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Supplementary Figure 1. Phosphorylation of Sae2 does not promote its DNA binding capacity. a,
Representative electrophoretic mobility shift assay (6% polyacrylamide) with recombinant
phosphorylated Sae2 (pSae2) or Sae2 dephosphorylated with A phosphatase (pSae2 A) and 100 bp-long
dsDNA substrate. Position of gel wells is indicated. The reaction was incubated for 30 min at 30°C. b,
Representative electrophoretic mobility shift assay with MRX, phosphorylated Sae2 (pSae2) and A
phosphatase-treated Sae2 (pSae2 M), as indicated, and 50 bp-long dsDNA substrate with a biotin label but
no streptavidin block. The reaction buffer contained ATP, and the reactions were incubated for 5 min at
30°C. The products were separated on a 6% native polyacrylamide gel. ¢, Quantitation of experiments
such as shown in panel b, with 6 nM MRX. Error bars, SEM; n=4. d, Representative electrophoretic
mobility shift assay with MRX, phosphorylated Sae2 (pSae2) and A phosphatase-treated pSae2 (pSae2 A),
and 50 bp-long dsDNA substrate with one end blocked by streptavidin. The reaction buffer contained
ATP, and the reactions were incubated for 30 min at 30°C. The products were separated on a 4% native
polyacrylamide gel. e, Quantitation of experiments such as shown in panel d, with 6 nM MRX. Error bars,
SEM; n=4,
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Supplementary Figure 2. Sae2 oligomerization is important for its stimulatory effect on the MRX
nuclease. a, Size exclusion chromatography with marker globular proteins. The profile of pSae2 is the
same as in Fig. 2a, and is shown again for reference. b,c, Representative transmission electron
micrographs of negatively stained Sae2 prepared with phosphatase inhibitors (pSae2, 800 nM, b) and
without phosphatase inhibitors (Sae2, 800 nM, c). As these were taken closer to focus and in thinner
stain than the micrographs in Fig. 1i,j, they more readily visualize the size distribution of smaller
oligomers in pSae2 in comparison to Sae2. Sae2 oligomers are circled in red, larger multimers are
circled in blue. Scale bar indicates 100 nm. d, Size exclusion chromatography analysis of the N-terminal
fragment of pSae2 (pSae2 AC95, lacking 95 residues from the C-terminus), prepared in the presence of
phosphatase inhibitors. The profile of pSae2 is the same as in Fig. 2a, and is shown again for reference.
e, Size exclusion chromatography analysis of pSae2 L25P E171G, either mock-treated or A phosphatase-
treated, as indicated. Phosphorylated and dephosphorylated wild type Sae2 (pSae2 and pSae2 A) are
the same as in Fig. 1h, and are shown again for reference. The species indicated in the rectangle
corresponds to the A phosphatase protein. f, A representative nuclease assay with phosphorylated
pSae2 L25P E171G, prepared with phosphatase inhibitors, and MRX, using a dsDNA substrate with both
ends blocked with streptavidin. g, Representative nuclease assay with MRX and wild type pSae2 or
pSae2 L25P E171G. The pSae2 variants were either mock-treated or A phosphatase-treated, as
indicated. h, Quantitation of experiments such as shown in panel g. Error bars, SEM; n>3. The results
shown for wt pSae2 are the same as in Fig. 3a, and are shown here for reference. i, Representative
polyacrylamide gel electrophoresis of pSae2 or pSae2 L25P E171G, treated or not with A phosphatase.
The 4-15% polyacrylamide gradient gel was stained with Coomassie blue.
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Supplementary Figure 3. Sae2 oligomerization is important for its activity in vivo. Spol1-
oligonucleotide formation assay. a, sae2A cells were complemented with wt and sae2 L25P
expressed from a centromeric vector with native promoter and terminator. Quantitation is shown
below the lanes as an average (relative to wild type)  coefficient of variation. b, sae2A cells were
complemented with wt SAE2 or sae2 L25P induced with B-estradiol 4 h after the onset of meiosis (in
red). Non-induced samples are labeled in black. The red triangles mark the long and short Spo11-
oligonucleotide species generated in wild type cells. The open bracket marks the double-cut Spol11-
oligonucleotide species seen in wild type and sae2A. The black triangle marks a non-specific terminal
deoxynucleotidyl transferase band.
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Supplementary Figure 4. CDK-dependent phosphorylation of Sae2 has a role in its DNA end resection
capacity. a, A representative nuclease assay with MRX and pSae2 S134E S267E treated or not with A
phosphatase. b, A representative nuclease assay with MRX and pSae2 S179E S267E treated or not with A
phosphatase. ¢, Quantitation of experiments such as shown in panels a and b. The pSae2 S267E variant data
is the same as in Fig. 3d, and is shown again for reference. Error bars, SEM; n=3. d-e, Spol1-oligonucleotide
formation assay in sae2A cells with d, wt Sae2, Sae2 S267A and S267E expressed from a centromeric vector
from its native promoter (quantitation is shown below the lanes as an average relative to wild type), or e,
with Sae2 S267A expressed upon adding B-estradiol 4 h after the onset of meiosis (in red), with non-induced
samples labeled in black. The red triangles mark the long and short Spol1-oligonucleotide species generated
in wild type cells. The open bracket marks the MRX-Sae2 independent double-cut Spol1-oligonucleotide
species. The black triangle marks a non-specific terminal deoxynucleotidyl transferase band. 6

Continued on next page.
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Supplementary Figure 4. CDK-dependent phosphorylation of Sae2 has a role in its DNA end resection
capacity.

Continued from previous page.

f, Size exclusion chromatography analysis of the indicated pSae2 variants, prepared in the presence of
phosphatase inhibitors. The pSae2 AN169 dataset is identical to that shown in Fig. 2a, and is shown again for
reference. g, Size exclusion chromatography analysis of the indicated pSae2 variants, prepared in the
presence of phosphatase inhibitors, mock-treated or treated with A phosphatase. The pSae2 and pSae2 A
datasets are identical to those shown in Fig. 1h, and are shown again for reference. The species in the
rectangle corresponds to A phosphatase. h, A representative nuclease assay with MRX and pSae2 AN169
S267A. The numbering corresponds to amino acid position in the full-length polypeptide. i, Quantitation of
experiments such as shown in panel h. Error bars, SEM; n=3. j, A representative nuclease assay with MRX and
pSae2 AN169 S267E. The numbering corresponds to amino acid position in the full-length polypeptide. k,
Quantitation of experiments such as shown in panel j. Error bars, SEM; n24. The pSae2 AN169 data is the
same as in Fig. 2¢, and is shown again for reference.



a 5'@ 70 bp @3’ @...streptavidin
ER—— — ...biotin
30 05 . 2piael
e MRX25nM ¢ MRX25nM ¢ MRX25nM .S MRX25nM £ " ]
% pSae2 g pSae2 % pSae2 ° pSae2 multimer oligomer  monomer
s S73A s T90A s S249A g T279A — psae2
o
|- T15 60200 2|- T 15 60200 2|— T 15 60200 Z[— T 15 60 200 (nM) — pSae2 (S73,T90, S249, T279) —~ E
R RN [ AR Y R— & e e = | < Substrate £ 18097 — pSae2 (S73,790, 5249, T279), S267E — E
Endonuclease 5 160 pSae2 (S73,T90, S249, T279) — A
N B 1401
products % £ 120]
§ > 1001
g g 804
52 604
b MRX 25 nM d MRX 25 nM §$ 401
- -- - -+ + + +]|Aphosphatase e[- - - - - + + + +| Aphosphatase = 201
E pSae2 pSae2 2 pSae2 pSae2 O-b 7 8 91011121314 1516 17 18 19 20
o S73ES267E  S73E S267E g S249E S267E S249E S267E ml
N et e
o

2 15 60 200240 15 60 200 240|(nM) z 15 60 200240 15 60 200 240|(nM)

] - —— e - - o o |- Substrate S [l e |~ SUbstrate — pSae2 (S73,T90, S249, T279) - E
Endonuclease Endonuclease g —=— pSae2 (S73,T90, S249, T279) - E A
products activity e 1809 =~

< 1604 !
Iy 1"
S gt 1
c MRX 25 nM e MRX 25 nM sE1] |

|- - - - -+ + + +]| Aphosphatase |- - - - - + + + +| Aphosphatase § 1007 n

I pSae2 pSae2 T pSae2 pSae2 g £ 804 |,

IS T90E S267E  T90E S267E I T279E S267E T279E S267E 15N 609 11t

2 S I Sl 22w 1t

2 15 60 200240 15 60 200 240| (NM) 2 15 60 200240 15 60 200 240 (nM) S N Ce

- - —— - - 5 o=

i WIPRIPRIP -« Substrate g W—— o Substrate 6 7 8 9 1011121314 1516 17 18 19 20
Endonuclease Endonuclease |
products products m

h tel1A i
Wildtype  sge2d  telld  Pgp,MECL Peg,MECI SAE2 sae24 sae2 N123A R127A
4 6 4 6 4 6 4 6 0 2 3 4 5 6 8 (h
ﬁ‘{l 2
< <
. et s e < - s . ——— ——~——- <
100% 4% 132% 42% 16% of WT — 100% — 1% - 2 6 36 56 84 34%of WT

$0.91(4)  +0.26(2) +0.21(2)  +0.18(4) +CV(n)

Supplementary Figure 5. The role of Mec1/Tell-dependent phosphorylation of Sae2 on its DNA end
resection capacity. a, Representative nuclease assays with the indicated pSae2 variants and MRX. b-e,
Representative nuclease assays with the indicated pSae2 variants mock-treated or treated with A
phosphatase. f, Size exclusion chromatography analysis of the indicated pSae2 variants. The pSae2 dataset is
identical to that shown in Fig. 2a, and is shown again for reference. g, Size exclusion chromatography analysis
of the indicated pSae2 variants treated or mock-treated with A phosphatase. The species in the rectangle
corresponds to A phosphatase. h, Spol1l-oligonucleotide formation assay in wt, tel1A or CLB2-MEC1 cells.
Quantitation is shown below the lanes as an average relative to wild type * coefficient of variation. i, Spo11-
oligonucleotide formation assay in sae2A cells with wt SAE2, or sae2 N123A R127A expressed from a
centromeric vector from its native promoter. Quantitation is shown below the lanes as an average relative to
wild type. The red triangles mark the long and short Spol1-oligonucleotide species generated in wild type
cells. The open bracket marks the MRX-Sae2-independent double-cut Spoll-oligonucleotide species. Black
triangle marks a non-specific terminal deoxynucleotidyl transferase band.



61
121
181
241
301

MVTGEENVYL
ILCHEKNAPQ
PPNRHKRKIS
NLYKNVKDNF
RSLSVVIESQ
FLMASNNKIP

KSSLSILKEL
QSSQTSAGPG
EFSSPLNGLN
LFDFNINPLT
NSDYEFAFDN
PYEREYVFKR

SLDELLNVQY
EQDSEDFILT
NLSDLEDCSD
KRAWILEDFR
LRNRSKSPPG
EQLNQIVDDG

DVTTLIAKRV QALONRNKCV LEEPNSKLAE
QFDEDIKKES AEVHYRNENK HTVQLPLVTM
TVIHEKDNDK ENKTRKLLGI ELENPESTSP
PNEDIAPVKR GRRKLERFYA QVGKPEDSKH
FGRLDFPSTQ EGNEDKKKSQ EIIRRKTKYR
CFFWSDKLLQ IYARC

b 80

70 — -

50
40

30

Spectrum count

20

10

i

J A »
b‘ o
B

m A H A L]

A
&

. = = =

£
R |

2

© ©
& o

P S D © G I I N
F O Y S S g g

H Phosphorylated ™ Non-phosphorylated

MRX 25 nM

pSae2
S73AT75A
T76A T90A
S130A S134A
S143A S179A
S244A S249A
S267A S278A
T279A

d MRX 25 nM MRX 25 nM

100

80 pSae2
S73AT75A
T76A T90A

S130A S134A

S143A

pSae2
S179A 5244A
S249A S267A
S278AT279A

60

40
0 5 15 60200

0 5 15 60200

0 5 15 60200| (NM)
W - S | Substrate

Endonuclease
products

DNA cleavage (%)
f No protein
1 No protein
I No protein

— pSae2

— pSae2 22E
pSae2 10CE
pSae2 12NE

20

]
— T T 1
0 50 100 150 200
Sae2 variant (hM)

-® pSae2 e
4 pSae2 N-terminal “A” (S73A, T75A, T76A, T90A, S130A,

S134A, S143A)
<>~ pSae2 S267A
4l pSae2 C-terminal “A” (S179A, S244A, S249A, S267A,

S278A, T279A)

pSae2 N and C-terminal “A” (S73A, T75A, T76A, T90A,
S130A, S134A, S143A, S179A, S244A, S249A, S267A,
S278A, T279A)

pSae2
S73AT75A E
T76A T90A ©
S130A S134A
S143A S179A
S244A S249A
S267A 5278A
T279A

multimer oligomer monomer

pSae2
S7T3AT75A &  pSae2
T76ATO0A 3 S5179A 5244A
SI130AS134A Q) $249A S267A
S143A S278AT279A

| pSae2 wt

3
kDa iy
66 w—

| pSae2 wt
+ pSae2 wt

Marker

+ - + — Aphosphatase

UV absorbance at 2

=]

7 8 91011121314151617 18 192
ml

] pSae2 variant

Supplementary Figure 6. Phosphorylation of Sae2 at its C-terminal, rather than the N-terminal part is
important for its function to promote the MRX nuclease. a, Mass spectrometry analysis of phosphorylated
recombinant pSae2. The sequence coverage is indicated in yellow and phosphorylated residues are indicated in
green if they were identified with a site probability of at least 99%. b, Peptides of Sae2 covering individual
phosphorylation sites were counted if the phosphorylation site probability was above 80% and the ratio between
phosphorylated vs. non-phosphorylated is plotted. ¢, Quantitation of nuclease assays with MRX (25 nM) and
indicated concentrations of the respective pSae2 variants. Error bars, SEM; n24. d, Representative nuclease
assays with MRX and indicated pSae2 variants. e, Coomassie-stained polyacrylamide gels (4-15%) showing the
pSae2 variants used in experiments in panels ¢ and d, treated or not with A phosphatase. f, Size exclusion
chromatography analysis of the indicated pSae2 variants. The pSae2 dataset is identical to that shown in Fig. 2a,

and pSae2 22E as in Fig. 5g, and are shown again for reference.
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Supplementary Figure 7. Interaction of Sae2 and MRX. The phosphorylated recombinant MBP-tagged C-
terminal domain of pSae2 (residues 170-345, pSae2 AN169) was bound to amylose resin, mock-treated or
dephosphorylated with A phosphatase, and incubated with recombinant Mrel1. Proteins were eluted and
visualized by Ponceau staining or Western blotting. Prescission protease (PP) was used to cleave MBP tag
from MBP-pSae2 AN169, in order to facilitate detection of Mrel1, which migrates above. Avidin was added

to the elution buffer and shows equal loading. The C-terminal fragment of Sae2 does not interact with
Mrell, irrespectively of phosphorylation.
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