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Supplementary Figure 1: Cryo-electron microscopy of the N-terminal Pol2 deletion
(deltacat) variant of the tetrameric Pol epsilon complex. (a) Purification strategy and
Coomassie-stained gel of deltacat. (b) Electron micrograph (aligned sum) acquired using a
Volta phase plate on a Falcon Il direct detector in counting mode. Scale bar 100 nm. (c)
Representative 2D class averages. (d) Angular distribution. (e) Gold-standard Fourier shell
correlatation and resolution estimation using the 0.143 criterion. (f) Cryo-EM map color-
coded by local resolution.
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Supplementary Figure 2: Overview of image processing for deltacat.
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Supplementary Figure 3: Coomassie-stained gel of purified Polymerase epsilon and its
dropout variants. Three repeats of the DNA binding assays visualized using the Diamond
Nucleic Acid dye. (a) Wild type Pol epsilon (b) deltacat (c) Pol2 (d) C-Pol2 (e) C-Pol2-Dpb2
(f) Dpb2.
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Supplementary Figure 4: Protein purification and reconstitution of DNA-bound CMG-Pol
epsilon. (a) Purification strategy for full length Pol epsilon exo’. (b) Coomassie-stained gel.
(c) Purification strategy for CMG. (d) Coomassie-stained gel of purified CMG. (e) Silver
stained gel of CMG-Polymerase epsilon exo- unbound, eluted and bead fractions.



GSFSC Resolution: 4.984

1.0 T T
— No Mask (7.84)
/4 X : : : —  Spherical (7.14)
/ 08F - A N e — Loose (634)
c : : — Tight (54)
2 : : : : — Corrected (54)
ﬁ 0.6 s . .......... R SRR de e ..... - -
o NN
w : !
04 F i
—7(/4 02 s TN Ay ............. ,,,,,,,,,,,,, ,
0.0 -
_rn/j2 LA e iignes - Y | DC 184 8.84 5.94 4.44 3.54 2.94
-r  =3/4 -n/2 -n/4 O /4 w/2 3n/d m
Azimuth
10° 10! 102
# of images
AAA+ view Side Cut-through NTD

45 5.2 59 6.6 7.5 A>

Supplementary Figure 5: Cryo-electron microscopy of the DNA-bound CMG Pol epsilon.
(a) Cryo-electron micrograph acquired with a K2 summit camera operated in counting mode.
Scale bar 100 nm. (b) Selection of 2D class averages after 3D refinement. (c¢) Angular
distribution. (d) Gold standard Fourier shell correlatation using the 0.143 criterion. (e) Local
resolution as determined by Relion.



Initial model: \‘ l

EMD-6465

Filtered to 60 A )
v

RELION 3D classification with alignment
252,705 particles, bin by 2 (box size 128 pix)

86,277 ) 92,437

RELION 3D refinement
114,542 particles, hereafter unbinned (box size 256 pix)

7.5A

LN -
Dy
T
3,525 3,434 100,073 4,011 3,367
v
RELION 3D refinement

7.5A

RELION 3D classification without alignment

S

3,027 3,706 89,809 2,394 1,795
v
RELION 3D refinement

7.2A

Combine with 5,671 2D “cleaned”
particles from a second dataset

v

RELION 3D classification with alignment

12,651 65,905 16,924
v
cryoSPARC homogenous refinement RELION local resolution filtering

78,556
5.0 A average resolution

Supplementary Figure 6: Overview of image processing for the DNA-bound

epsilon.

CMG-Pol
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Supplementary Figure 7: Imaging helicase activation reconstituted in vitro using purified
yeast proteins. (a-d) Stacks of MCM double hexamers (“MCM trains”) cannot be observed if
DNA does not contain a methyltransferase roadblock. This can be observed when DNA is
digested with a multi-site restriction enzyme (a), with a single site cutter (b) and when
Mcm10 activator of the CMG helicase is omitted (c). MCM trains cannot be visualised in the
presence of the methyltransferase roadblock if the Mcm10 activator is omitted. Scale bar 50
nm. (e) Reconstructed cryo-electron tomogram (4 slicer views) showing one example of an
MCM train. Scale bar 50 nm. (f) Template matching indicate that one stack of MCM double
hexamers is capped at one end by one CMG-Pol epsilon complex. Scale bar 50 nm.



Supplementary Table 1: Yeast strains

Strain

Description

Genotype

Source

yAJ2

WT Polymerase epsilon

MATa ade2-1 ura3-1 his3-11,15 trp1-1 leu2-3,112 can1-
100

bar1::Hyg

pep4::KanMX

TRP Gal1-10/ Pol2 + Dpb4-CBP

URA Gal1-10/ Dpb2 + Dpb3

Yeeles et al.
Nature. 2015

yAE99

Polymerase
exo’

epsilon

MATaade2-1 ura3-1 his3-11,15 trp1-1 leu2-3,112 can1-
100

bar1::Hyg

pep4::KanMX

ura3::URA3-Gal1-10/ Dpb2 + Dpb3
Pol2::Pol2-FLAG-NAT

trp1::TRP1-Gal1-10/ Pol2 exo- + Dpb4-CBP

This study

(exo- Pol2 contains
mutation D290A,
E292A) as in
Morrison et al.
PNAS 1991.

yAJ25

deltacat

MATa ade2-1 ura3-1 his3-11,15 trp1-1

leu2-3,112 can1-100

bar1::Hyg

pep4::KanMX

ura3::URA3-Gal1-10/ Dpb2 + Dpb3
trp1::TRP1-Gal1-10/ Pol2 A1-1262aa + Dpb4-TEV-CBP

Yeeles et al.
Mol Cell 2017

yAJ32

Pol2

MATa ade2-1 ura3-1 his3-11,15 trp1-1 leu2-3,112 can1-
100

bar1::Hyg

pep4::KanMX

trp1::TRP1-Gal1-10/ Pol2-3x FLAG

This Study

yAJ30

C-Pol2

MATa ade2-1 ura3-1 his3-11,15 trp1-1 leu2-3,112 can1-
100

bar1::Hyg

pep4::KanMX

trp1::TRP1-Gal1-10/ Pol2 A1-1262aa—-3xFLAG

This Study

yAJ33

Dpb2

MATa ade2-1 ura3-1 his3-11,15 trp1-1 leu2-3,112 can1-
100

bar1::Hyg

pep4::KanMX

ura3::URA3-Gal1-10/ Dpb2-3xFLAG

This Study

yAJ31

C-Pol2/Dpb2

MATa ade2-1 ura3-1 his3-11,15 trp1-1 leu2-3,112 can1-
100

bar1::Hyg

pep4::KanMX

ura3::URA3-Gal1-10/ Dpb2

trp1::TRP1-Gal1-10/ Pol2 A1-1262aa—-3xFLAG

This Study

yJCZ3

CMG

YAM22: MATa pep4.::KanMx4

bar1::Hph-NT1

trp1-1::TRP1pJF3 (MCM5-GAL1-10-MCM4)
leu2-3::LEU2pJF4 (MCM7-GAL1-10-MCM6)
ura3-1::URA3pJF5 (MCM2-GAL1-10-CBP-TEV-MCM3)
yJCZ1: MATa pep4::KanMx4

bar1::Hph-NT1

his3-11::HIS3pJY13 (CDC45™%*-GAL1-10-GAL4)
trp1-1::TRP1pJCZ1 (PSF1-GAL1-10-SLD5)
leu2-3::LEU2pJCZ2 (PSF2-GAL1-10-PSF3)
ade2-1::.pJCZ3 (ADE2).

Zhou et al PNAS
2017




Supplementary Table 2: Cryo-EM data collection, refinement and validation statistics

deltacat Pole CMGPole-DNA
(EMDB-0287) (EMD-0288)
(PDB 6HV8) (PDB 6HV9)
Data collection and
processing
Nominal magnification 75,000 105,000
Voltage (kV) 300 300
Detector Falcon Ill K2 Summit
Frames 30 30
Electron exposure (e—/A?) 30 50
Defocus range (um) -0.5 to -1 -251t0-4.5
Pixel size (A) 1.09 1.38
Symmetry imposed C1 C1
Initial particle images (no.) 816,814 404,676
Final particle images (no.) 161,376 78,556
Map resolution (A) 4.45 4.98
FSC threshold (0.143) (0.143)
Map resolution range (A) 4.3-5 4.5-7.5
Refinement
Initial model used (PDB code)  N/A 5u8s
Model resolution (A) 4.40 4.50
FSC threshold 0.143 0.143
Model resolution range (A) N/A 60
Map sharpening B factor (A®)  -300 -300
R.m.s. deviations
Bond lengths (A) 0.009 0.012
Bond angles (°) 1.641 1.870
Validation
MolProbity score 2.29 2.08
Clashscore 9 9.26
Poor rotamers (%) 1.1 0.48
Ramachandran plot
Favored (%) 76.75 88.65
Allowed (%) 22.73 11.05
Disallowed (%) 0.52 0.29




