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Utp23 CLUSTAL O (1.2.2) multiple sequence alignment

D31N (human hUTP23)
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SUPPLEMENTARY FIGURE LEGENDS

Figure S1: Ribosome biogenesis pathways in yeast and humans

Simplified overview of the pre-ribosomal RNA processing pathways in S. cerevisiae (A) and
H. sapiens (B). Cleavages important for 18S rRNA processing are indicated. The positions
of radiolabelled probes used for northern blotting (h18SE and hiTS1) are marked above the

primary transcript. ETS: external transcribed spacer; ITS: internal transcribed spacer.

Figure S2: In vivo RNA-protein crosslinking studies to define yUtp23 binding sites

A Outline of the CRAC crosslinking technique (UV crosslinking and analysis of cDNAS).

B Proteins purified from an UV-crosslinked yeast strain expressing C-terminally HTP-tagged
yUtp23 were separated by SDS-PAGE and visualised by immunoblotting using the anti-TAP
antibody (left panel), which recognises the C-terminus of the HTP construct after TEV
cleavage. Crosslinked RNA fragments, which were co-purified with the yUtp23 protein, were
radioactively labelled and detected by autoradiography (right panel). Box: membrane cut for
isolation of crosslinked RNA.

C Recombinant, GST-tagged yUtp23, yRrp7 or free GST used for electromobility shift
assays (EMSA) or protein-protein interaction studies were expressed in E. coli and purified
using glutathione sepharose. Proteins were separated by SDS-PAGE and stained with
Coomassie blue.

D EMSA showing the binding of 5000 nM GST-yUtp23 or GST to trace amounts of an in vitro
transcribed radiolabelled 18S rRNA ES6 fragment (nt 775-963, RNA A). Binding was
performed in the absence (lanes 1 and 4) or with an excess (3 pmoles) of non-radiolabelled
competitor RNA A (18S nt 775-963, lane 2) or RNA B (18S nt 1022-1146, lane 3). RNP
complexes were separated from unbound RNA on 4% native polyacrylamide gels and
visualised using a Phoshorlmager. RNP levels from three independent experiments were
determined by quantification using ImageQuant and normalised to the reaction containing no

competitor RNA (lane 1).

Figure S3: Primer extension analysis of yUtp23/hUTP23 crosslinking sites in the yeast
and human 18S ES6 region

A RNA-containing complexes were isolated from yeast strains expressing C-terminally HTP-
tagged yUtp23, or the exosome component yRrp44 as a control. Yeast cells were either
crosslinked (100 sec at 254 nm) (+UV) or non-treated (-UV), and purifications were
performed as described for CRAC, with the exception that purified complexes were not
treated with RNase. Briefly, complexes were first purified on IgG sepharose, eluted by TEV
cleavage and re-purified on Nickel agarose under denaturing conditions (1,2). Co-purified
RNA was extracted and analysed by primer extension using a primer hybridising to nt 943-

Wells et al., page 1



963 of the mature yeast 18S rRNA (left panel). In vitro transcribed RNA mimicking the yeast
23S rRNA was used to generate a sequencing ladder. Reverse transcriptase stops that are
only present on RNA isolated from crosslinked yUtp23 complexes are marked by circles, a
stop also present in the crosslinked control sample (yRrp44) is marked by an asterisk. Right
panel: Predicted structure of the yeast 18S ES6 region after snR30 release, highlighting the
positions of the primer (shaded in grey) and the reverse transcriptase stops shown in the left
panel (circles and asterisk).

B RNA-containing complexes were isolated from crosslinked (+UV) or non-treated (-UV)
HEK293 cells expressing C-terminally Hisg-PP-2xHA-tagged wild type hUTP23. UV
crosslinking was performed in the Stratalinker (3 x 800 mJ/cm?) and purifications were
performed from sonicated whole-cell extracts as described for CRAC (1,2), with the
exception that purified complexes were not treated with RNase. Briefly, complexes were first
purified on anti-HA agarose, eluted by PreScission protease cleavage and then re-purified
on Nickel agarose under denaturing conditions. Co-purified RNA was extracted and
analysed by primer extension using a primer hybridising to nt 1001-1026 of the mature
human 18S rRNA (left panel). Total RNA extracted from HEK293 cells was used to generate
a sequencing ladder. Reverse transcriptase stops visible in all lanes except the non-
crosslinked hUTP23 sample are likely due to secondary structure of the 18S rRNA and
marked by asterisks. Circle: Reverse transcriptase stop that is only present in RNA isolated
from crosslinked hUTP23 complexes. Right panel: Predicted structure of the human 18S
ES6 region after U17 release, highlighting the positions of the primer (shaded in grey) and

the reverse transcriptase stops shown in the left panel (circle and asterisks).

Figure S4: yUtp23 crosslinking sites on small nucleolar RNAs (snoRNAS)

A Yeast and human snoRNAs with non-modifying roles important for A0, A1l/1 and A2/2a
cleavages

B Top 20 snoRNA hits. Sequence data from two individual yUtp23 datasets are shown as
percentages of all reads mapped to snoRNAs.

C yUtp23 crosslinking sites on three snoRNAs involved in SSU production are plotted as
total reads (hits) or microdeletions (dels) per million mapped sequences. Top: SNR17A/B
(U3); middle: SNR10 and bottom: SNR128 (U14). Data from the two individual datasets
shown in panel B were combined.

D Predicted secondary structure of the human U17 box H/ACA snoRNA. The H and ACA

boxes are shown in black.

Wells et al., page 2



Figure S5: Recombinant proteins used for protein-protein interaction and RNA
binding assays

Recombinant, GST-tagged wild type or mutant Utp23 proteins from human (hUTP23, A) or
yeast (yUtp23, B) or the GST tag alone (B) were expressed in E. coli and purified using
glutathione sepharose. Proteins were separated by SDS-PAGE and stained with Coomassie
blue. D31N: hUTP23 PIN mutant. C103A: hUTP23 Zinc finger mutant. C102A: yUtp23 Zinc

finger mutant.

Figure S6: Utp23 protein alignment
Selected plant, fungal and metazoan protein sequences retrieved by a NCBI protein BLAST
search using the S. cerevisiae yUtp23 (YORO004W) protein sequence were aligned with

clustalO (http://www.ebi.ac.uk/Tools/msa/clustalo/). The alignment was modified to highlight

acidic residues (red) within the PIN domain predicted catalytic centre (shaded in yellow) and

conserved residues in the CCHC Zinc finger motif (blue), respectively.

Wells et al., page 3
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SUPPLEMENTARY TABLES

Table S1: Yeast strains used in this study
BY4741 MATa; his3A1; leu2A0; met15A0; ura3A0 (Euroscarf)
yUtp23-HTP | MATa; his3A1; leu2A0; met15A0; ura3A0;, UTP23-HTP-URAS (this study)
Table S2: Plasmids used in this study
Insert Vector Purpose
Yeast
GST-yUtp23-WT pGEX-6P1 | To purify recombinant protein (this study)
GST-yUtp23-C102A pGEX-6P1 | To purify recombinant protein (this study)
GST-yUtp24 pGEX-6P1 | To purify recombinant protein 3)
GST-yRrp7 pGEX-6P1 | To purify recombinant protein (this study)
ProtA-TEV-yUtp23-Hisg Nzztev80 | To purify recombinant protein (this study)

4)
Hisg-yUtp23 pET100 To produce in vitro translates (this study)
Hiss-yRok1 pET100 To produce in vitro translates (this study)
Hisg-yDhrl pET100 To produce in vitro translates (this study)
Hisg-yKril pET100 To produce in vitro translates (this study)
Hisg-yNhp2 pET100 To produce in vitro translates (this study)
Hisg-yRrp9 pET100 To produce in vitro translates (this study)
pT7snR30 (cut BamHI) pSP6T7 For in vitro transcription (T7 Pol) | (5)
Human
hUTP23-WT-Hisg-PP-2HA pcDNAS To stably transfect HEK293 cells | (this study)
hUTP23-D31N-Hisg-PP-2HA pcDNAS5 To stably transfect HEK293 cells | (this study)
hUTP23-C103A-Hisg-PP-2HA | pcDNAS To stably transfect HEK293 cells | (this study)
GST-hUTP23-WT pGEX-6P1 | To purify recombinant protein (this study)
GST-hUTP23-D31N pGEX-6P1 | To purify recombinant protein (this study)
GST-hUTP23-C103A pGEX-6P1 | To purify recombinant protein (this study)
Hisg-hUTP24 pET100 To purify recombinant protein (this study)
Hisg-hRRP7 pET100 To purify recombinant protein (this study)
Hiss-hNHP2 pET100 To purify recombinant protein (this study)
Hiss-hROK1/DDX52 pET100 To produce in vitro translates (this study)
pBS+HU17 pBSIISK+ | To amplify U17 for transcription (6)

with T7 Pol (see Table S3)
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Table S3: Oligonucleotides (5'-3") used in this study

Strain construction

yUtp23-HTP

F GCAACACTAACGTCCCCGTTTCAAATGGGACCACAGCCGCGCAG
GAGCACCATCACCATCACC

R CGCAATTATATTCAAAAGATTGGCCAGTCAATTAACTTAAGGAAAA
AATTACGACTCACTATAGGG

CRAC

3'-Linker 5- rAppTGGAATTCTCGGGTGCCAAGG/dAC/ -3’

(miRCat-33™)

5'-Linker (L5Aa)

5’-invddT-ACACrGrArCrGrCrUrCrUrUrCrCrGrArurCru
NrNrNrTrArArGrC-OH-3’

5'-Linker (L5Ac)

5-invddT-ACACrGrArCrGrCrUrCrUrUrCrCrGrArUrCruU
rNrNrNrGrCrGrCrArGrC-OH-3’

5'-Linker (L5f)

5’-invddT-ACACrGrArCrGrCrUrCrUrUrCrCrGrArurCru
rGrCrGrArGrC-OH-3’

RT CCTTGGCACCCGAGAATT (miRCat-33™)

PCR-F AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGAC
GCTCTTCCGATCT

PCR-R CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGGCC
TTGGCACCCGAGAATTCC

Cloning (Vector)

Yeast

yUtp23 (PET100 and pGEX-6P1)

F (BamHI) CACCGGATCCATGCGTCAAAAGAGGGCTAAGTCATATAGG

R (Sall) GTCGACTTACTGCGCGGCTGTGGTC

yUtp23 (Nzztev80) (4)

F (Sphl) TTCAGGGCATGCTGGAAGTTCTGTTCCAGGGACCCCGTCAAAAG
AGGGCTAAGTCATATAG

R (Xmal) CGTCGACCCGGGGCTGCGCGGCTGTGGTC

yRrp7 (pGEX-6P1)

F (BamHI) GCGCGGATCCATGGGTATTGAAGACATTAGCGC

R (Sall) CCCCGTCGACTTAAGTGTATGGATTGAATTTTCTCTTAGC

yRok1 (pPET100)

F (Bglll) CACCAGATCTATGGATATTTTTAGAGTATTAACTAGAGGAGC

R (Xhol) CTCGAGTTATTTCGAGAAATGTTTTTTTGAAAG

yDhrl (pPET100)

F (Bglll) CACCAGATCTATGGGTACTTACAGAAAAAGGTTTAATG

R (Xhol) CTCGAGTTATTTTTTTTCTTTCTCTTCACCTGTG

yKril (pPET100)

F (Bglll) CACCAGATCTATGCCAAGAAAAAAGTCTGCC

R (Xhol) CTCGAGTTACTTTTTCTGGTGGCCTTTATG

yNhp2 (PET100)

F (BamHI) CACCGGATCCATGGGTAAAGACAACAAGGAACATAAG

R (Sall) GTCGACTCATAAAGCTTGAACTTCTTTGACAAC
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yRrp9 (pET100)

F (BamHI) CACCGGATCCATGTCAGATGTTACCCAACAGAAAAAGAG

R (Sall) GTCGACCTAAAAGCCTGTTTGGTCAATGACAG

Human

hUTP23 (pGEX-6P1)

F (BamHI) CACCGGATCCATGAAGATCACAAGGCAGAAACATGCC

R (Xhol) CGCGCTCGAGTCATTCTCCTTCTGCATTCTGCTTCTC

hUTP24 (pET100)

F (Bglll) CACCAGATCTATGGGGAAGCAAAAGAAAACAAGGAAGTATGCGA
CCATGAAGCGAATGCTTAG

R (Xhol) CGCGCTCGAGTTAGAATCGAGGGGCTCCATAATCATCTGG

hRRP7 (pET100)

F (BamHI) CACCGGATCCATGGTGGCGCGCAGGAGGAAGTGCGC

R (Xhol) CGCGCTCGAGTCAGTACGGTCGGAATTTGCGC

hNHP2 (pET100)

F (BamHI) CACCGGATCCATGACCAAAATAAAGGCAGATCC

R (Xhol) CTCGAGTTAAAGGGGTAGGGGCAGG

hROK1/DDX52 (PET100)

F (BamHI) CACCGGATCCATGGACGTCCACGATCTCTTTC

R (Xhol) CTCGAGTTAACTTTTGTCTTCAAGAGCTACTTTC

Mutagenesis

(Mutation)

Yeast

yUtp23 C102A (Zinc finger mutant)

F CAAAGTCACCTGCGGAGGCCATCGAAAGCGTCGTTAA

R TTAACGACGCTTTCGATGGCCTCCGCAGGTGACTTTG

snR30 AIH To delete the IH of snR30 (nt 398-531)

F GTTTAACTTAGATTAAGCCGCAGTATATTCCTAAACACTATGAAAT
GAC

R GGAATATACTGCGGCTTAATCTAAGTTAAACTCGTCAACGGGG

Human

hUTP23 D31N (PIN mutant)

F CCGTACCAGATCCTGCTGAACGGCACCTTCTGTCAG

R CTGACAGAAGGTGCCGTTCAGCAGGATCTGGTACGG

hUTP23 C103A (Zinc finger mutant)

F GCAGTGAGTGGATCAGAAGCTCTGCTTTCCATGGTTGAAGAG

R CTCTTCAACCATGGAAAGCAGAGCTTCTGATCCACTCACTGC

Northern blotting

hITS1 (6121)

AGGGGTCTTTAAACCTCCGCGCCGGAACGCGCTAGGTAC

h18SE CCTCGCCCTCCGGGCTCCGTTAATGATC
ulrs TTCCTGCATGGTTTGTCTCC
7SK GTGTCTGGAGTCTTGGAAGC

Primer extension

y18S A963R

TGAAAACGTCCTTGGCAAATG

h18S A1026R

TGAAAACATTCTTGGCAAATGCTTTC
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For transcription

(yeast 18S rRNA: nt 775-963)

F

CGGAATTCTAATACGACTCACTATAGGCGTATTGCTCGAATATATT
AGC (T7 promoter)

R

TGAAAACGTCCTTGGCAAATG

(yeast 18S rRNA: nt 1022-1146)

CGGAATTCTAATACGACTCACTATAGGCATAAACTATGCCGACTA
GGGATC (T7 promoter)

CAATTCCTTTAAGTTTCAGCCTTG

(yeast 23S rRNA: nt 1-2786)

CGGAATTCTAATACGACTCACTATAGGATGCGAAAGCAGTTGAAG
AC (T7 promoter)

GTTTGTTACCTCTGGGCCCC

(snR30 fragments)

F (nt1)

CGGAATTCTAATACGACTCACTATAGGAACCATAGTCTCGTGCTA
GTTCGG (T7 promoter)

F (nt 398)

CGGAATTCTAATACGACTCACTATAGGGTAGGACGCATGATCTTG
AGCTC (T7 promoter)

F (nt 531)

CGGAATTCTAATACGACTCACTATAGGCCGCAGTATATTCCTAAAC
ACTATG (T7 promoter)

R (nt 398)

CTTAATCTAAGTTAAACTCGTCAACGG

R (nt 531)

GTAGGACGAACAACAAAGATGACC

R (nt 606)

AGATGTCTGCAGTATGGTTTTACCC

(U17 snoRNA)

GCGTAATACGACTCACTATAGGGCGATCCAACGTGGATACACCC
GG (T7 promoter)

GGCTGTTTCCTGCATCGGTTTGTC

Table S4: siRNAs used in this study

Gene Target Sequence (5'-3") Source
Luciferase GL2 CGUACGCGGAAUACUUCGA Eurofins MWG (7)
hUTP23 GAAAGUAUCAAACAUCUCATT Eurofins MWG
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Table S5:

Antibodies used in this study

Target Source Cat. No. Dilution | Species
Western blotting

a-hKaryopherin Santa Cruz sc-11367 1:1000 rabbit
a-hUTP23 Aviva ARP60526 P050 | 1:1000 rabbit
a-HA Babco MMS-101P 1:5000 mouse
o-TAP* Thermo Scientific CAB1001 1:10,000 | rabbit
a-mouse-HRP Santa Cruz sc-2316 1:10,000 | donkey
a-rabbit-HRP Santa Cruz sc-2313 1:10,000 | donkey
a-rabbit-IRdye 800CW | Li-Cor 926-32211 1:10,000 | goat
Immunofluorescence

a-HA Babco MMS-101P 1:500 mouse
a-hFibrillarin Santa Cruz sc-25397 1:200 rabbit
a-rabbit-IgG Invitrogen A-31572 1:500 donkey
(Alexa Fluor 555

conjugate)

a-mouse-1gG Invitrogen A-31570 1:500 donkey
(Alexa Fluor 555

conjugate)

* The a-TAP antibody recognises the C-terminus of the HTP construct before and after TEV
cleavage.
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