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Binding mode and physiological role of epilepsy—-related
ligand/receptor LGI1-ADAM22 complex based on structural

analysis
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i L2 B Binding mode and physiological role of epilepsy-related ligand/receptor

LGI1-ADAM?22 complex based on structural analysis

Leucine-rich glioma inactivated 1 (LGI1) is a neuronal secretory protein, which is
known as an epilepsy-related protein. To date, at least 42 mutations of human LG/] have
been reported in the patients with a familial epilepsy, autosomal dominant lateral
temporal lobe epilepsy (ADLTE). A disintegrin and metalloprotease 22 (ADAM22), a
catalytically inactive ADAM metalloprotease, serves as a receptor for LGI1. Although
it has been reported that either genetic or acquired loss of the LGI1-ADAM?22
interaction causes epileptic disorders, the structural basis of this interaction for
pathogenesis of epilepsy is elusive and the physiological role of the LGI1-ADAM?22

complex formation remains incompletely understood.

Here, I examined the mode of interaction of human LGI1-ADAM22 complex, based on
the X-ray crystal structure determined by Dr. Fukai’s group (The University of Tokyo).
In the crystal, the LGII-ADAM22 complex forms a 2:2 heterotetrameric assembly
mediated by the intermolecular LGI1-LGI1 interaction. At first, to verify the interface
of LGI1-ADAM?22 heterodimer, I performed the site-directed mutagenesis of human
LGI] and ADAM?22 and the biochemical binding assay in vitro. I found that the
hydrophobic interactions are essential and the hydrogen bonds play a secondary role for
the interaction between the EPTP domain of LGI1 and the metalloprotease-like domain
of ADAM22. T also elucidated that the interaction mode of LGI1 and ADAM22 is

essentially conserved in that of LGI1 and ADAM?23, which is closely related to



ADAM?22 and is another receptor for LGII.

Next, to gain structural insights into pathogenic mechanisms of ADLTE mutations on
LGI1, I mapped 28 missense mutations onto the determined LGI1 structure. I found that
secretion-defective ADLTE mutations are localized at the structural cores of LGI1,
suggesting that the mutations destabilize the LGI1 protein structure leading to the
misfolding. On the other hand, the secretion-competent mutations occur at the structural

surface of LGI1, expected to affect protein-protein interactions.

I also focused on the heterotetrameric assembly of LGI1-ADAM22 complex. Previous
biochemical studies reported that LGI1 may tether two receptors, ADAM22 and
ADAM?23, in the mouse brain and that LGI1-associated protein complexes contain both
pre- and post-synaptic proteins. Given these findings and the conserved LGI1-binding
interface in ADAM?22 and ADAM23, T hypothesized that the higher-order complex
including LGI1, ADAM?22 and ADAM23 might be formed at the synaptic cleft and
function as the trans-synaptically bridging complex. Interestingly, an ADLTE mutation
of LGI1 (R474Q) occurs at the LGI 1-LGI1 interface of the tetrameric assembly. T found
that the R474Q mutation of LGI1 did nof affect either its secretion or the ADAM?22
binding in vitro, suggesting that loss of LGI1-LGI1 interactions is the pathogenic
mechanism of a R474Q mutation of LGII. To prove this hypothesis, I characterizea the
mouse model harboring the R474Q mutation (LgiI®*74Q) generated by Dr. Hirabayashi’s
group (NIPS). Lgil®*74Q mutant mice showed a lethal epileptic phenotype, as reported
in Lgil knockout mice. Immunoprecipitation of ADAM?22 or ADAM23 from mouse
brain extracts demonstrated that the R474Q mutation disrupted the higher-order
assembly between LGI1-ADAM?22 and LGI1-ADAM?23 heterodimers mediated through
the LGI1-LGI1 interaction. These results indicate that the frams-synaptic linkage

mediated by LGI1-ADAM?22 and LGI1-ADAM?23 heteromers essentially functions for



physiological brain excitability.

Furthermore, I investigated the binding specificity of LGI family members (LGI1, 2, 3
and 4) to ADAM22, based on the structural prediction using the LGI1-ADAM?22
complex structure as a template. Mutations of LGI family members were reported to be
linked to various neurological disorders, including intellectual disability for human
LGI3. Although individual LGI family proteins were reported to interact with ADAM22
in vitro, their relative contributions as ligands for ADAM?22 in the brain remain unclear
due to the lack of direct comparison of their binding properties. Here, I compared the
in vivo interactions between LGI family proteins and ADAM22 by immunoprecipitation
experiments from the mouse brain and observed more efficient co-immunoprecipitations
of LGI1 and LGI4 with ADAM22 than that of LGI3. Co-immunoprecipitation of LGI2
was hardly detected due to its low solubility under my experimental condition.
Consistently, the cell-surface binding assay revealed relatively stronger bindings of
LGI1 and LGI4 to ADAM22, than those of LGI2 and LGI3. In vitro binding assay with
substitutions of interface residues between LGI family proteins indicated that the
differences of a few interface residues critically yield their distinct binding affinities to

ADAM?22.

In conclusion, I determined the modes of interactions of LGI1-ADAM22/ADAM23 and
demonstrated physiological and pathophysiological roles of their higher-order assembly
as the trans-synaptic linkage. I also elucidated the different binding properties of LGI
family proteins to ADAM?22 caused by the substitutions of the interface residues,

indicating their distinct functions in the nervous system.
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WA )82 & Leucine-rich glioma inactivated 1 (LGI1) OBRTERICK D FKEHE

DTAMABOEBIENS T L, LGIL 28, MRMRICERT OGRS DN IJETHS A

disintegrin and metalloprotease 22 (ADAM22) IZ#EE T D22 ENA SN T WD, HEE#H,
IR IT, ARFEICH W T LGI1 & ADAM22 O#E AR EZT OB SRR 2 ML .
LGI1-ADAM22 EE R BT AWMDOMBE S F T ARXBNWTRAETAENEE & ZOREE
HERERZzHSHITL.

BHRERIE., £9. ERKY EHEANHERAEEOXFMRRICEL D, LGI1-ADAM22
BEAEEOH BB ERIT 2o/, TOHR, LG AENHEET S I L&D, LGI1 ® 2
5F & ADAM22 @ 2 5 F2 2.2 ODBEAGHRZHEDLS I EZHLMNI L, RIZ, BELOA
VH =T —AWH DEREDEAFHMEITICL D .LGI1 & ADAM22 DS ITHB W T,
¥7z LGI1 & ADAM23 EDFREBRIZBNWTH . BKEHEEANBEETHL I LE2RL T,
B, TANPAESEREIT LGIL OERIZ, 74— VT4 2 JICEELRWMOEKT %
BITHD, ADAM EOHFHEEZRTSEEHDIIMA T, HFHIZ LGI1 MO # A% (K
FTER2HDRHDHIEEZRLEZ. HEWT., LGI1 BRFERELZEMOIT ZIZBWN
T. LGI1 MO#EEMET L AL EGAZBERTFREASETH L AFa -kl L zH#
BL., ZOBEAKOBENEEERZHASMNILE, /7. YUAWMOY N 7BEZR W
HELNBERS LD LGI1: ADAM22: ADAM23 @ 2:1:1 ® 3 HEHBAKDOERZRL.
COBEERNH S F T AL EB Y F T AR A RET AR ERELTVWSIE, 20
BHEBEROBRENTANAVOREEBERDZEEZHONILEZ, BHEKIE. LGIOT7 73 Y
—AZN—T, BEbh, 1 X%ET, HRFIEEZSIESE T I ENMS5NTWS LGI2,3,4
KOWTHMENZIT, LGI4 28 LGI1 SR EICHKEMEMERITL D ADAM 1258 < &
BETBHIEERLEZ. LGI3 DOWTIE, MWL ARNNOETEEENRESINTVDER
FTERNDPWBREZSZER T IEEZHSNIT L. LGI3 1Z ADAM22 & O MRS
REBMO T2 ENE, MOBEEN—NF—F ONTEPFELET 2 REENRB I NE.

PL b ARBFE T, %@iﬁ&%?&iﬁffhﬁvu%%l%%ﬂ:?:&ﬁi‘%ﬂémfmé LGI1
L ADAM22 OEGEHEOME BB EMRIT EBEBTMICEDVWLEEREKZ A WZRIERN R 4EL
ZRMATSEICRD, 222 OBGKREZERL TWEZEEZOHEORKXEHS NI L.
X512, ADAM22 & 297 ® LGI1 BL N ADAM23 OE KN F T AE2BETH &
Z;x L7, LGI-ADAM #8580 HMEEH LWBAHFPNERZEZASNILEZDHD T, £
OR%IMEEEIHED CTHESFMTE2, ULOHEANS, BEZAERITILEE T, XH
SIS ENLE S E LTS L SR L 72,



