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Regglation mechanism of a transcription cycle by static/dynamic structural
analyses
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Signal transduction transfers cellular environmental information to nucleus
via chemical modifications of proteins and finally modulates transcription profile of the cell. To
reveal the molecular mechanism of conversion of the information from chemical modification to
transcriptional modulation, we employed static and dynamic structural analyses of higher-ordered
transcription factors(TF)-DNA complexes. We found that phosphorylation of the intrinsically
disordered region of the transcription factor Etsl induces a non-DNA-binding conformer of Etsl
itself. On the tcra enhancer, the partner TF Runxl selects the specific Etsl conformer that is
refractory to effect of phosphorylation, resisting the inhibitory effect of phosphorylation of Etsl
and specifically keeping the tcra gene transcription active, while many of other Etsl-target genes
turn off. This transcription switch may enable fine regulation responding to cellular environments
including development and proliferation signals.



(D

DNA

MD
ChlP-gPCR
RT-gPCR
MD
1) tera
T o (tcra)

Ets1-Runx1-CBFB-DNA
Etsl -DNA

tcra

Runx1 Etsl
DNA
Etsl DNA
DNA
Etsl DNA
Etsl tcra
Ets1-Runx1/CBFB-DNA
tcra Etsl Runx1
DNA
Etsl
DNA
Runx1 Etsl
Etsl DNA
Runx1
B mbl
Pax5
Etsl1  stromelysin-1
DNA
Etsl
Etsl DNA
1 Etsl
DNA
DNA
®
®
> >
NZ\7\7,\V
NZ\7\V/,\V CaMKIl
T cel @
NN\, \w\\g\ww
Runx1 CBFp
TCR enhancer ®
Stromal cell @
) xd
Y/N7N\7\" VIN7N\7\"
stromelysin-1 enhancer
CaMKIl ®
B cell ) D
P@N A /}\VW(‘)\V)\
mb-1 enhancer
unphosphorylated state phosphorylated state
Etsl

Etsl



Runxl1 Etsl

Ets1-Runx1/CBFB-DNA

2

Etsl-Pax5-DNA
Etsl-Ets1-DNA Etsl

Etsl1 DNA

Runx1
Etsl
Etsl
Etsl
DNA

Ets1l-Runx1/CBFp-
DNA

DNA

Runx1
Etsl
Runx1
Etsl
Etsl DNA
Etsl
Etsl DNA
Etsl

Ets1-Runx1/CBFB-DNA

Etsl

DNA

(McMD)
Etsl

Etsl DNA
DNA Etsl
Etsl DNA
DNA
DNA
Runx1
DNA Etsl
McMD DNA
Etsl DNA
DNA
Runx1 tcro.
DNA
Etsl
ter
3)
Coffin-Siris syndrome
SWI/SNF
BAF
Pax6-BAF
SOX11
BAF SOX11
BAF SOX11
NUP107
MD
MD
33

1. Anovel GFI1B mutation at the first zinc
finger domain causes congenital
macrothrombocytopenia. Uchiyama Y, Ogawa



10.

Y, Shiina M, Ogata K, Matsumoto N, (15
4 ), Br J Haematol doi:
10.1111/bjh.14710 (2017)
Molecular mechanisms of cooperative
binding of transcription factors
Runx1-CBFf-Ets1 on the TCRa gene
enhancer. Kasahara K, Shiina M, Ogata K, (5
2 ), PLoSOne 12, ,
€0172654 (2017). doi
10.1371/journal.pone.0172654
Biallelic mutations in the 3' exonuclease
TOE] cause pontocerebellar hypoplasia and
uncover a role in snRNA processing. Lardelli
RM, Schaffer AE, Matsumoto N, Shiina M,
Ogata K, (59 43 ), Nat Genet 49,
, 457-464 (2017). doi
10.1038/ng.3762
PARS?2 and NARS2 mutations in
infantile-onset neurodegenerative disorder.
Mizuguchi T, Nakashima M, Shiina M, Ogata
K, Matsumoto N, (17 12 ), J Hum
Genet 62, , 525-529 (2017). doi
10.1038/jhg.2016.163
Biallelic Mutations in MYPN, Encoding
Myopalladin, Are Associated with
Childhood-Onset, Slowly Progressive
Nemaline Myopathy. Miyatake S, Mitsuhashi
S, Ogata K, Shiina M, Ogata K, Matsumoto N,
(23 12 ), Am J Hum Genet 100,
, 169-178 (2017). doi
10.1016/j.ajhg.2016.11.017
Biallelic TBCD Mutations Cause Early-Onset
Neurodegenerative Encephalopathy. Miyake
N, Fukai R, Shiina M, Ogata K, Matsumoto N,
33 9 ), Am J Hum Genet 99,
, 950-961 (2016). doi
10.1016/j.ajhg.2016.08.005
De novo DNM1 mutations in two cases of
epileptic encephalopathy. Nakashima M,
Kouga T, Shiina M, Ogata K, Matsumoto N,
(12 4 ), Epilepsia 57, s
¢18-23 (2016). doi 10.1111/epi.13257
Identification of HOXD4 Mutations in Spinal
Extradural Arachnoid Cyst. Ogura Y, Miyake
N, Shiina M, Ogata K, Matsumoto N, (18
8 ), PLOS One 10, ,
¢0142126 (2015). doi
10.1371/journal.pone.0142126
A PLK4 mutation causing azoospermia in a
man with Sertoli cell-only syndrome.
Miyamoto T, Bando Y, Shiina M, Ogata K,
Matsumoto N, (11 8 ), Andrology 4,
, 75-81 (2016). doi
10.1111/andr.12113
Biallelic Mutations in Nuclear Pore Complex
Subunit NUP107 Cause
Early-Childhood-Onset Steroid-Resistant
Nephrotic Syndrome. Miyake N, Tsukaguchi
H, Shiina M, Ogata K, Matsumoto N, (29
6 ), Am J Hum Genet 97, ,

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

555-66 (2015). doi
10.1016/j.ajhg.2015.08.013

Novel compound heterozygous LIAS
mutations cause glycine encephalopathy.
Tsurusaki Y, Tanaka R, Shiina M, Ogata K,
Matsumoto N, (11 5 ), J Hum
Genet 60, , 631-5 (2015). doi
10.1038/jhg.2015.72

Somatic Mutations in the MTOR gene cause
focal cortical dysplasia type IIb. Nakashima
M, Saitsu H, Shiina M, Ogata K, Matsumoto
N, (20 7 ), Ann Neurol 78,

, 375-86 (2015). doi 10.1002/ana.24444
Phenotypic spectrum of GNAO] variants:
epileptic encephalopathy to involuntary
movements with severe developmental delay.
Saitsu H, Fukai R, Shiina M, Ogata K,
Matsumoto N, (22 20 ), Eur J
Hum Genet 24, , 129-34 (2016). doi
10.1038/ejhg.2015.92
Short-lasting unilateral neuralgiform
headache attacks with ispilateral facial
flushing is a new variant of paroxysmal
extreme pain disorder. Imai N, Miyake N,
Shiina M, Ogata K, Matsumoto N, (9 7

), J Headache Pain 16, ,519
(2015). doi 10.1186/s10194-015-0519-3
GRINI mutations cause encephalopathy with
infantile-onset epilepsy, and hyperkinetic and
stereotyped movement disorders. Ohba C,
Shiina M, Ogata K, Matsumoto N, (21
2 ), Epilepsia 56, , 841-8 (2015).
doi 10.1111/epi.12987
Late-onset spastic ataxia phenotype in a
patient with a homozygous DDHD2 mutation.
Doi H, Ushiyama M, Shiina M, Ogata K,

Matsumoto N, (17 5 ), Sci Rep 4,
, 7132 (2014). doi 10.1038/srep07132
Crystallization of the

Ets1-Runx1-CBFB-DNA complex formed on
the TCRa gene enhancer. Shiina M, Hamada
K, Ogata K, (7 1 ), Acta
Crystallogr F Sruct Biol Commun 70,

, 1380-4 (2014). doi
10.1107/S2053230X14018470
A novel allosteric mechanism on
protein-DNA interactions underlying the
phosphorylation-dependent regulation of Ets1
target gene expressions. Shiina M, Hamada K,
Ogata K, (9 1 ), J Mol Biol 427,

, 1655-69 (2015). doi

10.1016/j.jmb.2014.07.020
De novo SOX11 mutations cause Coffin-Siris
syndrome. Tsurusaki Y, Koshimizu E, Shiina
M, Ogata K, Matsumoto N, (20 6 ),
Nat Commun 5, ,4011 (2014). doi
10.1038/ncomms5011
Expanding the phenotypic spectrum of
TUBB4A-associated hypomyelinating
leukoencephalopathies. Miyatake S, Osaka H,




21.

22.

23.

24.

25.

26.

27.

28.

29.

Shiina M, Ogata K, Matsumoto N, (16
3 ), Neurology 82, ,2230-7
(2014). doi
10.1212/WNL.0000000000000535
FOXC2 mutations in familial and sporadic
spinal extradural arachnoid cyst. Ogura Y,
Yabuki S, Shiina M, Ogata K, (13 7
), PLOSOne 3, , 80548 (2013).

doi 10.1371/journal.pone.0080548
Identification of KLHL41 Mutations
Implicates BTB-Kelch-Mediated
Ubiquitination as an Alternate Pathway to
Myofibrillar Disruption in Nemaline
Myopathy. Gupta VA, Ravenscroft G, Shiina
M, Ogata K, Matsumoto N, (30 6 ),
Am J Hum Genet 93, , 1108-17
(2013). doi 10.1016/j.ajhg.2013.10.020
A hemizygous GYG2 mutation and Leigh
syndrome: a possible link? Imagawa E, Osaka
H, Shiina M, Ogata K, Matsumoto N, (12

4 ), Hum Genet 133, ,
225-34 (2014). doi
10.1007/s00439-013-1372-6
De Novo mutations in GNAOI1, encoding a
Goo subunit of heterotrimeric G proteins,
cause epileptic encephalopathy. Nakamura K,
Kodera H, Shiina M, Ogata K, Matsumoto N,
(26 4 ), AmJ Hum Genet 93,

, 496-505 (2013). doi
10.1016/j.ajhg.2013.07.014
Mutations in KLHL40 are a frequent cause of
severe autosomal-recessive nemaline
myopathy. Ravenscroft G, Miyatake S, Ogata
K, Shiina M, Matsumoto N, (55 20

), AmJ Hum Genet 93, , 6-18

(2013). doi 10.1016/j.ajhg.2013.05.004
Exome sequencing identifies a novel INPPL1
mutation in opsismodysplasia. lida A,
Okamoto N, Shiina M, Ogata K, Matsumoto
N, (15 10 ), J Hum Genet 58,

,391-4 (2013). doi 10.1038/jhg.2013.25
Mitochondrial complex III deficiency caused
by a homozygous UQCRC2 mutation
presenting with neonatal-onset recurrent
metabolic decompensation. Miyake N, Yano
S, Shiina M, Ogata K, Matsumoto N, (18

6 ), Hum Mutat 34, , 446-52
(2013). doi 10.1002/humu.22257
KDMO6A point mutations cause Kabuki
syndrome. Miyake N, Mizuno S, Shiina M,
Ogata K, Matsumoto N, (11 5 ),
Hum Mutat 34, , 108-10 (2013). doi
10.1002/humu.22229
Mutations affecting components of the
SWI/SNF complex cause Coffin-Siris
syndrome. Tsurusaki Y, Okamoto N, Shiina M,
Ogata K, Matsumoto N, (31 21 ),
Nat Genet 44, , 376-8 (2012). doi
10.1038/ng.2219

. Shiina M, Hamada K, Ogata K

23

Search for
anti-leukemic drugs targeting the transcription
factor Runx1 by INTEND, The 137" Annual
Meeting of the Pharmaceutical Society of
Japan, 3™ International Symposium for
Medical Science, 2017 3 25

Shiina M, Hamada K, Ogata K Molecular
behavior of a higher-order complex of
multiple transcription factors on enhancer site
upon phosphorylation, 6" International
Conference on Structural Biology, 2016 8
22 Hilton New Orleans Airport Hotel
(New Orleans, USA)
Shiina M, Hamada K, Ogata K Molecular
mechanism for modulation of a multiple
transcription factor complex formed on
enhancer site upon phosphorylation, 5"
International Conference and Exhibition on
Metabolomics 2016 05 18 Hyatt
Regency Osaka (Osaka, Japan)
Shiina M, Hamada K, Ogata K
Regulation of DNA binding of Etsl by
phosphorylation in an intrinsic disordered
region 14 2014
6 25

2014, 133-160

http://www-user.yokohama-cu.ac.jp/~seika/index

.html
ey
OGATA, Kazuhiro
90260330
(2

SHIINA, Masaaki

30347299

HAMADA, Keisuke

00344052



