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Supplementary Tables S1-S2.

Supplementary Table S1. The skeletal structural formula of HMT generated ICL, MAp and MAf and
also excision DNA products generated by Nei-like DNA glycosylases, Nfo and piperidine treatments.
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Supplementary Table S2. Sequences of oligonucleotides containing single TpA dinucleotide to
generate psoralen-derived MAs and ICL and base modification.

Oligonucleoti | Oligonucleotide sequence (5°-3") Position of TpA site and DNA
de name modifications and cleavage
product details
D21, 21 mer d(CTTCGGTGTACAGACGAGAGC) TpA position 9-10; excision of
T9 generates 8 mer cleavage
product
C21, 21 mer d(GCTCTCGTCTGTACACCGAAQG) TpA position 12-13; excision of
T12 generates 11 mer cleavage
product
CA47, 47 mer d(GACGACGACAAGGCTCTCGTCTGTACAC | TpA position 24-25; excision of
CGAAGAGCTGCTCTGCCTG) T24 generates 23 mer cleavage
product
D47, 47 mer d(CAGGCAGAGCAGCTCTTCGGTGTACAGA | TpA position 23-24; excision of

CGAGAGCCTTGTCGTCGTC)

T23 generates 22 mer cleavage
product

C101, 101 mer

d(GCCGGTAAAAATATACGATGGCTGCAAG
ACGACGACAAGGCTCTCGTCTGTACACCGA
AGAGCTGCTCTGCCTGGAGACAGCACAGCT
GCCCAAGGTGTTC)

TpA position 51-52; excision of
T51 generates 50 mer cleavage
product

D101, 101 mer

d(GAACACCTTGGGCAGCTGTGCTGTCTCCA
GGCAGAGCAGCTCTTCGGTGTACAGACGAG
AGCCTTGTCGTCGTCTTGCAGCCATCGTAT
ATTTTTACCGGC)

TpA position 50-51; excision of
T50 generates 49 mer cleavage
product

Spl, 17 mer d(CCACCAAC[Sp1]CTACCACCQ) Spl position 9; excision of Sp19
generates 8 mer cleavage product

Spl d(GGTGGTAGCGTTGGTGG) Cytosine complementary to Spl

complement, at position 10

17 mer

D21-U, 21 | d(CTTCGGTGUACAGACGAGAGC) U position 9; excision of U9

mer generates 8 mer cleavage product

C47-U, 21 | d(GACGACGACAAGGCTCTCGTCTGUACAC | U position 24; excision of U24

mer CGAAGAGCTGCTCTGCCTG) generates 23 mer cleavage

product




- 28 -

Supplemetary Figures S1-S10

Size Size
(kDa): ——r (kDa):
— 180
250 - == — 130
150 - ==
- 100
100 | == - |70
75 - |55
== |< NEIL3"
140
50 -| .
NEIL3CtKe1A 2| gt 4 35
- |25
37 1% g |<NEIL3™
S e 15
@ =~ " [«NEIL3% w10
1 2 3 4 5 6

Supplementary Figure S1. SDS-PAGE analysis of the purified recombinant human NEIL3
proteins. Lane 1, molecular size markers (All Blue Precision Plus Prestained Protein Standard,
BioRad); lane 2, 1 ug NEIL3%*: lane 3, 1 pg NEIL3™"; lane 4, 0.5 ug NEIL3™, lane 5, NEIL3%*"K8A
lane 6 molecular size markers (Page Ruler Prestained Protein Ladder, Thermo fisher). For details, see
Materials and Methods.
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Supplementary Figure S2. Action of
Nei-like DNA glycosylases on DNA
oligonucleotides containing single
spiroiminodihydantoin (Sp) residue.
10 nM 5'-[*P]-labelled 17-mer Sp and
SpeC were incubated with 500 nM
NEIL3®", NEIL3™", NEIL3" and
mutant NEIL3“*-K81A proteins and
20 nM Nei and NEIL1 proteins for 1
hr at 37°C. Products of the reaction
were treated or not with light
piperidine and analyzed on denaturing
gel to measure cleavage efficiency.
(A) Graphical representation of the
NEIL3®*, NEIL3™" and NEIL3™
protein activities upon single-strand
oligonucleotide containing single Sp
residue. (B) Denaturing PAGE
analysis of the action of Nei-like DNA
glycosylases  on  single-stranded
oligonucleotide containing
spiroiminodihydantoin (Sp) residue.
Lanes 1-7, no piperidine treatment;
lane 1, control Sp; lanes 2-4, as 1 but
with  NEIL3**; NEIL3™" and
NEIL3™, respectively; lanes 5-7, as 1
but with Nei, NEIL1 and NEIL3%*"-
K81A, respectively; lanes 8-15, as 1-7
but with piperidine treatment. (C)
Denaturing PAGE analysis of the
action of Nei-like DNA glycosylases
on duplex oligonucleotide containing
spiroiminodihydantoin (Sp) residue.
Lanes 1-7, no piperidine treatment;
lane 1, control SpeC; lanes 2-4, as 1
but with NEIL3“*; NEIL3™" and
NEIL3™, respectively; lanes 5-7, as 1
but with Nei, NEIL1 and NEIL3%*-
K81A, respectively; lanes 8-15, as 1-7
but with  piperidine treatment.
Substrate and cleavage products sizes
are indicated to the right of the gel.
"17 mer" denotes substrate, "8"" and
"8™" denote 8 mer cleavage fragments
containing 3'-terminal PA and P,
respectively. For details see Materials
and Methods..
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Supplementary Figure S3. Action of Nei-like DNA glycosylases upon three-stranded DNA
structure containing single 8-MOP-derived ICL. Denaturing PAGE analysis of the reaction
products. 10 nM 5'-[*?P]-labelled XL47+47-21* was incubated for 1 hr at 37°C either with the 500 nM
NEIL3%, NEIL3™" NEIL3™ or with 20 nM Nei and 50 nM NEIL1 proteins. Lane 1, control non-
treated XL4747-21*; lanes 2-4, as 1 but with NEIL3s; lanes 5 and 6, as 1 but with Nei and NEIL1,
respectively; lanes 7 and 8, 21- and 47-mer oligonucleotides containing MA incubated with Nei; lanes
9 and 10, 21- and 47-mer size markers; lanes 11-14, as 1-4 but treated with piperidine. Substrate and
cleavage products sizes are indicated to the right of the gel. "X" denotes ICL substrate, "47 mer "
denotes size marker; "21-MA" denotes 21 mer fragment containing HMT-derived MA, "21 mer" 21
mer size marker, "8™" and "8™ denote 8 mer cleavage fragments containing 3'-terminal PA and P,
respectively. For details see Materials and Methods.
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Supplementary Figure S4. Action of NEIL3“*, NEIL3“*-K81A and Nei upon three-stranded
DNA structure containing single HMT-derived ICL. Denaturing PAGE analysis of the reaction
products. 10 nM 5'-[*P]-labelled XL47+47-21* was incubated for 1 hr at 37°C with the 500 nM
NEIL3“*, varying concentrations of NEIL3“*-K81A and 20 nM Nei proteins. Lanes 1-6, no piperidine
treatment; lane 1, control non-treated XL47¢47-21*: lanes 2, as 1 but with NEIL3%®: lanes 3-5 as 1 but
with 300, 500 and 1000 nM NEIL3“*-K81A, respectively; lane 6, as 1 but with Nei: lanes 7-12, as 1-6
but treated with piperidine. Substrate and cleavage products sizes are indicated to the right of the gel.
"X" denotes ICL substrate, "21-MA" denotes 21 mer fragment containing HMT-derived MA, "21
mer" 21 mer size marker, "8™" denotes 8 mer cleavage fragments containing 3'-terminal PA. For
details see Materials and Methods.
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Supplementary Figure S5. Action of Nei-like DNA glycosylases upon three-stranded DNA
structure containing single HMT-derived ICL. Denaturing PAGE analysis of the reaction products.
10 nM 5'-[**P]-labelled XL47+47*-21 was incubated for 1 hr at 37°C either with the 500 nM NEIL3*,
NEIL3™" NEIL3™ or with 50 nM NEIL1 proteins. Lanes 1-7, no piperidine treatment; lane 1, control
non-treated XL4747*-21; lanes 2-4, as 1 but with NEIL3s; lane, 5 NEIL1; lane 6, 47 mer duplex
containing HMT-derived MA; lane 7, as 6 but with Nei; lanes 8-11, as 1-4 but treated with light
piperidine; lane 12, 47 mer size marker, C47; lanes 13-15, 47 mer UsA duplex treated with UDG/hot
piperidine, UDG/Nfo and UDG/light piperidine, respectively. Substrate and cleavage products sizes
are indicated to the right of the gel. "X" denotes ICL substrate, "47 mer" denotes 47 mer size marker,
"23PAr 123%H and 23" denote 23 mer fragments containing 3'-terminal PA, OH and P, respectively.
For details see Materials and Methods.
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Supplementary Figure S6. Action of Nei-like DNA glycosylases upon long three-stranded DNA
structure containing single HMT-derived ICL. 10 nM 5'-[*P]-labelled XL101+101-47* was
incubated with 500 nM NEIL3*, NEIL3™" and NEIL3™ proteins and 20 nM Nei and 50 nM NEIL1
proteins for 1 hr at 37°C. The products of reaction were analyzed on denaturing PAGE. Lanes 1-8, no
piperidine treatment; lane 1, control non-treated XL101+101-47*; lanes 2-3, as 1 but with NEIL3s;
lanes 5 and 6, as 1 but with Nei and NEIL, respectively; lane 7, 47-mer oligonucleotide containing
MA incubated with Nei; lane 8, 47-mer size marker; lanes 9-12, as 1-4 but treated with piperidine.
Substrate and cleavage products sizes are indicated to the right of the gel. X" denotes ICL substrate,
"47-MA" denotes 47 mer fragment containing HMT-derived MA, "47 mer" denotes size marker,
23" and "23"™ denote 23 mer fragments containing 3'-terminal PA and P, respectively. For details
see Materials and Methods.
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Supplementary Figure S7. Action of NEIL3“*, NEIL3“*-K81A and Nei upon four-stranded
DNA structure containing single HMT-derived ICL. Denaturing PAGE analysis of the reaction
products. 10 nM 5'-[*?P]-labelled XL47¢47-21*+21 was incubated for 1 hr at 37°C with the 500 nM
NEIL3%, varying concentrations of NEIL3““-K81A and 20 nM Nei proteins. Lanes 1-6, with
piperidine treatment; lane 1, control XL47+47-21%; lanes 2, as 1 but with NEIL3“*; lanes 3-5 as 1 but
with 300, 500 and 1000 nM NEIL3*-K81A, respectively; lane 6, as 1 but with Nei; lanes 7-12, as 1-6
but no piperidine treatment. Substrate and cleavage products sizes are indicated to the right of the gel.
"X" denotes ICL substrate, "21-MA" denotes 21 mer fragment containing HMT-derived MA, "21
mer" denotes 21 mer size marker, "8"*" and "8™" denote 8 mer cleavage fragments containing 3'-
terminal PA and P, respectively. For details see Materials and Methods.
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Supplementary Figure S8. Action of Nei-like DNA glycosylases upon four-stranded DNA
structure containing single HMT-derived ICL. Denaturing PAGE analysis of the reaction products.
10 nM 5'-[*?P]-labelled XL47¢47*-21+21 was incubated for 1 hr at 37°C either with the 500 nM
NEIL3%, NEIL3™" NEIL3™ or with 20 nM Nei proteins. Lanes 1-7, no piperidine treatment; lane 1,
control non-treated XL47¢47*-2121; lanes 2-4, as 1 but with NEIL3s; lane 5, as 1 but Nei; lane 6, 47
mer duplex containing HMT-derived MA; lane 7, as 6 but with Nei; lanes 8-11, as 1-4 but treated with
light piperidine, lane 12, 47 mer size marker, C47; lanes 13-15, 47 mer UeA duplex treated with
UDG/hot piperidine, UDG/Nfo and UDG/light piperidine, respectively. Substrate and cleavage
products sizes are indicated to the right of the gel. X" denotes ICL substrate, “47 mer" denotes 47 mer
size marker, 23", "23°"" and "23"" denote 23 mer fragments containing 3'-terminal PA, OH and P,
respectively. For details see Materials and Methods.
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Supplementary Figure S9. Action of NEIL1 and Nei upon three- and four-stranded DNA structures
containing single 8-MOP-derived ICL. 10 nM 5-[*P]-labelled XL4747-21%*, XLA4747*-21,
XL4747-21%21 and XLA47+47*-21+21 were incubated with 20 nM Nei or NEIL1 for 1 hr at 37°C.
The products of reaction were analyzed on denaturing PAGE. Lane 1, 21 mer size marker; lane 2, 11
mer size marker; lane 3, control XL47+47-21*; lane 4, as 3 but NEIL1; lane 5, as 1 but Nei; lane 6, as
1 but hot hot alkali treatment; lanes 7-10, same as 3-6, but with XL4747-21*¢21; lanes 11-14, same as
3-6, but with XL47¢47*-21; lanes 15-18, same as 3-6 but with XL47¢47*-21+21. Substrate and
cleavage products sizes are indicated to the right of the gel. "X" denotes substrate, "47 mer" denotes
alkaline cleavage product containing either MA or regular thymine residue, "21-MA" denotes 21 mer
fragment containing 8-MOP-derived MA. "21 mer" denotes 21 mer size marker, and 11 mer" denotes
11 mer size marker. For details see Materials and Methods.
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Supplementary Figure S10. The putative mechanism of the FANCM-mediated DNA replication fork bypass of ICL and formation three- and four-
stranded DNA structures with unrepaired crosslink. (1) The leading strand synthesis reaches an ICL and causes replication fork stall; (2) The stalled
replication fork recruits FANCM; (3) FANCM promotes leading strand synthesis bypass across the ICL generating a three-stranded DNA structure with an
unrepaired ICL; (4) FANCM-promoted replication fork traverse/bypass of the ICL creates a new replication fork downstream of the lesion. This in turn
initiates lagging strand synthesis which stalls at the ICL and recruits FANCM for a second time. (5) FANCM promotes lagging strand synthesis bypass across
the ICL generating a four-stranded DNA structure with an unrepaired ICL.



