Supplementary Data 1

Reim et al.: ‘Atomic-resolution mapping of transcription factor-DNA
interactions by femtosecond Ilaser 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 NHs, -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 HPOs, -P: Neutral
loss of H3PQ4, Ox: Oxidation of methionine, Triox/Tox: Trioxidation of cysteine, -W: Neutral loss of H20,
+W: Adduct with H20, Asterisk: Neutral loss of H2SOs on trioxidized cysteine, Caret: Neutral loss of
CHa4SO of oxidized methionine.



DCP #1

ZKVLRDNIQGITK®®PAIR* + [ACCG-H,PO,]
Histone H4 (P62805)

m(calculated) |Am [ppm] | experimental
peptide DNA cross-link m/z charge
1864.1007 1140.2365 3004.3372 6.2 1002.4468 3
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DCP #2
2VLRDNIQGITK®®PAIR% + [CT-H,O]
Histone H4 (P62805)

Intensity (10%)

m(calculated) | Am [ppm] | experimental
peptide DNA cross-link m/z charge
1736.0057 593.0924 2329.0981 9.5 777.3659 3
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DCP #3
28APATGGVK3" + [C-HPQ,]
Histone H3.1 (P68431)

m(calculated) |Am [ppm] | experimental
peptide DNA cross-link m/z charge
786.4236 227.0906 1013.5142 1.6 507.7652 2
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DCP #4

“EIAQDFK® + [AT-HPO,]
Histone H3.1 (P68431)

m(calculated) | Am [ppm] | experimental
peptide DNA cross-link m/z charge
849.4232 555.1479 1404.5711 6.5 703.2883 2
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A observed as adenine crosslink
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Intensity (10°)

DCP #5
"8VTIMO*PKDIQLAR'™ + [C-HPQO,]
Histone H3.1 (P68431)

m(calculated) |Am [ppm] | experimental
peptide DNA cross-link m/z charge
1399.7857 227.0906 1626.8763 6.7 543.3030 3
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C observed as cytosine crosslink
# observed with mass shift of 184.095
A neutral loss of CH,SO on oxidized methionine
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DCP #6

VLKQVHPDTGISSK® + [AAGT+HPO,]
Histone H2B-1K (060814)

m(calculated) |Am [ppm] | experimental
peptide DNA cross-link m/z charge
1507.8358  1357.1907  2865.0265 4.6 1433.5139 2
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T observed as thymine crosslink
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DCP #7

“VLKQVHPDTGISSK® + [AGGT+HPO,]
Histone H2B-1K (060814)

m(calculated) |Am [ppm] | experimental
peptide DNA cross-link m/z charge
1507.8358  1373.1856  2881.0214 1.7 1441.5155 2
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DCP #8

10HAVSEGTKCAVTK™! + [GT]
Histone H2B (060814)

m(calculated) |Am [ppm] | experimental
peptide DNA cross-link m/z charge
1269.6677 651.1091 1920.7768 1.7 961.3941 2
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DCP #9

79||PRHLQLAIRNDEELNK® + [AT]
Histone H2A (P04908)

m(calculated) | Am [ppm] | experimental
peptide DNA cross-link m/z charge
2171.2175 635.1142 2806.3317 8.3 702.5960 4
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T observed as thymine crosslink
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DCP #10

$'HLQLAIRNDEELNK®®% + [T-HPQ,]
Histone H2A (P04908)

Intensity (10%)

m(calculated) | Am [ppm] | experimental
peptide DNA cross-link m/z charge
1734.9013 242.0903 1976.9916 10.0 660.0110 3
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DCP #11

#HLQLAIR® + [AAT-HPO,]
Histone H2A (P04908)

m(calculated) | Am [ppm] | experimental
peptide DNA cross-link m/z charge
849.5185 868.2055 1717.724 2.6 573.5804 3
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DCP #12

SONDEELNK?®® + [AC]
Histone H2A (P04908)

m(calculated) |Am [ppm] | experimental
peptide DNA cross-link m/z charge
860.3876 620.1145 1480.5021 1.1 741.2575 2
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DC

P#13

SDIRPECR® + [CCT]
Nuclear Factor 1C (P21999)

m(calculated) Am [ppm] experimental
peptide DNA cross-link m/z charge
887.4283 900.1494 1787.5777 6.0 894.7907 2
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DCP #14
APGC™VLSNPDQK"2 + [C]
Nuclear Factor 1C (P21999)

Intensity (10°)

m(calculated) |Am [ppm] | experimental
peptide DNA cross-link m/z charge
1275.5765 307.0569 1582.6335 6.4 792.3290 2
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C observed as cytosine crosslink
NL observed after Neutral Loss of H,SO,(*) or H,O,(HP)

y4
PD 487.251 [y8+C]2*
a3 . b3 y3+C Aeo15297 o
. y +( > .
198.124 226118 sga202 o bZmE 999.458
A 2 612,789 g
350 - b2 i oa 12 cy
169.99 sh1aq VA" ;;597.398 - l1f)17467
300 y1 y2 469'24 Ty 11 HP]2+ 621 794 yor i y10
147113 ; . 969. 505 1026 527
B 275171 {586 274 Hat1+Cop
2509441 102 L yBHC ¥ 665287 :
. 466.212 [y11WHP]2+
200 4 L [PDQ] 577.27 688 326 y8
341145 55 N7 900479
]l c | ' y3 Al | 801.409 :
1507 112,051 390198 [V” 12: E
1004
50

0 200 400 600 800 1000 1200
m/z

15



DCP #15

"RIDCLR'22 + [TT]
Nuclear Factor 1C (P21999)

m(calculated) |Am [ppm] | experimental
peptide DNA cross-link m/z charge
774.417 626.1026 1400.5197 8.2 701.2614 2
b3 b4 b5
Bl [ole] = «m
y6 y5 y4 y3 y1
IM-R™: observed as thymine crosslink
on arginine immonium ion
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DCP #16

“GIPLESTDGER™ + [AC-H,PO,]
Nuclear Factor 1C (P21999)

m(calculated) |Am [ppm] | experimental
peptide DNA cross-link m/z charge
1172.5673 522.1376 1694.705 6.3 848.3651 2
a9%*|a10#

Intensity (10°)
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¢ observed as cytosine crosslink
# neutral loss of 98.005

m/z
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DCP #17

MAAQCGHPVLCVQPHHIGVAVK™ + [GT-HPO,]
Nuclear Factor 1C (P21999)

m(calculated) | Am [ppm] | experimental
peptide DNA cross-link m/z charge
2211.1041 571.1428 2782.2469 5.5 928.4280 3

AAQCGHPVLCHYVAQ IiIiIiII\IiV|A V K +[GT-HPQ,]

y9 y8 y7 y6 y5 y3 y2
¢ observed as guanine crosslink
* loss of H,SO, on trioxidized cysteine
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DCP #18
29TTALIFSSGKMO*VCTTGAK? + [AC-HPO,]
TATA-box-binding protein (P20226)

m(calculated) | Am [ppm] | experimental
peptide DNA cross-link m/z charge
1777.859 540.1482 2318.0072 8.5 773.6829 3

b3c
Tl Wl Fs|s (RIS o 7 [0 | K +woteo)
y9 y7  y6 y5 y4 y3 y2

¢ observed as cytosine crosslink

Aobserved as adenine crosslink

* neutral loss of H,SO, on trioxidized cysteine

" neutral loss of CH,SO on oxidized methionine
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DCP #19

255|QN MOXVGSCTrioxDVKZSS + [TT_H POS]
TATA-box-binding protein (P20226)*

m(calculated) | Am [ppm] | experimental
peptide DNA cross-link m/z charge
1256.5377 546.1363 1802.6866 3.4 902.3474 2

"RnpXl identified crosslink as AA-H,0-HPO,, however, marker ions and shifted ions clearly point towards TT-HPO3

b2 |b3 b4 | bS

[ TR o 2 o [o v [ s

y1ll y9 y7 y6 y5 vy4 y3 y2 yl

T observed as thymine crosslink
" neutral loss of CH,SO
* neutral loss of H,SO, on trioxidized cysteine
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DCP #20

" DLKTIALR"¢ + [C-HPO,]
TATA-box-binding protein (P20226)

m(calculated)

| Am [ppm] |

experimental

peptide

1041.6546

80 -

60 T

Intensity (10°)

N H
o o
1 1

o

DNA

227.0906

b2 b4c

a2¢| a3¢ a?l

cross-link

1268.7452

3.4 635

m/z

.3821

charge

2

(o [ [T 1 [A [c [r +iorrog

y9C y8CO y7CO y6CO y5
y9CO

y4 y3 y2 yi

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

a3+ C-P-CO

IM-L+C-Pc0
285.193
IM-L+CPCOA -
268.166 !
IM-L+CPeOA™ 1y
25%2155.“ | 1288.203
209118 | {IM-L+C”
noiii 295176

y4
472.323

a2 s
201.124 :
C-pco

IM-K ™.
129.102!
C-p-CO-Ci
89.06

oL

495.295

a3+CPco
513.303

" [Peptide+C)2*

635.386
. a4+C~
669.396
a3+Ce .~ b4+CP

1541.296 | 697.391

'y5 1 : :" 6+CO

(573373 1 729.462 7.0

842.546

y8+c0
957.573

+CO

Peptide
1070.655

200

TNl

600
m/z

800
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DCP #21
SHLKKAK®® + [C-H, O]
Prospero homeobox protein 1 (P48437)
#“OHLKKAK** + [C-H,0]
Prospero homeobox protein 2 (Q8BII1)

m(calculated) Am [ppm] experimental
peptide DNA cross-link m/z charge
723.4755 289.0464 1012.5219 3.6 507.2664 2
b2 b3

a2| a3 | b4
H L |K ?I A Ii + [C-H20]
yl

€ observed as cytosine crosslink

[KAJCo+CA
266.162
; IM-K KapCH
700 129.103 © 204.157
c 2 | amen
600 - 112.051 R
o . P a3
IM-H . H !
h P LK : : ¢ . 351.251
00 T qqo072 1 LBl
& 400 - G oMH
= MK 13,8-0672 1 IR b3
= 84.082 || a i P 379.246
g 300 A L 223156 ¢ S
E S | ' b4
] Ly Do oo
200 R YALKEE P [LKK]+C*  507.342
o o P 464.3
100 - [ 11 R |
0 i ll:u LIIIJIJIIHI. |n]|||..|- IIII L 1ll | : [ II |
T T T T T 1
0 100 200 300 400 500 600
m/z

22



DCP #22

1BKPLLEK® + [TT]
Transcription factor Oct1(Pou2f1) (P25425)* 2

m(calculated) | Am [ppm] | experimental
peptide DNA cross-link m/z charge
726.464 626.1026 1352.5666 10.7 451.8677 3

"I Proteins Pou2f3, Pou2f2, Hes2 and Mad2I2 not shown
2RnpXI identified crosslink as AA-H,0, however, marker ion and shifted ions clearly point towards TT

[ el e[ m
y5 v4 y3 y2 vyl

T observed as thymine crosslink

I IPLT

147.113 "4 69.008
IM-K
100 7 129.103: " [PL]*°
1 183.149
90 A RS
L R (= i
80 1 127.05 | ::199.18
P
70 7 L 211.144
60 - CIM-L+T

- 212139
L LEF®

Intensity (10%)
[$)]
o
1

IME '
- 215.139
40 A ! K
102055]; S LR
30 7 ) | 243.134
0 y2,w
20 7 . y3
P 258';35 389.239 4 V5
10 276156 . 502.322 59?.38
0 L1 1| " 1 | || .|
0 200 400 600 800
m/z
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DCP #23

1325 QEHVEPVRVK™3 + [G]
Zinc finger protein 541 (Q0GGX2)

m(calculated) |Am [ppm] | experimental
peptide DNA cross-link m/z charge
1332.7514 347.0631 1679.8145 2.2 560.9467 3
b4 b5 b8¢

w2 beﬂ% %
LFI?IHV E P V RV|£+[G]
yl

¢ observed as guanine crosslink

y1 PV] b4  [a8+G7P*
147.113 197 128 508.253 577.294
o e
- ' : [QEHV]: : ab
90 131.1:]8E | 225.124 494.239! 57933
804 MK i i (EP] ad oo
129103 s 403 480258 : [b8+GPPr
70 M ;_.‘,[HV] an 591.288
60 0 aa73 4632201 i s
- E
N 242.15 i
@ - ’ i
G 40 371.192 E
c e
- %07 [EP}"+GC": i
360.139 ! i
20 o e .
10 - ¥  E ]
L ] H'Il'ull |1 1 il'. | |||I
200 400 600 800

m/z
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DCP #24

8SANEKYGR®® + [T-HPO,]
Probable global transcription activator SNF2L1 (Q6PGB8)

m(calculated) | Am [ppm] | experimental
peptide DNA cross-link m/z charge
836.4141 242.0903 1078.5043 0.9 360.5090 3
b2
a2 as’
AN|E |£ Y |G |R +[T-HPO,)
y4T y3 y2 yi
v4
T observed as thymine crosslink
y1
175.119
a2 .
158.093 : 186.088
MY i
s [IYGEeo+TA>
136.076 11 ™ 209.002
IM-K [INEKY]+T"-cop*
12 - 129.103 317.158
IM-K :
Poy2h :
10 84.081 215114 |
' ' LOIYG] [y4+T7p
221,092 37419
08 - ny2 by
& 232.141;  : 395204
2 06 - : ' L
g i P
3 o : :
= 04 - 5 P [EKYGJo0+T"
5 Lo 558.263 a5+ T
i : : y4
02 4 B P 623.302 7045326
0 ‘ J |4|III| Il I||l|||||| |}||I:| I |Ili| |||I | I L I L1 Ii :; ;
0 200 400 600 800

m/z
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DCP #25
22AFGSSSTLIK®' + [G-HPO,]
Zinc finger protein 354C (Q571J5)

m(calculated) | Am [ppm] | experimental
peptide DNA cross-link m/z charge
1009.5444 267.0968 1276.6412 3.7 639.3302 2
b4
aees]ss |7 [k e
y4 y3¢ y2¢ y1
y3 y2
G observed as guanine crosslink
y1
y1~ 147.113
130.087 - [TLI®°
400 - IM-K "™ 187..144
129103 : 7 [TL}Y
350 S 1197129
300 qLipee
11199.181 y3+GP
— 250 i .[TL] 622j361
S 15.139 L Y3+G?
-‘? 200 : [L|] y4 5640.369
2 227176 P4 474331 P
% 150 - A 363j168 E[LI]+G'P . [[GSSSTLI]
T 100 4 260197 y3 476051 | 646332
: 373282 ypeGe L STLIHG®
50 - © 509278 |l 664.344
0 | T T FE T
0 200 400 600 800

m/z
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DCP #26

*“KDSVVAHKAK?*? + [AT+HPO,]
Zinc finger protein 91 (Q62511)

m(calculated) |Am [ppm] | experimental
peptide DNA cross-link m/z charge
1081.6244 715.0805 1796.7049 7.8 599.9136 3
b2 b3 b5 b6
K FI?| v 7|T| HIK A |£+[TA+HPOS]
yl
T observed as thymine crosslink
(™ Could also be [AHK]"
y1
A 14?‘..113
136.062
70 - MK | TKAF TP
129.103; | 155.082
60 - b
226.119
50 —
i b2
= 5244.129
2 407 [[HKAJ+T#]2* b5
> [[AHK]+ T+ 529.302
7}
g 30 - /290.146 : b6
= b4 . 600.336
20 - | baw 430.231 '
| 412222 : §
10 - i R P
0- ‘.| i I||| |I‘| .ll lll
200 400 600 800
m/z
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