d :> Calcium: A Matter of Life or Death

ERRHXHBETF

Joachim Krebs, Marek Michalak

4435&:/{&&1:

www.sciencep.com

ELSEVIER




New Comprehensive Biochemistry, Volume 41

(BBt RS 41 %

Calcium: A Matter of Life or Death
HEIKRFEEF

Edited by

Joachim Krebs
NMR Based Structural Biology,
Max Planck Institute for Biophysical Chemistry,

Germany and Institute of Biochemistry, HPMI1,
Schafmattstrasse 18, CH-809

Edmonton, Alberta, Canada T6G 2H7



&= :01-2007-5086 S

This is an annotated version of
Calcium: A Matter of Life or Death (New Comprehensive Biochemistry,
Volume 41). Edited by Joachim Krebs and Marek Michalak.

Copyright © 2007, Elsevier B. V.
ISBN: 978-0-444-52805-6

All rights reserved.
No part of this publication may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopy, recording, or any information

storage and retrieval system, without permission in writing from the publisher.

AUTHORIZED EDITION FOR SALE IN P. R. CHINA ONLY
A A HRTFAE A N R E T A B

BB AR 4% B (CIP) $i1E

He BB B 45 38 F = Calcium: A Matter of Life or Death: %3¢/ (B +) 78
FEAifF (Krebs,J. ), (D 36 5647 58 (Michalak, M. ) 4 3. — 2 ENAR. dbat . #

2R, 2008
ISBN 978-7-03-021031-9

1.4 [0.QF--@iFf- . HEF-AEYhs-53 V. Q582
[ R AS B e CIP 342 52 (2008) 46 015717 5
FAEG B T BT/ FrAR P ) R BN/ H m ket AR DR

W ¢ & B oa# R
IR 16 &
B 4HS : 100717
http://www.sciencep.com

B AE XL ARPAHR 8% 8 E
Blp AL RAT AT RS 28

20084E2 A% — M FFA: 7871092 1/16

2008 4F 2 5 — UK EN R Efgk.34  4fpT.28

Ef%:1—1 500 FH:818 000
EM:128.00 7T

Chn B2 o i ) B, FeAt 12 53 0



NERE

L EE TR ZIIRERE S B B R0 AN B 00 A A A i A e R A
SORE AR P PRI MBE T, BRSO T T B T L R AS B 1 B S
T ENTHARI ] — R B A5 5 T RO AR . i TS5 [ 2 ThREtE S5 (s B4t
BRFAE LA HUG TR B#EL . A BERYE TIRTIRA L L R (525 S0 5%
BIUEEAT 14718 o IXJRAEA S TR0 R 8 U 0 fo 42 THT M55 B 59 76 UL b b 30 47
TGS U Oy T RS R, A B T AR A R IR R R

ABHTHTIE 19 5, FTHESEHNERE.,

E—HS FBETFEVLE: AREESHLITE

F1E SSESHETHEMBEER

BT RCH DL A A5 S 3R B VAT 2 DB TS ) 40 M T A 4 A A
R ARG TRE R RER BRI W IOR . BARTE 19 KM &R 3N,
EJLH4EEJLFIEA R, H3) 20 #4260 SRR BB RN 45155 (65 B
IR VAR ROE K . BEEBFFITRA A& BUS B T 1915 B4 SO 1R £ 0
R, Horh 2 — A B T RERE T M5 — (S L RE T 5 S . 45 T AT LAZE 4T
MO MBI SR -5 Y TS SR B 52 0 I B 14 1555 0086, A6 F L 8 40 4 L P A £ B A
BT 155 — DRRHIPE U B S 50T L% A 70 KSR S5 AOF , B b 5 7
ABHS GV 2585518 SRS A BA X0 E A R IAAIE R A, REENE, S
o ORI - 40 22 S B D R 14 IE 6 AT 75 3245 85 T, it oAk i T — 2R3
A0 14 T 2 B 505 B e B R Bh S 5 (EL 45 R B 1) 4 MO 405 L T & A OB T, 4
Jes LA A RO 81 55 A 5

$28 BEMLFENEHL

AT AT RIS AN R KA 268 (BB R i TR, ),
JERZ AR AR R R SRS TR TR . TR SHEMR T hAE s,
AR RTEANMIS , AR B BE AU AN AL S . XK B A BB — HESE E S, 5
TRERENEUATRLRG ZREW AN, %0 EIEEE, f %N
JLF A S K, 40 1 A A RO AR X O S0 5 T . 40 P 7 S 1 45 6 B A
P BAGEARE T — D BUARY 7 5 5 — L0 4 B0 1 B T A7 B T A iS5, &R
PR B TORTIREE AN TR . B 2000 % B AL W08 4 A 2 40 O A HL A
JI A Y 85155 A Je th— 2R 9 5 3T 0 LA (IR A DT R , 45 88 Tt Pl I B R A L
AR S NI SR S RIS SERE . B IHE545 & B A S RMERE X KB HA



WIRPE . WS, DUTERIE B T B IS A B R T B 2k, TE2E WL 2 b S R R Y
B REREATRIR 2 X5 0 A 5140k 8 2 6

RS BHEEEAMERTIIEE

FI3IE FHEAFEBMEF FEE

X TARZ ALY B B, B RE T R HEMIX RS | S5 RE 2 e A, AT A
AU (G S 55T ERE NS TN RE . XS Th B BT 45 5 T () — s
) A S5 OB A v 144 2 7K Ak R, 5 T A8 R % A 3 LA R 8 o 9 £ L £ S 9000
PE) o ARSI A YR T B S — A IO R 9 S5 R R B B AL R
AR R — A A T SR R R A5 4 A T8 NS B R G B A
RO AU A AR . AR B T 458 T7E A o BRI E R O E R, A B 2 5 3 Mo 3ot
PRI

F4E FSHEERANSHMRRESBRNEEER

PR U — U AT E T AN S5 S . SRR AR A R A4
WRBEARAL Y 2 S T RS B T A5 A B B I R ARSI . SR A5 T
FEE R H AR AR e . RSS2 3 (A5 45 2 B (EF ) 4 51 [R5
P ENEENLIHI R A Y2 Ui LA BARIE . AR BELAR T 452 18 1 M S H P I AT
FEFPELL B R 0 8 LA . X465 0 2B 1 L b 42 T 45 B2 7K 1L S100 B [, penta-EF-
hand FIH At — L5587 2 1 B9 5H 40T 3878 T FCHEARIR SIS T oh ) — e e v F
RIS BRI SRR U O 2 R T UM BN AR ] A AL Sk % 1

SE=ESr MAEFIAAmEEIEIES

FSE HBENERGEE SESESNEER

HL PRI A A T A A WA » Yo R R UL o LR UL PR3 43008 A LA e i 7
PATAMA A B RE S OC B o R 1 0 R 2 AR £ B T e o D SR G
O A BE 0 KT fih 2 D44 M WSO XE R I DR e S S S B A o T, AR
A 5K 30 T VR VARG YT 250 SR A DR 1A 03 T LA 5 5 R T
REPEIT , -5 45180 T8 AN (] () D RE 4 T SE 2 DA K SRR S R 3 62 Bl 4 o A 15 52, 4
A Y S FEPEREATIRI o AR T 230 433 ot 78 24 1) 0F 4538 108 1) B o oA O ) S 2 B0 5t
REVEAT T 2538, HA KA ALY 38 A MRS VA58 30 T B 53 o B O R 9T 45 SRk T
Titig.

F6E IHMEKSHEESES
/A (NCXO UK E 2 SRS SRS B EEN ., XE—MEEM .5



Beiz BB 7 00 AR v 1 S5 1) A R G A T RE N T R R S T T 36 A R AR R HE 4 i
NCX A ARG B9 G , — DA T80 B F 5 23— AN FRE /45 (B 224K (NCKX)
BB TS5 E T —RBEEH SR o, BRS04 A5 40 M4 B 2, R e
MIHEL W L KBRS E 7. WAL E LB =5 NCX 3£ FISff NCKX 4
B, A 4% JLRR AT A8 BT 4 M iR . NCX Fl NCKX 1 77 76 T Hofh 5 #E 3h 4 fn B HESh 4
AFHE T NCX B H RIS REPER 2 1 TR V815 LA SR TR A TR Y 41 S U bk ik

FTE REHSR

S ATP i (PMCA) J& — i =5 35 AL A5 38 2R 45 , 7045 Fh B 40 i ok i Py
PG B TR S M K. BJRT P& ATP BESEI%R , $#:52 R0 Bl T Fd A i 47,
R RS EEE A A 7EMZLEh Y e 2 IO gk 7 3 R P - R
HAFE(PMCAL Al PMCAYD) , S4B RTER e E 8N (FERMAT0) . KR A28 5 4
ARG T AR SR . AR NAEAE 2R PMCA F2 4 J5 R A5 48 L AT AE Fz gk
T SRR R Z A EAE . BRTE %€ T 2R X RER & A1k ek, il
IR s Hh 2 — (A 14. 3. 30 H 5D R WA E R . PMCA #£ i i % &
WEIFA, Hrh A S G 2520 T PMCA2, 5 ZEN BN BT A EEHE
ik, RZ PMCA2 B RAFE/NRMARH RBGRIGEE .

F8E MRMHEMBESHS

R T RN PR ERE ST BORERZ B IEYE $ R 55 B AT Bt 7E 40 H A X
SRS ¥ AR . B0, SEhFRE S 0 A I 1 A S vk R s B A 5 e 2 R P 5 )
i, L35 3 TR B 0 T AR AR LA P 5 oA J5 I S SR AR M R T g Jo Y
AR BE AR AL R A B 5 L S R S ORI s IR . PRI 45 B AR TE Y TR
W B B RS S e R

EI9E ARMES ATP B FREA MM

HLA LR RS ATP B2 L ATP S BEUR 8552 , @37 1 5 i 1 6 RS e 3 66
AR SRAEESIR . BN ARRRSH SRS E g e, X E M REFEANRE T #
OSSR . AR NG H 7 T (8 A G T IR S e AR A — R B KR
LM HER R

F10E BREMKNS/4EEF RN Hailey-Hailey [Kf%

o3 WA TP B A D PN I A A R P A e S RV R B e e 4% SR, R
PR ) 58 BT A1) UL/ P JB I A5 32 ATP il (SERCAD #4101 R 56 424 A ) B A i
LA SERCA, K 2Z 1 20 1 70 Wi A2 45 5% 32 ATP filf (SPCA) . SPCA (fF A2
it ATP2C1 M1ATP2C2 4ihi%) 28 AL TR /R ARG A e M Hia . ARFETS
TR R AR N SR AR AR TE AN ML D BB AR B T SPCA Bkt , I E T T A K
BRI M, L ATP2C1 BF A5 Hailey-Hailey Ji5 (—Fh# 4 604 5 1 f2
) 2 Bl B R



F11E IP,ZEKEAEHMIIEEFHER

Lo 4, 5- =R LA 32 A4 (1P, R) 2 58 Ao 7 P J5 I 1) 455 R Jal 1 » 7R AR 2 4 Mg Dl g b &
HEEMEM. PR BN —FEER & 981 6 H B E B SO B EFE— PR/ MK R AL 1)
AN . BOEEATII N RERE R TR IP R 255200 WA T A nT B PR A
TR, 1PsR R —MTLEE A, 5 HINRER & TAIBR AR . TP ALk
Kzeih 1P R fLIE SRR, W RE A IP; &5& R 1P, Btk PR 4558 1 (IR-
BIT), IRBIT W] %55 IS0 B AR AL 4N/ IR S AR P ) e Ak 1, 300 X 80 49 T ol ~F- 4 R B
T, ARSEA GRS, TP R (AR R R TERS B T A 2R 46 1F T AT ph A IE 7 TR 28 o KU
. BURBESHT R, PR 2REA FL WA 25 17 B EREEGH , XA S5 8 T TP R
HHAEMAR S FEEE . BT PURN BTSN, tok S5 TP R B A B G e s 50
BXEEFORHEIR , TP R 45l BRI T8 H — R SR E 0 AR AT 4 AN 55
ol B RUTESE S E a1,

% 12F Ryanodine 3k (RyR) B4 43 . ThBEFNFR IR A T8 2

ryanodine ZZ A& (RyR) J& 477 T LA A1 AR L PR 48 i AL CP90) S50 I 14D L R 465 R T30 1
ThEe P 38 8 42 5 PN AR 9 24 560 kD BYESE , A T — B E B s R S El
fLiE . "ELEhH RyR 348 =2 0 ) SRR . RyR FERESULER K KV B, i
A SRR, 5] & 40 P S e BE T R, R BOVL AR . RyR B BT 3032 285 B
ATP DU R AL /R R B R AL S B PR R B i IR 4% . Ah, RyR IR R R B 4553 F W
H - A EAEA , LA R0 B8 A A AR A DU E 32 14 . FK506 455 8
1 VE5JE ZE L sorcin FIAEESER . Ho KMl R 38 1 R 4 R B 35 T 5 | A 4 A 5 ) 42 S
B TR 28 FIL R 98 U 3R O R

EMERST 5B TFIIRERAT

F1BE F-FAEAKRRMEEQMER(CaMK) REGTTE

I ATEH 75 AR M S S ( CaMIKK) . CaMIKT 1 CaMIKIV £ i, T CaMK 235, 1
FE2A ) FNCAZ VT 40T BEFN 40 M A A7 S5 4 Fh A= 2 D e vh VR T, FE i H4RA5 LA 2D
N, ARTER T+ 4E 28 47 6 T I SR 2 K 1 R B TAEZEAT T 348, B 45 % CaMKK,
CaMKI Fl CaMKIV VAL 5 A , B A A28 T 5Tk LR A9 &5 A O 12, THE T XX
L g il A T FE AR TA R, R R T ASRIZ U = X )

% 14 E Ca*"-calcineurin-NFAT {5 5i& &

SR 4 T A A0 PR e RS B 1 R 58 A o (LR 5 5 /K OSF-  BL R LA K%
A S T W 7 U R AR B R A S AN R TS [R] o 45 88 - E AR AT %Ay Al LAY —
A SRR A BOIE 0985 (CRAC) P2 A i PEFE 85 E A (SOCE) . H L= A1)
JIE PR 465 T T T 22 A5 R A A T L f 4 228 R BEFR S calcineurin, B SR T



NFAT 7£ calcineurin ##4b T &A= LB RRALH- B30 , Sk AR 2 W KA. BHen
FHIAF NFAT B0 XTI 40 A 8075 DA S HAth AR 22 40 o i 72 3 o 564, 4 n 25 19 4%
e AR AL A, SR — S S A AR ) AN T S B AR BT T R T 4
FETCRE . KT Ca* -calcineurin- NFAT B R ERIE R G BB AT A REREA, A&
UG RFAERNA T X—F 587,

FISE HEREBMEEROESET

A PR 55 X 40 8 5 PR e ik A TR A . 4 RS AR B T 3 P B T LA
HEFE A0 S (85 155 DA TEE S A 30 14 o DX S5 484 o 380 60 0 95 45 0 Eﬁ%i‘%ﬁi*aﬁ
AT 7 8142 2 53 0 A A R 28 A e 2 40 P B 2 P R4S SR A (55 . TSNV TR
R 5 30 1B AN R S b VR e SR CREB (3805 u&%%ﬁ%ﬁﬂﬁﬂ* RE SIS
NFAT F1 NFxB B3I . 5B iie 1 L 408 80 Sh A 5555 ande] 915 5% s (Rl F MEF2
B HAHZER) HDACA, X S645) R 3L T 40 M0 e 38 33 B 25 R AE AR ] A9 45545 5, e b
VG AN TR LR PR R DR DTSRG 2 155 8 1 38 AR A ZhRE S Rk

F16E FHEFE5ZH

B A BT AR HOB TR TR0 T N5 S5 3 0E . RS IRAS 1 98 T liRvk A E 7
TR B AR E] 50 7 B 85 8 TR A SRS R X IS IR (5 RS M E X R E ., K&
UESEE W , 7RSS0 10 85 8 7 XORE T I0E B T . FEIR T T, Xt 32 RG A A
KRGS @A, O 2 = HERZ05E . USSR, 2L 3h P52k 98 i
BT R 2 1Py SARH O s (H AL SRS 2R B v, S BUS T (9 23 L o R
REAFEY .

F1TE MERBRSREEHNEESES

AT SR ML o3 U0 8] A S A5 SV I SCoR A T 255 . AT - Jutit4g
AR IR T IR XA 855 MR A 43 256 2 i PR SRE T D st BB, X B35
PEESS AR T 18 L HIIF AT A R B A R SR s S B th B2 T, BB A RAE T
AN EBARR SRS BRI . AT TR WA 20 42 80 4EAR LI, SCF LR
PG RR AR S ST ST R BT BRI L A 48 T TR A2 AT | B 2R L s K R M
[ 5> 2] 32 FZEEAN B AL RUES BRETFA R B A R ES 55, LB 06 T OB 4324 491 1) 45
THE L ENE S SR IRAA BT RRIE . YHTC TR 2 b, AR5 (55 T ik
FAE FH AN S A AR T E B S5 AT T R Z e

F18F KAESEFMARET
AT BURE , PEBES A B A IR PR UG KSR Hh B A I 455 3, &5 1k
RER AR LAIRSE ) EROANHESE T, 38 3 X ik PR Bel-2 5 0 240 B 455 ) 422 1) 43T » 7= A2
— BRIV A, S T ESE TR AL T rh i 75— RS ARR S (K VE T BRIV 2 A X 0 T2 614
e, SHAYIG, SRR R T b R — e dp a5 S S R et K LR A
i IE PTP BFF TSR LR AR S A LG ¢ % caspase Hi B R T REACE] 40D



Bi. YL E Bel-2 B T3P OB DAY R O 45 P LA 2 5 ) 1A I R ot R
TRIR TR 7=4) Bax 1 Bak W % 9 4 % 6946 Fi . AIO6 LA 5 AT T 4538 : (1) Bel-2
%ﬁ%ﬁ@ﬁ?)ﬁt%ﬂﬁ?)ﬁtglﬁ?‘%ﬁéﬂlﬁﬂ%ﬁ?&%f’ﬁﬁﬁ;(2)%1“?7%’4?‘??11&%%%3&%3(;
O RTZAEFIHUI A RT3 B AR AT AR [R5 o B (B A B 2 5

ERMS FEFESHHEER

FE HESES: — ISR

WS BREZ BV B 240 . XAME S RAN S DML T — a5
%E@‘%%%EEIE%E‘JT&Z%E,%Hﬂﬁlui)\ﬁ/ﬁlﬂ?ﬁqﬂéﬂ%éﬁmﬂﬁﬁ'ﬁ%\iﬁiﬁ]}’l“ﬁ‘%
ETREARVERCAOBG IR SIR R . SSCRPAIMOAE S e 45 15 5 O 25 M R, 2 LT R S M i
B o B 5 5 3 R YEE DL TAE— MR FEZ (0 0 60 960 P V0 o 9 e (2
B2 LA CRERD) AR RIS R 5 3% (RS0 534 ) A S 52K RV AE IR 5 N

(B k. EH#3RFR)



Fr

Tl

B TR — AN Z IR S B, T SRS B, 07 A AR A K S i R A
GEUE AR F TR A IAE T . AR A A T s A T B Tl R RS, BT
W ] — R B A5 B T RO AR, PR, 545 6 T DABE LR T, 2556 A SR IR
ML TP AEH SRR IEINRE L2 B ER—, SRS KHS BN E

BTS2 bR AR T A A Th A8 , LS AE B AR L B L B ER AL RN K wERR 1L LA Wi e
FEF5K JWEAGTE AN & B AR AL A 7 | JE DR 385K L 43 W L 2% S MNC AL R4 A 1 L 4a g
FEA R MM S5 T2 AT AT A e T BB R B T (1D AR E — A
R LT s ) (00655 1 Tk R R, HL vt 5 4 L TR P T VA B 100~200 nML g4t
FIZH D% P B0 45 T B 70 2 S R B s () 5 B T 545 45 A 31 1 1 e BE AR S MEAR B AR T AT LA
PR ZAMMETEE. B TEE T RIERERNE, 5555 5% A58 SURAT U2 R
WK, ABEIFRIEAN L L F (555 S B i BT T 2558, XXX R
R BESURIA AR R 2T AL . ABAUER W R T E SR STELZ )T
KRS, B8 T MAFRRNIE L .

FoA VRS BT A BN A NS 2 VB T 1) 80 AR SR, SRt 2 S M ZR B 2 HH AR
AT AT A AE T4 Giorgio Bernardi XA 334 FrfE A BTMk . FATTA A 43 A4
R AG, LA RS (S S8 X — A FEA T2 26 KR TR it —20)s
RS EEE, RAT W2 B ME /R ) Adriaan Klinkenberg, Tari Broderick #f1
Anne Russum 7EA 8 A i B P RO R B . B RANTEZRIFLANZET Eva
Krebs-Roubicek 1 Hanna Michalak 7E7s~ & 48 i 2 o TR O SCRFRTER A

Joachim Krebs (3%+)
Marek Michalak (0% K)

(A kiF, ZHRAR)



Preface

Calcium is a versatile carrier of signals regulating many aspects of cellular activity
such as fertilization to create a new life and programmed cell death to end it. Calcium
homeostasis is strictly controlled by channels, pumps and exchangers functioning as
gates for calcium entry and release. Therefore, calcium message might be alike the
two faces of Janus, the God of beginnings and endings, gates and doors. Just as the
safety of a home may be breached, the dysregulation of calcium homeostasis may
lead to many severe diseases.

Calcium controls virtually all cellular functions including energy metabolism,
protein phosphorylation and de-phosphorylation, muscle contraction and relaxation,
embryogenesis and subsequent development, cell differentiation and proliferation,
gene expression, secretion, learning and memory, membrane excitability, cell-cycle
progression and apoptosis. Calcium fulfills these functions because there is (i) a steep
and tightly controlled concentration gradient of ionized Ca’" across cellular mem-
branes with typically 100-200nM intracellular calcium concentration in resting cells
and millimolar concentrations of calcium in the extracellular space and within intra-
cellular organelles and (ii) a highly specific interaction of calcium with calcium-binding
proteins resulting in modulations of many cellular functions. Given that calcium is
such a versatile messenger, the field of calcium signaling is continuously and rapidly
expanding. In this book, we review the most recent developments in calcium signaling
by leading experts in the field. This volume is a state-of-the-art summary of our present
knowledge in the quickly growing field of calcium signaling. It provides insight into the
impressive progress made in many areas of calcium signaling and reminds us of how
much remains to be learned.

We are grateful to all contributors for their enthusiasm and support of this
exciting project. We are indebted to Elsevier Science and to Giorgio Bernardi, the
general editor of this series, for the opportunity to create this book. We hope it
provides a stimulating guide to workers in this research area and to a broader
scientific community with a general interest in the fascinating field of calcium
signaling. Our sincere thanks also go to Adriaan Klinkenberg, Tari Broderick and
Anne Russum from Elsevier who kindly helped in all aspects of editing this volume.
Last but not least, we are very thankful to our wives, Eva Krebs-Roubicek and

Hanna Michalak, for their patience and understanding during the process of editing
this book.

Joachim Krebs
Switzerland

Marek Michalak
Canada
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