
 

Supplementary Data 1 

 

Reim et al.: ‘Atomic-resolution mapping of transcription factor-DNA 

interactions by femtosecond laser crosslinking and mass 

spectrometry’ 

 

Supplementary Data 1: Annotated MS/MS spectra of all crosslinks from this study. All annotated 
peaks are labeled with the corresponding fragment ion together with the observed experimental mass. 
The following abbreviations were used: A: Deoxyadenosine monophosphate, C: Deoxycytidine 
monophosphate, G: Deoxyguanosine monophosphate, T: Thymidine monophosphate, X’: Nucleobase 
of either of the Nucleotides (X = A, C, G or T), -A: Neutral loss of NH3, -Ca: Neutral loss of isocyanic 
acid from Carbamyl group, -CO: Neutral loss of Carbon monoxide, +CO: Adduct with Carbon monoxide, 
-HP: Neutral loss of hydrogen peroxide on trioxidized cysteins, -p: Neutral loss of HPO3, -P: Neutral 
loss of H3PO4, Ox: Oxidation of methionine, Triox/Tox: Trioxidation of cysteine, -W: Neutral loss of H2O, 
+W: Adduct with H2O, Asterisk: Neutral loss of H2SO3 on trioxidized cysteine, Caret: Neutral loss of 
CH4SO of oxidized methionine. 
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314.067

[[TDG]-CO+C]2+

277.085
y1

175.119

a2

143.118

A’

136.062
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[PLEST]#

430.266

[PLESTD]#-CO

517.298

[IP]-CO

[PL]-CO

183.149

[IP]

[PL]

211.144

[[LESTDGE]+C]2+

520.19

[LESTDG]+C-p

830.353

[[TDGE]-CO+C-p]2+

301.621

DC  #16

140GIPLESTDGER150 + [AC-H
3
PO

4
]

Nuclear Factor 1C (P21999)

m(calculated) experimental

peptide DNA cross-link chargem/z

∆m [ppm]

848.3651 26.31694.7051172.5673 522.1376
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y6

586.39

[y9]2+

479.284

y5

473.309

[y8]2+

430.760

y3

317.218

y2

246.181

T-P

225.087

y7

723.448

y8
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y9

957.564
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[PHHIGV]

641.349

[HP]-CO

[PH]-CO

207.124

[GVA]

[VQ]

228.134

[HP]

[PH]

235.119 [VLC*VQP]-CO+G’-A

[PVLC*VQ]-CO+G’-A

712.381

[[HPVLC*VQ]+G-p]2+

505.762 [GHPVLC*]+G-p

840.409

[VLC*]+G’-A

416.198

[HPVLC*]+G-p

783.39

[GHPVLC*V]+G-p

939.48

[HPVLC*VQ]+G-p

1010.527

[[VLC*VQPHHIGV]-CO+G’-A]2+

628.349

G observed as guanine crosslink

* loss of H
2
SO

3
 on trioxidized cysteine

CLVPHGCA QA Triox KVAVGIH HPQV

9y 8y 7y 6y 5y 3y 2y

[VLC*]G[GHPVLC*]G

[HPVLC*]G

[VLC*VQPHHIGV]G

[HPVLC*VQ]G

+ [GT-HPO
3
]

DC  #17

154AAQCGHPVLCVQPHHIGVAVK174 + [GT-HPO
3
]

Nuclear Factor 1C (P21999)

m(calculated) experimental

peptide DNA cross-link chargem/z

∆m [ppm]

928.4280 35.52782.24692211.1041 571.1428
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3y5y 4y 2y7y 6y

+ [AC-HPO
3
]A

b3C

C observed as cytosine crosslink
A observed as adenine crosslink

* neutral loss of H
2
SO

3
 on trioxidized cysteine

^  neutral loss of CH
4
SO on oxidized methionine

y9

[SGKMOxV]A

[SSGKM OxVC*]A

[ALIF]C

[GKMOxVCTox]A

[GKM^VCTox]A

[TA]C

[MOxVCTox]

398.104

y2

218.15

y3

275.171

b3+C’-W

367.173

b3+C’-A

368.156

y4

376.219

b3+C’

385.183

y5

527.214

y6

626.282

y7

773.316
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y9

958.415

[MOxVCToxTG]-W

538.165

[MOxVCToxTG]

556.174

[TA]-CO+C’-A

239.114

[MOxVCToxT]

499.154

0.6

2.0

2.5
[MOxVCToxTGA]-CO

599.217

y7*-W

673.335

b3+C

581.205

[MOxVCToxTGA]

627.213

[ALIF]+C

752.336

[SSGKMOxVC*]-CO+A-P

880.397

[SGKMOxV]-A+A-P

735.322

[GKM^VCTox]-CO+A-P

724.31

[MOxVC*T]

417.181

[GKMOxVCTox]-CO+A’

690.278

m/z

DC  #18
209TTALIFSSGKMOxVCTrioxTGAK225 + [AC-HPO ]

3

TATA-box-binding protein (P20226)

m(calculated) experimental

peptide DNA cross-link chargem/z

∆m [ppm]

773.6829 38.52318.00721777.859 540.1482

T T A L I F S S G K VMOx CTriox T G K
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T’

127.05

y1

147.113

T-P

225.087

y2

246.181

b2

242.15

y3

361.209

y4

512.202

b4

503.232

b5

602.294

y5

599.236

y6

656.254

b3

356.196
y7

755.322 y9

1016.416

Peptide+

1257.544
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T-W

305.054

y9^

952.396

Peptide^+

1193.568

Peptide*+

1175.566

T

323.063

[NM^]-CO+T

492.155

y23y5y 4y7y 6y

+ [TT-HPO
3
]N MOx V G S CTriox D V K

y1y9

b3

T observed as thymine crosslink
^ neutral loss of CH

4
SO

* neutral loss of H
2
SO

3
 on trioxidized cysteine

y11

Q

b2 b4 b5

[NM^]T

DC  #19

255IQNMOxVGSCTrioxDVK265 + [TT-HPO
3
]

TATA-box-binding protein (P20226)*

m(calculated) experimental

peptide DNA cross-link chargem/z

∆m [ppm]

902.3474 23.41802.68661256.5377 546.1363

* RnpXl identified crosslink as AA-H
2
O-HPO

3
, however, marker ions and shifted ions clearly point towards TT-HPO

3 

I
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y25y 4yy9C

*IM-LC

y3y6COy7CO

+ [C-HPO
3
]L D L K T I A L R

y1y8CO

y9CO

a2C a3C a4C

b4Cb2

C observed as cytosine crosslink

 -/+CO
  observed with NL/adduct of CO (+27.995)

* a/b ions allow unambiguous localization of this leucine immonium ion

DC  #20

178LDLKTIALR186 + [C-HPO
3
]

TATA-box-binding protein (P20226)

m(calculated) experimental

peptide DNA cross-link chargem/z

∆m [ppm]

635.3821 23.41268.74521041.6546 227.0906

y1

175.119

a2

201.124

b2

229.118

y2

288.203

a2+C-p

428.214

y4

472.323

a3+C-p

541.296

0 200 400 600 800 1000
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m/z 

y6+CO

729.462
y7+CO

842.546

y8+CO

957.573

[Peptide+C-p]2+

635.386

a3+C-P-CO

495.295

a2+C-P-CO

382.209

a2+C-p-CO

400.22

a2+C-P

410.206

C-p-CO

200.103

IM-L+C-P-CO-A

250.155

IM-L+C-p

313.187

IM-L+C-P

295.176

IM-L+C-p-CO

285.193
IM-L+C-p-CO-A

268.166

Peptide
+CO

1070.655

b4+C-p

697.391

a4+C-p

669.396

a3+C-p-CO

513.303

y3

359.239

y5

573.373

C-p-CO-C’

89.06

IM-K

129.102

21



IM-K

84.082

IM-H

110.072

C’

112.051

IM-K

129.103

IM-H

138.067

y1

147.113

a2

223.156

[LK]

242.187

b2

251.151

[KA]-CO+C’-A

266.162

[KA]+C’-A

294.157
a3-A

334.225

a3

351.251

b3

379.246

b4

507.342[LKK]+C’-A

464.3
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0 100 200 300 400 500 600

m/z

C observed as cytosine crosslink

H L K K A K

y1

[KA]C

+ [C-H2O]

b2 b3

b4

[LKK]C

       a2 a3

DC  #21

584HLKKAK589 + [C-H
2
O]

Prospero homeobox protein 1 (P48437) 

440HLKKAK445 + [C-H
2
O]

Prospero homeobox protein 2 (Q8BII1)

m(calculated) experimental

peptide DNA cross-link chargem/z

∆m [ppm]

507.2664 23.61012.5219723.4755 289.0464
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T’

127.05

IM-K

129.103

y1

147.113
[[PL]+T’]2+

169.098

[PL]-CO

183.149

[PL]

211.144

[IM-L]+T’

212.139

[LL]-CO

199.18

[LE]-CO

215.139

[LE]

243.134

y2-W

258.145
y2

276.156

y3

389.239 y4

502.322

y5

599.38

IM-E

102.055

y2

T observed as thymine crosslink

K P L L E K

y35y 4y y1

IM-LT[PL]T

+ [TT]

DC  #22

18KPLLEK23 + [TT]

Transcription factor Oct1(Pou2f1) (P25425)* (1,2)

m(calculated) experimental

peptide DNA cross-link chargem/z

∆m [ppm]

451.8677 310.71352.5666726.464 626.1026

*1 Proteins Pou2f3, Pou2f2, Hes2 and Mad2l2 not shown
*2 RnpXl identified crosslink as AA-H

2
O, however, marker ion and shifted ions clearly point towards TT
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IM-K

129.103

y1

147.113
[PV]

197.128

b2-A

225.124

[EP]

227.103

[HV]

237.135

b2

242.15

[EP]-W+G’

360.139

b3

371.192

a4-A

463.229

a4

480.258

[QEHV]

494.239

b4

508.253

[a8+G-P]2+

577.294

a5

579.33

[b8+G-P]2+

591.288

b5

607.323

0

20

30

40

50

60

70

80

10

90

In
te

n
s
it
y
 (

1
0

3
) 

0 200 400 600 800

m/z

c1

131.118

G observed as guanine crosslink

L Q E H V E

b2

y1

[EP]G

+ [G]P V R V K

b3

b4 b5

a4 a5

b8G

a8Gc1

DC  #23

1325LQEHVEPVRVK1335 + [G]

Zinc finger protein 541 (Q0GGX2)

m(calculated) experimental

peptide DNA cross-link chargem/z

∆m [ppm]

560.9467 32.21679.81451332.7514 347.0631
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y2

232.141

[YG]

221.092

[y4+T-P]2+

374.19

y3

395.204

0.6

0.8

IM-K

84.081

IM-K

129.103

IM-Y

136.076

a2

158.093

y1

175.119
b2

186.088

y2-A

215.114

[[YG]-CO+T-P]2+

209.092

[[NEKY]+T’-CO]2+

317.158

y4

523.302

[EKYG]-CO+T’ -W

558.263
a5+T’

704.326
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T observed as thymine crosslink

A N E K Y G

y1

[NEKY]T

+ [T-HPO
3
]

b2

R

y2y3

[YG]T

y4T

a2 a5T

[EKYG]T

y4

DC  #24

863ANEKYGR869 + [T-HPO
3
]

Probable global transcription activator SNF2L1 (Q6PGB8)

m(calculated) experimental

peptide DNA cross-link chargem/z

∆m [ppm]

360.5090 30.91078.5043836.4141 242.0903
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DC  #25

282AFGSSSTLIK291 + [G-HPO
3
]

Zinc finger protein 354C (Q571J5)

m(calculated) experimental

peptide DNA cross-link chargem/z

∆m [ppm]

639.3302 23.71276.64121009.5444 267.0968
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50

IM-K

129.103

y1-A

130.087

y1

147.113
[TL]-CO

187.144

[TL]-W

197.129

[LI]-CO

199.181

[TL]

215.139

[LI]

227.176
y2

260.197

b4

363.168

y3

373.282

y4

474.331

[LI]+G-P

476.251

y2+G-P

509.278

y3+G-P

622.361

y3+G-p

640.369

[STLI]+G-P

664.344

[GSSSTLI]

646.332

G observed as guanine crosslink

A F G S S S

y1

[STLI]G

+ [G-HPO
3
]

b4

T L I K

y2Gy3G

[LI]G

3y 2y

y4

26



T observed as thymine crosslink
(1) Could also be [AHK]T

K D S V V A

y1

[HKA]T(1)

+ [TA+HPO
3
]

b2 b3 b6

H K A K

b5 [KA]T

IM-K

129.103

A’

136.062

y1

147.113

[[KA]+T’-A]2+

155.082

b2-W

226.119

b2

244.129

[[HKA]+T-p]2+

[[AHK]+T-p]2+

290.146

b4-W

412.222

b4

430.231

b5

529.302

b6

600.336
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DC  #26

444KDSVVAHKAK453 + [AT+HPO
3
]

Zinc finger protein 91 (Q62511)

m(calculated) experimental

peptide DNA cross-link chargem/z

∆m [ppm]

599.9136 37.81796.70491081.6244 715.0805
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