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Towards the structural basis and mechanisms
of calcium signalling in living systems

ROV MR ESEEIERER 7425 U A BREr maEsmERess (FE L2

Spatiotemporal cytoplasmic Ca** oscillations
differentially regulate myriad processes including
apoptosis, contraction, exocytosis, fertilization,
immunity, proliferation and transcription. The
link between inositol 1,4,5-triphosphate-mediated
depletion of endoplasmic reticulum (ER) luminal
Ca’* and activation of Ca**-permeable, store oper-
ated Ca®" (SOC) channels on the plasma mem-
brane (PM) is termed store operated Ca** entry
(SOCE) and is a major Ca”* entry pathway in elec-
trochemically nonexcitable cells, providing a sus-
tained cytoplasmic Ca®* influx from the extracel-
lular space. SOCE is evolutionarily conserved
from Caenorhabditis elegans to humans implying a
fundamental disposition of this process to eukary-
otes. In T cells and other lymphocytes SOCE
through Ca”* release activated Ca®* (CRAC) chan-
nels provides the principal source of cytoplasmic
Ca”* that signals cytokine secretion and prolifera-
tion crucial to the immune response. Genetically
impaired CRAC channels in severe combined
immunodeficiency disease (SCID) patients lead to
dysfunctional T and B cell activation and prolifera-
tion. “Target proteins” involved in the CRAC
function could offer opportunities for developing
therapeutic regents to treat autoimmune diseases,
such as psoriasis or ulcerative colitis, and to pre-
vent allograft rejection in transplantation (Feske
S., Nat. Rev. Immunol. 2007).

In order to decipher the molecular mechanism
underlying the SOCE/CRAC function, we have

Ontario Cancer Institute, Faculty of Medicine, University of Toronto Mitsuhiko lkura

undertaken structural biology investigation on
several proteins crucial in this signalling process.
We recently determined crystal structures of the
IP; binding core and ligand binding suppressor
domains of the mouse type I IP; receptor
(Bosanac et al., Nature 420, 696, 2002; ibid, Mol.
Cell 17,193-203, 2005). These structures helped
us to understand how the Ca®* channel activity of
the IPsR is regulated by IPs; and Ca®*, two agonists
of the receptor. More recently we have been
closely looking at the recently discovered ER
Ca®" sensor STIM1 (stromal interaction molecule-
1) which plays a critical role in the CRAC activity
in T-cells. In particular I will discuss the Ca®*-
sensing region of STIM1 consisting of the EF-
hand and sterile a -motif (SAM) domains (EF-
SAM) (Stathopulos et al. J. Biol. Chem. 2005).
Our biophysical studies demonstrated clearly that
the luminal region of STIM1 indeed can function
as an ER Ca”" sensor and that Ca** binding to this
region induces a structural alternation within the
EF and SAM domains. From these studies we
began to understand how key components of the
Ca®* signaling machinery communicate each other
and cooperate together to exert the highly regu-
lated Ca’" intake function. The Ca®* depletion
upon IP;R-mediated Ca®' release from the ER
leads to a conformational change in ER mem-
brane-associated STIM1. As a result, STIM1 mol-
ecules assemble on the EM membrane and inter-
act with PM membrane-associated Orail chan-

nels. This functional protein-protein interaction

leads to SOCE activation, thereby introducing a
constant amount of Ca”* into the cytoplasm in a
prolonged period of time. This sustained Ca®*
level is important for NFAT-dependent transcrip-
tional activation of target genes including various

cytokines.

FBE K2 L<5 #o00)

In this talk I will overview the field of calcium
signalling, in particular the SOCE mechanism in
T-cells. T will discuss how the structural biology
studies from our and other laboratories have
advanced the understanding of this cellular mech-
anism vital to the immune system which deter-

mines life or death under certain conditions.
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Ty ZOM B AN = AL L TEAHEREDSE bhilko7z (B2),
Vo BB X B HRGIERIE O X B = X 2 % fFB M %™ 1 )V ZADDNA IZIE, IfFLIEH O DNA &
T5HILIE BBERAVANREERLEOMRE X2 E82085138% I X F 1L CpG EHI
WCBHTH B2 TR, TLVF—RHCRER  (CpGEF—7LDFV, ZOEF—T72RFLRE
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BICEDPFLEENDLZENMONTWSE> Y, DNA  {HMAL A E B D Y. 58777 Thl B % #5098 K
AR H HARMIEZAR L L CTLRY EBIER 6 (IgG2a @i, Th1MNEIZ X % IFN y A,
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v AW EIC X o TR ShT &Y,
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RNA 4 DNA L[Akk, ERNOH LWL LI AHIC
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HCOMN FEo—28#% 2 5 Twh, dsRNA
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X Y H7ETIE TLR3”., RIGI¥., MDA5Y &
Vo 72 BAR S RERRICE D B 2 E Do T,
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HORBTOMENIIRKEIHFEELTNL I EH
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B, A V7NV 4 VAT EDssRNA 77 4 VA
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TLR8 22k S N EH IR RIZIL B 258 S DIt
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ISR ERT B DS ORI 2 REFD
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TLR7/Myd88 & RIG-I/IPS-1 O 2 D D#%H As[F Ak
TAE Ly A ¥ 7 VT G213 2 0 S AR
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TLR7/Myd88 & RIG-I/IPS-1 D 2 D D%k D9 %

LTHREAEMTHL -5, mEMoEC - FEH
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12) Alexopoulou, L. et al. (2001) . Nature 413, 732-738.

R - N . - 1) Akira, S. etal. (2006). Cell 124, 783-801. 13) Yoneyama, M. et al. (2004) . Nat. Immunol. 5, 730-737.
TLR TRV ERETHL L F ViR s kA T LVEF— . yama, '
7/Myd88 = A j—éﬁ:%? BETHS a c u&?]f—) Bk s AUEh A 27 FoRHCR 2) Medzhitov, R. (2007) . Nature 449, 819-826. 14) Yoneyama, M. et al. (2005) . J. Immunol. 175, 2851-
HTBE LB, BRTAELT 7 F V2R A ERBOFERICD b, 2F WVERRICL 5 HKG 3) Nagata, S. (2005) . Annu. Rev. Immunol. 23, 853-875. 2858.
G5 OEABHHF LI BT TLR7/Myds8 &4 BEISE % ERICHIE T 2 2 LA TEUL, TR 4) Ishii, K. J. and Akira, S. (2006). Trends Immunol. 27, 15) Diebold, S. S. etal. (2004). Science 303, 1529-1531.
. — ; < s 525-532. 16) Ishii, K. J. and Akira,S. (2005) . Immunity 23, 111-113.
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*5*) U I- {y TUVEF—RHORIEREOEFIZODRND 6) Hemmi, H. et al. (2003). T J. Immunol. 170, 3059- 18) Pichlmair, A. et al. (2006) . Science 314, 997-1001.
- B 2 Jm > - S 3064. 19) Kato, H., Takeuchi, O. et al. (2006). Nature 441, 101-
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o o L TH"SZJ b . B %&%%L%F@Fc 20 7) Klinman, D. M. (2004) . Nat. Rev. Immunol. 4, 249- 105.
I8 AL RIZY = v F =Rk EHFE L, €0 %A% 75 candidate £\ 2. %o 258. 20) Kawai, T., Takahashi,K. et al. (2005). Nat Immunol. 6,
B AR5 2 LS RESENI LT o7 KA 8) Krieg, A. M. (2002) . Annu. Rev. Immunol. 20, 709- 981-8.
. " A e 8 - 760. 21) Diebold, S. S. et al. (2004). Science 303, 1529-1531.
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ICHRIEFETIIHEIT - AR E L, IR omER  # W 9) Ishii, K.J. etal. (2006).Nat. Immunol. 7, 40-48. 22) Koyama, S., Ishii, K. J. et al. (2007). J. Immunol. 179,
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Type of immunostimulatory DNA

Primary target cell

AWFZEIE. KRR FIEE 70 > 74 7%t
¥ & — D5k LY % B O° Dr.Cevayir Coban, /)
IWIESFSEAE, DHEE oBEL [FBFSERT 75 o
507 OYE I BB OB TE E O kR, KIRK%:
A O AR R LG, BTV RFEOR T
ERESOHINCE Y HENI2b DT, #ifEds
WZZOWEBRT) LTHR#HHL I,

Primary activation
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K/B-type CpG DNA

GGnnnatcgatnnngggGG
D/A-type CpG DNA

/A\V/A\V/A\V/A\E
ds B-form DNA

X3

W /7|

Polyclonal activation
IgM, IL-6, chemokines

IL-12, IFNc, IFNy

APC function
NK like killing

g0

IFNo, CD40L

IL-12, IL-15
APC function
IFNa, p chemokines

APC function

IFNB, IL-6, NO
Chemokines

—— _¢~;>_ IFNa, chemokines

Non Immune cells
(e.g. fibroblast)

ik 4) KV

10) Ishii, K. J., Kawagoe,T. et al. (2008) . Nature in press
11) Williams, B. R. (1999) . Oncogene 18, 6112-6120.

a8 # uvun A

4711-4720.

RERAR PRI S P S RN RIS 22 5 — D FIRBZ IR B AR

1993 AERE LT VLR F R FHAE . 93 ~ 96 ML V. K F LR FEAAT B be . 7T B be 12 TRRIREE. 96 FA T
T RFRFBEE A FEAHE LR A (20004 H5R, 03 45181 (EB5) HUR) . 96 ~ 03 4K [EH S EUfF R
A fimEin s GRFRFDA) WA 7 7 Y HM% B R, BRREBEREE 24T, 064F & b Bilk, 03
4 L) BN IR ERATO R EBAGRE 70 Y = 7 b7V — 7 - U — & — 074 & ) KIRKFRIESE 7
0274 THRgE v 7 — BRI UERER & ST,

BPISET, FRICIAER O B RS RRRRARE, BT = I L72RI3E, 7 7 7 VRIS ZRICBIL 2 R0,
2312 [Nucleic acids in innate immunity] (CRC 7L A, 2008 4E5 HHRTFE) % EDH 5,
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EREL. FRAEN—T7 7077V —LEHHREE3, 2O Fp2H
ZHEREL 7 D18

& hUmpl ORBED%. 20S 7OT7 7V — LWEKRT %, PACI/PAC2 35K L 72208 (& V) BECHMERICHBB I D,
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&7 R S & SIS AT O EE, BE
MOUPSEEM L DENTE LY, ZEFF Vs
T & ORI M 2R & UCHr#l UPS Bl (=
T%220%IN L., Dmpl. 2 (degradation of mis-
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Products
Yield Specifictiy Amount

Ethyl (R)-3-hydroxybutanoate
>99%, >99% ee 500 g/l

Ethyl (R)-4-trifluoro-
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>99%  >99% ee 100 g/

D-Pantolactone
90 % >99% ee 100 g/l
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d-Pseudoephedrine
90 % >99% ee 70 g/
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