadruplex forming DNA in the presence of K+ 
a 

 

aThe values were determined in 50 mM MES-LiOH (pH 6.0) and 100 mM KCl with or without 
40 wt% PEG200. Each value is the average of three determinations and the standard deviation is 

shown with the average. Melting temperatures were measured at 5 µM of DNA. b The amount of 
change resulting from the modifications was calculated by using DX = [X(without modification) 
– X (modification)], in which X is DHº, TDSº, DGº25, or Tm and included in parentheses. c “N.D.” 
indicates that values could not be obtained from the melting curves. 
 
  

without PEG200 40 wt% PEG200

DHº
(DDHºmod)b
[kcal mol-1]

TDSº 
[D(TDSº)mod]

b

[kcal mol-1]

DGº25
(DDGº25, mod) 
[kcal mol-1] b

Tm (DTm) 
[ºC] b

DHº
[kcal mol-1]

TDSº 
[kcal mol-1]

DGº25
[kcal mol-1] Tm [ºC]

Gq -53.1±1.1 -45.7±0.9 -7.4 ± 0.2 73.6 ± 0.3 N.D. c N.D. c N.D. c N.D. c

Gq5m
-45.4±2.0

(+7.7)
-39.1±1.8

(+6.6)
-6.3 ± 0.2

(+1.1)
73.0 ± 0.5

(-0.6) N.D. c N.D. c N.D. c N.D. c

Gq11m
-52.5±0.5

(+0.6)
-45.2±0.4

(+0.5)
-7.2 ± 0.1

(+0.2)
72.5 ± 0.1

(-1.1) N.D. c N.D. c N.D. c N.D. c

Gq5,11m
-44.1±3.4

(+9.0)
-38.2±3.0

(+7.5)
-6.0 ± 0.4

(+1.4)
71.8 ± 0.5

(-1.8) N.D. c N.D. c N.D. c N.D. c

Gq5hm
-52.6±2.0

(+0.5)
-45.2±1.7

(+0.5)
-7.5 ± 0.3

(-0.1)
74.4 ± 0.1

(+0.8) N.D. c N.D. c N.D. c N.D. c

Gq11hm
-42.1±3.9

(+11.0)
-36.4±3.3

(+9.3)
-5.7 ± 0.6

(+1.7)
71.3 ± 1.1

(-2.3) N.D. c N.D. c N.D. c N.D. c

Gq5,11hm
-47.1±1.6

(+6.0)
-40.5±1.3

(+5.2)
-6.6 ± 0.4

(+0.8)
73.6± 1.2

(0.0) N.D. c N.D. c N.D. c N.D. c
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Table S5. The thermodynamic parameters of G-quadruplex forming DNA in the presence of 
Na+ a 

 

aThe values were determined in 50 mM MES-LiOH (pH 6.0) and 100 mM NaCl with or without 
40 wt% PEG200. Each value is the average of three determinations and the standard deviation is 

shown with the average. Melting temperatures were measured at 5 µM of DNA. b The amount of 
change resulting from the modifications was calculated by using DX = [X(without modification) 
– X (modification)], in which X is DHº, TDSº, DGº25, or Tm and included in parentheses. 
  

without  PEG200 40 wt% PEG200

DHº
(DDHºmod)b
[kcal mol-1]

TDSº 
[D(TDSº)mod]

b

[kcal mol-1]

DGº25
(DDGº25, mod) 
[kcal mol-1] b

Tm (DTm) 
[ºC] b

DHº
(DDHºmod)b
[kcal mol-1]

TDSº 
[D(TDSº) mod

] b
[kcal mol-1]

DGº25
(DDGº25, mod) 
[kcal mol-1] b

Tm (DTm) 
[ºC] b

Gq -31.9±0.9 -29.1±0.8 -2.8 ± 0.1 53.7 ± 0.6 -42.2±0.5 -37.3±0.4 -4.9 ± 0.0 64.0 ± 0.3

Gq5m
-31.6±0.3

(+0.3)
-28.7±0.2

(+0.4)
-2.9 ± 0.0

(-0.1)
54.9 ± 0.2 

(+1.2)
-39.8±0.0

(+2.4)
-35.2±0.0

(+2.1)
-4.6 ± 0.0

(+0.3)
63.7 ± 0.3

(-0.3)

Gq11m
-31.8±0.6

(+0.1)
-28.8±0.5

(+0.3)
-3.0 ± 0.1

(-0.2)
55.7 ±0.3

(+2.0)
-38.6±0.2

(+3.6)
-34.2±0.2

(+3.1)
-4.4 ± 0.1

(+0.5)
63.0 ± 0.5

(-1.0)

Gq5,11m
-30.5±0.5

(+1.4)
-27.6±0.5

(+1.5)
-2.9 ± 0.1

(-0.1)
55.8 ± 0.4

(+2.1)
-35.4±0.4

(+6.8)
-31.4±0.4

(+5.9)
-4.0 ± 0.0

(+0.9)
63.0 ± 0.2

(-1.0)

Gq5hm
-30.4±0.2

(+1.5)
-27.6±0.2

(+1.5)
-2.8 ± 0.0

(0.0)
55.3 ± 0.2

(+1.6)
-37.3±0.8

(+4.9)
-33.1±0.7

(+4.2)
-4.1 ± 0.1

(+0.8)
62.2 ± 0.1

(-1.8)

Gq11hm
-30.2±0.5

(+1.7)
-27.5±0.5

(+1.6)
-2.7 ± 0.0

(+0.1)
54.3 ± 0.1

(+0.6)
-42.0±1.9

(+0.2)
-37.0±1.6

(+0.3)
-5.1 ± 0.2

(-0.2)
66.0 ± 0.2

(+2.0)

Gq5,11hm
-31.9±0.9

(0.0)
-29.2±0.8

(-0.1)
-2.8 ± 0.1

(0.0)
53.2 ± 0.8

(-0.5)
-35.0±1.3

(+7.2)
-30.9±1.2

(+6.4)
-4.1 ± 0.2

(+0.8)
64.2 ± 0.4

(+0.2)
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Table S6. Melting temperatures of i-motif forming DNA in the presence of complementary G-
quadruplex forming DNA and K+ a 

 Tm (ºC) 

 100 mM KCl 
100 mM KCl 

40 wt% PEG200 

iM and Gq 39.3 ± 1.1  39.5 ± 0.4 

iM
10,16m

 and Gq
5,11m

 N.D. b 41.1 ± 0.3 

iM
10,16hm

 and Gq
5,11hm

 N.D. b 37.5 ± 0.3 

aThe values were determined by UV melting curves at 295 nm in 50 mM MES-LiOH (pH 6.0) 
and 100 mM KCl with or without 40 wt% PEG200. Each value is the average of three 
determinations and the standard deviation is shown with the average. Melting temperatures were 

measured at 5 µM of DNA. b “N.D.” indicates that values could not be obtained from the 
melting curves. 
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Table S7. Melting temperatures of mixture of i-motif forming DNA and G-quadruplex forming 
DNA in the presence of Na+ a 

 Tm (ºC) 

 100 mM NaCl 
100 mM NaCl 

40 wt% PEG200 

iM and Gq 78.5 ± 1.1 61.4 ± 1.1 

iM
10,16m

 and Gq
5,11m

 79.8 ± 0.7 62.4 ± 1.7 

iM
10,16hm

 and Gq
5,11hm

 77.6 ± 0.8 60.7 ± 1.7 

aThe values were determined by UV melting curves at 260 nm in 50 mM MES-LiOH (pH 6.0) 
and 100 mM NaCl with or without 40 wt% PEG200. Each value is the average of three 
determinations and the standard deviation is shown with the average. Melting temperatures were 

measured at 5 µM of DNA. 
 
 


