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Supplementary Figure S1. Amino acid sequence
alignment of Exolll homologs. The 46 full-length
amino acid sequences of archaeal homologs were
aligned with human APE1, and E. coli Xth. The
sequences from E. coli, M. thermautotrophicus, and
H. sapiens are indicated with bold letters. MacExolll
is indicated with red letters. Catalytic residues are
indicated with ¥ at the top. The putative residues in
Mth212 contributing to the recognition of dU in DNA
are indicated with cyan letters and their positions are
indicated by asterisks at the bottom. A indicates the
mutated glutamic acid residue in this study (E39 in
MacExolll).
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vy

MKELEIVAAEEENCGNFEERVQKLVEAGYETVAREAIACTRCPLHKSATKRVIGKGSCNP
MKPVEYVKCKAFPCSDINKGGYLVPAVEVNPEKVK
MDNLDLTIADEVRKCQKCKLWKFRKNAVPGEGNSKA
MDSLEKIKEEVISCKKCKLWQFRTNAVPGEGYPKA

MSKHELMKKLEEKILTCKKCPLWRLRTNPVPGYGNYDA
MESLDDIVREIMSCRKCDLHKTKTNYVPGVGNEKA
MAGSRLRQLEEEVRRCTRCPLHATRTHAVPGEGPGEA
MDLQKLHELIKNCDKCPLHKYRKNAVPGEGEMKL
MTLELLQAQAQNCTACRLMEGRTRVVFGEGNPDA
MTGSLPPPRHPLHQAADPPDPAALLALEDRNRGCAACPLRVSASQVVVSDGDPRA
MYTREELMEIVSERVKKCTACPLHLNRTNVVVGEGNLDT

i * *
Motif A
KVMFIGEAPGKTED---ETGIPFNG----RAGKKLDKMVEYMG-LSEEDWEVANTVKCRP
VVMIAEAPPENPLDYFYASGEPFYLKTTLQAFNDAGIPVNSIQEILDHGFYLTTALKCAK
EIMFIGEAPGENED---IEGKPFVG----VAGKLLTRLINEILGLSREDVFITNLVKCRP
EIMFV[GEAPGENED---KEGRPFVG----AAGKLLTQMIKEILGLERDQVFITNVVKCRP
KIMFIGEAPGYWED---QKGLPFVG----KAGKVLDELLDGIG-LTREDVYITNVVKCRP
EIVFVGEAPGRDED---LKGEPFVG----AAGKLLTEMLASIG-LRREDVYITNVLKCRP
GVMVV[GEAPGRMED---RLGRPFVG----PAGKLLDSLLELAG-LSRGEVYITNVVKCRP
GVMIVGEAPGASED---EAGRPFVG----AAGQLLTEALSRLG-VRRGDVFITNVVKCRP
KLMIVGEGPGEEED---KTGRPFVG----KAGQLLNRILEAAG-IPREEVYITNIVKCRP
PLLIVGEGPGAEED---RDGRPFVG----QAGQLLDRILAAAS-LAREEAYLTNVTKCRA
RIVFVGEGPGEEED---KTGRPFVG----RAGMLLTELLRESG-IRREDVYICNVVKCRP

* * * ko * . . . * %

PENRRPKASEIEC!%*PFLIAQITLLDPEIIILLGNTAEKAYCPERKLERGVPVEYEGR*
TR-YVISADTVKNCSLVLEKELSLFPNVEVYMLMGDVAIKAFNYISRRLTGKNTIRSGST
PNNRDPEEDEILACS-PYLTRQIESIRPHIIITLGRHSTSYLFKKMNMKMESIGKVRGKE
PNNRDPEEDEITACS-PYLDRQIDIIMPKIIVTLGRHSTKYIFSKMGENFSSITKVRGKS
PNNRDPTEEEIKACS-PYLDQQIDIIKPKVIVTLGRHSTNYILKKFGFDLEPISKIHGKV
PNNRDPTPEEVEKCG-DYLVRQLEAIRPNVIVCLGRFAAQFIFNLFDLEFTTISRVKGKV
PGNRDPREEEIEACL-PYLVEQISLIRPRLVIAVGRHAGRTLFRLAGLRWPGLARARGRV
PNNRTPNREEVEACL-PYLIQQIGILKPRRITALGLISAKALMELMGRRAEKLGDVKGKC
PONRAPLPDEAKICTDKWLLKQIELIAPQIIVPLGAVAAEFFLG----EKVSITKVRGKW
PNNRTPLPLETATCTGLWLEPQLALLRPRVVLSLGNTATQFLLG----TPRGITRLRGQW
PNNRTPTPEEQAACG-HFLLAQIEIINPDVIVALGATALSFFVDG---KKVSITKVRGNP
PENRRPKASEIECCK-PFLIAQITLLDPEITIILLGNTAEKAYCPERKLERGVPVEYEGR-
TR-YVISADTVKNCSLVLEKELSLFPNVEVYMLMGDVAIKAFNYISRRLTGKNTIRSGST

Motif B

———————————— MILKLYHPAALIYTASKIDVQKAFIDKNRDLWQ
YKIRKEQ---FFYNGKRV[FPSYVQTGONYLIEKSKRMMIAEDLAEAAKLIK
YTWNIYG--YKILVFPTYHPAAAIIYNPPIRKVLEEDFRKVKEALSS-KPITLDNFLYG-—
YVWKYKE--KEIIVFPTYHPAAALYNPNLRKILEEDFKKIRELAITPKRYTIDYFLGGKN
FKAKTLE--GTLYIFPTYHPAVALYRPQLKEELKQDFDILKSLLEKLGI
YEVERWG--KKVKVIAIYHPAAVIYRPQLREEYESDFKKIGELCGKKQPTLEDYL
WRGRIGG**VELLIAVTYHPAAALYNPGLRGELERDFSGFIRRSVAEALSRGGGGGGAGE

. . *

YQGRIAG--VQVELCITYHPAAVIRKPALRGEFQKDLAMFFG-—————=——-—---— GGL
YEWHG------ IKVEPMEHPAYLIRNPSRAPGS PKHLTWLDIQEVKRALDALPPKERRDY.
FTYRHPAWPQPALLMPLLHPAYLIRNPVRT PGGPKSLTWRDIREVAAVLRGEKEASPVQG
IDWLGG-—--- KKVIPTEHPSYLIRNRSNE---LRRIVLEDIEKAKSFIKKEG

e
-SGDKGEKGNSNSGK
RSWDKREKSDSNSGK

DRWESPDSRGPGEGAGGDVDS
—
DREFLDPSK
—
KAVSQEPLF

——
QFPAAPDSLFSELE

Supplementary Figure S2. Amino acid sequence alignment of the characterized family-4
UDG proteins, MacUDG, and MacUDG-like (MA_RS18745 and MA_RS11760). Motif A:
GE(A/G)PG, Motif B: HPAAVL, Underlined peptides: (putative or characterized) PIP box/B-
clamp motif, v: Cysteine residues involved in Fe-S clusters. Accession numbers: Sulfolobus
Solfataricus, WWP_009991844.1; Sulfolobus tokodaii, WP_010980322.1; Pyrococcus furiosus,
WP_011012532.1; Archaeoglobus fulgidus, WP_010879766.1; Aeropyrum pernix, BAA79385.2;
Pyrobaculum aerophilum, AAL62921.1; Thermus thermophilus, WP_011228142.1; Deinococcus
radiodurans, WP_010888386.1; Thermotoga maritima, WP_004081422.1.
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Supplementary Figure S3. Quality check of MacEndoQ sample. MacEndoQ (200 nM and
500 nM) was incubated with 20 ng/ul of supercoiled pBlueScript Il SK(+) dsDNA (lanes 2—4) and
pBlueScript Il SK(+) ssDNA (lanes 6-8) at 37° C for 60 min in the reaction solution. Reaction
products were analyzed by 0.8% agarose gel electrophoresis, followed by ethidium bromide
staining. M, DNA marker (NEB, #3200).
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Supplementary Figure S4. Cleavage activity of MacEndoQ toward the opposite strand of a
single lesion-containing strand. MacEndoQ cleavage reaction were performed at 37°C for 60
min using the single lesion-containing strand labeled DNA (lanes 1, 2, 5, 6, 9, 10) or the
opposite (intact) strand labeled DNA (lanes 3, 4, 7, 8, 11, 12). For the detailed reaction
conditions and the termination step, see the methods section in the main text. Cleavage
products were separated by 8 M urea-12% PAGE.
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Supplementary Figure S5. Cleavage activity of MacExolll toward the opposite strand of a
single lesion-containing strand. MacExolll cleavage reaction were performed at 37°C for 10
min using the (single lesion-containing) top strand labeled, blunt ended DNA (lanes 1-3, 7-9) or
the bottom strand labeled, blunt ended DNA (lanes 4-6, 10-12). For the detailed reaction
conditions and the termination step, see the methods section in the main text. Cleavage
products were separated by 8 M urea-12% PAGE.
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Supplementary Figure S6. Electrophoretic mobility shift assay of MacExolll with
normal/(AP/dU)-containing DNA. Various concentrations (0, 1, 5, and 10 nM) of MacExollIWT
were incubated with 5 nM 5'-Cy5-labeled 6-nt 3'-overhang dsDNA (normal: lanes 1—4; AP site:
lanes 5-8; dU: lanes 9-12), in reaction solution (50 mM Bis-Tris-HCI, pH 7.0, 1 mM DTT, 1 mM
MnCl,, 0.01% Tween 20; 20 ul) at 37°C for 10 min. After 5 pl of loading buffer (17% Ficoll, 10
mM Tris-HCI, pH 8.0 and 0.1% Orange G) was added, the samples were separated by 8%
PAGE in TBE buffer and visualized by an image analyzer, Typhoon Trio+ (GE Healthcare).
Assignments of the bands are shown on the left od the panel.
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Supplementary Figure S7. Endonuclease activities by MacExolll and MacExoQ toward
MacUDG-catalyzed substrates. 5'-Cy5-labeled 6-nt 3'-overhanging, uracil-containing dsDNA
were incubated with (100 nM; lanes 2-7) or without (lanes 1, 8-12) MacUDG in the 20 pl of
reaction mixture (50 mM Tris-HCI, pH 8.0, 1 mM DTT, 0.1 yg/mL BSA) at 37°C for 10 min. After
adding 1 pl of 20 mM MnCl, (lanes 1-5 and 8-10) or MgCl, (6, 7, 11, and 12), the indicated
concentrations of MacExollIWT (lanes 4, 5, 9, 10) or MacEndoQWT (lanes 6, 7, 11, 12) (2 pl) were
added to the reaction mixture and further incubated for 10 min. The lane 2 sample were treated
with NaOH. For the details, see the methods section in the main text. Cleavage products were
separated by 8 M urea-12% PAGE.
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Supplementary Figure S8. Original gel images presented in Figure 2. Red dotted lines
indicate the presented area in the main figure.
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Supplementary Figure S9. Original gel images presented in Figure 3. Red dotted lines
indicate the presented area in the main figure.
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Supplementary Figure S9 (Continued). Original gel images presented in Figure 3. Red
dotted lines indicate the presented area in the main figure.
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Supplementary Figure S10. Original gel images presented in Figure 4. Red dotted lines
indicate the presented area in the main figure.
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Supplementary Figure S10 (Continued). Original gel images presented in Figure 4. Red
dotted lines indicate the presented area in the main figure.
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Supplementary Figure S11. Original gel images presented in Figure 5. Red dotted lines
indicate the presented area in the main figure.
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