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Fig. S1.

Cryo-EM data collection and processing. (A) Coomassie blue-stained SDS-PAGE gel of
purified UAF (left) and TBP (right). (B) Cryo-EM density map of UAF-TBP (blue), obtained from
117 598 particles of separately reconstituted and imaged UAF-TBP. Middle, superposition of the
UAF-TBP density map (blue) with the UAF-TBP-DNA map (gray). Right, superposition of the
UAF-TBP map with the refined model of UAF-TBP-DNA, represented as a cartoon. The UAF-
TBP map is coloured by subunit to indicate more clearly which elements are unresolved in the
absence of DNA. (C) Processing of the UAF-TBP-DNA data. Shown are a representative
micrograph, 2D classes from CryoSPARC, 3D classes from RELION, and RELION-post-
processed and DeepEMhancer-filtered density maps. The atomic model of UAF-TBP-DNA was
built using the DeepEMhancer-filtered map and refined against the unsharpened consensus map.
The consensus map following focused classification on the upstream region is shown, low-pass-
filtered to 5 A resolution. The atomic model is docked in and DNA extended to reveal a putative
Uaf30 contact site. (D) FSC curve of UAF-TBP-DNA (left), local resolution and angular
distributions (right) calculated using RELION (43).
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Fig. S2.

Model validation and density fit. (A) FSC between half-maps, and between the consensus map
and the model to assess map-to-model fit. (B) Cross-validation test to assess overfitting during
model refinement. FSC between the model refined against half-map A and halt-map A (FSC work)
or half-map B (FSC test). The resolution target during model refinement is indicated. (C-G)
Exemplary cryo-EM densities and refined model of promoter DNA, Rrn5, Rrn9, Rrn10 and Uaf30.
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Fig. S3.

Histone fold comparisons. (A) The H2B-H2A-like histone fold domains of Rrn9 and Rrn10, and
(B) H4-like histone fold domain of Rrn5 in complex with H3, juxtaposed with homologs from the
yeast nucleosome (PDB 11D3), human TFIID (PDB 7EGA), yeast SAGA (PDB 6T9I) and human
NC2 (PDB 1JFI). (C) The histone-like hexamers and octamers of UAF, TFIID and SAGA. Top,
the locations of TBP and DNA relative to each histone-like substructure are shown. TFIID is
shown in the engaged, initial loading state (PDB 7EGD) and as part of the intermediate PIC (PDB
7EGA), with other proteins represented as surfaces. Bottom, montage of the histone-like hexamers
and octamers. Subunits are coloured according to the nucleosome.
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Fig. S4.

UAF-DNA contacts. (A) Interacting protein residues are indicated by triangles on the domain
diagrams (top) and highlighted in pink on the surface representations of UAF and TBP (left), with
DNA hidden. Electrostatic potentials (+10 kT/e, blue; —10 kT/e, red) are displayed in the same
orientation on the right, with DNA displayed as ribbons and sticks. (B) Schematic representation
of the visualized contacts. Contacted phosphates (circle), sugars (small rectangle) and bases
(rungs) are highlighted based on the protein subunit involved and the contacting amino acid residue
is indicated.
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Fig. S5.

UAF-bound DNA is distinctly bent. (A) Inter-base-pair parameters of UAF-bound DNA. The
translational (shift, slide) and rotational (roll, tilt, twist) parameters of each dinucleotide step
resolved in the structure was calculated using Curves+ (5/) and shown. Major and minor groove
widths (spline-based and taking into account the radius of the phosphodiester backbone) are plotted
in the bottom, with the non-template strand sequence overlaid underneath. A tracts are displayed
in bold and TA dinucleotides are indicated with shaded bars. Bases are coloured according to
whether the minor groove (dark orange) or major groove (black) is facing inward towards the
protein. (B) UAF contact points on DNA. DNA atoms in contact with protein are displayed as
spheres. Bases are coloured as in A. Protein secondary structure elements participating at the



interface are coloured by subunit. (C) Comparison of UAF-bound DNA with the 601 nucleosome
positioning sequence. Bases at an inward-facing minor groove are coloured dark orange; major
groove, black, based on Chua et al. (59). TA dinucleotides are underlined. A tracts (absent in the
601 sequence) are shown in bold. The central position of the 601 sequence is indicated with an
arrow above.
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UAF binds DNA differently from the histone-fold-containing TFIID and NC2. (A)
Comparison of DNA-binding elements in TFIID and UAF. The histone-like octamers and
hexamers of each complex are coloured according to the nucleosome. Non-histone-like DNA-
binding elements are coloured in gray. For TFIID (PDB 7EGD), this includes the TAF1 winged
helix domain and TAF2 aminopeptidase-like domain 3 (APD3) of lobe C, and the stalk extension
of TAF4 of the lobe B histone-like hexamer. Insert shows the upstream TFIID-DNA contact site
in a different orientation, aligned based on TAF3 of the lobe A octamer (light blue) with the
proximal H3 of UAF (bottom). Notably, DNA is bound in a different orientation with respect to
the histone-like scaffold. Contract of the lobe A octamer with DNA (via TAF10, TAF11 and
TAF13) is relatively limited compared to the UAF-DNA interface. (B) Comparison of DNA-
binding elements in NC2 and UAF. Structures are aligned based on their respective H2A/H2B-
like subunits (yellow and orange). Histone-like elements and non-histone-like DNA-binding
elements are coloured according to the nucleosome and gray, respectively. The H2A-H2B-like
NC2 dimer accesses DNA that is bound and bent by TBP from the opposite side of TBP (PDB
4WZS, 1JFT). The H2B- and H2A-like histone folds of Rrn9 and Rrn10 do not engage DNA.
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The upstream secondary binding site of UAF. (A) DNase I footprint visualized by primer
extension using the template strand from position —214 of the 35S rRNA promoter. From left to
right, Sanger sequencing reactions (T, G, C, A), untreated DNA (—), free DNA treated with 0.36
U and 0.72 U DNase I (DNA), DNA bound to UAF (4, 8 uM), UAF and TBP (4, 8 uM, 1:1 ratio),
and TBP (4, 8, 16, 32 uM), treated with 0.72 U DNase 1. Sequencing lanes are labelled according
to the non-template strand. Bars indicate protection. Asterisks indicate increased sensitivity to
DNase. (B) Filter binding assays. UAF (0.5 nM — 5 uM) or TBP (0.5 nM — 60 uM) was titrated
against radioactive DNA spanning positions —110 to —40 (orange, DNA11%740) and —180 to —110
(blue, DNA'807110) twice on separate days. Hill equations with a Hill coefficient of 1 were fitted.
Fitted K4 values for UAF are indicated. Shaded regions represent the 95% confidence intervals of
the fit, which correspond to K4 values of 16-31 nM and 64-127 nM for DNA 1397110 and
DNA 19749 in repeat 1, respectively; and 13-24 nM and 53—162 nM in repeat 2, respectively. (C)
Competition filter binding assays. Labelled DNA 87110 (blue) bound to UAF (100 nM) was
challenged with unlabelled DNA 19740 and labelled DNA''%40 (orange) bound to UAF (60 nM)
was challenged with unlabelled DNA 1807110 A one-site competition model (60) was fitted to each
series. The experiment was performed twice on separate days.
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Interactions of UAF with TBP. UAF residues interacting with TBP are highlighted in red, and
indicated with triangles in the domain diagram. Interacting TBP residues are also indicated.



TBP
Promoter- N-terminal
bound TBP lobe
in engaged j;
human TFIID TBP
C-terminal
lobe
DNA

lobe

TBP
C-terminal

Human TFIID
in Canonical
Form

Fig. S9.

Occlusion of the TBP DNA-binding pocket. TBP in engaged human TFIID in initial loading
state on DNA (PDB 7EGD) is shown on top. The solvent-excluded surface of the TBP-bound
DNA is displayed in blue. Depicted below are the UAF-TBP-DNA complex, human TFIID in
canonical form (PDB 6MZL), and Mot1-TBP (PDB 30C3), aligned according to TBP. Indicated
in red are the N-terminal helix of UAF subunit Rr9, the TAF1 N-terminal domain 1 (TANDI) of
TFIID subunit TAF1, and the TBP-occluding latch of Motl. The solvent-excluded surfaces of
these elements are shown. TBP is denoted in purple.



Table S1.

Cryo-EM data collection and model refinement and validation statistics.

UAF-TBP-DNA
(EMDB-14428)
(PDB 7Z00)

Data collection and processing

Magnification
Voltage (kV)
Electron exposure (e /A?)
Defocus range (um)
Pixel size (A)
Symmetry imposed
Initial particle images (no.)
Final particle images (no.)
Map resolution (A)

FSC threshold
Map resolution range (A)
Refinement

Initial model used (PDB code)

Model resolution (A)
FSC threshold

Model composition
Non-hydrogen atoms
Protein residues
Nucleotides

B factors (A?)
Protein (min/max/mean)
Nucleotide (min/max/mean)

R.m.s. deviations
Bond lengths (A)
Bond angles (°)

Validation
MolProbity score
Clashscore
Poor rotamers (%)

Ramachandran plot
Favored (%)
Allowed (%)
Disallowed (%)

130 000
300
49.4-49.6
0.9-1.9
0.645

Cl

1479 233

193 226

2.8
0.143

2.545

1id3, Ingm
3.1
0.500

11 866
1256
78

62.9/274.5/99.8
81.9/166.5/109.6

0.004
0.665

1.45
6.11
1.42

98.3
1.7
0.00




Table S2.
Protein-DNA contacts in the determined structure.

Protein DNA

Distance (A)

Subunit Chain Residue Number Atom Chain Base Position Atom

Proximal H3 C LYS 38 NZ T DT -8  OP2 3.7
Proximal H3 C HIS 40 N T DT -85 OPl 2.5
Proximal H3 C TYR 42 N T DA -84 OPI1 3.1
Proximal H3 C LYS 43 NZ T DT 83 OP1 2.6
Proximal H3 C ARG 41 NHI N DA 80 OPI1 3.0
Proximal H3 C ARG 41 NH2 N DA 80 OPI1 3.1
Proximal H3 C ARG 54 NH1 T DC =75 OPI 3.2
Proximal H3 C ARG 54 NH2 T DC =75 OP2 3.0
Proximal H3 C ARG 53 NH1 T DT -74 OP2 2.6
Rrn5 D ARG 189 NH2 N DA 81 o3 2.9
Rrn5 D ARG 288 NE N DT -70 OP1 3.2
Rrn5 D ARG 288 NH2 N DT -70 OP1 33
Rrn5 D LYS 285 NZ N DA -69 OPl 3.1
Rrn5 D LYS 290 N N DA -69 OP2 2.9
Rrn5 D LYS 290 NZ N DG -68 OP2 3.0
Rrn9 E ARG 295 NH2 T DA  -65 o4 2.5
Rrn9 E THR 294 OGl N DA -61 OP1 2.4
Rrn9 E ARG 309 NHI N DA -6l OP2 2.6
Rrn9 E ARG 309 NH2 N DA -6l OP2 2.7
Rrn9 E LYS 306 NZ N DG -59 OP2 3.2
Rrn9 E LYS 308 NZ N DG =57 06 3.2
Rrn9 E SER 312 N T DT 56 OPl 3.1
Rrm9 E TYR 79 OH T DC =55 OPI 2.3
Rrm9 E LYS 86 NZ T DC 54 OP2 3.5
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