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1.  Proteomic identification and validation of nov-
el interactions of the putative tumor suppres-
sor PRELP with membrane proteins including 
IGFI-R and p75NTR

Kosuge H, Nakakido M, Nagatoishi S, Fukuda T, 
Bando Y, Ohnuma SI, Tsumoto K.

Proline and arginine-rich end leucine-rich repeat 
protein (PRELP) is a member of the small leucine-rich 
repeat proteoglycans (SLRPs) family. Levels of PRELP 
mRNA are downregulated in many types of cancer, 
and PRELP has been reported to have suppressive ef-
fects on tumor cell growth, although the molecular 
mechanism has yet to be fully elucidated. Given that 
other SLRPs regulate signaling pathways through in-
teractions with various membrane proteins, we rea-
soned that PRELP likely interacts with membrane 
proteins to maintain cellular homeostasis. To identify 

membrane proteins that interact with PRELP, we car-
ried out coimmunoprecipitation coupled with mass 
spectrometry (CoIP-MS). We prepared membrane 
fractions from Expi293 cells transfected to overex-
press FLAG-tagged PRELP or control cells and ana-
lyzed samples precipitated with anti-FLAG antibody 
by mass spectrometry. Comparison of membrane 
proteins in each sample identified several that seem 
to interact with PRELP; among them, we noted two 
growth factor receptors, insulin-like growth factor I 
receptor (IGFI-R) and low-affinity nerve growth fac-
tor receptor (p75NTR), interactions with which might 
help to explain PRELP’s links to cancer. We demon-
strated that PRELP directly binds to extracellular do-
mains of these two growth factor receptors with low 
micromolar affinities by surface plasmon resonance 
analysis using recombinant proteins. Furthermore, 
cell-based analysis using recombinant PRELP protein 
showed that PRELP suppressed cell growth and af-
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Various types of antibodies have been approved for therapeutic use and currently 
examined in clinical development. Therefore, developments of technology for the 
discovery and optimization of high-potency antibodies have been improved and 
have greatly increased to find the specific and stable antibody with desired 
biological properties. Biophysical analyses of a therapeutic antibody, particularly 
those of protein interaction and stability, are recognized as one of the critical 
procedures in the development of biopharmaceuticals, which would be assessed 
as an essential step to develop next-generation antibodies. The development of 
analytical methods with quantitative and high-sensitive detection of antigen 
interaction, protein stability, and biological function of antibody, therefore, has been 
intriguing for the pharmaceutic companies. In this division, we study biophysical 
analyses of various antibodies to propose a new strategy for the development of 
the next-generation antibody.
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fected cell morphology of A549 lung carcinoma cells, 
also at micromolar concentration. These results sug-
gest that PRELP regulates cellular functions through 
interactions with IGFI-R and p75NTR and provide a 
broader set of candidate partners for further explora-
tion

2.  Heme controls the structural rearrangement of 
its sensor protein mediating the hemolytic 
bacterial survival

Nishinaga M, Sugimoto H, Nishitani Y, Nagai S, Na-
gatoishi S, Muraki N, Tosha T, Tsumoto K, Aono S, 
Shiro Y, Sawai H.

Hemes (iron-porphyrins) are critical for biological 
processes in all organisms. Hemolytic bacteria sur-
vive by acquiring b-type heme from hemoglobin in 
red blood cells from their animal hosts. These bacteria 
avoid the cytotoxicity of excess heme during hemoly-
sis by expressing heme-responsive sensor proteins 
that act as transcriptional factors to regulate the heme 
efflux system in response to the cellular heme concen-
tration. Here, the underlying regulatory mechanisms 
were investigated using crystallographic, spectro-
scopic, and biochemical studies to understand the 
structural basis of the heme-responsive sensor pro-
tein PefR from Streptococcus agalactiae, a causative 
agent of neonatal life-threatening infections. Structur-
al comparison of heme-free PefR, its complex with a 
target DNA, and heme-bound PefR revealed that 
unique heme coordination controls a >20 Å structural 
rearrangement of the DNA binding domains to disso-
ciate PefR from the target DNA. We also found heme-
bound PefR stably binds exogenous ligands, includ-
ing carbon monoxide, a by-product of the heme 
degradation reaction.

3.  A DNA Aptamer That Inhibits the Aberrant Sig-
naling of Fibroblast Growth Factor Receptor in 
Cancer Cells

Eguchi A, Ueki A, Hoshiyama J, Kuwata K, Chikao-
ka Y, Kawamura T, Nagatoishi S, Tsumoto K, Ueki 
R, Sando S.

Growth factor receptors are activated through di-
merization by the binding of their ligands and play 
pivotal roles in normal cell function. However, the 
aberrant activity of the receptors has been associated 
with cancer malignancy. One of the main causes of 
the aberrant receptor activation is the overexpression 
of receptors and the resultant formation of unligand-
ed receptor dimers, which can be activated in the ab-
sence of external ligand molecules. Thus, the unli-
ganded receptor dimer is a promising target to inhibit 
aberrant signaling in cancer. Here, we report an 
aptamer that specifically binds to fibroblast growth 
factor receptor 2b and inhibits the aberrant receptor 

activation and signaling. Our investigation suggests 
that this aptamer inhibits the formation of the recep-
tor dimer occurring in the absence of external ligand 
molecules. This work presents a new inhibitory func-
tion of aptamers and the possibility of oligonucleo-
tide-based therapeutics for cancer.

4.  Thermodynamic Dissection of Potency and 
Selectivity of Cytosolic Hsp90 Inhibitors.

Yoshimura C, Nagatoishi S, Kuroda D, Kodama Y, 
Uno T, Kitade M, Chong-Takata K, Oshiumi H, Mu-
raoka H, Yamashita S, Kawai Y, Ohkubo S, Tsumoto 
K.

The cytosolic Hsp90-selective inhibitor TAS-116 
has an acceptable safety profile and promising antitu-
mor activity in clinical trials. We examined the bind-
ing characteristics of TAS-116 and its analogs to deter-
mine the impact of the ligand binding mode on 
selectivity for cytosolic Hsp90. Analyses of the 
co-crystal structure of Hsp90 and inhibitor TAS-116 
suggest that TAS-116 interacts with the ATP-binding 
pocket, the ATP lid region, and the hydrophobic 
pocket. A competitive isothermal titration calorime-
try analysis confirmed that a small fragment of TAS-
116 (THS-510) docks into the lid region and hydro-
phobic pockets without binding to the ATP-binding 
pocket. THS-510 exhibited enthalpy-driven binding 
to Hsp90α and selectively inhibited cytosolic Hsp90 
activity. The heat capacity change of THS-510 binding 
was positive, likely due to the induced conformation-
al rearrangement of Hsp90. Thus, we concluded that 
interactions with the hydrophobic pocket of Hsp90 
determine potency and selectivity of TAS-116 and de-
rivatives for the cytosolic Hsp90 isoform

5.  Elaboration of Non-naturally Occurring Helical 
Tripeptides as p53-MDM2/MDMX Interaction In-
hibitors

Su A, Tabata Y, Aoki K, Sada A, Ohki R, Nagatoishi 
S, Tsumoto K, Wang S, Otani Y, Ohwada T.

Protein-protein interactions (PPIs) are often medi-
ated by helical, strand and/or coil secondary struc-
tures at the interface regions. We previously showed 
that non-naturally occurring, stable helical trimers of 
bicyclic β-amino acids (Abh) with all-trans amide 
bonds can block the p53-MDM2/MDMX α-helix-helix 
interaction, which plays a role in regulating p53 func-
tion. Here, we conducted docking and molecular dy-
namics calculations to guide the structural optimiza-
tion of our reported compounds, focusing on 
modifications of the C-terminal/N-terminal residues. 
We confirmed that the modified peptides directly 
bind to MDM2 by means of thermal shift assay, iso-
thermal titration calorimetry, and enzyme-linked im-
munosorbent assay (ELISA) experiments. Biological 
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activity assay in human osteosarcoma cell line SJSA-1, 
which has wild-type p53 and amplification of the 
Mdm2 gene, indicated that these peptides are mem-
brane-permeable p53-MDM2/MDMX interaction an-
tagonists that can rescue p53 function in the cells.

6.  Anion solvation enhanced by positive super-
charging mutations preserves thermal stability 
of an antibody in a wide pH range

Kasahara K, Kuroda D, Tanabe A, Kawade R, Na-
gatoishi S, Tsumoto K.

Proteins function through interactions with other 
molecules. In protein engineering, scientists often en-
gineer proteins by mutating their amino acid se-
quences on the protein surface to improve various 
physicochemical properties. “Supercharging” is a 
method to design proteins by mutating surface resi-
dues with charged amino acids. Previous studies 
demonstrated that supercharging mutations con-
ferred better thermal resistance, solubility, and cell 
penetration to proteins. Likewise, antibodies recog-
nize antigens through the antigen-binding site on the 
surface. The genetic and structural diversity of anti-
bodies leads to high specificity and affinity toward 
antigens, enabling antibodies to be versatile tools in 
various applications. When assessing therapeutic an-
tibodies, surface charge is an important factor to con-
sider because the isoelectric point plays a role in pro-
tein clearance inside the body. In this study, we 
explored how supercharging mutations affect physic-
ochemical properties of antibodies. Starting from a 
crystal structure of an antibody with the net charge of 
-4, we computationally designed a supercharged var-
iant possessing the net charge of +10. The posi-
tive-supercharged antibody exhibited marginal im-
provement in thermal stability, but the secondary 
structure and the binding affinity to the antigen (net 
charge of +8) were preserved. We also used physico-
chemical measurements and molecular dynamics 
simulations to analyze the effects of supercharging 
mutations in sodium phosphate buffer with different 
pH and ion concentrations, which revealed preferen-
tial solvation of phosphate ions to the supercharged 
surface relative to the wild-type surface. These results 
suggest that supercharging would be a useful ap-
proach to preserving thermal stability of antibodies in 
a wide range of pH, which may enable further diver-
sification of antibody repertoires beyond natural evo-
lution.

7.  A glutamine sensor that directly activates 
TORC1

Tanigawa M, Yamamoto K, Nagatoishi S, Nagata K, 
Noshiro D, Noda NN, Tsumoto K, Maeda T.

TOR complex 1 (TORC1) is an evolutionarily-con-

served protein kinase that controls cell growth and 
metabolism in response to nutrients, particularly ami-
no acids. In mammals, several amino acid sensors 
have been identified that converge on the multi-lay-
ered machinery regulating Rag GTPases to trigger 
TORC1 activation; however, these sensors are not 
conserved in many other organisms including yeast. 
Previously, we reported that glutamine activates 
yeast TORC1 via a Gtr (Rag ortholog)-independent 
mechanism involving the vacuolar protein Pib2, al-
though the identity of the supposed glutamine sensor 
and the exact TORC1 activation mechanism remain 
unclear. In this study, we successfully reconstituted 
glutamine-responsive TORC1 activation in vitro us-
ing only purified Pib2 and TORC1. In addition, we 
found that glutamine specifically induced a change in 
the folding state of Pib2. These findings indicate that 
Pib2 is a glutamine sensor that directly activates 
TORC1, providing a new model for the metabolic 
control of cells.

8.  Mechanism of dimerization and structural fea-
tures of human LI-cadherin

Yui A, Caaveiro JMM, Kuroda D, Nakakido M, Na-
gatoishi S, Goda S, Maruno T, Uchiyama S, Tsumoto 
K

Liver intestine (LI)-cadherin is a member of the 
cadherin superfamily, which encompasses a group of 
Ca2+-dependent cell-adhesion proteins. The expres-
sion of LI-cadherin is observed on various types of 
cells in the human body, such as normal small intes-
tine and colon cells, and gastric cancer cells. Because 
its expression is not observed on normal gastric cells, 
LI-cadherin is a promising target for gastric cancer 
imaging. However, because the cell adhesion mecha-
nism of LI-cadherin has remained unknown, rational 
design of therapeutic molecules targeting this cadher-
in has been hampered. Here, we have studied the ho-
modimerization mechanism of LI-cadherin. We re-
port the crystal structure of the LI-cadherin 
homodimer containing its first four extracellular cad-
herin repeats (EC1-4). The EC1-4 homodimer exhibit-
ed a unique architecture different from that of other 
cadherins reported so far, driven by the interactions 
between EC2 of one protein chain and EC4 of the sec-
ond protein chain. The crystal structure also revealed 
that LI-cadherin possesses a noncanonical calcium 
ion-free linker between the EC2 and EC3 domains. 
Various biochemical techniques and molecular dy-
namics simulations were employed to elucidate the 
mechanism of homodimerization. We also showed 
that the formation of the homodimer observed in the 
crystal structure is necessary for LI-cadherin-depend-
ent cell adhesion by performing cell aggregation as-
says. Taken together, our data provide structural in-
sights necessary to advance the use of LI-cadherin as 
a target for imaging gastric cancer.
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9.  Regulation of cadherin dimerization by chemi-
cal fragments as a trigger to inhibit cell adhe-
sion

Senoo A, Ito S, Nagatoishi S, Saito Y, Ueno G, Kuro-
da D, Yoshida K, Tashima T, Kudo S, Sando S, Tsu-
moto K.

Many cadherin family proteins are associated 
with diseases such as cancer. Since cell adhesion re-
quires homodimerization of cadherin molecules, a 
small-molecule regulator of dimerization would have 
therapeutic potential. Herein, we describe identifica-
tion of a P-cadherin-specific chemical fragment that 
inhibits P-cadherin-mediated cell adhesion. Although 
the identified molecule is a fragment compound, it 
binds to a cavity of P-cadherin that has not previously 
been targeted, indirectly prevents formation of hy-
drogen bonds necessary for formation of an interme-
diate called the X dimer and thus modulates the pro-
cess of X dimerization. Our findings will impact on a 
strategy for regulation of protein-protein interactions 
and stepwise assembly of protein complexes using 
small molecules.

10.  Development of biparatopic bispecific anti-
body possessing tetravalent scFv-Fc capable 
of binding to ROBO1 expressed in hepatocel-
lular carcinoma cells

Watanabe Y, Tanabe A, Hamakubo T, Nagatoishi S, 
Tsumoto K.

There is no standard structural format of the bi-
paratopic bispecific antibody (bbsAb) which is used 
against the target molecule because of the diversity of 
biophysical features of bispecific antibodies (bsAbs). 
It is therefore essential that the interaction between 
the antibody and antigen is quantitatively analyzed 
to design antibodies that possess the desired proper-
ties. Here, we generated bsAbs, namely, a tandem 
scFv-Fc, a diabody-Fc, and an immunofu-
sion-scFv-Fc-scFv, that possessed four scFv arms at 
different positions and were capable of recognizing 
the extracellular domains of ROBO1. We examined 
the interactions between these bsAbs and ROBO1 at 
the biophysical and cellular levels. Of these, immuno-
fusion-B2212A scFv-Fc-B5209B scFv was stably ex-
pressed with the highest relative yield. The kinetic 
and thermodynamic features of the interactions of 
each bsAb with soluble ROBO1 (sROBO1) were vali-
dated using surface plasmon resonance and isother-
mal titration calorimetry. In all bsAbs, the immunofu-
sion-scFv-Fc-scFv format showed homogeneous 
interaction with the antigen with higher affinity com-
pared with that of monospecific antibodies. In conclu-
sion, our study presents constructive information to 
design druggable bbsAbs in drug applications.

11.  Electrostatic-triggered exothermic antibody 
adsorption to the cellulose nanoparticles

Murakami K, Nagatoishi S, Kasahara K, Nagai H, 
Sasajima Y, Sasaki R, Tsumoto K.

Antibody-conjugated nanoparticles are used in a 
fields ranging from medicine to engineering. Nano-
Act® nanobeads are cellulose nanoparticles used in 
lateral flow assays that are highly water dispersible. 
In order to promote the adsorption of antibodies onto 
NanoAct® particles while maintaining their activity, 
we analyzed the adsorption onto NanoAct® particles 
thermodynamically and elucidated the adsorption 
mechanism. In an immunochromatographic assay, 
the amount of adsorbed antibody and the color inten-
sity of the test line increased as the pH decreased. The 
zeta potential of the nanoparticles remained constant 
at around -30 mV over the pH range from 2 to 10. The 
model antibody had pI values between 6.2 and 6.8. 
Isothermal calorimetry analysis showed that adsorp-
tion of antibody to the NanoAct® particle is an endo-
thermic reaction under low pH conditions, an exo-
thermic reaction between pH 6 and pH 7, and a 
weakly exothermic reaction above pH 7. These data 
indicate that the changes in net charge of the antibody 
surface as a function of pH influence the pH depend-
ence of antibody adsorption to the negatively charged 
NanoAct®. This suggests that increased positive 
charge on the antibody surface will result in a more 
sensitive NanoAct®-based immunoassay.

12.  An integrated computational pipeline for de-
signing high-affinity nanobodies with expand-
ed genetic codes

Padhi AK, Kumar A, Haruna KI, Sato H, Tamura 
H, Nagatoishi S, Tsumoto K, Yamaguchi A, Iraha F, 
Takahashi M, Sakamoto K, Zhang KYJ.

Protein engineering and design principles em-
ploying the 20 standard amino acids have been exten-
sively used to achieve stable protein scaffolds and 
deliver their specific activities. Although this confers 
some advantages, it often restricts the sequence, 
chemical space, and ultimately the functional diversi-
ty of proteins. Moreover, although site-specific incor-
poration of non-natural amino acids (nnAAs) has 
been proven to be a valuable strategy in protein engi-
neering and therapeutics development, its utility in 
the affinity-maturation of nanobodies is not fully ex-
plored. Besides, current experimental methods do not 
routinely employ nnAAs due to their enormous li-
brary size and infinite combinations. To address this, 
we have developed an integrated computational 
pipeline employing structure-based protein design 
methodologies, molecular dynamics simulations and 
free energy calculations, for the binding affinity pre-
diction of an nnAA-incorporated nanobody toward 
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its target and selection of potent binders. We show 
that by incorporating halogenated tyrosines, the af-
finity of 9G8 nanobody can be improved toward epi-
dermal growth factor receptor (EGFR), a crucial can-
cer target. Surface plasmon resonance (SPR) assays 
showed that the binding of several 3-chloro-l-tyrosine 
(3MY)-incorporated nanobodies were improved up 
to 6-fold into a picomolar range, and the computa-
tionally estimated binding affinities shared a Pear-
son’s r of 0.87 with SPR results. The improved affinity 
was found to be due to enhanced van der Waals inter-
actions of key 3MY-proximate nanobody residues 
with EGFR, and an overall increase in the nanobody’s 
structural stability. In conclusion, we show that our 
method can facilitate screening large libraries and 
predict potent site-specific nnAA-incorporated nano-
body binders against crucial disease-targets.

13.  The transcriptional corepressor CtBP2 serves 
as a metabolite sensor orchestrating hepatic 
glucose and lipid homeostasis

Ota T, Senoo A, Shirakawa M, Nonaka H, Saito Y, 
Ito S, Ueno G, Nagatoishi S, Tsumoto K, Sando S.

Biological systems to sense and respond to meta-
bolic perturbations are critical for the maintenance of 
cellular homeostasis. Here we describe a hepatic sys-
tem in this context orchestrated by the transcriptional 
corepressor C-terminal binding protein 2 (CtBP2) that 
harbors metabolite-sensing capabilities. The repres-
sor activity of CtBP2 is reciprocally regulated by 
NADH and acyl-CoAs. CtBP2 represses Forkhead 
box O1 (FoxO1)-mediated hepatic gluconeogenesis 
directly as well as Sterol Regulatory Element-Binding 
Protein 1 (SREBP1)-mediated lipogenesis indirectly. 
The activity of CtBP2 is markedly defective in obese 
liver reflecting the metabolic perturbations. Thus, liv-
er-specific CtBP2 deletion promotes hepatic glucone-
ogenesis and accelerates the progression of steatohep-
atitis. Conversely, activation of CtBP2 ameliorates 
diabetes and hepatic steatosis in obesity. The struc-
ture-function relationships revealed in this study 
identify a critical structural domain called Rossmann 
fold, a metabolite-sensing pocket, that is susceptible 
to metabolic liabilities and potentially targetable for 
developing therapeutic approaches

14.  Structural and thermodynamical insights into 
the binding and inhibition of FIH-1 by the 
N-terminal disordered region of Mint3

Ten T, Nagatoishi S, Maeda R, Hoshino M, Nakay-
ama Y, Seiki M, Sakamoto T, Tsumoto K.

Mint3 is known to enhance aerobic ATP produc-
tion, known as the Warburg effect, by binding to FIH-
1. Since this effect is considered to be beneficial for 
cancer cells, the interaction is a promising target for 

cancer therapy. However, previous research has sug-
gested that the interacting region of Mint3 with FIH-1 
is intrinsically disordered, which makes investigation 
of this interaction challenging. Therefore, we adopted 
thermodynamic and structural studies in solution to 
clarify the structural and thermodynamical changes 
of Mint3 binding to FIH-1. First, using a combination 
of circular dichroism, nuclear magnetic resonance, 
and hydrogen/deuterium exchange-mass spectrome-
try (HDX-MS), we confirmed that the N-terminal half, 
which is the interacting part of Mint3, is mostly disor-
dered. Next, we revealed a large enthalpy and entro-
py change in the interaction of Mint3 using isother-
mal titration calorimetry (ITC). The profile is 
consistent with the model that the flexibility of disor-
dered Mint3 is drastically reduced upon binding to 
FIH-1. Moreover, we performed a series of ITC exper-
iments with several types of truncated Mint3s, an ef-
fective approach since the interacting part of Mint3 is 
disordered, and identified amino acids 78 to 88 as a 
novel core site for binding to FIH-1. The truncation 
study of Mint3 also revealed the thermodynamic con-
tribution of each part of Mint3 to the interaction with 
FIH-1, where the core sites contribute to the affinity 
(ΔG), while other sites only affect enthalpy (ΔH), by 
forming noncovalent bonds. This insight can serve as 
a foothold for further investigation of intrinsically 
disordered regions (IDRs) and drug development for 
cancer therapy.

15.  Structure-based screening combined with 
computational and biochemical analyses 
identified the inhibitor targeting the binding of 
DNA Ligase 1 to UHRF1

Kori S, Shibahashi Y, Ekimoto T, Nishiyama A, 
Yoshimi S, Yamaguchi K, Nagatoishi S, Ohta M, 
Tsumoto K, Nakanishi M, Defossez PA, Ikeguchi M, 
Arita K.

The accumulation of epigenetic alterations is one 
of the major causes of tumorigenesis. Aberrant DNA 
methylation patterns cause genome instability and si-
lencing of tumor suppressor genes in various types of 
tumors. Therefore, drugs that target DNA methyla-
tion-regulating factors have great potential for cancer 
therapy. Ubiquitin-like containing PHD and RING 
finger domain 1 (UHRF1) is an essential factor for 
DNA methylation maintenance. UHRF1 is overex-
pressed in various cancer cells and down-regulation 
of UHRF1 in these cells reactivates the expression of 
tumor suppressor genes, thus UHRF1 is a promising 
target for cancer therapy. We have previously shown 
that interaction between the tandem Tudor domain 
(TTD) of UHRF1 and DNA ligase 1 (LIG1) di/trimeth-
ylated on Lys126 plays a key role in the recruitment of 
UHRF1 to replication sites and replication-coupled 
DNA methylation maintenance. An arginine binding 
cavity (Arg-binding cavity) of the TTD is essential for 

19社会連携研究部門_4k.indd   32019社会連携研究部門_4k.indd   320 2022/04/26   14:44:462022/04/26   14:44:46



321

LIG1 interaction, thus the development of inhibitors 
that target the Arg-binding cavity could potentially 
repress UHRF1 function in cancer cells. To develop 
such an inhibitor, we performed in silico screening 
using not only static but also dynamic metrics based 
on all-atom molecular dynamics simulations, result-
ing in efficient identification of 5-amino-2,4-dimeth-
ylpyridine (5A-DMP) as a novel TTD-binding com-

pound. Crystal structure of the TTD in complex with 
5A-DMP revealed that the compound stably bound to 
the Arg-binding cavity of the TTD. Furthermore, 
5A-DMP inhibits the full-length UHRF1:LIG1 interac-
tion in Xenopus egg extracts. Our study uncovers a 
UHRF1 inhibitor which can be the basis of future ex-
periments for cancer therapy.
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