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Supplementary Table 1.

Data collection and refinement statistics.

Molecule name

PDB ID

TOP3B-TDRD3
5GVE

TOP3p
5GVC

TDRD3
5GVD

Data collection

Beamline SPring-8 BL41XU SPring-8 BL41XU SPring-8 BL41XU
Space group Po6s 2 Po6s
Cell constants

a, b, c(A) 173.6,173.6, 111.8 176.1,93.7,91.6 85.7,85.7,104.2

a, B,y () 90, 90, 120 90, 91.9, 90 90, 90, 120
Resolution 50-3.6 (3.66-3.6) 50-2.44 (2.48-2.44) 50-1.62 (1.65-1.62)
Reym 0.122 (0.681) 0.124 (0.439) 0.087 (0.872)
/ol 11.2 (1.56) 13.4 (3.89) 43.9 (2.86)
Redundancy 9.0 (8.0) 6.7 (6.3) 20.4 (20.0)
Completeness (%) 99.9 (99.9) 99.1 (98.3) 100 (100)
Refinement
Resolution (A) 50-3.6 50-2.44 50-1.62
No. reflections 22224 55090 54685
Ryork/ Riree 0.198/0.245 0.182/0.229 0.175/0.199
No. atoms

Protein 6082 9591 2351

Ligand/ion 1 2 23

Water - 411 241
B-factors (AZ)

Protein 153.2 39.8 29.4

Ligand/ion 114.4 30.2 30.6

Water - 36.3 35.0
R.m.s.deviations

Bond lengths (A) 0.004 0.002 0.018

Bond angles (°) 1.13 0.69 1.61
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Supplementary Figure 1. Crystal structures of apo TOP33 and TDRD3.

(a) Crystal structure of the TOP3p TOPO domain.

(b) Crystal structure of the TDRD3 DUF-OB domains.

(c) 2Fy-F electron density map around the TOP33-TDRD3 interface, contoured at 1.1 o level (stereo view).

TOP3B and TDRD3 are colored in blue and magenta, respectively.
(d) Crystal structure of the RMI1 DUF-OB domains.
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Supplementary Figure 2. Close-up views of the catalytic pockets in TOP3 structures.

(a) Catalytic pocket of apo TOP3[ in the closed conformation. The catalytic residues are shown as sticks.

The bound magnesium ion and its coordinated water are shown as yellow and red balls, respectively.

(b) Catalytic pocket of the TDRD3-bound TOP3p in the closed conformation. The representation scheme is the same

as that in (A).

(c) Catalytic pocket of the RMI1-bound TOP3p in the closed conformation. The representation scheme is the same

as that in (A).

(d) Catalytic pocket of apo bacterial TOP3 in the closed conformation. The catalytic residues are shown as sticks.

(e) Catalytic pocket of the DNA-bound bacterial TOP3 in the open conformation. The catalytic residues and bound DNA

are shown as cyan and orange sticks, respectively.
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Supplementary Figure 3. Structural characterization of TDRD3.

(a) Elution profiles of the size-exclusion chromatography of the TOP33 TOPO domain (purple), the TDRD3 OB-fold domain
(red) and their complex (blue). The peak fractions of TDRD3 OB-fold and the TOP33 TOPO-TDRD3 OB-fold complex were
analyzed by SDS-PAGE.

(b) Limited chymotryptic digestion of TDRD3 DUF-OB (1-161, 1-171 or 1-180) in the presence or absence of TOP3p.
Digestions of TDRD3 (1-171) and (1-180) produced the bands corresponding to TDRD3 (1-161), whereas TDRD3 (1-161)

was not cleaved in the present condition.
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Supplementary Figure 4. Conformational changes in TDRD3 and TOP3.

(a) B-factor putty representation of TDRD3 DUF-OB.

(b) Structure of apo TDRD3 DUF-OB (mol A). The close-up view shows hydrogen bonds (dotted lines) around the N- and

C-terminal edges of B3 and B4, respectively. The residues involved in the hydrogen bonds are shown as sticks.

(c) Structure of apo TDRD3 DUF-0B (mol B). The representation scheme is the same as that in (b).

(d) Structure of the TOP3p-bound TDRD3 DUF-0B. The representation scheme is the same as that in (b).

(e) Structural comparison between the apo and TDRD3-bound TOP3 structures. Domains I, Il and IV are colored in blue,
cyvan and green, respectively. Domains II of apo TOP3f (molA), apo TOP3f (molB) and the TDRD3-bound TOP3p are

colored in red, yellow and orange, respectively. The bound TDRD3 is colored in grey.
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Supplementary Figure 5.
Quantitative analyses and original full-length gel images of GST-pulldown assays to assess the
interaction of TDRD3 mutants with TOP3p.

The band intensities of the bound mutant proteins relative to the bound wild-type proteins from three independent
experiments were measured by densitometry using the ImagelJ software. The averaged relative intensities are presented as
bar graphs (nd; not detectable). Error bars represent the standard deviations. Lanes 1* correspond to the experiments using
wild-type TDRD3 (1-171) as inputs, which are not presented in Fig. 3.

(a) Quantitative analyses and original full-length gel images corresponding to the top panel of Fig. 3c.

(b) Quantitative analyses and original full-length gel images corresponding to the bottom panel of Fig. 3c.

(c) Quantitative analyses and original full-length gel images corresponding to the left panel of Fig. 3f.

(d) Quantitative analyses and original full-length gel images corresponding to the right panel of Fig. 3f.



Supplementary Figure 6. Docking analysis between RMI1 and TOP3p.
The TOP3a—RMI1 complex was superposed onto the TOP33-TDRD3 complex so as to minimize the Ca r.m.s.d. between
TOP3a and B. TOP3f is shown as blue cartoon and stick models. RMI1 is shown as a yellow surface model.
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Supplementary Figure 7.
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Supplementary Figure 7.
Quantitative analyses and original full-length gel images of GST-pull down assays to identify the

specificity determinants for the interaction of TDRD3 with TOP3p.
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The band intensities of the bound mutant proteins relative to the bound wild-type proteins from three independent

experiments were measured by densitometry using the ImagelJ software. The averaged relative intensities are

presented as bar graphs (nd; not detectable). Error bars represent the standard deviations. Lanes 1* correspond to the

experiments using wild-type TDRD3 (1-161) as inputs, which are not presented in Fig. 4.

(a) Quantitative analyses and original full-length gel images corresponding to Fig. 4b.

(b) Quantitative analyses and original full-length gel images corresponding to Fig. 4c.

(c) Quantitative analyses and original full-length gel images corresponding to Fig. 4d.

(d) Quantitative analyses and original full-length gel images corresponding to Fig. 4e.
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Supplementary Figure 8. Amino-acid sequence alignment of the TDRD3 DUF-OB domains.

The TOP3B-interacting residues in the insertion loop and core region are marked with green and cyan dots, respectively.

The residues responsible for the preference towards TOP3f are marked with magenta stars. 100% and more than 70%
identical residues are highlighted with red backgrounds and red characters, respectively. The secondary structure and residue

numbers of human TDRD3 are shown above the alignment.



sapiens TOP3B TOPO
musculus TOP3B TOPO
taurus TOP3B TOPO
gallus TOP3B TOPO

rerio TOP3B TOPO
caniculus TOP3B TOPO
troglodytes TOP3B TOPO
scrofa TOP3B TOPO
melanogaster TOP3B TOPO
mellifera TOP3R TOPO

BOLEOLOBRE

sapiens TOP3B TOPO
musculus TOP3f TOPO
taurus TOP3B TOPO
gallus TOP3B TOPO

rerio TOP3B TOPO
caniculus TOP3B TOPO
troglodytes TOP3p TOPO
scrofa TOP3B TOPO
melanogaster TOP3B TOPO
mellifera TOP3B TOPO

BOOUObObRE

sapiens TOP3p TOPO
musculus TOP3B TOPO
taurus TOP3B TOPO
gallus TOP3B TOPO

rerio TOP3R TOPO
caniculus TOP3B TOPO
troglodytes TOP3p TOPO
scrofa TOP3B TOPO
melanogaster TOP3B TOPO
mellifera TOP3p TOPO

O OoOUOW .

sapiens TOP3p TOPO
musculus TOP3B TOPO
taurus TOP3B TOPO
gallus TOP3B TOPO

rerio TOP3R TOPO
caniculus TOP3B TOPO
troglodytes TOP3B TOPO
scrofa TOP3B TOPO
melanogaster TOP3p TOPO
mellifera TOP3B TOPO

OO OoOUQlExm

sapiens TOP3p TOPO
musculus TOP3B TOPO
taurus TOP3f TOPO
gallus TOP3B TOPO

rerio TOP3R TOPO
caniculus TOP3B TOPO
troglodytes TOP3p TOPO
scrofa TOP3B TOPO
melanogaster TOP3p TOPO
mellifera TOP3B TOPO

DO OUnWE X

sapiens TOP3B TOPO
musculus TOP3B TOPO
taurus TOP3B TOPO
gallus TOP3B TOPO

rerio TOP3B TOPO
caniculus TOP3B TOPO
troglodytes TOP3B TOPO
scrofa TOP3B TOPO
melanogaster TOP3B TOPO
mellifera TOP3B TOPO

HOLvOLTawRE

sapiens TOP3B TOPO
musculus TOP3B TOPO
taurus TOP3B TOPO
gallus TOP3B TOPO

rerio TOP3R TOPO
caniculus TOP3B TOPO
troglodytes TOP3B TOPO
scrofa TOP3B TOPO
melanogaster TOP3B TOPO
mellifera TOP3B TOPO

BOLIOLOWRE

sapiens TOP3B TOPO
musculus TOP3B TOPO
taurus TOP3B TOPO
gallus TOP3B TOPO

rerio TOP3R TOPO
caniculus TOP3B TOPO
troglodytes TOP3p TOPO
scrofa TOP3B TOPO
melanogaster TOP3p TOPO
mellifera TOP3B TOPO

MU OoOUQOW .

VHEYTGTF]
VHKYTGTF]
VHEYSGAF]
VHEYTGSF]
VHEYMGSF]
ARVPLDTS
VHEYTGTF]
VHEYTGTF]
THEWTGNE
VHEWIGOQF]

FTRFQT
FTRFQT
FTREFQT
FTREFQT
FTRFQT
FTREQT
FTRFQT
FTRFQT
FTRFQT

R

D@z E NI K ISR O OANHPYWADT VK|
I N BB K GISIR OQAN(H|PYWAD S VK|
2l E SESEN K G PR OQANH|PYWAD T VK|
I NJSE K GICIR OO ANN|PYWAE T VK|
I N B K G TK QO QAN(S[TFWGE T VK|
I NJsBN K GICIR OQ AN(H|P Y WA D T VK|
I NJSBN K G|SIR OO AN(H|P Y WA D T VK|
I E SPESEN K G PR OQANH|PYWAD T VK|
5 T N)sB P AVIlHV LK P[SADFGEEAR|

PDWGDQVR]

AELGGD
AELGGD
AELGGE]|
VELGGD
NELGSD
AELGGD
AELGGD
AELGGE]
SDFDRD
NELDGD|

B14

EVKLLK QIS5
EIKLLMOS )2
EIKLLKQEN
EVEKMLK QNS )2

[E 1K1 vislc yEjols

KNE§E ANsjO M £y

HEHEEHEE

S 00000000

Supplementary Figure 9. Amino-acid sequence alignment of the TOP3 TOPO domain.

The residues interacting with the insertion loop and core region of TDRD3 are marked in green and cyan dots, respectively.
The residue whose mutation found in schizophrenia patients is marked with a yellow dot. 100% and more than 70% identical
residues are highlighted with red backgrounds and red characters, respectively. The secondary structure and residue numbers of
human TOP3p are shown above the alignment.



GST-TOP3B  GST-TOP3pB

wt R472Q
s s
=2 =2
0 o T © o
S S - §8 o =¢
TDRD3wt € TDRD3wt 2
E -
T ~e8
©
3
b TDRD3

Potential DNA/RNA-
binding site of TDRD3

Catalytic pocket

Supplementary Figure 10.

Schizophrenia-related mutation of TOP3f and a putative DNA/RNA-binding site of TDRD3

(a) GST pull-down assay of a TOP3 mutant containing a schizophrenia-related mutation. The GST-TOP3-bound resin

(wild type or R472Q) was incubated with 0.1, 0.5 or 1.0 uM TDRD3. The R472Q mutation of TOP3 did not affect binding

to TDRD3.

(b) Surface electrostatic potential of TOP33-TDRD3. The positive and negative charges are shown in blue and red, respectively,
contoured at +10 (blue) to —10 (red) k,T/e.



