Table S1. Nucleic acids bound by KH domain

KH domain GXXG sequence Specific nucleic acids bound by the KH domain (5’-3") References
Sam 68-KH GPQG UAAA 1)
Vigilin (X. laevis) Vigilin has 14 KH domains | (A)nCU and CU(A)n )
Vigilin (M. musculus) | Vigilin has 14 KH domains | CHHC or CHYC (H=A/C/U and Y = C/U) ?3)
SF1-KH GPRG UACUAAC (4,5)
QKI-KH GPRG YUAAY(Y =C/U) (6)
NACUAAY-N(1-20)-UAAY (Y =C/U) 7
hnRNP K-KH3 GKGG TCCC (8,9)
FBP-KH3 GRNG TTTT (8,9)
FBP-KH4 GKGG ATTC (8,9)
PCBP1-KH3 GRQG CUCUCCUUUCUUUUUCUUCUUCCCUCCCUA (10)
PCBP2-KH1 GKKG C rich (CCCT or ACCC) (11)
PCBP2-KH3 GRQG CCCT (12)
Nova-2-KH3 GKGG UCAC (13)
NusA: KH1-KH2 GMRG (KH1); GAACUCAAUAG 14)
GRNG (KH2)
KSRP-KH1 GRGG UAUUUA (15)
KSRP-KH2 GKGG UAUUUA (15)
KSRP-KH3 GRSG UAUUUA (15)
AGGGU (16-18)
KSRP-KH4 GRGG UAUUUA (15)
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Table S2. DNA and RNA substrates and oligonucleotides used in this study

Substrate name

Structure or description

Nucleotide sequence (5'—3")

sSDNA (30 mer)

Used as random sequence
ssSDNA in EMSA

DNA 30 mer: GAGCTACCAGCTACCCCGTATGTCAGAGAG

Fork dsDNA (30 Fork 30/15-T:
bp) 15 TTTTTTTTTTTTTTTGGTGATGGTGTATTGAGT
S >33:%u GGGATGCATGCA
3 Fork 30/15-B:
TGCATGCATCCCACTCAATACACCATCACCTT
TTTTTTTTTTTTI
Blunt-end 20 DNA 30 mer: GAGCTACCAGCTACCCCGTATGTCAGAGAG
dsDNA (30 bp) 5o DNA 30 mer comp:
¥ CTCTCTGACATACGGGGTAGCTGGTAGCTC
sSRNA (30 mer) Used as random sequence | RNA-30-mer:
ssSRNA in EMSA GAGCUACCAGCUACCCCGUAUGUCAGAGAG
30-bp blunt-end RNA-30-mer:

dsRNA

5 30

GAGCUACCAGCUACCCCGUAUGUCAGAGAG
RNA-30mer-comp:
CUCUCUGACAUACGGGGUAGCUGGUAGCUC

Forked dsRNA

Fork RNA-30/15-T:
UUUUUUUUUUUUUUUGGUGAUGGUGUAUUGAGU
GGGAUGCAUGCA

Fork RNA 30/15-B:
UGCAUGCAUCCCACUCAAUACACCAUCAcCCUU
uvyuuuyuuuyuuuu

13-bp dsRNA

RNA-13 B(bottom strand): GCGUCUUUACGGU

. 515A 3*

with poly (A) 5’ — RNA-41B_15A (top strand):
tail 3 5 AAAAAAAAAAAAAAAACCGUAAAGACGC
13-bp dsRNA 5150 3 RNA-13 B(bottom strand): GCGUCUUUACGGU
with poly (U) 5’ Am) RNA-41B_15U (top strand):
tail 3 5 UUUUUUUUUUUUUUUACCGUAAAGACGC
13-bp dsRNA 5 UUGU 3’ RNA-13 B(bottom strand): GCGUCUUUACGGU
with UUGU =T RNA-28B_15UUGU (top strand):
repeats 5' tail 3 5 UGUUGUUGUUGUUGUACCGUAAAGACGC
20-bp dsDNA Fork 20/15-2 no T (top strand):
with poly (A) 3’ 5 3 GGTGATGGTGTATTGAGTGG
tail LTI Fork 20/25-1 A (bottom strand):

3" 25A S CCACTCAATACACCATCACCAAAAAAAAAAAAAAAAA

AAAAAAAA

20-bp dsDNA Fork 20/15-2 no T (top strand):
with poly (T) 3’ 5 3 GGTGATGGTGTATTGAGTGG
tail . oo | Fork 20/25-1 T (bottom strand):

3"25T 5 CCACTCAATACACCATCACCTTTTTTTTTTTTTTTTTTTTI

TTTT
20-bp dsDNA 5 3 Fork 20/15-2 no T (top strand):
with TTGT - GGTGATGGTGTATTGAGTGG
repeats 3’ tail N Fork 20/25-1 TTGT (bottom strand):
25TTGT CCACTCAATACACCATCACCTTGTTGTTGTTGTTGTTGT

TGTTGT

dTs Co-purified with DDX43 | TTTTTTTT
full-length protein
dTao Used as ssDNA in NMR TTTTTTTTTT

3




dTao Used as ssDNA in EMSA TTTTTTTTTTTTTTTITTTITTITTTITTITTTT

dAso Used as sSSDNA in EMSA | AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
dCso Used as ssDNA in EMSA | CCCCCCCCCCccccceeeececececececececececececce
rUso Used as ssRNA in EMSA | UUUUUUUUUUUUUUUUUUUUuuUuvuuuuuuu
dTs Used as ssSDNA in NMR TTTTT

dAs Used as ssSDNA in NMR AAAAA

dCs Used as ssSDNA in NMR CCcCccC

dGs Used as ssSDNA in NMR GGGGG

rUs Used as sSRNA in NMR Uuuuu

MY _CTCTC Used as ssDNA in NMR CTCTC

MY_CACAC Used as ssDNA in NMR CACAC

MY_ATATA Used as ssDNA in NMR ATATA

MY_CGCGC Used as ssDNA in NMR CGCGC

MY_ACCAC Used as ssDNA in NMR ACCAC

MY _ATTAT Used as ssDNA in NMR ATTAT

MY _GTTGT Used as ssDNA in NMR GTTGT

MY_AGAGA Used as ssDNA in NMR AGAGA

MY _TGTGT Used as ssDNA in NMR TGTGT

MY _GGTTG Used as ssDNA in NMR GGTTG

MY _GTTTG Used as ssDNA in NMR GTTTG




Table S3. Primers used in this study

Primer Sequence (5°-3") Used in this study

DDX43-KH-F- ACGTCATATGCCGCTGTGTTTTGCTTT | Forward primer to PCR amplify DDX43 KH

Ndel (74 aa) GAAG domain (74 aa) for cloning in Ndel site of pET28a
vector

DDX43-KH-R- GCATCTCGAGTTCTGAATTGTAATTTT | Reverse primer to PCR amplify DDX43 gene KH

Xhol (74 aa) CTTC domain (74 aa) for cloning in Xhol site of pET28a
vector

DDX43- AGTCCATATGAGAGGTGGTCGCTGGA | Forward primer to PCR amplify DDX43 KH-126

KH126aa-Ndel-F | GAGGC aa for cloning in Ndel site of pET28a vector

DDX43- ACTGCTCGAGTCAATCTATCAATGGC | Reverse primer to PCR amplify DDX43 gene KH

KH126aa-Xhol-R

CGATC

126 for cloning in Xhol site of pET28a vector

DDX43-KH89%aa-
Ndel-F

ATATCATATGACCTCTAGGCCCCCGG
AGGCC

Forward primer to PCR amplify DDX43 KH-89 aa
for cloning in Ndel site of pET28a vector

DDX43-KH89-
Xhol-R

CATGCTCGAGTCATTCTGAATTGTAA
TTTTC

Reverse primer to PCR amplify DDX43 gene KH
89 aa for cloning in Xhol site of pET28a vector

DDX43-KH80aa-
Xhol-R

ATAGACAATTTTGTTAAATGACTCGA
GCATG

Reverse primer to PCR amplify DDX43 KH 80 aa
fragment for cloning in Xhol site of pET28a vector
(using with primer DDX43-KH89aa-Ndel-F)

3XFLAG-F AGCTTATGGACTACAAAGACCATGAC | 3xFLAG coding sequence. Annealed with
GGTGATTATAAAGATCATGACATCGA | 3XFLAG-R and cloned into Hindlll and EcoRl site
TTACAAGGATGACGATGACAAGTGAG | of pcDNA3.0 vector

3XFLAG-R AATTCTCACTTGTCATCGTCATCCTTG | 3xFLAG coding sequence. Annealed with

TAATCGATGTCATGATCTTTATAATCA
CCGTCATGGTCTTTGTAGTCCATA

3XFLAG-F and cloned into Hindlll and EcoRl site
of pcDNA3.0 vector

pcDNA3-DDX43-
KH89-Hind3-F

ACTGAAGCTTGCCGCCACCATGACCT
CTAGGCCCCCGGAG

Forward primer to PCR amplify DDX43 KH-89 aa
fragment for cloning in HindllI site of pcDNA3.0
vector

pPcDNAS-FLAG-

ACTACTCGAGTCACTTGTCATCGTCA

Reverse primer with to PCR amplify DDX43 KH

DDX43-KH89- TCCTTGTAATCGATGTCATGATCTTTA | 89 fragment for cloning in Xhol site of pcDNA3.0

Xhol-R TAATCACCGTCATGGTCTTTGTAGTCT | vector with a 3XxFLAG tag
TCTGAATTGTAATTTTCTTC

DDX43-A81I-F- GAAGAGCCACTTTGTTGGCATCGTAA | Forward primer for site-directed mutagenesis of

new TCGGTCGTGGTGGGTC DDX43-KH-A81lI

DDX43-A811-R- | GACCCACCACGACCGATTACGATGCC | Reverse primer for site-directed mutagenesis of

new AACAAAGTGGCTCTTC DDX43- KH-A81l

DDX43-A81G-F GAAGAGCCACTTTGTTGGCGGGGTAA | Forward primer for site-directed mutagenesis of
TCGGTCGTGGTGGGTC DDX43-KH-A81G

DDX43-A81G-R | GACCCACCACGACCGATTACCCCGCC | Reverse primer for site-directed mutagenesis of
AACAAAGTGGCTCTTC DDX43- KH-A81G

DDX43-A81S-F GAAGAGCCACTTTGTTGGCTCGGTAA | Forward primer for site-directed mutagenesis of
TCGGTCGTGGTGGGTC DDX43-KH-A81S

DDX43-A81S-R GACCCACCACGACCGATTACCGAGCC | Reverse primer for site-directed mutagenesis of
AACAAAGTGGCTCTTC DDX43- KH-A8SI

DDX43-G87D-F

GTAATCGGTCGTGGTGACTCAAAAAT
AAAGAAT

Forward primer for site-directed mutagenesis of
DDX43-G154D

DDX43-G87D-R

ATTCTTTATTTTTGAGTCACCACGACC
GATTAC

Reverse primer for site-directed mutagenesis of
DDX43-G154D

MY -Forward TAGGGAAGAGAAGGACATATGAT Forward primer to PCR amplify SELEX library
selection primer insert (20 nt random sequence)
MY -Reverse TCAAGTGGTCATGTACTAGTCAA Reverse primer to PCR amplify SELEX library

selection primer

insert (20 nt random sequence)




14 x KH

4 x KH {

3xKH +

2xKH =

1xKH =

Function

Vigilin THCECEC T 1268 Lipoprotein metabolism
158 1209
FUBP1 644 Bind ssDNA and regulate MYC expression
100 164 185251 275 339 376 443
IGF2BP1 I | | N 577 Bind mRNA and regulate translation
195 260,,c 2,405 470 0 o
NOVAL ~~mm - B 510 Regulate RNA splicing
49 119 174 240 424 491
hnRNP K = T 463 MRNA process
42 104 144 209 387 451 - .
PCBP1 365 Poly(rC)-binding protein
13 75 279 343
97 162
BICC1 || || 974 Regulate gene expression, modulate protein translation
132 199 284 348
FMRP N N 632 Fragile X, mRNA trafficking
222 251 285 314
TDRKH 561 piRNA biogenesis
52 115 124 190
MEX3A | | 520 Post-transcriptional regulation
132 193 223 284
ANKHD1 77 I 2542 Scaffolding protein
1695 1759 _ _
AKAP1 N 903 PKA signal transduction
607 671
PNPT1 I 783 3'-to-5' exoribonuclease
605 664
DDX43 I 648 Helicase
67 128
SF1 | 639 Pre-mRNA splicing factor
141 222
DDX53 || 631 Helicase
48 109
Sam68 N 443 Multifunctional, signal transduction
171 197
ASCC1 8618 400 Transcriptional regulation
KRR1 I 381 rRNA processing and gene expression
154 206
QKI T 34 RNA processing
87 153
PNO1 W 252 rRNA processing and gene expression
173 225
DPPA5 TH 116 Cell pluripotency and early embryogenesis

23 84



Figure S1. Summary of KH domain containing human proteins. A total of 40 human proteins contain KH domain(s).
The KH domain region and protein function are adapted from Uniprot (www.uniprot.org/) and GeneCards
(www.genecards.org) respectively. All proteins can bind RNA, which is not shown in the function. The DDX43 and DDX53
are highlighted in green. For the paralogs such as FUBP1 and FUBP3; FXR1, FXR2, and FMRP; MEX3A, MEX3B,
MEX3C, and MEX3D; KHDRBS1, KHDRBS?2, and KHDRBS3; PCBP1, PCBP2, PCBP3, and PCBP4; IGF2BP1,
IGF2BP2, and IGF2BP3; NOVA1 and NOVAZ2, only one of them is shown.
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Figure S2. Purification of KH domain proteins. (A-C) Chromatographic profiles of recombinant
KH domain proteins eluting from a Sephacryl S-100 column (left) and SDS-PAGE analysis of the
eluted fractions (right). M, marker. (D) SDS-PAGE analysis of the expression and purification of
DDX43-KH-80 protein (left) and Western blotting using an anti-His antibody (right).
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Figure S3. EMSA of DDX43 KH-74 and -89 proteins binding with different substrates. Representative EMSA images of increasing protein concentration (0-9.6 pM) of
DDX43 KH domain proteins, 74aa (A) and 89aa (B), binding with 0.5 nM of indicated substrates. DNAis in black, RNA in gray.
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Figure S4. Representative images of filter binding assays. 32P-labeled oligo or substrate
(0.5 nM) was incubated with DDX43-KH 126 protein (0, 0.3, 0.6, 1.2, 2.4, 4.8, 9.6 uM) at
37°C for 30 min, then passed through a nitrocellulose membrane. After washing, bound
radioactivity was visualized using a PharosFX Imager. Each sample has two repeats.
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Figure S5. 1H-15N HSQC spectra of apo KH-126 and -89 proteins that have His tag. (A and
B) 1H-1°N HSQC spectra of KH-126 protein (A) and KH-89 protein (B). (C) Overlay of 1H-1°N
HSQC spectra of the KH-126 (blue) and KH-89 (pink) proteins.
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Figure S6. Purification of His tag cleaved DDX43 KH-89 protein for NMR analysis. (A) SDS-
PAGE analysis of the eluted KH-89 fractions from a Ni-NTA affinity column by imidazole. M,
marker; 1-10, fractions. (B) SDS-PAGE analysis of thrombin-cleaved and uncleaved KH-89
proteins. (C) Chromatographic profile of thrombin-cleaved KH-89 protein eluting from a Sephacryl

S-100 column. (D) SDS-PAGE analysis of the KH-89 protein peaks eluted from the gel filtration
chromatography in panel C.
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Homo sapiens

Macaca mulatta

Pan troglodytes

Rattus norvegicus

Mus musculus

Felis catus

Bos Taurus

Ovis aries

Anolis carolil nensis
Piliocolobus tephrosceles
Microtus ochrogaster
Urocitellus parryii

Bos indicus x Bos Taurus
Lagenorhynchus obliquidens
Acinonyx jubatus

Zalophus californianus
Ursus arctos horribilis
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Figure S7. Nucleic acid bind to the same amino acids in the KH domain, especially A81 and G87. (A-D) Combined
chemical shift change (Ad) as a function of KH-89 (200 uM) residue number observed for dT¢ (A), dCs (B), rU; (C) and dT,,
(D) oligonucleotide (400 uM) binding. (E) Amino acids A81 and G87 are conserved in DDX43 proteins from different
eukaryotes. (F) Alignment of the GXXG motifs from DDX43 and other known human KH domains, showing G87 is

conserved, but not A81.
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Figure S8. Purification of DDX43 KH-A81S, -A81G, and -A811 proteins. (A and B) SDS-PAGE analysis of the expression and purification of KH-A81S (A) and -A81G (B), and gel

filtration profiles. His tag was cleaved by thrombin. M, marker. (C and D) SDS-PAGE analysis of the expression and purification of the KH-A811 protein (left) and Western blotting
using an anti-His antibody (right) in KH-89aa (C) and KH-126aa (D) constructs.
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Figure S10. Identification of DDX43 KH domain bound DNA by ChIP-seq method. (A) Top
three motif sequences obtained by the ChiP-Seq method. (B) Distribution of DDX43 KH domain
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Figure S12. 'H-15N HSQC spectrum of the DDX43 KH-89 protein with indicated oligonucleotide (ranged 40-1000 pM). (A) *H-N HSQC spectrum of the DDX43-KH-89 protein
(200 pM) with the indicated oligonucleotide (ranged 40-1000 uM). Insets show the enlarged view of the chemical shifts for residues G84 and G87. (B) Combined chemical shift change

(Ad) plotted as a function of different oligonucleotides concentration (0.0-1000 pM) at 200 pM DDX43 KH-89 protein for residue G84.
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Figure S13. Representative images of helicase kinetic time course assays. DDX43 protein (WT,
A81G, A81S or G87D, 2 uM) was incubated with 0.5 nM of 13-bp duplex RNA with 5’ tail of
polyA (A), polyU (B), UUGU repeats (C), or 20-bp duplex DNA with 5’ tail of polyA (D), polyT
(E), TTGT repeats (F), for 0, 2.5, 5, 7.5, 15, 30, and 45 min. NE, no enzyme. The triangle

indicates heat denatured RNA or DNA substrate control.
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Figure S14. Mutated alanine (A81) or glycine (G87) affects DDX43 in unwinding processivity. (A and C) Representative images of helicase reactions performed by
incubating 0.5 nM of 13-bp duplex RNA with 5 tail of UUGU repeats (A) or 20-bp duplex DNA with 3’ tail of TTGT repeats (C) with increasing protein concentrations (0-2
uM) at 37 °C for 15 min. (B and D) Quantitative analysis of A and C respectively. NE, no enzyme; filled triangle, heated sample. Data are presented as mean = S.D, n = 3.
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Figure S15. Western blot analysis of DDX43-KH-89 expression in HEK293T cells using an anti-FLAG antibody. M, marker.



