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Methods

MTT assay

Stock solutions (10mM) of the ligands and Sn complexes were
prepared by dissolving the complexes in DMSO, and diluted to various
concentrations with PBS. The MTT assay was employed to investigate
cell toxicity. Briefly, all cells were seeded in 96-well plates (2x10°
cells/mL). After incubation for 24 h, the complexes were added to the
culture medium at various concentrations and the cells were incubated for
48 h. MTT solution (10 mL) was added to each well and incubated for 4 h.
One-hundred microliters of DMSO was added to each well after the
culture medium was removed. The absorbance was measured by an
enzyme-labelling instrument and ICs, values were calculated.
X-ray crystallography

To obtain X-ray crystal data, the single crystals of five Sn(I)
compounds were analyzed using Bruker Apex-II CCD diffractometer.
Olex2 software was used to analyze the structure of the compound.
Crystal data for Sn(II) compounds are listed in Table 1, while selected
bond lengths and angles are shown in Tables S1 and S2.
Cellular uptake

To investigate the underlying mechanisms of the enhanced activity of

the modified complexes, ICP-MS was performed to detect distribution of



the complexes in cancer cells. Briefly, the selected cells were treated with
the five complexes at the same dose (1 mM) for 24 h, the mitochondria
isolation kit and nuclei isolation kit were used to separate and extract the
mitochondrial membrane fraction, nuclear fraction, and cytoplasm.
Meanwhile, Sn content in the control cells was also measured.
3D tumor spheroid model

Hela cells with good digestion and logarithmic growth were cultured
in Corning 96-well 3D spherical plate for 24 h with a certain amount of
cell suspension. After the cells spontaneously formed 3D cell spheres, a
certain concentration of C5 was added, and 3 multiple pores were set at
each concentration. The morphology of the cells was observed with an
inverted microscope for 8 days.

5x10* Hela cells were placed in specially treated 96-well plates and
cultured for 2-3 days until the cells aggregated into dense 3D tumor
spheres [1]. The selected compounds at a concentration of 8 uM were
added to 96 well plates and incubated for 12 h. Then, the samples were
removed from the medium and stained for 0.5 h with a mixed solution: 1
ul Calcein-AM (20 nM) and 3 pl PI (15 nM) in 1xAssay Buffer. The final
results were observed by an inverted fluorescence microscope.
Wound healing assay

Scratch wound healing assay was performed in Hela cell lines to

investigate the effect of complexes on cancer cell migration. In short,



2x10° Hela cells were cultured in a six-well plate, and the cell population
increased to 90 %. The sterile toothpick was then used to draw a straight
line. After washing with cold PBS three times, serum-free medium was
incubated with C5 (1uM, 2uM) Photographs were taken at different time
points (0,12 hours) using a open-field inverted microscope.
Invasion assays

Briefly, 75 puL matrigel solution (1 mg/mL) was placed into each well
and allowed to solidify for 60 min, and 5 x 10* Hela cells with or without
treatment were added in the upper chamber, whereas 600 uL of medium
was placed to the lower well. After incubation in a constant temperature
incubator for 24 h, the underlying cells were immobilized with methanol
and stained with crystal violet.
Cell apoptosis assay

After treatment of Hela cells with C5, apoptosis in Hela cells was
determined by double staining (Annexin-V and PI). The Hela cells were
cultured, treated with C5 (1 uM and 2 pM) and collected by
centrifugation. The cells were incubated in 200 ul of Annexin v binding
buffer, and Syl of Annexin-V was added to each cell’s tube, excepting PI
control. The cells were then incubated at 37 °C for 20 mints in the dark.
After 20 mints, 300ul of 1x-Annexin-V binding buffer was added to each
tube, followed by 4 ul of PI to each cell’s tube, except the Annexin-V

control and 20 minutes of incubation in dark at 37 °C. The cells were then



analyzed for apoptosis using flow cytometry.
Measurement of the Aym

A flow cytometer employing JC-1 probe was used to detect changes in
Aym in Hela cells. The cells in 6-well plates were exposed to C5 (1 or 2
uM) for 24 h, harvested, and washed twice with cool PBS solution. JC-1
stock solution was added to the cells and incubated for 30 min. A flow
cytometer was used to detect the fluorescence of separated cells.
UV spectroscopy determination DNA binding with C5

calf thymus DNA (CT DNA) drops gradually to the C5 buffer

solution containing concentration for 20 uM (including 5 mM Tris HCI,
50 mM NaCl than dishes of color, 5 min at room temperature after each
drop and balance, under the condition of wavelength is 200-800 nm, and
then use the UV-vis spectrum measurement, get a series of corresponding
absorbance values, with the Origin drawing can be UV curve.
Fluorescence spectroscopy determination DNA binding with C5

EB was used as the control to measure the binding ability of the drug
and DNA. The Tris HCIl buffer solution pH=7.2 was added to the
colorimetric dish with light transmission on both sides, and then EB was
mixed and then CT DNA was added. As a control, C5 was added
continuously and incubated for 5 min at room temperature. The
fluorescence curves were measured with a fluorescence spectrometer at

the excitation wavelength scanning interval of 540-750 nm.



DNA cleavage studies

Briefly, supercoiled plasmid pBR322 DNA, Tris-HCl buffer and
different concentrations of C5 (1, 2 mM) were mixed and incubated in a
tube at 37 C for 3 h. Subsequently, the loading buffer was added into the
mixture. The mixture was loaded onto 1% agarose gel containing 1% (v/v)
gold View II, and analysis by gel electrophoresis in 1X TBE buffer at 80
V.

Topoisomerase II inhibition assay [2]

The human DNA topoisomerase II (Topo II) inhibitory activity by C5
was determined by measuring the relaxation of supercoiled plasmid DNA
pBR322. Each reaction mixture contained 35 mM Tris-HCI (pH 8.0), 0.1%
BSA, 72 mM KCIl, 5 mM dithiothreitol, 5 mM MgCl,, 5 mM spermidine,
0.25 pg plasmid DNA pBR322, 1 Unit Topo II and C5 at a specified
concentration. These samples were incubated at 37 °C for 30 min, and the
reaction was terminated by addition of 2 pL of 5xloading buffer (0.25%
bromophenol blue, 4.5% SDS and 45% glycerol). The samples were
analyzed on 1% agarose containing 0.02% (v/v) goldview at 8 V/cm for 1
h with 1 x TBE as the running buffer.
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Table S1 C1-CS configurations and their Log P values

Log P

1 Label h hM
Symbo abe Shape Symmetry CS values

Seesaw or sawhorse] (cis-divacant

Cl SS-4 Cyy 4.30495 1.38

octahedron)

2 SS.4 Seesaw or sawhorse] (cis-divacant . 437917 261
octahedron)

C3 SS.4 Seesaw or sawhorse] (cis-divacant . 436143 3.05
octahedron)

Ca SS.4 Seesaw or sawhorse] (cis-divacant . 564367 391
octahedron)

C5 SS.4 Seesaw or sawhorse] (cis-divacant . 468217 4.9
octahedron)

Table S2 Bond lengths of C1-C5
Identification C1 C2 C3 C4 C5
Snl-N1 2.489(4) 2.465(5) 2.476(3) 2.465(3) 2.488(4)
Sn1-N2 2.321(4) 2.345(4) 2.328(2) 2.337(2) 2.327(3)

Sn1-S1 2.6455(14)  2.6530(16)  2.6468(9)  2.6647(10) 2.6731(12)
Sn1-Cl1 2.4849(14)  2.480(2)  2.4893(10)  2.4968(9)  2.4903(11)




Table S3 Bond Angles of C1-C5

Identification C1 C2 C3 C4 Cs
N2-Snl-S1 73.64(9) 72.08(11) 72.44(6) 72.00(7) 71.68(7)
N2-Sn1-Cll1 87.71(9) 90.26(12) 89.20(6) 95.78(6) 89.51(7)
N2-Snl-N1 68.29(13) 68.41(15) 68.45(9) 68.49(9) 68.84(11)
N1-Snl1-S1 141.36(10)  140.38(11) 140.76(7)  138.32(6)  139.94(9)
Cl1-Sn1-N1 81.61(10) 86.89(12) 85.21(7) 82.25(6) 82.77(9)
Cl1-Sn1-S1 90.69(5) 90.57(7) 91.17(3) 89.05(3) 90.47(4)

Table S4 Acute toxicity of C5 (alive/total)

15 umol/kg 20 umol/kg 25 umol/kg 30 umol/kg 35 umol/kg

C5 10/10

2/10

3/10

5/10

8/10

Table S5 Serological analysis of mice injected NaCl, cisplatin, C5

complex
Complex CK (U/L) BUN (mmol/L) ALT(U/L) AST(U/L)
NaCl 30613 7.6+1.4 43.7+5.9 95.7+12
C5 324+ 15 102 +1.8 51.3+6.3 119+15
cisplatin 342 £18 17.8 £2.5 66.9 +8.1 142 +18
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Fig S1 Spatial configuration and stacking pattern of Sn complex
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Fig S2 Comparison of 1Csy between ligands L1-L5 and Sn(II) complexes

C1-C5 in four tumor cell lines (*P < 0.05).
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Fig S3 The survival rate of Hela cells treated with C1-C5 relative to blank

cells (*P < 0.05)
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Fig S4 The uptake of five Sn(II) compounds by HeLa cells



%T

%T

Ligand 1

84 20
A
| 1108 &4cm-t
1297 oom1
12 1B,
) 1488 Mo
4000 3500 3000 2500 . 2000 1500 1000 500 400
26

\
83m1
240m-1

1\ iy
1 Bhemd 15 Stomet | 518.54emt

4om-1 L 504 83om-1
9%, 19om 1775, 18em1 |
22470me1

v
400 3tem1| | 3157 Saemr

i
3288.170m1

4000

3500 3000 1000 500 400

m-1

Fig S5 IR spectrum of L1 and C1



%T

%T

%T

209
184
164
14
129
10

Lo m s o

500 400

3430 B

129438em1 757 B2om1

bem-1

3504.72¢
5546

3438,
34

2500 2000 1000 500 400

cm-1

Fig S6 IR spectrum of L2 and C2

A
1748 odem-1

Ligand 3

1794.020m-1
adbh.00cm-1

[18%0.87cm-1
ja 26cm-1

\
oafim-1

dem-1
953 1061
2005 4107

Ay
2156 boknt
pifitia
2345 brem-1

\Mases.ssem-1

b21.720m-1

\
2725.080m-1

m-1
Socm.
5320 SogRnfs

0ocr

oy |, wordrems

gV
4003.604m-1 £
3074 600m-1 m 621 160m-1

1 663.10cm-1 et

\ e
3843.600r-1

A ot

775 Gdem!

24
224

204

3500

3437 244
3401

3000 2500 2000 1000 500 400

cm-1

2002.500m-1
4 050m-1
a6 50cm

lhotokm s

550 21em-1

3012.03¢m-1

W
Nk

60701

7365 th3.97cm-1

i
)

579.500m-1

20m-1
‘532.0501

I\ [)p8d. 790m-1

\ | dalspemlt 1

1638 94ci-1
1584 250 1307.88cfn-1

789 34em 1

1253 39¢m-1

s

\
asp.Bctn-1
1527 7agm it

1488.74dm{1

1440.96cm-1

\
1428.720m-1
-

§acm-1

3500

3000 2500 2000 1500 1000 500 400

Fig S7 IR spectrum of L3 and C3



%T

%T

%l

YT

oy
— 1781 80am-1
1889 220m-

“”&ﬂw Ligand 4

781840m-1

|
2788 81em-1

xsa‘a 1

1a2480emt

3000 2500 2000 1500

1000

500 400

3500

3000 2500 2000 1500
cm-1

1000

1

500 400

s o

2 e bhomt |
em 74 120m1
Tar 11om 1

4000 3500 3000 2500 2000 1500 1000 500450

ar-

£

S

32

20]

28

26]

24

22{

20]

18]

3V 29

Buo
8

3500

Fig S9 IR spectrum of L5 and C5

1000

500 400



n 1]
s Fg
n 0
= . )
057 — oZF -— Fés 05z — - LS
VHS L L
o HN/ .M O x=z - L ”
—
\N “ | L 1L TS i
¢ G €TL Oz
[~ 0 wn
. [ o sT'L \ He
7/ \ i = LE'L A/ i
. e LEL .
b -~ Q€L - -
Q 3
L m 6€°L \ \ i
s: @ 1L )
FEL Fo /m. R L L2
reL .
9€L | & M SS'L
9E'L LS'L -
LeL ——— o[ N_ ol )
6LL -
:E.W e - %m.“ lH P8 LA -
8L _— F oy
ey == =Ril. o e \ --
9I's8 T = ) Mm of — L]'L N
ST'8 201 S ONW ﬁ =
LT8 | |
res W.O £v'8
SS°8 0 . w0
95’8 o F MMN Fe
L 658 L
12 STO1 - ©—— Fueofw
- E
n n
€971 — e — o — H‘co._uu =
[ o - o -— ool
- £0°CI i B
lm. i mm

f1 (ppm)

Fig S11 'H-NMR spectrum of L2



v
1T
9t't
1TL
1T°L

oo T

€T'L
€TL
vTLy|
vT'L
STL
9T'L
9T'L
9Z'L
LTL
LTL
8T'L
8T'L
6T'L
0€'L
o£L
0€'L]
€L
LEL
6€'L
ot'L
18°L
€8°'L
S8'L
818
£v'8
St'8
868
658
v10l
10zt —

<

0t

F66 ‘0

f1 (ppm)

Fig S12 'H-NMR spectrum of L3

681 —

aL'E—

9L
8E'L v.

8L
8L
98°L
88°L
0z'8 .\.

058 %
LS8

ST —

Eo+

Foo v

o

201

Fot

0

10.

11.5

f1 (ppm)

Fig S13 'H-NMR spectrum of L4



s 2 M

9€'LY
9€°L 1
LEL
e
LELT
€L
6€°L7
6€L
z8'L
PRL
98°L
68°L]
16'L1
vT'8
LS8 ]
658

=

6l —

O I

Foo-

f1 (ppm)

Fig S14 'H-NMR spectrum of L5

66617°C —

SLYEL
LOSE'L
009¢°L
6C9t’L
FO9L’L
Te9E’L
O8LEL
FI8EL
SS6L'L
Fo6L’L
oFI8L
L8I8'L
reEs’L
T8EY'L
9080°'8 ]
SOLI'8
c99T'8
T98T'8
£1S€'8
orrs'8
1€95°8

e

- RN

1 (ppm)

Fig S15 'H-NMR spectrum of C1



000s°g
PEEE'E
GOEL'L
R09L°L
£6LL°L
lE6L'L
901Z°L
£6ZT°L
GOFEL
9GoE"L
LILEL
GP6E'L
9SLF'L
IPEF'L
GLOYL
PLIL'L
PLSO'8
ELL0'8
0060°8
LFOL'S
)
000Z°8
SL0T'8
€058
PLLZ'R
9LFF'8
SOSF'8
SELF'E
Z86F'8
ZIES'R
LOSS'8
LOLS8
90888
RO05'8
GOZ0'6
0FED'S
RLOZ'6

062011 —

L —

o ed —

0.0

0.5

1.0

2.5

3.0

12.¢ 1.5 1.0 105 10.0 9.5 9.0 85 B840

12.5

Fig S16 'H-NMR spectrum of C2

€T
0s'c—
LEE
LI'Ly

L1'L
81°L
81°L
61°L
0T'L
0T'L
TTL
T LY
€TL
YT LY
FT LA
STL
9T L4
09°L
9L
9Ly
TLL]
L L]
86'L
s
r1'8
NE
878 ,1
61’8 ]
966"

I

n

Fig S17 'H-NMR spectrum of C3

1



pLCOT

£9ZC €

o:um.mw.rllll.
€LSS'E

GLESL
bOSSL
SELC
590L°L | o
6STL'L —
zoL8°L”. .
£980'8 -
$601'8
£571°8
8SSH'8
691’8

-
*oo -

¥G60

-

T T T
9.0 8.

5

11.0 10.5 10.0 9.

£f1 (ppm)

Fig S18 'H-NMR spectrum of C4

866%'C —

1196'L
€LLS'L
616S'L
7618'L
owmw.h/
6180°8 |
12018
voT1'8
18698
oczL8 7

-

T T T
5 9.0

11.0 10.5 10.0 9.

f1 (ppm)

Fig S19 'H-NMR spectrum of C5



—178. 86

—120.68
10, 00

| ‘

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

f1 (ppm)
Fig S20 *C-NMR spectrum of L1
T FPTRN aa i
a H H
T O
b a
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

Fig S21 *C-NMR spectrum of L2



¢
a
x \N/H%N
o0R

18. 25

c
b a I »
210 200 190 180 170 lf%() 150 140 130 120 110 100 90 80 70 60 50 ll() 30 20 10 -10
f1 (ppm)
Fig S22 *C-NMR spectrum of L3
T 9T 4 .
i d
(&
N Ab Q
/N S
C d
b a ' ‘
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 -10

f1 (ppm)

Fig S23 1*C-NMR spectrum of L4



a
1

b

1L

25. 31
3

—125.
T

—128.82

'.350 200 190 180 170 160 150 140 130 120 li(l 100 90 8 70 60 50 40 30 20 10 0 -10
f1 (ppm)
Fig S24 *C-NMR spectrum of L5
T i T 1
a
Nl b -NH2
/N S|I’| S
Cl

b i ‘ ‘

2;0 Z(I]O l'.:)() 1?‘{() 17"0 l("iO l."iU l—iO IZ;O lé() IEO I(I)O 9‘0 ﬂl() 7‘0 ﬁl(J '}I() 1‘() 3’() Zb lb [I] —iO

f1 (ppm)

Fig S25 BC-NMR spectrum of C1



39.9

N

76. 88

T j/\\\_kvzz
a H
N X N”"htttkii"’h
/N SIn S
!
b a
LU

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 -10
f1 (ppm)
Fig S26 BC-NMR spectrum of C2

s E 2 4500

[

G
4000
a H
N D N
AN ‘\\‘N//’ <§§1,," F3500
=N Sln S F3000
ol

F2500
2000
F1500

a C
| F1000

b ]
H l 500
el Ll o
210 200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 40 30 20

f1 (ppm)

Fig S27 3C-NMR spectrum of C3



T 7 . d ! ¢ £
a Q
\ \N/N\[b/N
/N Sn s
Cl
d
C
b a
310 260 l':Y'U l;iU l'}U 1(130 l.'!)U l‘iU 11'50 lé() 1;0 l(('JO )‘:;0 H‘U 7’0 (i‘U 5‘0 lrU Z;O 2‘0 |'0 (Y) iU
f1 (ppm
Fig S28 *C-NMR spectrum of C4
C
: N N
b
X XN \r N
/N Sln S
cl
C
b a ‘
i
Xb 7‘(] li‘O 5‘0 '_;0

210 200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

Fig S29 *C-NMR spectrum of C5



100°] 179.02

Relative Abundance
w
=]

407
304
20

] 176.01
104 173.68 181.01 215.02

] 168.02 183.07

115513 16108 | ! ; 19‘1'99 206.0 ‘216-01 23025 235.08
0IIII\\‘\I\\I\[\\\[‘II‘II\I\I\|\I\‘I|I\“}\[\\\I\‘\III|

160 170 180 180 200 210 220 230 240
m/z

Fig S30 ESI-mass spectrum of the L1 showing an intense signal at m/z

=179.02 for [C;HN,S-H]

100 255.09

(=]
T

[0
(=]

-~
o

(2]
o

257.08

Relative Abundance
w B w
o o o

N
o

/ 256.00

-
(=]

[ 267.99 268.99 270.39
T

| I i
U L LN I N Ay B s B s S S N B O B EO B B S S B B B A |

I T
252 254 256 258 260 262 264 266 268 270

/ 25250 254.98 261.08 |
|

o

Fig S31 ESI-mass spectrum of the L2 showing an intense signal at m/z

=255.09 for [C13H12N4S-H]'



Relative Abundance

o3l

265.17

269.08

268.08

270.08

27913 28499

272.98
280.01

27398 278.01 28013
271499 o 281.11

'\ M‘“* ,!Uﬁﬂ

28415

T g
266 268

270

BARA Rhaict
276 278 280 282 284
m/z

Fig S32 ESI-mass spectrum of the L3 showing an intense signal at m/z

100+

o] o]
2.8

-~
(=}

50

40

Relative Abundance

30

20

10

o

=269.08 for [C13H12N4S-H]'

233.16

23417
24228

Fig S33 ESI-mass spectrum of the L4 showing an intense signal at m/z

=233.16 for [C11H14N4S-H]'



207.07

Relative Abundance
=5
w N w o)) ~ © © o
o o o o o o o o
T T

N
o
Ll bl

208.07
204.11 205.10 209.06 211.089

21411

pr
o

o

I
T T T [T T T[T T[T rrr[rrrr[rrrr[rrrr [T 1T T[T 1T [T I T[T

204 205 206 207 208 209 210 211 212 213 214
m/z

Fig S34 ESI-mass spectrum of the L5 showing an intense signal at m/z

=207.07 for [C9H12N4S-H]_

100, 298.94

[o:]
T

296.94

70

60

294.94

Relative Abundance

B~
(=]

W
o

29428

n
o

279.26 281.04 285.01 288.93 290.93 292.93 | 304.95
T T T T T T T T T T T T T T T T T T T T T T T T T T

280 285 290 295 300 305
miz

oY
o

Fig S35 ESI-mass spectrum of the C1 showing an intense signal at m/z:

298.94 for [C;H,;CIN,SSn-CI]*



37497

] 372.97

~
T

[=)]
o

370.97

B
o

pron bv v e w oy Povn s Pvvrn bonvalunns

Relative Abundance
(4]
o

373.97

w
o

371.97

[
o

375.98 378.66
386.99
376.97 388.98

J 379.16 387.99

l 380.98
i

LA AL I N B N B N B B R B B N B N B E N B B B N B BN B NN B B B N B B R

T
372 374 376 378 380 382 384 386 388 390
m/z

iy
o

(o]

1
370

Fig S36 ESI-mass spectrum of the C2 showing an intense signal at m/z:

374.97 for [C13H1 1C1N4SSI’1-C1]+

100 388.99

©
o
Ll

®
T

386.99

~
o

[
o

384.99

D
o

Relative Abundance
()}
o

30
20 392.99
403.03 440.96 454.97
10 337.92 355.92
308.97 379.00 517.82
a 50681 531.80
0 " | Al "l s il 1
| L L L L L L

1
300 320 340 360 380 400 420 440 460 480 500 520 540
m/z

Fig S37 ESI-mass spectrum of the C3 showing an intense signal at m/z:

388.99 for [C14H13C1N4SSI'1—C1]+



35299

Relative Abundance
(4] [e)] =~ 0] [(e]
o o o o (=]

B~
o

35099

w
o

N
o

35199

=
o

353.99
35499 35690

363.15

o

T T
352

35599 ‘ 357 29
T '| | S I\II

356
m/z

00 3a101 || 36415
I L O T N
360

T
354 358 362 364

Fig S38 ESI-mass spectrum of the C4 showing an intense signal at m/z:

352.99 for [C1 1H13CIN4SSI’1-CI]+

32597

-
o
i

[{e]
o

[os]
o

~]
o

[o2]
o

[5)]
o

327.97

S
o

Relative Abundance

w
o

[yo]
o

-
o

o

Fig S39 ESI-mass spectrum of the C5 showing an intense signal at m/z:
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Fig S40 The response curve of the interaction between C1-C4 and Bcl-xL

immobilized on a CMS5 sensor chip by SPR.
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Fig S41 UV-Vis spectra of Sn(II) complexes
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Fig S42 The purity of L1-L5 were determined by HPLC
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Fig S43 The purity of C1-C5 were determined by HPLC



