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Figure S1. Characterization of 1,3-trans-PtTz crosslinked oligodeoxynucleotide (ODN) I by HPLC (a) and ESI-MS (b). (a) Chromatogram of reaction mixture of strand I with trans-PtTz at 310 K for 24 h. Fraction A is free strand I and fraction B mono-platinated ODN I by trans-PtTz; (b) Mass spectrum of fraction B in (a) and the insert shows the isotopic model of doubly-charged ion of platinated strand I, [1,3-trans-PtTz- I]4−.
[bookmark: OLE_LINK58][image: ]Figure S2. Mass spectra of (A) non-deuterated PC4, (B) deuterated PC4, (C) deuterated PC4 after incubated with unmodified dsODN III, and (D) deuterated PC4 after incubation with the 1,3-GTG trans-PtTz intrastrand crosslinked dsODN (1,3-trans-PtTz-III) .
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[bookmark: OLE_LINK9][bookmark: OLE_LINK8]Figure S3. Sequence coverage map of peptic peptides of PC4 identified by LC-ESI-MS. The secondary structural elements of -sheets and -helix determined by X-ray crystallography (M63 – L127) 1 (PDB code: 2C62) are also shown above the sequence. Black double-arrow lines represent identified peptides (Pep1 – Pep20) and arrows refer to N-terminal and C-terminal of each peptide.
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[bookmark: OLE_LINK31][bookmark: OLE_LINK30]Figure S4. (a, b) Kinetic curves of HDX of peptic peptides Pep1 and Pep2 arising from apo-PC4 (square) and holo-PC4 (ligated with 1,3-trans-PtTz-III) (circle). (c, d) Mass spectra of (i) non-deuterated and (ii and iii) deuterated peptides Pep1 and Pep2 derived from the apo-PC4 (ii) and the holo-PC4 (iii) incubated in D2O buffer for 1 min and 120 min, respectively. The vertical green lines correspond to the centroid m/z of each deuterated peptide.
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Figure S5. (a, b) Kinetic curves of HDX of peptic peptides Pep3 and Pep4 arising from apo-PC4 (square) and holo-PC4 (circle). (c, d) Mass spectra of (i) non-deuterated and (ii and iii) deuterated peptides Pep3 and Pep4 derived from apo-PC4 (ii) and holo-PC4 (iii) incubated in D2O buffer for 1 min and 120 min, respectively. The vertical green lines correspond to the centroid m/z of each deuterated peptide.
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Figure S6. (a, b) Kinetic curves of HDX of peptic peptides Pep5 and Pep7 arising from apo-PC4 (square) and holo-PC4 (circle). (c, d) Mass spectra of (i) non-deuterated and (ii and iii) deuterated peptides Pep5 and Pep7 derived from the apo-PC4 (ii) and the holo-PC4 (iii) incubated in D2O buffer for 1 min and 120 min, respectively. The vertical green lines correspond to the centroid m/z of each deuterated peptide.
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Figure S7. (a, b) Kinetic curves of HDX of peptic peptides Pep8 and Pep9 arising from apo-PC4 (square) and holo-PC4 (circle). (c, d) Mass spectra of (i) non-deuterated and (ii and iii) deuterated peptides Pep8 and Pep9 derived from apo-PC4 (ii) and holo-PC4 (iii) incubated in D2O buffer for 1 min and 120 min, respectively. The vertical green lines correspond to the centroid m/z of each deuterated peptide.
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Figure S8. (a, b) Kinetic curves of HDX of peptic peptides Pep10 and Pep11 arising from apo-PC4 (square) and holo-PC4 (circle). (c, d) Mass spectra of (i) non-deuterated and (ii and iii) deuterated peptides Pep10 and Pep11 derived from apo-PC4 (ii) and holo-PC4 (iii) incubated in D2O buffer for 1 min and 120 min, respectively. The vertical green lines correspond to the centroid m/z of each deuterated peptide.
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Figure S9. (a, b) Kinetic curves of HDX of peptic peptides Pep12 and Pep14 arising from apo-PC4 (square) and holo-PC4 (circle). (c, d) Mass spectra of (i) non-deuterated and (ii and iii) deuterated peptides Pep12 and Pep14 derived from apo-PC4 (ii) and holo-PC4 (iii) incubated in D2O buffer for 1 min and 120 min, respectively. The vertical green lines correspond to the centroid m/z of each deuterated peptide.
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Figure S10. (a, b) Kinetic curves of HDX of peptic peptides Pep15 and Pep17 arising from apo-PC4 (square) and holo-PC4 (circle). (c, d) Mass spectra of (i) non-deuterated and (ii and iii) deuterated peptides Pep15 and Pep17 derived from apo-PC4 (ii) and holo-PC4 (iii) incubated in D2O buffer for 1 min and 120 min, respectively. The vertical green lines correspond to the centroid m/z of each deuterated peptide.
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Figure S11. (a, b) Kinetic curves of HDX of peptic peptides Pep18 and Pep19 arising from apo-PC4 (square) and holo-PC4 (circle). (c, d) Mass spectra of (i) non-deuterated and (ii and iii) deuterated peptides Pep18 and Pep19 derived from apo-PC4 (ii) and holo-PC4 (iii) incubated in D2O buffer for 1 min and 120 min, respectively. The vertical green lines correspond to the centroid m/z of each deuterated peptide.
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Figure S12. (a) Kinetic curves of HDX of peptic peptides Pep20 arising from apo-PC4 (square) and holo-PC4 (circle). (b) Mass spectra of (i) non-deuterated and (ii and iii) deuterated peptides Pep20 derived from apo-PC4 (ii) and holo-PC4 (iii) incubated in D2O buffer for 1 min and 120 min, respectively. The vertical green lines correspond to the centroid m/z of each deuterated peptide.
[image: S1]
Figure S13. The initial structures and conformation changes of 1,3-trans-PtTz-III. (a) The DLin (a) and the DLout (b) configurations of the 1,3-trans-PtTz-III complex. Pt-related coordination bonds are indicated by dashed lines (in Å). The root mean squared deviations (RMSD) of the protein backbone in three parallel simulations for the DLin (c) and the DLout (d) configurations.
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Figure S14. The comparison between the B-form ODN III model (light pink) and three parallel (a) DLin or (b) DLout models (pale green)..


[image: test_subplots]
(continued on next page)
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Figure S15. Inter-base pair parameters versus base pair number for ODN III (red) and six DL complexes (blue). (a), (b), (c) showing comparisons between ODN III and DLin-1, DLin-2, and DLin-3, respectively; (d), (e), (f) showing comparisons between ODN III and DLout-1, DLout-2, and DLout-3, respectively.
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Figure S16. Structural prediction using AlphaFold2 and tFold. Both methods show consistent predictions for the M63-L127 segment, which are very close to the experimentally determined structure (PDB entry 2C62.pdb). However, tFold predicted the N-terminal disordered structure as a helix (in light blue); five predictions from AlphaFold2 (pale green, red and deepsalmon) show that the N-terminal segment (M1-M63) is disordered.
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Figure S17. The representative structures of four holo-PC4 (1,3-trans-PtTz-III-PC4) complexes. The PC4 protein monomer 1, the PC4 protein monomer 2 and the two bound trans-PtTz-III for (a) holo-PC4-1 and (b) holo-PC4-2 and (c) holo-PC4-3 and (d) holo-PC4-4 are shown in wheat, light blue and pale green cartoon, respectively. Trans-PtTz is shown in ball-stick-model.

Based on the differences in binding modes, holo-PC4-1 to holo-PC4-4 are briefly described below. Holo-PC4-1: PC4 binds to the major groove of DLout and the DNA strand binding trans-PtTz is close to the PC4 dimer interface; holo-PC4-2, PC4 bound to the minor groove of DLout and the DNA strand binding trans-PtTz is away from the PC4 dimer interface; holo-PC4-3, PC4 bound to the major groove of DLin and DNA strand binding trans-PtTz is away from the PC4 dimer interface; holo-PC4-4, PC4 bound to the minor groove of DLin and DNA strand binding trans-PtTz is away from the PC4 dimer interface.
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Figure S18. The backbone RMSD (root mean square deviation) of apo-PC4 (in red) protein and holo-PC4-1 (a), holo-PC4-2 (b), holo-PC4-3 (c), and holo-PC4-4 (d) complexes (in blue) in 100 ns MD simulations.
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Figure S19. The cumulative distribution functions of SASA (solvent accessible surface area) of apo-PC4 (red) and the R47-M63 (N-terminal disordered binding region, left panel), K80-Q109 (β-sheet binding region, middle panel) and W110-D122 (right panel) in the (a) holo-PC4-1, (b) holo-PC4-3, and (c) holo-PC4-4 complexes.
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Figure S20. The potential energies of four holo-PC4 complexes, holo-PC4-1, holo-PC4-2, holo-PC4-3, holo-PC4-4 colored in red, blue, green, and orange, respectively.
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Figure S21. The probability density distribution of V-shaped angle of apo-PC4 and (a) holo-PC4-1, (b) holo-PC4-3, (c) holo-PC4-4 (left panel). The corresponding matrix of closest distance differences between subunits are shown in the right panel.
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Figure S22. The representative structure of mutant PC4R86A in holo-PC4-2 complex. The two subunits of PC4 and the two bound trans-PtTz-III are shown in wheat, light blue, and pale green cartoon, respectively. Trans-PtTz is shown in the ball-stick-model.
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Figure S23. MS/MS spectra for the tryptic peptides containing amino residue 86 of (a) PC4wt and (b) PC4R86G. 



Table S1. All energies are in kcal/mol. The squared deviations for each data is shown.
	
	∆Gele
	∆Gvdw
	∆GSA
	∆GPB
	∆Gbinding

	holo-PC4-1
	-6384.18±183.43
	-244.64±10.48
	6573.00±176.42
	-32.86±0.98
	-88.68±24.86

	holo-PC4-2
	-7052.27±200.42
	-257.00±12.53
	7205.91±192.22
	-36.39±1.05
	-139.64±24.49

	holo-PC4-3
	-4954.47±148.27
	-296.15±14.20
	5225.72±143.28
	-36.49±1.20
	-61.38±24.81

	holo-PC4-4
	-6624.05±203.29
	-230.16±13.22
	6808.30±195.09
	-32.67±1.19
	-78.57±22.94

	mut-holoPC4-1
	-4636.78±314.61
	-220.86±11.93
	4838.85±308.72
	-29.92±0.91
	-48.72±22.83

	mut-holoPC4-2
	-5080.99±199.93
	-241.72±12.94
	5233.27±197.24
	-32.63±1.53
	-122.06±20.41

	mut-holoPC4-3
	-3342.33±141.00
	-328.69±12.05
	3678.52±130.39
	-39.35±0.89
	-31.85±29.55

	mut-holoPC4-4
	-4438.13±220.31
	-214.15±12.24
	4682.56±209.28
	-29.66±1.45
	0.63±27.47





Table S2. Hydrogen bond formation, and occupancy of the holo-PC4-1, holo-PC4-2, holo-PC4-3, and holo-PC4-4 models. The first left column in each part is bond location in the format of “acceptor atom@ODN base-donor atom@amino acid”. Ow/o, Odirect, and Oindirect represent occupancy of no hydrogen bond, direct hydrogen bond and indirect hydrogen bond, respectively.
	Monomer 1
	Ow/o
(%)
	Odirect
(%)
	Oindirect
(%)
	Monomer 2
	Ow/o
(%)
	Odirect
(%)
	Oindirect
(%)

	holo-PC4-1

	OP@21-NH@Arg75
	18.1
	25.8
	56.1
	OP@A21-NH@Arg75
	42.1
	5.7
	52.1

	OP@T4-NZ@Lys78
	42.8
	27.6
	29.6
	OP@A22-NH@Arg75
	4.3
	44.0
	51.7

	OP@T5-NH@Arg86
	44.9
	0.0
	55.1
	OP@G23-NZ@Lys78
	32.7
	23.3
	43.9

	OP@G6-NH@Arg86
	36.0
	0.0
	64.0
	OP@T5-NH@Arg86
	0.12
	71.6
	28.2

	OP@G6-NH@Arg100
	11.7
	22.7
	65.6
	OP@G6-NH@Arg100
	13.3
	53.7
	33.0

	OP@T7-NH@Arg100
	1.7
	50.2
	48.1
	OP@T5(chain1)-NZ@Lys101
	2.5
	53.2
	44.3

	OP@G30(chain2)-NH@Arg100
	6.2
	61.7
	32.0
	
	
	
	

	OP@T4(chain2)-NZ@Lys101
	9.1
	71.6
	19.3
	
	
	
	

	holo-PC4-2

		OP@G6-NZ@Lys78
	26.1
	73.0
	0.9
	OP@A19-NZ@Lys78
	29.3
	19.8
	50.9

	OP@G20-NZ@Lys80
	42.9
	12.7
	44.4
	OP@G20-NZ@Lys80
	46.3
	17.7
	36.0

	OP@A22-NH@Arg86
	0.7
	63.7
	35.7
	OP@A22-NH@Arg86
	0.6
	66.0
	33.4

	OP@C23-NH@Arg100
	2.1
	51.9
	46.0
	OP@C23-NH@Arg100
	10.8
	31.7
	57.5

	OP@T13(chain2)-NH@Arg100
	2.9
	56.1
	41.1
	OP@T12(chain1)-NH@Arg100
	20.4
	14.7
	64.9

	OP@A22(chain2)-NH@Arg100
	28.7
	7.2
	64.1
	OP@T13(chain1)-NH@Arg100
	16.1
	32.3
	51.5

	OP@A21(chain2)-NZ@Lys101
	13.5
	52.9
	33.6
	OP@A21(chain1)-NZ@Lys101
	17.8
	60.6
	21.6




	holo-PC4-3

	OP@G8-NH@Arg75
	15.6
	55.3
	29.0
	OP@G8-NH@Arg75
	11.4
	63.3
	25.4

	O2@T4-NZ@Lys78
	31.4
	1.3
	67.3
	OP@T7-NZ@Lys78
	41.0
	21.9
	37.1

	O2@T5-NZ@Lys78
	21.6
	72.6
	5.8
	OP@G28-NZ@Lys80
	23.3
	29.9
	46.8

	OP@G28-NZ@Lys80
	46.3
	18.1
	35.3
	OP@A26-NH@Arg86
	7.1
	0.4
	93.5

	OP@A29-NZ@Lys80
	8.2
	31.6
	60.2
	OP@A26(chain2)-NH@Arg100
	43.0
	16.0
	40.9

	OP@A27-NH@Arg86
	4.2
	73.1
	22.7
	OP@A26(chain2)-NH@Lys101
	33.7
	22.9
	43.4

	OP@A26(chain2)-NH@Arg100
	1.3
	89.6
	9.1
	
	
	
	

	OP@A27(chain2)-NZ@Lys101
	2.9
	79.9
	17.2
	
	
	
	

	holo-PC4-4

	OP@G20-NZ@Lys78
	2.4
	69.0
	28.6
	OP@G20-NZ@Lys78
	3.3
	30.6
	66.1

	OP@G14-NZ@Lys80
	43.9
	4.0
	52.1
	OP@A21-NZ@Lys78
	19.7
	31.2
	49.1

	OP@A21-NZ@Lys80
	9.5
	50.3
	40.2
	OP@A21-NZ@Lys80
	44.0
	18.2
	37.9

	OP@A22-NH@Arg86
	2.3
	0.0
	97.7
	OP@A24-NH@Arg86
	1.2
	30.1
	68.7

	OP@C23-NH@Arg86
	11.6
	0.0
	88.4
	O2@T10(chain1)-NH@Arg100
	18.1
	51.4
	30.5

	OP@C23(chain2)-NH@Arg100
	1.2
	89.2
	9.5
	O4@T9(chain1)-NZ@Lys101
	19.0
	0.0
	81.0

	O4@T9(chain2)-NZ@Lys101
	13.6
	0.0
	86.4
	OP@A22(chain1)-NZ@Lys101
	4.1
	62.9
	33.0

	OP@A22(chain2)-NZ@Lys101
	5.4
	77.2
	17.4
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MS/MS spectrum for Peptdie 6# of PC4R86G expressed in A549-PC4R86G 

cells.

Sequence: 

VLIDIGEYWMDPEGEMKPGR.

PTM

: M10-Oxidation (15.99492 Da), M16-Oxidation (15.99492 Da).

Prime ion: 

Monoisotopic m/z: 474.22610 Da (+0.38 mmu/+0.79 ppm).

Charge: 

+5,  MH+: 2367.10142 Da,   RT in UPLC: 56.1574 min.

Identified with Sequest HT (v1.17) and XCorr:1.37.

Fragment match tolerance used for search: 

0.02 Da.

Fragments used for search: 

-H

₂

O; y; -NH

₃

; y; b; b; -H

₂

O; b; -NH

₃

; y.

MS/MS spectrum for peptide 4# of  PC4WT expressed in A549-PC4WT 

cells.

Sequence: 

VLIDIREYWMDPEGEMKPGR.

PTM: 

R6-Methyl (14.01565 Da), K17-Methyl (14.01565 Da), M10-Oxidation 

(15.99492 Da), M16-Oxidation (15.99492 Da).

Prime ion: 

Monoisotopic m/z: 499.65198 Da (+4.06 mmu/+8.13 ppm).

Charge: 

+5, MH+: 2494.23078 Da, RT in UPLC: 93.4046 min.

Identified with Sequest HT (v1.17) and XCorr:0.78.

Fragment match tolerance used for search: 

0.02 Da.

Fragments used for search: 

-H

₂

O; y; -NH

₃

; y; b; b; -H

₂

O; y.
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PC4+GTG dsDNA-D2O-120min-1

600 700 800 900 1000 1100 1200 1300 1400

m/z 0

100

%

0

100

%

0

100

%

0

100

%

A: 20103.71?.50

A24

838.6141

805.1179

A26

774.1953

A27

745.5383

718.3655

A23

875.0573

A21

958.3108

A20

1006.1351

A18

1117.8140

A17

1183.4543

1257.4956

1341.1763

1436.9623

A: 20170.27?.25

A24

841.4337

A25

807.7818

A26

776.8875

747.8049

721.0634

A23

878.0225

A22

917.8269

961.8265

1009.9131

A: 20169.00?.94

A24

841.2496

A25

807.7993

A26

776.8133

747.7489

747.3961

720.2386

A23

877.9133

A22

917.8331

961.8710

A: 20163.93?.11

A24

841.2258

A25

807.5257

A27

747.8217

720.4420

A23

877.6645

917.6718

917.9262

A20

1009.1647

1062.9955

A

B

C

D


image3.emf
1 MPKSK ELVSS SSSGS DSDSE VDKKL KRKKQ  30

31  VAPEK PVKKQ KTGET SRALS SSKQS SSSRD  60

61  DNMFQ IGKMR YVSVR DFKGK VLIDI REYWM  90

91  DPEGE MKPGR KGISL NPEQW SQLKE QISDI 120

121 DDAVR KL                            127



1



3



2



4



5

Ser-rich Lys-rich

Lys-rich Ser-rich



-helix



-helix


image4.emf
0 50 100

0

30

60

90

 PC4

 PC4+1,3-trans-PtTz-

III

Deuterium %

Time / min

0 50 100

40

60

80

Time / min

 PC4

 PC4+1,3-trans-PtTz-

III

Deuterium %

Pep1: M1 –E6

359 363

359 363

359 363 359 363

Pep2: M1 –S9

509 513 509 513

509 513

509 513

359 363

359 363 509 513

509 513

1 min 120 min 1 min 120 min

i

ii

iii

a) b)

c) d)

i

ii

iii

m/z

m/z

m/z

m/z

m/z

m/z


image5.emf
0 50 100

60

70

 PC4

 PC4+1,3-trans-PtTz-

III

Deuterium %

Time / min

Pep3: M1 –D18

913 918 923 913 918 923

913 918 923 913 918 923

0 50 100

0

10

20

Time / min

 PC4

 PC4+1,3-trans-PtTz-

III

Deuterium %

Pep4: P36 –S46

601 603 605

601 603 605

601 603 605 601 603 605

913 918 923

913 918 923

601 603 605 601 603 605

1 min 120 min 1 min 120 min

i

ii

iii

a) b)

c) d)

i

ii

iii

m/z

m/z

m/z

m/z

m/z

m/z


