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General. 
1H-NMR, 13C-NMR, 19F-NMR and 31P-NMR spectra were recorded on a BRUKER (AV-400M) 
magnetic resonance spectrometer. DMSO-d6 and CDCl3 were used as the solvents. Coupling 
constants (J) values are given in Hz and are correct to within 0.5 Hz. Signal patterns are indicated 
as br, broad; s, singlet; d, doublet; t, triplet; m, multiplet. All reagents were purchased from Aldrich, 
TCI (Tokyo Chemical Industry Co., Ltd.) or Wako (Wako Pure Chemical Industries, Ltd.). Thin 
layer chromatography was performed using TLC Silica gel 60 F254 (Merck). Compounds were 
visualized by staining with a potassium permanganate solution. High-resolution mass spectra 
(HRMS) were recorded by electrospray ionization (ESI) on a Thermo Scientific Q Exactive 
instrument.  
 
 
 
 

 
Supplementary Figure S1. 1H NMR spectrum of FG. 
 
 
 

NH

N

N

O

NH2N

O

OH

HO

F3C

Chemical Formula: C11H12F3N5O4
Exact Mass: 335.08

Molecular Weight: 335.24

12 11 10 9 8 7 6 5 4 3 2 1 ppm

2
.
1
3
2
5

2
.
1
3
8
8

2
.
1
4
8
6

2
.
1
5
5
4

2
.
1
6
5
1

2
.
1
7
2
0

2
.
1
8
1
6

2
.
1
8
7
7

3
.
0
9
3
5

3
.
1
1
0
4

3
.
1
2
7
6

3
.
1
4
4
2

3
.
1
6
1
6

3
.
5
3
6
7

3
.
5
5
1
5

3
.
6
3
5
9

3
.
6
4
9
9

3
.
8
5
3
1

3
.
8
6
0
3

4
.
4
2
6
2

4
.
4
3
2
5

4
.
8
5
9
6

4
.
8
7
4
1

4
.
8
8
8
8

5
.
2
8
5
7

5
.
2
9
6
4

6
.
1
3
9
4

6
.
1
5
7
0

6
.
1
7
4
7

6
.
7
2
6
0

1
0
.
8
6
0
0

1.
03

0.
98

1.
07

1.
04

1.
04

1.
02

1.
00

1.
00

1.
01

1.
89

0.
88

PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          400.1299972 MHz
SI                32768
SFO1        400.1324710 MHz
PL1W         8.68238831 W
PL1                0.40 dB
P1                15.00 usec
NUC1                 1H
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                297.2 K
DE                 6.50 usec
DW               60.800 usec
RG                  456
AQ            3.9846387 sec
FIDRES         0.125483 Hz
SWH            8223.685 Hz
DS                    2
NS                   16
SOLVENT            DMSO
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              21.25
Date_          20180218
PROCNO                1
EXPNO                 1
NAME         Bao−180218

8CF3−dG

1’H

NH2

2’H
2’H

5’H

NH

3’-OH
5’-OH

3’H
4’H



 

Supplementary Figure S2. 13C NMR spectrum of FG. 
 
 

 
Supplementary Figure S3. 19F NMR spectrum of FG. 
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Supplementary Figure S4. HRMS spectrum of FG. 

 
Supplementary Figure S5. 1H NMR spectrum of compound 1 
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Supplementary Figure S6. HRMS spectrum of compound 1 
 
 
 
 
 

 
Supplementary Figure S7. 1H NMR spectrum of compound 2 
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Supplementary Figure S8. HRMS spectrum of compound 2 
 
 
 
 

 
Supplementary Figure S9. 1H NMR spectrum of compound 3 
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Supplementary Figure S10. 19F NMR spectrum of compound 3 
 

 
Supplementary Figure S11. 31P NMR spectrum of compound 3 
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Supplementary Figure S12. HRMS spectrum of compound 3 
 

 
 
Supplementary Figure S13. a, CD spectra of d(CFGCACFGCG)/d(CFGCGTFGCG). Condition: 15 
µM duplex in 1 mM Na-PO4 buffer (pH 7.0) and various concentration of NaCl. b, 19F NMR spectra 
of d(CFGCACFGCG)/d(CFGCGTFGCG). Condition: 30 µM duplex in 1 mM Na-PO4 buffer (pH 
7.0) and various concentration of NaCl.  
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure S14. The cross peaks of imino proton of G2 and amino proton of C5, 
indicated Watson–Crick-type base pairs of Z-DNA. 

0

10

20

30

40

50

60

70

80

90

100
R

el
at

iv
e 

Ab
un

da
nc

e

653.3018
z=1

C 29 H40 O 6 N8 F 3

891.3578
z=1

C 44 H51 O 7 N8 F 3 P

500 600 700 800 900 1000 1100 1200
m/z

P
O

N
NC

NH

N

N

O

NN

O

O

O

F3C

DMTr

Chemical Formula: C44H52F3N8O7P
Exact Mass: 892.36

Molecular Weight: 892.90

N

-20

-10

0

10

20

30

240 260 280 300 320

0 mM NaCl

50 mM NaCl

100 mM NaCl

Wavelength/nm

El
lip
tic
ity
/m
de
g

−61.0 −61.2 −61.4 −61.6 ppm

PC                 1.00
GB                    0
LB                 3.00 Hz
SSB                   0
WDW                  EM
SF          376.4984296 MHz
SI                65536
SFO1        376.4607164 MHz
PL1W        13.17307281 W
PL1               −2.20 dB
P1                15.00 usec
NUC1                19F
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                297.1 K
DE                 6.50 usec
DW                5.600 usec
RG                 1820
AQ            0.7340532 sec
FIDRES         0.681196 Hz
SWH           89285.711 Hz
DS                    4
NS                  512
SOLVENT         H2O+D2O
TD               131072
PULPROG          zgflqn
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              21.08
Date_          20200416
PROCNO                1
EXPNO                 4
NAME         Bao−200416

F:F8−mer−0 mM

0 mM NaCl

50 mM NaCl

100 mM NaCl

a

b

dppm

6.06.57.07.58.0 ppm

6.5

7.0

7.5

8.0

ppm

6.57.07.58.0 ppm

13.1

13.2

13.3

13.4

13.5

G2H1/G2H2 G2H1/C5H4



 
Supplementary Figure S15. In-cell 19F NMR spectrum of d(CFGCACFGCG)/d(CGCGTGCG). 
Comparison of 19F NMR spectra for in vitro B-DNA, in vitro Z-DNA, in HeLa cell, in supernatant 
and difference spectrum between HeLa cell and supernatant. 
 

        
Supplementary Figure S16. 19F NMR (left) spectra of four positions modified 8-mer DNA 
d(CFGCACFGCG)/d(CFGCGTFGCG) and Zα protein. Condition: 30 µM DNA in 1 mM Na-PO4 
buffer (pH 7.0) and various NaCl concentrations. CD spectra (right) of four positions modified 8-
mer DNA d(CFGCACFGCG)/d(CFGCGTFGCG) and Zα protein. Condition: 5 µM DNA in 1 mM 
Na-PO4 buffer (pH 7.0) and various NaCl concentrations. 
 

 
Supplementary Figure S17. CD spectra of native 8-mer DNA d(CGCACGCG)/d(CGCGTGCG) and 
Zα protein. Condition: 10 µM DNA in 1 mM Na-PO4 buffer (pH 7.0) and various NaCl 
concentrations. 
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Supplementary Figure S18. CD spectrum Zα protein. Condition: 10 µM Zα protein.in 1 mM Na-
PO4 buffer (pH 7.0). 
 
 
Table S1. 1H NMR chemical shifts (ppm) of r(CGCFGCG)2 Z-DNA. 
 H5 H8/6 H1’ H2’ H2’’ H3’ H4’ H5’ H5’’ H1 H2a/4a H2a’/4a’ 
C1 5.51 7.24 5.64 1.47 2.38 4.47 3.71 2.94 3.53  6.69 6.69 
G2  7.65 6.11 2.64 2.64 4.87 4.00 4.08 4.08 13.28 6.38 8.23 
C3 5.03 7.24 5.64 1.59 2.51 4.70 3.71 2.41 3.71  6.30 8.07 
G4   6.30 2.51 2.75 4.87 4.00 4.12 4.12 13.02 6.30 8.07 
C5 5.11 7.31 5.64 1.59 2.51 4.87 3.71 2.75 4.07  6.38 8.23 
G6  7.59 6.08 2.31 3.09 4.67 4.00 4.08 4.08 13.02 8.10 8.10 

 
 


