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Supplemental Figure Legends

Figure S1. Replication-coupled DPC ubiquitylation and replication-independent DPC
SUMOylation. Related to Figure 1. (A) Schematic illustrating replication intermediates generated
during replication of pDPC (Duxin et al., 2014). (B) pDPC was replicated in egg extracts in the
presence of [a-**P]JdATP. Geminin (+Gem.) was supplemented where indicated to block DNA
replication (Tada et al., 2001; Wohlschlegel et al., 2000). Samples were analyzed by agarose gel
electrophoresis. R, replication intermediates; OC, open circular; SC, supercoiled. (C) pDPC?-¢a
was incubated in egg extracts that do not support CMG licensing and replication initiation.
Recombinant UBC9 dominant-negative (+dnUBC9) was added where indicated to block
SUMOylation (Azuma et al., 2003). DPCs were recovered and monitored as in Figure 1B. * indicates
residual uncrosslinked M.Hpall. (D) pDPC?"** was replicated in egg extracts supplemented with
buffer (+buf) or UBC9 dominant-negative (+dnUBC9). DPCs were recovered and monitored as in
Figure 1B. (E) pDPC*** was replicated in egg extracts. At 15 minutes, when most DPCs are
polyubiquitylated, DPCs were recovered and subsequently treated with the indicated
deubiquitinating enzyme (DUB) (Hospenthal et al. 2015). DPCs were monitored as in Figure 1B with
a M.Hpall antibody. A red dashed line was added to compare the length of ubiquitin chains between
the different treatments. (F) pDPC?** was replicated and DPCs monitored as in (E). DPCs were
treated with the indicated combinations of DUBs prior to electrophoresis. (G) pDPC*-** was
replicated in egg extracts in the presence of buffer (+buf), 15 yM of ubiquitin-vinyl-sulfone (UbVS),
or 15 yM of UbVS and 80 yM of recombinant ubiquitin. DPCs were recovered and monitored as in

Figure 1B.

Figure S2. Validation of PP-MS. (A) Analysis of protein recruitment to pCTRL at 10 min compared
to pCTRL at 40 min (x axis) and pCTRL at 10 min compared to pCTRL + Geminin at 10 min (y axis).
The plot shows the mean difference of the protein intensity of 4 biochemical replicates for each of
the conditions indicated. (B) Analysis of protein recruitment to pCTRL compared to pCTRL +
Geminin at 10 min. The volcano plot shows the mean difference of the protein intensity plotted
against the P value of 4 biochemical replicates. (C) Samples from Figure 2A (autoradiograph) were
also digested with Fspl and Aatll and nascent strand separated on a denaturing polyacrylamide gel.
The schematic on top depicts the expected species of nascent leading strands and extension

products liberated by Fspl and Aatll digestion of pDPC*"**

replication intermediates (green
hexamer, CMG helicase; red lines, nascent DNA). The locations of the corresponding bands on the

gel are indicated by brackets. (D) pDPC****® and pCTRL were replicated in egg extracts and



recovered at the indicated time point as depicted in Figure 2A (Budzowska et al., 2015). Samples
were blotted with the indicated antibodies. Note that this experiment was performed with a different
extract exhibiting faster replication kinetics than the one used for MS analysis. (E) Analysis of protein
recruitment to pDPC?** at 40 min compared to pCTRL at 10 min (x axis) and pDPC?*-%* at 40 min
compared to pDPC?"** 4+ Geminin at 12 min (y axis). The plot shows the mean difference of the

protein intensity of 4 biochemical replicates for each of the conditions indicated.

Figure S3. SPRTN and the proteasome degrade DPCs. Related to Figure 3. (A) Mock-depleted
and SPRTN-depleted egg extracts were used to replicate pCTRL in the presence of [a-**P]dATP.
200 yM MG262 was added where indicated. Samples were analyzed by native agarose gel
electrophoresis as in Figure 3B. The quantification of a representative biological replicate is shown.
(B) and (C) Biological replicates of Figure 3C. (D) Mock-depleted, PSMA1-depleted, SPRTN-
depleted or PSMA1-SPRTN-depleted extracts were blotted against SPRTN and two proteasome
subunits (PSMA1 and PSMAS). ORC2 was blotted as loading control. (E) Extracts from (D) were

used to replicate pDPC?*-**®. DPCs were recovered and monitored as in Figure 1B.

Figure S4. SPRTN-mediated DPC proteolysis facilitates TLS. Related to Figure 4. (A) pme-
DPC?"** was replicated in egg extracts supplemented with either DMSO (Mock) or 200 uM of
MG262 and analyzed as in Figure 3B. The quantification of a representative biological replicate is
shown. (B) Samples from (A) were used to monitor DPC degradation as in Figure 1B using anti-
M.Hpall antibody. Two different exposures are shown as indicated. (C) Schematic of human and
Xenopus laevis SPRTN protein. Note that Xenopus laevis SPRTN contains a duplication of the C-
terminal UBZ domain. (D) Alignment of the different functional motifs of human and Xenopus laevis
SPRTN. Residues mutated to generate EQ, SHP*, PIP* and UBZ* are indicated. (E) Mock-depleted
and SPRTN-depleted extracts were blotted against SPRTN or MCM6 (loading control). SPRTN-
depleted extracts were supplemented with either buffer (+buf), or the indicated recombinant FLAG-

SPRTN variants. (F) Extracts from (D) were used to replicate pme-DPC?***

in the presence of [a-
%P]dATP. Samples were analyzed by agarose gel electrophoresis as in Figure 3B and quantified for
open circular (OC) and supercoiled (SC) products. The quantification of a representative biological
replicate is shown. (G) Mock-depleted and SPRTN-depleted extracts were used to replicate pme-
DPC?* SPRTN-depleted extracts were supplemented with either buffer (+buf), or recombinant
FLAG-SPRTN variants, as indicated. Samples were analyzed by agarose gel electrophoresis as in
Figure 3B and quantified for open circular and supercoiled products. The quantification of a

representative biological replicate is shown. (H) Samples from (G) were used to monitor SPRTN-



mediated DPC degradation as in Figure 4E. (I) Nascent strand intermediates stall at -1, 0 and +1
and not at 0, +1 and +2 as previously reported (Duxin et al., 2014). 30 min samples of pDPC were
analyzed by denaturing polyacrylamide gel electrophoresis following nb.Bsml digest alongside a
reference oligo and a sequencing ladder generated with ddCTP and ddGTP. In lane 3, the 30 min
sample of pDPC was premixed with the reference oligo before electrophoresis. In lanes 5 and 7,
the reference oligo was premixed with the cytosine (ddCTP) and guanine (ddGTP) samples of the
sequencing ladder, respectively. Note that the middle band of the three discrete bands generated
during replication of pDPC aligns with the reference oligo (0 position). Note also that the sequencing
ladder alignment with the reference oligo is shifted 1 nucleotide (lanes 4-8). This is likely caused by
a faster migration of the sequencing ladder induced by the terminal dideoxynucleotide. In Duxin et
al. 2014, the nascent strand stalling positions were determined by comparing pDPC to a sequencing
ladder generated by dideoxy sequencing causing the incorrect assignment of the stalling
intermediates. (J) Mock-depleted and SPRTN-depleted egg extracts were used to replicate pDPC
in the presence of [a-**P]dATP. SPRTN-depleted extracts were supplemented with either buffer
(+buf), recombinant FLAG-SPRTN (+WT), or recombinant catalytically inactive FLAG-SPRTN E89Q
(+EQ). Samples were analyzed by native agarose gel electrophoresis as in Figure 3B. Red
arrowheads indicate accumulation of OC repair intermediates. Error bars represent standard
deviation of 3 independent experiments. (K) Samples from (l) were digested with Fspl and Aatll and
separated on a denaturing polyacrylamide gel and quantified as in Figure 4G. The quantification of
a representative biological replicate is shown. (L) Depiction of pDPC™ generation. (M) Mock-
depleted and SPRTN-depleted egg extracts were used to replicate pDPC and pDPC™ in the
presence of [a-**P]JdATP. Samples were digested with Fspl and Aatll and separated on a denaturing
polyacrylamide gel and quantified as in Figure 4G. The quantification of a representative biological
replicate is shown. (N) Mock-depleted and REV1-depleted egg extracts were used to replicate pDPC
and pDPC™¥. Samples were digested with Ncol and Aatll and separated on a polyacrylamide
denaturing gel as in Figure 4G. The quantification of a representative biological replicate is shown.
Note that the plasmid used in this experiment contains the DPC on the bottom strand (pDPC®® in
(Duxin et al., 2014)).

Figure S5. DPC ubiquitylation and degradation can occur in the absence of the replisome.
Related to Figure 5. (A) and (B) Biological replicates of Figure 5C. (C) pDPC*"* was incubated in
mock-depleted, PSMA1-depleted, SPRTN-depleted or PSMA1-SPRTN-depleted non-licensing
extracts. DPCs were recovered and monitored with a M.Hpall antibody as in Figure 1B. * indicates

residual uncrosslinked M.Hpall. (D) Schematic representation of gap filling synthesis when



pDPC*P™ s incubated in non-licensing extracts (non-replicating). (E) pDPC or pDPC*"™ were
incubated in non-licensing egg extracts in the presence of [a-**P]dATP. Samples were analyzed by
agarose gel electrophoresis as in Figure 3B. (F) Samples from (E) were digested with Pvull and
Ndel and separated on a denaturing polyacrylamide gel (bottom autoradiograph). The different
extension products are depicted in the upper scheme. (G) pDPC*"™ or pme-DPC*™ were
incubated in non-licensing egg extracts. DPCs were recovered and monitored as in Figure 1B.
Samples at time 0 were withdrawn prior to incubating plasmids in egg extracts and thus lack input

signal.

Figure S6. SPRTN-, but not proteasome-dependent DPC degradation requires nascent strand

extension to the lesion. Related to Figure 6. (A) Depiction of aphidicolin and AraCTP addition

CssDNA CssDNA

after 3 min of incubation of pme-DP in non-licensing extracts. (B) pme-DP was
incubated in non-licensing extracts. At 3 min extracts were supplemented with 700 yM aphidicolin
and 1 mM araCTP where indicated. Samples were analyzed by agarose gel electrophoresis as in
Figure 3B. (C) Samples from (E) were digested with Pvull and Ndel and separated on a denaturing
polyacrylamide gel (bottom autoradiograph). The different extension products are depicted in the
upper scheme. (D) DPCs from (B) were recovered and monitored as in Figure 1B. (E) Depiction of
pDPC*P®P" replication in REV1-depleted extracts. (F) pDPC****'“® was replicated in REV1 depleted
extracts supplemented with either DMSO or 200 yuM MG262 where indicated. DNA was digested
with nb.Bsml and nascent leading strands were then separated on a polyacrylamide denaturing gel
as in Figure 6F. (G) Samples from (F) were used to monitor DPC degradation as in Figure 1B. *

indicates residual uncrosslinked M.Hpall.

Figure S7. TRAIP ubiquitin ligase stimulates replication-coupled DPC ubiquitylation. Related
to Figure 7. (A) pDPC?®-** was replicated in SPRTN-depleted extracts that were also either Mock-
depleted or TRAIP-depleted. DPCs were recovered and monitored as in Figure 1B. (B) Biological
replicate of experiment in (A). (C) Extracts described in (A) were used to replicate pDPC?*** in the
presence of [a-**P]dATP. Samples were analyzed by native agarose gel electrophoresis as in Figure
3B. Error bars represent the standard deviation of 3 independent experiments. (D) pDPC*"™ was
incubated in non-licensing extracts that were SPRTN-depleted and either Mock-depleted or TRAIP-
depleted. DPCs were recovered and monitored as in Figure 1B. * indicates residual uncrosslinked
M.Hpall. (E) pDPC?*** was replicated in SPRTN-depleted extracts that were either Mock-depleted,



RTEL1-depleted, TRAIP-depleted, or RTEL1 and TRAIP co-depleted. DPCs were recovered and
monitored as in Figure 1B. (F) Samples from Figure 7D were replicated in the presence of [a-
%P]dATP. Samples were analyzed by native agarose gel electrophoresis as in Figure 3B. The
quantification of a representative biological replicate is shown. (G) pme-DPC?** was replicated in
Mock or TRAIP-depleted extracts in the presence of [a-**P]dATP and nascent strand intermediates
were analyzed as in Figure 4G. Error bars represent the standard deviation of 3 independent

experiments.
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