Cell Reports, Volume 30

Supplemental Information

DNA ADP-Ribosylation Stalls Replication
and Is Reversed by RecF-Mediated Homologous

Recombination and Nucleotide Excision Repair

Emeline Lawarée, Gytis Jankevicius, Charles Cooper, Ivan Ahel, Stephan
Uphoff, and Christoph M. Tang



EPEC:
T. aquaticus:
EPEC:
T. aquaticus:
EPEC:
T. aquaticus:
EPEC:

T. aquaticus:

DarT

YDYSASLNPQKALIWRIVHRDNIPWILDNGLHCGNSLVQAENWINIGNPELIGKRAGHPVP
[ N N e .. || I
MPQOGLAYPVPTLIYHITHLNNLQGILQRGGLLPYS-QRPPTQONVAYGHIQAHRAQVVVP

VGTGGTLHDYVPFYFTPFSPMLMNIHSGRGGIKRRPNEEIVILVSNLRNVARHDVPFVETID
L O I O I O 1 e SR
VGPRGKLHDYVPFYFCPRSPMLYAIHTQQTDY-QGDQRPILHLVSSAQKVAEARIPFVFID

SHAYYNWINYYTSLNSLDQIDWPILQARDFRRDPDDPAKFERYQAEALIWQHCPISLLDGI
. P e . [ I 1 D S B IR |
RHAAVQYVCFFHKLEHLKALDWQAIQA-SYWA---N--VREKKQAEFLVKDFFPWELVEEI

ICYSEEVRLQLEQWL--FQRNLTMSVHTRSGWYFS
P S | e bl
GVIDKTIQAQVESILAQFPDLHHPPVRVRRSWYYK

=

@

B a

(7]

3

< .Q

e £ 3

5] b g_

- £ K ]

[o] © ) .

a a o ~

a-His

50 —
37 —|

ki

* * k

25 —| Ea e e

20 —|

Figure S1: Alignment of DarTG from T. aquaticus and EPEC, and the corresponding purified proteins
after in vitro transcription/translation, related to Figures 1 and 2. (A) The amino acid similarity
between T. aquaticus and EPEC DarT or DarG is 47% and 59%, respectively. Identical residues are
shown with a line, similar residues are shown with a dot. The mutated glycine in EPEC DarT (G49D) is
shown in purple while the mutated glutamic acid residues (DarTE9% in T. aquaticus and DarTE0A in
EPEC) are marked in green. The macrodomain of DarG is highlighted in yellow while the C-terminal
domain of DarG is showed in blue. The catalytic lysine residues of DarG (K80A in T. aquaticus and K54A
in EPEC) are marked in red. Alignment was performed by Clustal O with JalView software. Levels of His-
tagged (B) DarT and (C) DarG variants (indicated with red asterisks) obtained after in vitro
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transcription/translation determined by Western blot analysis using an anti-His antibody.
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Figure S2: EPEC DarT only ADP-ribosylates ssDNA, on a different DNA sequence than T. aquaticus

DarT, related to Figure 1. (A) ADP-ribosylation of 13-mer ssDNA or dsDNA oligonucleotides incubated
with EPEC DarT with 32?NAD* and separated by thin-layer chromatography. Sequences of the
oligonucleotides are provided in the Star methods. (B) ADP-ribosylation of 27-mer ssDNA
oligonucleotides incubated with purified EPEC DarT or DarTt% or T. aquaticus DarT. The region with
different sequence is shown above each lane. ADPr ssDNA: ADP-ribosylated ssDNA. All
oligonucleotides are listed in Table S1. n = 3, representative data from one experiment shown.



E. coliBL21(DE3) EPECAdarTG

A Inducer B
fay g o g
£ B 2. B
3 3 & 3
S S S S
Q. Qo o Q.
-
£ . - 4+ - + - 4+ - + Expression
E % n - S
) 25 — - ap & | o-His
100 —
70 —
0 60 120 180 55 _
Time post-induction (min) - = T . s -
35 — : Ponceau S
- E. coli BL21(DE3) + pdarTe4P 25 —
- E. coli BL21(DE3) + pdarTE170A
-+ EPECAdarTG + pdarTe4P 15 —| ©
-+ EPECAdarTG + pdarTE70A
S D
w 120+
g
= Inducer
8 100+ ;
2 E. coli BL21(DE3)
% 80 - 1010-
(an] 10°-
S 60+ 0
g T 1079 pControl
§ 40 E -0~ pdarTe4P
= (@)
8 -0 pdarT®*P + pdarG
o 204
=
©
© 0 102 T T 1
o 0 60 120 180

Time post-induction (min)

pdarTe4oP
pdarTE170A

E. coli BL21(DE3)

Figure S3: Differential DarT%*°°/DarTE17%4 toxicity and expression levels in E. coli BL21(DE3) and EPEC,
where DarT%P inhibits DNA replication in E. coli BL21(DE3) within 5 min of expression, related to
Figures 1 and 5. (A) Viability of E. coli BL21(DE3) and EPECAdarTG following expression of darT®4%® or
darTEY0A n =3 + 5. d., ¥*** p < 0.0001 by two-way ANOVA between E.coli BL21(DE3) + pdarT°*P and
EPECAdarTG + pdarT¢*P. (B) Levels of His-tagged DarT®*°P or DarTE79 (red asterisks) in cell lysates of E.
coli BL21(DE3) and EPECAdarTG using an anti-His antibody. Expression of His-DarT®4°®/His-DarTt70A s
repressed by addition of 0.8% glucose or expressed by the addition 0.8% arabinose for 3 hrs. Ponceau S
staining is shown as the loading control. n = 3, representative data from one experiment shown. (C)
Relative values were obtained by calculating the ratio of the amount of BrdU incorporated following
expression of darT®*P vs. darTt179A, n = 2 + s. d. (D) Viability of E. coli BL21(DE3) grown in M9 medium
following expression of darT®*P with or without DarG. pControl, empty plasmid; n =2 +s. d.
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Figure S4: Cellular RecA levels do not increase in the absence of an SOS response, related to Figure
3. Western blot analysis of RecA expression levels in cell lysates of EPECAdar7TG and
EPECAdarTG_lexA3 using an anti-His (to detect levels of His tagged DarT®*P or DarTt’94) and anti-
RecA antibody after 3 hours of darT®*P expression. Ponceau S staining is shown as the loading
control. n = 3, representative data from one experiment shown.
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Figure S5: UvrB fused to PAmCherry is functional, does not affect
bacterial viability following UV exposure and UvrB-PAmCherry
mm pdarTe40 recruitment does not occur in a AuvrA strain, related to Figure 5. (A)
Viability of E. coli BL21(DE3), E. coli BL21(DE3) _uvrB-PAmCherry, E. coli
BL21(DE3)AuvrB and E. coli BL21(DE3)AuvrA_uvrB-PAmCherry after UV
T exposure. n = 3 + s. d. (B) Viability of E. coli BL21(DE3) and E. coli
i BL21(DE3)_uvrB-PAmCherry following expression of darT¢%® or
darTE7%% n =3 5. d. (C) To determine the immobile D*, cells were fixed
with 3% paraformaldehyde to crosslink UvrB-PAmCherry molecules to
DNA (and so render them immobile). Using unconstrained fitting, the
T calculated immobile D* of UvrBPAmCherry is 0.11 um2/sec. This value
was used as a constraint in the fit to measure the percentage of
immobile UvrBPAmCherrymolecules in live cells with all three species
(immobile, slow, fast) present. (D) Determination of D* values of UvrB-
PAmCherry in E. coli BL21(DE3)AuvrA, fitted with a three constrained
species model following 15 min expression of darT°*P or darTE17%A, (E)
Percentage of immobile UvrB-PAmCherry in E. coli BL21(DE3)AuvrA after
15 min expression of darT®*P or darTE’°A, n = 2 biological replicates + s.
d.; total number of cells = 3,698; total number of tracks = 38,918.

w
o

I pdarTE170A

N
o

[any
o

o

E. coli BL21(DE3)AuvrA



CFU/mL

E. coli BL21(DE3)

1010
109}

108
- BL21(DE3)
107
108 uvrB-PAmCherry
10° -0~ ArecF
104
0 -O- ArecF_uvrB-PAmCherry
1
102 O v
10"+ T 1
0 5 10
UV pulse (J/m?)
6 E. coli BL21(DE3) — No UV ¢ . E. coliBL21(DE3) + 10 J/m?
2 2
2 Dimm = 18.6% at 0.11 pm2/sec 2
S 4 imm 070 S pme) S 4 Dimm = 58.1% at 0.11 ym?2/sec
o Dgiow = 36.6% at 0.41 pm2/sec o° Dsiow = 14.4% at 0.41 ym?/sec
2 Drast = 44.9% at 1.24 um?/sec ) Diast = 27.5% at 1.24 pm?/sec
8 , s,
@®© ®©
Qo Qo
o )
o o
0 0
0 1 2 3 4 0 1 2 3 4
Diffusion coefficient (um?/sec) Diffusion coefficient (um?/sec)
¢ - E. coliBL21(DE3)ArecF — No UV ¢ . E- coli BL21(DE3)ArecF + 10 J/m?
2 2
g D‘mm =19.8% at 0.11 pmzlsec g Dimm =63.4% at 0.11 me/sec
5 ¢ Dsiow = 33.6% at 0.41 um?/sec S5 ¢ Do = 28.5% at 0.41 pm2/sec
= Drest = 46.6% at 1.24 ymz/sec z Diast = 8.12% at 1.24 pmz/sec
8 4
Ke) Ke)
<) )
o o ~
0 0 -
0 1 2 3 4 0 1 2 3 4
Diffusion coefficient (um?/sec) Diffusion coefficient (um?/sec)
70 A . . . . .
Figure S6: NER is functional in a ArecF strain, related to

60 1 Figure 6. (A) Viability of BL21(DE3), BL21(DE3)_uvrB-
PAmCherry, BL21(DE3)ArecF and BL21(DE3)ArecF_uvrB-
PAmcCherry after exposure to different UV doses. n =3 £ s. d.
(B) Determination of D* values of UvrB-PAmCherry in E. coli
BL21(DE3) and BL21(DE3)ArecF, fitted with a three species
model (three constraints fit) with or without UV exposure.
10 1 (C) Percentage of immobile UvrB-PAmCherry in E. coli
BL21(DE3) and E. coli BL21(DE3)ArecF after UV exposure. n =
3 biological replicates + s. d.; total number of cells = 12,976;

total number of tracks = 126,225.
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Figure S7: Investigation of the sequentiality between RecF-mediated HR and NER pathways, related
to Figure 6. Viability of strains following expression of darT®*® or darTf’%* in EPECAdarTG lacking
RecF-mediated HR and/or NER (A) EPECAdarTGAruvAB and EPECAdarTGAuvrAAruvAB, (B)
EPECAdarTGAruvC and EPECAdarTGAuvrAAruvC, (C) EPECAdarTGArecG and EPECAdarTGAuvrAArecG. n
=3 +s.d. NS =p>0.9999 by two-way ANOVA between EPECAdarTGAruvAB/AruvC/ArecG + pdarT®4P
and EPECAdarTGAuvrAAruvAB/AruvC/ArecG + pdarTé4P,



Name Sequence

ADPr-EL1 GAGCTGTACAAGTCAGATCTCGAGCTC
ADPr-EL2 GAGCTGTACAAGTCAGAACTCGAGCTC
ADPr-EL3 GAGCTGTACAAGTCAGAGCTCGAGCTC
ADPr-EL4 GAGCTGTACAAGTCAGACCTCGAGCTC
ADPr-EL5 GAGCTGTACAAGTCAGATATCGAGCTC
ADPr-EL6 GAGCTGTACAAGTCAGATTTCGAGCTC
ADPr-EL7 GAGCTGTACAAGTCAGATGTCGAGCTC
ADPr-EL8 GAGCTGTACAAGTCAGATCACGAGCTC
ADPr-EL9 GAGCTGTACAAGTCAGATCGCGAGCTC
ADPr-EL10 GAGCTGTACAAGTCAGATCCCGAGCTC
ADPr-EL11 GAGCTGTACAAGTCAGATCTAGAGCTC
ADPr-EL12 GAGCTGTACAAGTCAGATCTTGAGCTC
ADPr-EL13 GAGCTGTACAAGTCAGATCTGGAGCTC
ADPr-EL14 GAGCTGTACAAGTCAGTICTCGAGCTC
ADPr-EL15 GAGCTGTACAAGTCAGGICTCGAGCTC
ADPr-EL16 GAGCTGTACAAGTCAGCICTCGAGCTC
ADPr-EL17 GAGCTGTACAAGTCAGATCTCTAGCTC
ADPr-EL18 GAGCTGTACAAGTCAGATCTCGAGCTC
ADPr-EL19 GAGCTGTACAAGTCAGATCTCCAGCTC
ADPr-EL20 CTCGACATGATCAGTCGICTCCTCGAG

ADPr-EL21 CTCGACATGATCAGTCGTTTCCTCGAG

Table S1, related to STAR method: Oligonucleotides used for ADP-ribosylation assays



Name Strain Relevant genotype or description Reference
fhuA2 A(argF-lacZ) U169 phoA ginV44 ®80 A(lacZ)M15 (Hanahan,
EL131 Dh5a .
gyrA96 recAl relAl endAl1 thi-1 hsdR17 1983)
EL183 SMI10 thi thr leu tonA lacy supE recA::RP4-2-Tc::Mu Apir; kan® (fésm;n’
EL615  E. coli Apir Apir AdapA ArecA; apra® erm® zeo? (Herrero et
al., 1990)
EL270  BTH101 F- cya-99 araD139 galE15 galK16 rpsL1 (Strr) hsdR2 mcrA1  (Karimova et
mcrB1 al., 2000)
E. coli expression strain: F- ompT hsdS(re” me’) dcm* Tet" gal
EL67  BL21(DE3) ADE3) e: i LargU prol] p ( ) 99" stratagene
EL572  BL21(DE3)ArecF BL21(DE3)ArecF This study
BL21(DE3)AuvrA_uvrB- BL21(DE3)AuvrA with chromosomal uvrB fused to
EL646 PAm((.‘herr)y - PAm((Iherzy; Kan®R This study
EL653  BL21(DE3)AuvrB BL21(DE3)AuvrB This study
EL325  BL21(DE3)_uvrB-PAmCherry BL21(DE3) with chromosomal uvrB fused to PAmCherry; Kan®  This study
EL614 BL21(DE3)ArecF_uvrB- BL21(DE3)ArecF with chromosomal uvrB fused to This study
PAmCherry PAmCherry; kan®
EL1  EPEC Enteropathogenic E. coli isolate 0127:H6 str. E2348/69; Str® gfmg;;) et
EL2 EPECAdarTG EPEC E2348/69AdarTG; Str® This study
EL268 EPECAdarTGAdinB EPEC E2348/69AdarTGAdinB; Str® This study
EL326  EPECAdarTGAdinBApolBAumuD  EPEC E2348/69AdarTGAdinBApolBAumuD; StrR This study
EL377  EPECAdarTGAfpg EPEC E2348/69AdarTGAfng; Str? This study
EL415  EPECAJGrTG. lexA3 EPEC E2348/69 containing a point mutation (G85D) in This study
chromosomal lexA; Str?
EL226  EPECAdarTGAmutH EPEC E2348/69AdarTGAmutH; StrR This study
EL228 EPECAdarTGAmutS EPEC E2348/69AdarTGAmutS; StrR This study
EL378 EPECAdarTGAnei EPEC E2348/69AdarTGAnei; Str? This study
EL379 EPECAdarTGAnfo EPEC E2348/69 AdarTGAnfo; Str? This study
EL269  EPECAdarTGApolB EPEC E2348/69AdarTGApolB; Str? This study
EL203 EPECAdarTGArecA EPEC E2348/69AdarTGArecA; Str? This study
EL588 EPECAdarTGArecD EPEC E2348/69AdarTGArecD; Str? This study
EL526  EPECAdarTGArecF EPEC E2348/69AdarTGArecF; Str® This study
EL527 EPECAdarTGArecG EPEC E2348/69AdarTGArecG; Str? This study
EL468 EPECAdarTGAruvAB EPEC E2348/69AdarTGAruvAB; Str? This study
EL528 EPECAdarTGAruvC EPEC E2348/69AdarTGAruvC; StrR This study
EL307 EPECAdarTGAumuD EPEC E2348/69AdarTGAumuD; Str® This study
EL224  EPECAdarTGAuvrA EPEC E2348/69AdarTGAuvrA; StrR This study
EL530 EPECAdarTGAuvrAArecF EPEC E2348/69AdarTGAuvrAArecF; Str? This study
EL531 EPECAdarTGAuvrAArecG EPEC E2348/69AdarTGAuvrAArecG; StrR This study
EL533  EPECAdarTGAuvrAAruvAB EPEC E2348/69 AdarTGAuvrAAruvAB; Str? This study
EL532 EPECAdarTGAuvrAAruvC EPEC E2348/69AdarTGAuvrAAruvC; Strk This study
EL412 EPECAdarTGAxth EPEC E2348/69AdarTGAxth; StrR This study

Table S2, related to STAR method : Strains used in this study



