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Computational Simulation of Signaling
Pathways for

Cerebellar Long-term Depression®

Tomokazu Doi

Abstract

I have revealed roles of synaptic plasticity for learning and memory in the
cerebellum by computational simulation.

A Purkinje cell in the cerebellum receives inputs from parallel and climbing
fibers. A Ca’?" imaging studies have shown that Ca®" concentration and subse-
quent long-term depression (LTD) are induced when parallel fiber input precedes
climbing fiber input. Although the Ca*" signaling pathway in cerebellar LTD
has extensively studied, the timing-detection mechanisms for parallel and climb-
ing fiber inputs are unknown. I developed a mathematical model for Ca®" sigaling
pathways for cerebellar LTD, and analyzed the Ca®" dynamics. The Ca’" dy-
namics model predicted a delay in the metabotropic pathway activated by the
parallel fiber input. The simulation demonstrated IP3 receptors is a coincidence
detector for IP; production by parallel fiber input and Ca?* influx via climbing
fiber input. Furthermore, I confirmed a threshold phenomenon emerged by a
positive feedback loop of regenerative Ca*" release from IP; receptors.

Additionally, I simulated quantitative relationship between Ca®" stimulation
and LTD by the Ca?" downstream in LTD model developed by Kuroda and

colleagues.

*Doctoral Dissertation, Department of Bioinformatics and Genomics, Graduate School of
Information Science, Nara Institute of Science and Technology, NAIST-IS-DD0361024, March
15, 2006.
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The Ca?" dynamics model requires a rigorous tuning of the amount of Ca®"
for timing detection of parallel and climbing fiber inputs. To explore biological
mechanisms of such tuning in the cerebellum, I combined my Ca*" dynamics
model and the Kuroda LTD model created with further improvement to develop
a novel model for cerebellar LTD whose inputs are from fibers and output is the
endocytosis of AMPA receptors. As a result in the novel LTD model exposed to
spontaneous firing activity, the number of AMPA receptors converged in a range
of amount, dependent on the frequency of spontaneous firing activity but inde-
pendent of the initial numbers of the AMPA receptors. If the number of AMPA
receptors is large, spontaneous firing activity often evokes large Ca*" increase
and activated Ca*"-dependent kinases, resulting in a decrease of Ca®" influx be-
cause of a reduction of AMPA receptors. This negative feedback loop regulates
the number of AMPA receptors. Spontaneous firing activity at a higher rate sup-
pressed the number of AMPA receptors, which required stronger bursts of parallel
fibers for LTD induction by conjunctive parallel and climbing fibers activation. If
the frequency of spontaneous firing activity reflects the input intensity evoked by
sensory stimulation, regulation of the amount of AMPA receptors in spontaneous
firing activity can be a form of metaplasticity for a selective induction of LTD by

conjunctive activation of parallel and climbing fibers.

Keywords:

cerebellar long-term depression, systems biology, simulation, signaling pathways,

dynamics

v



0 O

1. 000000000000LTDO 1
1.1 0000000 .. .. e 1
1.2 000000 ... e 1
1.3 00000000000 .. ..o 2
1.4 0000000 .. .. e e 3

2. 00OLTDOOOOOOOOO 4
2.1 Ca? 000000 .. ... 4
22 PKCOMAPODOOODOOOODOOODO ... .......... 5
23 0000000 .. .. e e, 6
2.4 AMPAODOOODO .. .. .. e, 7
25 00000000000000 .. ... ... 7

3. 00000O0000ooon 8
30 00000 ...

311 ODOO0OOO0HND ... ... . 10
312 0000000000000000 & .. ......... 12
3.2 0000 . ..o 13

4. DO0O00OO0O0OO0DOOO0O 16
41 0000000000 .. .. e 16
42 00000 MichaelisDOODOOOO ... .. .. ... ...... 16
43 000000000 ... .. e 17
44 000000000 ... .. e 17

5. Ca** 000000000000 19
51 Ca’t000000000000 .. ... ... 19
52 Ca’T000000000000000 ... ... ... ...... 20
53 Ca’'00000000000DO0O00ODOOOOOO ....... 21



54 TP, 000000 . ..o o
54.1 IPs0D00OD0DODODOO ... oo o
542 Ip;U00O0DOODODOODOOODOO ...

55 Ca**0000000000000OO00OO . ...........

5.6 UDODOOOOODODOO ..o oo oo
5.6.1 UODOOOOOODO ... o oo oo .
5.6.2 UOOOOO ... ..o oo oo
5.6.3 UDOOUOOOODODO ... o oo oo ..
.64 UDOOOOODODO ... o oo oo .
5.6.0 UDOUOOOODDOOOO ...

5.7 UODDOODDOODOODO ..o oo

Ca’* 000000000000 PFOCFOOODOOODOOODO

61 PFOCFOOODOOLTDODO ... ...............
6.2 OODO0 . .. .
63 00000C2T00000 ... ... ..
64 000000000000 .. .. ... ..
6.5 000000 . ... e
66 Ca” 000000 CH 00000 ... ... .. .........
6.7 OODO .. .

Ca’t000000000000

71 1P, 0000000000 ... .. .
72 Ca’TO00000000000 ... .. i
73 000 ... e

Ca’t00000000000

8.1 0000 C*OOOLTDOOOD .. .. .. ... ... ....
82 Ca*00O0DO0DDOODODO .. .. ... ..
83 00DO0O0DO0ODODOO ... ...

vi

28
28
28
29
30
33
36
36

38
38
39
46



9.

Ca’" 000 LTDOOO0DODOO

91 0000 C*OO0O0O0OLTD. ... .. .. ..
9.2 000000 . ... e
9.3 Ca* 000 LTDOOODDOODOO . .. ... ... ... ....

10.000 LTDOO0ODOOO0

11.

12.

101 000 LTDOODOODOOO « ..o
075 I 0 0
103 DOOO0O0O0O0 ..o
10.4 GENESIS/kinetikit 000000 . .. .. .o o oo oot
028 T I I I I I
10,6 DOOOOODODO .00 s

gbobouoogobbooooobbbad

111 ODOO0 « o
112 0000000 AMPAODODOO ... oo oot
113 000000000 AMPAODODOO ... ..o

gbobbuoogoobbodoodan

28 I I 0

122 D000000O00O0O0O0O00O0O00DO0O0O ..o 0000
1221 Ca®*t000000000000 .. ... ... ... ...
1222 TP 00000000 .« . .00 oo
1223 DO0O0O0O0O0O0O0O0O0 ... oo
1224 AMPAOODOOOODODOOOO .« ..o

123 D0000ooooooooooog oo oo
1231 Ca?t0000000000000 .. .. ... ......
1232 DOOO0O0OO0ODOO0O0 ..o oo
1233 DO0O0O0O0booOoooaono ..o o000

Vil

58
o8
o8
61

63
63
63
65
65
66
67

69
69
70
75
75



13.000000 88

131 000000000 ..o o oo 88
132 0000000000 ..o oo 88
S 20 I I 1 90
134 00000 ..o 92
S 38 I I 93
13.6 DOOOO0O0O0 ..o oo o 94
g 95
g 97
gooo 98
g 110
A.00D00D0O0OO0OO0OOOOO 110
B. 00000 122
Bl 00000000 ... e 122
B2 00000000 ... e e 127
B3 OO0O0OOOO .. e 131

viil



O OO

1 000000000000 .. ...
2 OO0LTDOOOOOOOO0 .. ...
3 HIIOODO ... ..
4  C¥'0000000000D000000 ... .. ........
5 IPs000000 . ...
6 CX'00000000000000 ...............
7000000 ... ..
§ 00000000 CXHO000 ... ... ... ...
9 C¥'O0O0000000 .. .. ...
10 000000000000 ...,
11 000000000000 IP,000000 ... ... .....
12 000000000000TIP,0000 ... ... .. .....
13 0000000 MichaelisO0ODODOOODOOOIPs0000 .. ..
14 00000000000001IP;s0000 .. ... .......
15 0000000000000 IPs0000 ... .. .. .....
16 IPs00000000000O0O00O0DOOO0O ..........
17 000000000000 C* oooooog .. .. ... ..
18 Ca’f0000000000000000000 .........
19 000000000000 > oooon0 ... .. ... ..
20 0000000 MichaelisO0ODODOOODOOO Ca** 00000 . .
21 0000000O00O0D0O0O0C200000 ... ... ....
22 0000000000000 CcC200000 &.. ... ....
23 00000000000 ... ...
24 Ca’ 000000000000 .. ... ... ...
25 Ca’ 0000000000 .. ... ...
26 Ca’"0LTDO0O0DDOOO0ODOO0ODOOOOOODOOO0

27 Ca’ 000000000 LTDOODOOO .. .. .......

[\]
co

OOO0LTDODOOO AMPAODOODOO ... o000

X



29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

D00LTDOOO0OO0 C* 00000 ... ..o ... 66

O0OLTDOOOOLTDOO .. ... 67
0000000000001 .. .. vt 72
0000000000002 .. .. . 74
PFO CFOODOOO0DOOO0ODOOC* 00 ... ......... 76
000000000000 .. ... e 77
D0000000LTDOO0 ... ..ot 78
000000000000 LTDOO . ... ... .. .. ..... 79
D0000000000000 .. ... 81
000000000000000000 .+ . .. ..., 81
00000000000 .. ... 87
00000000000000000 . . . ..o oo, 89
000000000000 .. ... e 91
mGIURO OO . . ... 110
PLCB . . . 111
IPs OO0 .o 112
IPsO0O0 . .o 113
Ca2 0000000000 . ... 114
Ca? 00000 ... 115
NO/cGMP/PKG . . . .. . ... .. 116
Ras . . . . . . e 117
MAPKOOODODO ... e oo 118
PLA,OO0O0D0O00O0O0 ...t 119
PKC . . . 120
AMPAODOD ... 121
]

C2’*00000000000000000 ... ......... 25



Ca’ 0000000000000000000

xi



1. JgobogogooougarLrby

1.1 O0ooggog

gbbugobooobboobbuoobobuooobboobooboboob
gbooboggbboogbobobboobobboooboobooobbooon
goboboobbuogggobobouooooboboboboooooboboggs
gbbuogobbuoobooobbobbbooobboobobbobboon
gobbbbbouogoogbbobbbbboboooooobbobbbbooooo
gbboggbouogbbuooguooobobboobobbobbboobboon
gbobogdgbobogdgbbugbboodgbbuogbooobboobooon
0000000000000 0000oooo [4ro

gogbboggbbuogobbboobobbooobobooob oo 200
O00D00OD00Oparallel fibers, PEsOD OO O00OO0OO0O0OO0O0OO0 1000000
O climbing fiber, CFOO O OOOOO0OO0O0OO0OO [UIPFOODOOODODOOODO
OoooooooooooooooooopPFOO0obOOooOoooooooon
ooocCrob0obOobOobOobOobOobooboobobobobooboboboobooo
gobooodd

1.2 O0Ooggg

MarrO AlbusOO000O00O0O0O0O0O0O0OO0O0O0O0O0OO0OCOOCOOO 11000
ocooooooooOoOoOoOOOOOOCOOOOOOOOODOODOODODODOOO
00000000000 00000000000000000 B,70CFOO0O0
OoooOoooooprPrFOO0OO0OO00O0DOOOOOO0O0OOCOOOOOO0O0O
Ooooo0ooooo pFOO0OOCFOOOOOOODOOOOOOOOOOOO
O long-term depression, LTDO OO0 0000000000 O000O0O0OO [45)0

oooo0oO0O0oLrTpooopr-000000000000000000000O
Oo0oo00o0oooocoooooo0oooLrbooooooobooooooon
0000000000000 0000 [(,47,68,75|0 0000000000000



FATHRAE

A9

7V

TILF U TR

T iRt

01 000000000000

PFO000O000O0D000O0O00O00C0CFOOOOODOOO [46,53,103]00
00000000000000000000000000CFOO00PFOOO0
000000000000LIDO00000000000 PFOOO CFOOO
000000000000000

00 LTDOODDO0000000000D0D0000000 [17,89,99000
00000000000 LTDOD0000000000000000000PFO
00000000CFOOD00000000C000000LTDbO00000
0 [26,39]0

1.3 Dogogoobood

goubugubbooboobboobooboobbuoobobobod
gbbogbbudbboobuooobbooobbooobooobboon
gbboodgbbobbuooobboobbbooobooobboobooon
gbobogdgbbouogbobobodgbobubbooobooobbuooobooon
gbobooggbobogdgboboobboobobbogobooobbooooban



0D0000000000000000 Ca* 0000000000000000
OO0 AMPAOOOODOOOODOOOLTDOOOODOOODOODOOOLTD
0000000000000 000000000000DO0O00OooOOOO (48]0
oboogoorLrpobbgooboobboobbooboobobooboon
gbogbobbodbobuooobboobbooobbooobboobboob
gboobogbuogobogbbooobbooobboooboobbooon
gbobogdgbbougboobobtoodbbooobooobbuooobooon
goo

1.4 ODOOOO4Qo

2,3,400000000000000000000000000CO000002
0000000000000000000LTDO0O0O000O0O000O0ONnoon
000000000000030000000000000000000000
000000000400000000000000000000000000
0oOoooo0oooon
56,7,8000Ca>*000000000000000000O00O005000
Ca2*0000000000000IP,00000000000000006000
Ca2*0000000000000007000C* 000000000000
000008000C* 0000000000000 000000000000
ooQ

o0000000000000 Ca>*000LTDO00000O0ON000NO0O
ooooooood

10,11000C** 000000000000 LTDO0ODO [60]000 Ca*t O
000000000000000000000LTDO0O00000O000O0no
000010000000 LID00000000000000000000110
0000000000 O0AMPAOOODOOOODOCOOOOOOOOOOOOOO
ooooQ
120000000000000000000000001300000000
000000000000000000000000



2. U0 LTDUOOOLogooo

gboLTbodboobobodoboobbuoobboobboobobooooo
Lrpogbdbobobooboooboboboboboobooooobo 20000
Oooooooboboooboboo LIbbooooooboboooooboon
gbboogbboodgbobbooobbuoodgbbuoooboboobbooon
gbboodgbbugdbbuobbobbboobuooobooobbooob
oooodo LITboooboboooboboobobooooooboooooobon
OLITbobOOo0obOobOoob400000000

2.1 Ca>tooooon

CFOO0OO00D00D000D00D00000D0000000 Ca**00000ao
OD0C2* 000000 [80)OPFODDOOODODOOO Cx** 00000000
000000000000 0000000D0D00O0O0O0Oa-amino-3-hydroxy-
5-methylisoxazole-4-propionic acidd AMPAO DO OO OOOOOOOOOOODOO
O metabotropic glutamate receptors, mGluRsO OO 0000000000 OO0O
O0D00D00O0O0O0AMPAOOOOOOOOOAMPAOOOODOOO NatOO
00000000000000000000000 Ca?" 00000 voltage-gated
Ca’t channels, VGCCsOO OO [26]00000 Ca>f 0000 VGCCsO OO OO
00000000000 0OPFODODOOOOODDODODOOOODDODOOOO mGluR
O00000000mGIuROOOOOOO GOOOOO trimeric G-protein q type,
GqOO0O0OD00O00GqU «0O00O0O00OD00OO00ODOODO CH phospholipase C,
PLCOODODOOPLCODOODOOODPLCOOODDODODOODOODODO
0 O O O phosphatidylinositol biphosphate, PIP,0 D0 00000 OO 1,4,5-000
0 0 1,4,5-trisphosphatate, IPsO0 00000000 O 0O O O diacylglycerol, DAGO
00000 [49,93,9|0IP;, 0000000000000 OOOOOOOOOO
0Ca 0000 Ca> 0000000 1IP;00001IP;,00000000Ca?t
OD0D0D0D Ca** 00000 [33]0

0000 IP;0 TIP3 3-00 00 0OIP3 3-kinased O 1P 5-000 000 00O IP;



PF CF

1
I Gl
NO AMPAR regulation 7 [Ij Y
=AMPAR ={Y[c[¢[¢
(( I:\Q'Q:I >l »PLCl< G|UR\
! ——1Gq
cGMP Y
& Ras i -1 m @E
|G-qub_stratd PsRE \
o |
MO/cGMP/PKG MAP =PLA2 =/
Sathway || PRC-MAPK oop [

02 00LTrpoooooooon

5-phosphatase] 0 00000000000 25440000000 Ca2f0000

Cx2*00000000000000000D000DO00O0O0Oonoooonono

00000000 parvalbuminOcalbindin 0000000 [4,9700000000

0000000000000 0O0000OO0ooooooooO (20000 Ca?t O

0000000 Nat/Ca* 0000Nat/Ca*" exchanger, NCXO O Ca?t 000
0 plasma-membrane Ca?"-ATPase, PMCAOO O 00000 Ca?"™ OO 0O O sarco-
endoplasmic reticulum Ca**-ATPase, SERCAD D O0O0O0O0O0ODODODO [31,102]0

2.2 PKCOMAPUOUOUOUOOOOOOoODODOO

00000000 COprotein kinase C, PKCOO OO OODOOOOOOOOO
O0000PKCO Ca** 0DAGOO OO 00 OO arachidonic acid, AADO OO DO
O000oooooo0rPKCOODOOOOOODOOOOOOOODOODOOOOO



D00000C* 0000000000000D0D0DDOO0 [83]J0DAGOOO
OO0000000000000O0DO0DO0DoDOooDooDooooooooooon
PKCOODOOO0ODOOODOOODUOODOODODODOODODUOUODOODODOOPKC
0 MAPKO mitogen-activated protein kinase 0 O OO0 00000000 OO0O0O
O Rafd0 MEKO MAPK kinaseO 0 200000000000000000 MEK
O MAPKO 20000000000000000 MAPKODOODOODOOO
000000000000 (16000 Rat-MEK-MAPKOOOODOO MAPK O
0000000000000 000000b00b00o0OPKCO RafO OO
000000000 U0 0000PKCO RafO0O0DOODOOO0ORasO OO
O0000000000000000 [73]0PKCO MAPKOOOOOOOOOO
O0000000O0OoOoOoOO0D [11JDMAPKOOOCOOOO OO phospholipase
A2, PLA,00000O0OPLA, 0 AADOODOO [3]C0000C00OOOODOOO
OO000000000o0O0oMAPKODOOODOOODOOOODODOOODODOODOOO
O0000D000O0DO0OMEKODODODOOODOODODOO 2A0 protein phosphatase
2A, PP2A00 0000000000 [61]DMAPKO MKPO MAPK phosphatasel]
000000000000 9M4)DMAPKOOOOOLTDOOOOOOOO0OO
O0O0OMAPKOODOOOODOOODDODDOOOO30O0O0DOO0OoOoOoDOOO
OO00O00O0O0ooooooono

23 DOooOooog

000000 nitric oxide, NOOO PFOOODO0OO0O0OO0OOOOO (90000
00000000000 DO0DOO0o0obOOoooOoNOODODOOoDDOOoOoooOooon
O000000000o0OOoNOOODDODOoOOooDbhoooooooNODDODOOONO
synthesis protein, NOSO O OO NOOOOOOOOOODONOOODOOOOODO
0000000 [13]JoNO0D0D0D00D0D0OO0D0OD0D0ODDODOO0O0DDOOguanylyl
cyclase, GCOOOOOOOOGCO GTPODOODO GMPO cyclic GMP, cGMPOO
0000 [640cGMPOOOOOODOOODDODO phosphodiestease, PDEO O OO
000000 [34,50]00 0000000 GO protein kinase G, PKGOO ¢GMP O
O00000000PKGOOOG-substratel 0000000 [100[000000

6



00 G-substrate 1 000000 O0O0OO0O 2A0 protein phosphatase 2A, PP2A0
O0000PP2A0DODOOOOO [29]0

24 AMPAOOOOO

0000000000 AMPAODDOODOOOGIUR2O000000000
Joooooooog 8o bobooooo Lrpbboboooo
000000000000000000000000000 [18)J0AMPAOOO
000000000000 DOO000000O000000o0oO0o00no0oOAMPAD
0000000000000 00000000000000000000 670
AMPAOODOOODODOODOOO AMPA O0OD DO GRIPO glutamate receptor
interacting protein0 0 0 0000000000 [770GRIPOOOOOOOOO
PSDO postsynaptic density D0 OO0 000000 O0OO0AMPAOODOODOOOODO
000000000 O000GRIPOOOOOOODODODOAMPAOOOO protein
interacting with C kinase PICK1ID OO OOOOAMPAOODOOOOOOODO
O0000000D000DO00D00O00DO00 AMPAODODOO PP2ADDOODO
00000000 [62]0

0o0odopoooooooooooooobbobbooddbbobooobno LTD
O00ODO00O0OAMPAOOOOODOODOOOODODOOOODODODOOOOOO

25 UJOouobooobooboboo

ggbbuooobbbooobbooobbooobbooobboboaoboo
gbooboogbboogbbuogoobbooobboobboooobbooon
gboboggbobuoggbbugboboobbodgbuoooboooobbooon
gboboggboboogguobboobobbodboboobbuoobbooon
gbboodgbbugdbbuobbboodbooboooobooobbooob
gbboogbuogbobboobbboobbuooobboobboobboab
gbobogdgbboogbbobogbbugbobbogbbooboboobooon
gbobbuooobbbooogobobooooobbooooooboboga



3. oooooooooo

goboboooobboooobbooobbooobbOoOodbiborrate theoryld
good

3.1 ooy

O0000b0o0bO0o0obO0o0ou0 ADoOoBODOODOO ABODOOD

ooooo
ky
A+B=AB (1)
ky,

gbbobuoogbbbouooobbooooon

d[A]/dt = —kf[A][B] + ky[AB] (2)
dB]/dt = —ks[A][B] + ky[AB] (3)
d[AB]/dt = +kf[A][B] — ky[AB] (4)

O000OFk,0 k000000000 forward reactiond O 0O O O O backward re-
actiond U U000 U U rate constantst 1 U [ [

go0booobooobbooobooobooubbooooobbooo
0000000000000 00DODO0DO000O00DO0bO0OD ADODODOO
O0o0obOoobdt00D0 BOOOODOOoOobDOooo BOooooooooboo
0000000 BOODOODLOOODOODODLOOODO OO0 BOODOODOooOOO
OO0 AODO0O0OO0ODOODOOO00O000000ODOO0OO0ODODO0O0bOObOOoOOn
0000000000000 A0O0O0BOOOOODODOOOOOOOODOOOO
OABOOODOOOODODOODOOODOOOOOOODOOODOODODOODODOO
OO0 ABOODODODOODOO

000000000000 0DO0ODO0O0O0AO ABOAODODODOBDO ABO B
0000000 (2)0 3)0 4o0o0o

d[A]/dt + d[AB]/dt = 0 (5)
d[B]/dt + d[AB]/dt = 0 (6)

8



gboobodgg

[A] + [AB] = const (7)
[B] + [AB] = const (8)

gbobooboboboooooobooogoboboooooboboo
O0ADOOB---00000O0O0XOOOY---OOOODODODODOD

0o
ki

A+B+... 2 X+Y+-- (9)
kb1

0000000 ADOODO0ODDOOD00DO000000000
d[A]/dt = —kp[A][B]-- - + kn [X][Y] - (10)

gobooooobbooogooo

d[B]/dt = — kp[A][B]- - + kn [X][Y] -

~—~
_ =
w N

~—— S~ ' ~—

d[X]/dt =+ kp[A][B] -+ — kp [X][Y] - -
d[Y]/dt =+ kp[A][B] -+ — kp [X][Y] - 14
15
0000000000000 0O0DO0O0O0O
d[A]/dt + d[B]/dt + - - - + d[X]/dt + d[Y]/dt--- =0 (16)
oooooo
[A] +[B] + -+ [X] +[Y] + - - = const (17)

gbobbobbooodgbobbuoooobbod
gbbobbuoogbooobbuooobooobboobobooboboon

000000000000 000000000 Dopooo 9ooooo
ko

A+P+... 2 Q+R+--- (18)
Kbz

9



00000000000000000000000000 (18)0
d[A]/dt = —kp[A][P] -+ + kp[Q][R] - -- (19)

00000000000000004t000000 (10)00 (19000000
dA]000000000000000000000()0000000000()
0000000000000000000 (10000 (1990000000000
000000000000

d[A]/dt = =k [A]B] - -+ kn[X][Y]- - = kp[Al[P] - + ko[ Q][R]-- - (20)

gbobboogoobbuoooobbobooobobbboooobobboo

3.1.1 DODO0O HillO

000000000000000000000000000 (2)0 (3)0 (4)0
0000000000000000000000000

A[A]/dt = —kg[A][B] + B[AB] = 0 (21)
d[B)/dt = —ks[A)[B] + k[ AB] = 0 (22)
d[AB]/dt = k[A][B] — k,[AB] = 0 (23)
OO0 ABOODOODOOOO
AB] _[AB]__[B] B o1

[A]+[AB]  [Aaw]  Ky/ks+[B]  Kq+[B]

0000 KqOODODODOODOOOKys=hk/k,0000000K,0000000
OO00D00D0O000Ks0 AOODOOBOOODOBOOODOOOODOOODO

U000 ADBOODODODOOOODOOODODOODOOO1IOO0ADODON
O0BOODOOODOOODOO

A +nB = AB, (25)

10



[ABn]/[Aal]
A

117

> [B]

[ABn]/[Aall]

A

U2

~ [B]

03 HilOOOOOOn=1,2,3,4000000A000000000000BOODO
gbboobooboobobooboaobod

0000000000
[AB.] _ _ [B]"

[Aa] K4+ (B
O00000D0D0HINOOOOOnDO HillO DO O Hill coefficientD O 0 0 On 0O
oooooooooooooooobooaa 3m
gddotdootudondodoooooooooooooooooouoot
J0dddddd0A0ODOOBOOOOOODODOODDODODOODOOOOOB
0000000000000 000000000oOoOog Hilld O d apparent Hill
coefficient0 0 BOOOOOOOOOODODOOOOOOO

(26)

11



ggbb2000000

ki

A+B = AB (27)
Ky
ko

AB+B = AB, (28)
kpo

00000000 AB, 00000
[AB,] [B]?

[Aa] KK, + K,[B] + [B]2 (29)

00000000K, =ky/kpOKy = ky/kp,0000000 K,[BlOOODOOO
00000 HNOOO200000000000K,>K,00 K,< [Bj0OO
00010000000 20000000000000000001000000
00002000000000000000000 (29)00

AB,] _ [BP
[Aai] K2+ [BJ?

(30)

D000HNODODO0000000K = VKK 00000000 K, > K,O
0K,< [B|0OOODODOOOO200000000000000000000
O0OO0OOHID (26)00000000000000000

3.1.2 J0b0o0Obouooobbbboogn

00000 (10)0000000000000[A]0[Bj0000000000
000000000000000000000000000000000000
00O0O0[B|0000000[A|0000000000000000000000
OD0AODBOODOODOOBOOOOOOOOOOOOOOOO0O000O0O0OOO
ADDDD [Aw]=[A]+[AB]0000O0O00O000OO0OOO

d[AB]/dt = ky([Aan] — [AB])[B] — ky[AB] (31)
= —(kf[B] + k) [AB] + £ g[Aan][B] (32)

12



gbbooodgobbuoooobbobao

U\B]==(1-exp(—¢/(kfﬂ3]+—kw))jg£§?ﬁﬂ{Aaﬂ (33)
0000000000 1/(k[B]+k)000000000000000000OO
exp (—t/ (kf[B]+ %)) - 0000000000000000000000000O
000000000000 BOOOOOOO0O0O00ADBOOOOOOOOOO

BOOOOOODOOoDOOooDOOODDOO

3.2 0OOgd

gbbogbuggbooobbuooobooobbooboooobooob
0000000000000000000000000000010"00 10*°00
goboooooogoo

19190 O MichaelisO0 Menten DO DO OO0 O0O0OO0O0ODO0ODOODOOOODOOOO
O EO enzyme O O O SO substrated U 0 00 PO productD 0 00000000
gbobogoobobog

ky
E+S = ES fat, g4 p (34)
ko1

gbobbouooooobooooooboo

dlE]/dt = —k[E][S] + (k-1 4 kcat) [ES] (35)
d[S]/dt = —ki[E][S]+ k_1[ES] (36)
d[ES]/dt = +ki[E][S] — (k—y + Kear) [ES] (37)
d[P]/dt = +keu|ES] (38)

OO0O0O00OO0D ESODODOODOOOOO0OOO0OOO0OODO0bOO0bOOobOobOobOooOn
gbogbobobodboobobbobobobbobuoobuogboobobbo
gboobogdgbbugbbbodgbbuobbbooobboobbobobooob
OO00000D00D0O MichaelissMenten OO0 O0OO000O000000OOOOO
goo

13



ODO0O0Otun overD by 001000000 100000000000000
00000000000000000000 Viax 0O Vinax = keat[Ean] 0000
000

00000000000000000000000000000000000
000k, >k,O0000000000000000000POO0O0O0OOOO
O00O[ES]D0000O0 0000000000 (40)000

d[ES]/dt = +F1[E][S] — (k_1 + keat)[ES] = 0 (39)
CEIS] _ eyt bear _
CES = K (40)

Michaelis 0 0 K,, = (k_, +kewr)/ly 0000 EODOO SOOOOOO0O0O00O
00000 [Ey|000000(E] =Bl —[ES]O0O000 (40)00 [E|00C
0000

[S]([Ean] — [ES])
e = Ko (41)

goo

BS) = Bl o

00000 (42)000 (38)0000 [ES]0000000

(42)

5]

V = keat [Eall] m

(43)

O0000VO[S|00000000000000000000 Ve D [S]O EO
O0o00o00oo0ooooooooO0 [S]» K, 0000000000000

1
Viax = lim V = k. |Ean] im —————+— = k.t |E 44
[S}l—r>noo t[ 11] [ ]lmoo 1 + Km/[ ] t[ 11] ( )
0 (43)00 (44) 0000 kew[Eanr] 0 00000 Michaelis-Menten 0000 0 0 0
(45)

S]=K,0000V =1,.0000

14



0000000000000000000000 4)000o0o0oo

[Stimulus]”
K™ + [Stimulus]”

Response o (46)

O000stimulusO O O0OOresponsel 0000000 0OnO000000O0O0OO
O000000000000000000000 HIllO 46) 0000000000
000000002000000000000000000000000 [7)0

15



4. JO0Ooooooobon

gbbuogougbobuggboogboogbbuoobbooobboon
gobooogn

4.1 JO0O0oooooog

O000000000000001-1/e=632%0000000000000
0000000000000 0bO0D000O00DO0oD0o0obOoDOOoOobOOoDOon
000000000000 0O00D000O00O00oDbO0o0o0DbOOoDOOooDoOOoDOon
oodobobooooobobooboboooboboooDooboboDooboboo
Ooodobobdoobooboobob0obooooboboooDoobobon
0000000000000 00bO0o0b00ObO0o0obOOoDO0oOobOooDbOOooDOon
0000000000000 bO00bOO0bO0OD0DO0o0obOO0oDbOOoDODOoOobOobDOon
Oo0o0o0

gdbooboobooboobooobbobooobooboboobooooooo
0000000000000 bO0DbbO0ObO0ObDbUObObO0ODOnO fluorescence
resonance energy transfer, FRETO O OO 1000000000000DOO0ODO
O000000000DO000O000bO0O00bO0oDOD0oDO0o0obOobODOoOobOOoDOon
O0O0D0oOOoDoDbOo

4.2 J0O0OD0O0O MichaelisOD OO QO OO0

000000000 MichaelisOOUODODOODOOOOOOOODOOOODODOO
OO00affinityD0000000DO00O0ODODO0OODOO0ODO0ODOODOOOOODO
gbobogdgbbuogbbbodgbbuobboobooobbuooobooob
gbbodgbbuodgbbbooobuoobobbuoobobooobbooab
gbotobdooboboboboobuodgbuoobodboobobobobooboo
goboboobboooggoobobobobbiboooooooboboobbooogd
gboboggbbuoggbboiligobboooobobboooobbooan

16



gboodbboobbuooobboobbboobobooobuoobbooob
gbobobuoggbbbouooobbbdoooobboooon

4.3 DOO0OOgoooag

00000000000 000000D000O0O00 pmol/min/mg protein O
OOobo0o0oooooooobobobodbDimgOO0O0OD0O 10000 pmolOO O
gbboogbboodbbuobbobbboobbooboboobbooob
00 #/sec/#00000000001000001000000000000O0
0000 pmol/min/mg protein 0 00 0 /60,0000 000000 #/sec/# 000
gboboooooogon

pmol /min /mg protein (47)
1

=107 mol x X
MO 60 sec ~ 10-3 mol/O0 0 O

— 000 /60000 #/sec/#  (48)

0000000000000 00DO0oObO0b0oooDobOoooDOobOoooo
0000000000 purification O O O identification[1] 0 O [0 measurement[]
OO0000O0DoOooooog

44 JUOOOOOOOO

gbbogobooggbooobbooobooobbuooobooobobon
gboboggbobuogdbbugboogobbogobooboouoobbooon
gbbooodbobouoooobbboogb

gbbobbuoggbooobbooobooobbooobooobbob
gboboodgbbubobuooobboobbboobobooobboobooon
gbobooggugboogdgbbooobbduoobbuodobboooobbooon
obooobgolIp;3-0b0oboobooboobooboooboobon
gboogdbbogobuooobboobobbuodgoboobouoobbooon
gbboogbugbobboobbbodbbuoogbbuoobboobooob

17



gbboodgbbuoodgbbuoobouoobbuoobboobbooboboob
gbgbobobodbogbuodgboobobboboobuodgboobobbo
gbobooobogbobooobbooobooobboooboobobooon
gboboodgbobogdgbbuogbooobbodgobooobbooooban
gbogbobodbobgbooooboboolboooobobi1boban
gbboogbbobboobbuooobbuoooboobbouooobbooob
gbobogbobugbobboobbooobbuooboooobboobbooob
gbgbobdobbobbodbobobuoobobbooboobagboobod

18



5. Ca’t0oooooooooon

5.1 Cat000oooooooon

00000000000000001000000000000000000
00000000000 Ca* 00003000000000000000000
D00000000000000000000 [38)]0000000.1 pm30 0.002
pm’00.02 pm* 00 000000000000 10m®00000000000
000000000000000000000000000000000000
0000000000000IP;0 Ca*> 00000 PSDOOOOOOOOON
000 Ca**00000 Ca? 0 000000000001IP;0 Ca?t00000
D000000000IP;000000 283 um?/sec [6]0Ca*t 00D OO0 220
pm?/sec [57|00 000000000000 00O0D000ODOO0OODO 1000
000000000000000000000200000000000 IP;0
Ca’ 0000001 000000000000000000000000Ca*"
0000000000000000oooo

000000000 Ca*t00000000000000000000000
0000000000000000000000000000000000 Ca?t
0000000000000 00000000000000 87000000
000000000000000 Ca**000000000000000000
0 [32,7200000000000000000000 Ca**000000000
D00 VGCCODOOOODOOOOOO00Ca*t000000nooonn

00000000000000000000000000000000000
0000000000000000000 [92,98)0000000 Ca*" 000 PF
OCFOO00D0O0000O0DDO00O00D0000000000 Ca>f00000na
0ooooooood

AMPAODOODO VGCCOOOOODOODOOOOOPFOODOOO CFOOO
0000000000 Ca* 0000000000000 00000PFOOOO
D000 C*000000000000 [YOODO00D00D00D000000 PR
000000000000 00PFOOOO0O0OOOOOODOOOOOODOOO

19



PF

AMPAR mGIuR

———————AVIFAR]
VGFC PSD| "IPLCBIH[Gq
' Ca? . !
N - IP3
T [IP3 3-kinase |—||— 5 phosphatase
Ca?" |:
Buffers| , Cytosol
| | ———=PR

_INa*/Ca?]

PmcA] i fj|LSERCAl 1

Leak .| |Leak - ER Ca?* Stores

_____________ )

04 0000000000000 Ca2"000000000000D0000000ODO
ogobooooboobooocrubgbogoboboobooboooobobooobooo
gboboooboooboboobooobooobbooboboobbooooboon
gboooaoo

D0000000000000 Ca**0000000000000000000
gbbooodgbobbuoooobbboodgbbbooon

52 Ca*'000000000000000

000000000000 [22,30,48,55,86|0 0 0000000000000
D000 Ca*' 0000000000000 00000000D0 40 Ca?2t000
gbboodgbbugdbboobbuoodgbouoobooobboobboab
gbbbougoobobbbouooooobbobooogbobbbboooonb 201

20



OoO00o0o0o0oboo0oOobD AQ0ODOOOODOOOO0ODDOOODO

53 Ca’'000000000000000000000

Ca’* DO0OO0OAMPAODODDO VGCCODOODOOOOODDOOODODOOO
DO00OVGCCOODOOOODODO Ca* 000 Ca* 000000000000
D0CFO00O0O00O0O0OOD20000005,00000 Ca*>f 000000000
00010000250 000000 Ca> 00000000 0000PFODOO
100 HzO 5000000000O0DO0ODO0ODOOOOOAMPAODODODOO
0000001000000 1,50000 Ca>t 000000000 Ca* 0000
0000000 VGCCOOOOOOO00D 1,00000 Ca*t000000000
O00000000oooooo [88)0

prOo00O0OO0O0O00OO0O0O0OoO0oobOobOobOobOobOobOoboOseodb
OO000obOO0b0obobooboobooD mGiROODODOOOODODOOO
OO0000000OmGROOOO PSDOODOOOOOOOODOODOPSDO
O0000000000000000 [3,7600000000000000O000
gbbodoodgobbsbuooobbooodobbbuooon

Ca* 0000000000000 0D00000DD0000D0N0NOonooaOan
oobooobboooobobooooboboobobo BOooooooboooo
oo

5.4 1P, 000000
54.1 TP;00000O00O0ONO

IP; 000000000000000D0 Ca?t00000 [740000ooa
0 [200000000000IP;00001001IP;000000100 Ca?tO
00000400 Ca*"0000000000000IP;,00000000000
Ca’* 0000 100000000000000400000000000000
OO0DO00D0sMAMOO0OD0boooobooo Ips0000bO00Ob0ODOoDnO

21



000000005A000RMIP,0000001P;0000 Ca>*00000
000000000000IP;000000001001P;,000000000
100 Ca>* 00000000000000000 5A0R — RI— RICODOO
0OIP,0 1P, 000000000000000400 Ca®>* 000000000
00010000 Ca>*00001IP;0000000000IP;01P;,00000
00000000000000 5A0R — RC — RO2 — RC3 — RC40 [2, 74]0
IP;0000000000000IP;,0000000000 Ca®* 000000
00000000000000000000000 Ca®>*000 0.2-03pMO0
0 [9,36]0Ca’* 000000 Ca>*00000000000000000000
0000000000000000000000000000C>000000
10000000004000001P,000000000000000000
0005C0000000040000000IP;0000000400000
0000000000000000000000000000000 10000
004000000000000000100 Ca*>*0000001IP,00000
0000000000

54.2 IP; 00 0000O0DOO0ODOOODO

000000000000000000 00000000 k020000
0000000000000 kO kODDDDOO00000 K,000000
000000

IP,00000000IP,01P;000000000000000000000
0000000000000 0IP,000000000000000000 IP,
0000000 K40 1pxMOOO 90000000000000000000
IP,0000000IP,00010xyMO0000O000IP,00 Ca2t00000
000000 [5400000000001P;00001IP;00000000000
000000000000000000IP,000000 Ca?t00000 Ca?t
00000000000000000000000K,0025.8,;MO00000
00000 [3600000000000000000000000000000
0P, 0000000000IP,000000 Ca>* 000005000 40000

22



A

O

C@ 4 E‘015—
(oRpIgn § '
O{l Ca2+ Ca2+ Ca2+ Ca2+ 2 01_
o
@*@*@*@*@ 005
RC2 RCs RCy &%
(inactivated) o 0 - - X
B 0.01 0.1 1 10
4ki[Ca?'] 3ekr[Ca?'] 2e%ke[Ca®t] 1e3kr[Ca?'] [Ca2+]i (uM)

080" 0s — Ca ~ a8
1kob 2kb 3kb 4kp

05 IP;000000MADOO0ODODOODOYS% D00 IPs0000000000
O0000OO0OO0ODDO0ORMIIP;000000000IP;0 Ca?t00000000Ca%*t
00000 IP;0IP;000000000D00000IP;0IPs00000000O0
O000 Ca?t 000000 IP;s0000000R—RISRICICa?t 0 IP; 000
0000000o0oooooIP;0000IP;00000000000000000O0
0R—-RC—-RC2—-RC3—-RC40IP; 0000 40000000000 IPs0000
000000000000Ca>T000000IPs0000000000000000
O0Ca’t000 IP; 00000000 Ca?t00000000000n0n0ooooon
O000000Ca?t 00 Ca?t0000000000000000000000000
OBOCa’2t000IP;00000000000000000000000000000
000000 IP;000000000000D0D000000O000000000DS8O
0DIP;00000000000000000 kOkDe03000000000MCO
000 Ca2t 000 IP;000000000000000IP;000 10 pMOx 00
00000000000 000IP;000000001IP;000 2,M [9]00000
IP; 000000000000000000000000000000000 IP300
O0IP; 000000000000 [36,54]0

23



O0000000000IP;00000000000000000ODO [M4j00000O
Ca** 00000000000 IP;0000000 Ca> 00000000000
OO0 (024CO0000) 000000 C2>"00C* 000000000000
000000000IP,000000001IP;00000 Ca*t000000oa
00000IP;0000000000000001IP;0000 Ca** 000000
oooooooooo

Ca’ 000000000000 K,00ODOO000001IP;,000000 (9]0
D00000000000 Ca* 000000 Ca?>t00000 [36)00000
0000 Ca* 000000000000000000000Ca**000000
Jo0b0ooodbb0r<1000000OoOO

Ca**000000000000000C* 0000000000000000
D00000000Ca* 000000000000000000Ca?> 0000
000000 IIP;000000000000000 [9,36|0000000040
000000000000000000000C22" 00000 Ca>t0000o0
00000000000 DODO000O00O0DbO0o0ODbOOoOobOOoOooDDbDOoOoD4
000000000 C*" 0000000800 000000000D000000
ooo0O04000000000 k04000000000 KROOOODO 400
oobob KgO40000000 -r0O0000SBMBOODOODODODOOO0O1I0OO
Ca’*00000000000 ;OO e000000000¢0 cooperative factor
J0d00d000O0e=10000000000000000000000UOOOO
0000000000000 0000DbOO0D0DDbOOo0DbO0O0bODOo0OOoDe>100
00000000000 Ca*"0000000000000000000000
O0odd0ooooboobooooboobooooboobooooboooooo
O0000oooobobobboooobobboooobobooooobobobogun
Oo0o000300000000005B0 k0000000000000
00000000k /kp=225pMOe=3000000000000000 700
00000 Ca?t 000000 Ca* 0000000000 21000kf = 2.22
[sec/pMOk, =5/sec0000000000C*" 00000000 IP;0000
000 Ca?"000000000000000000000000000000

24



00
00000 0000

000 |00000|0000|00000|00 |00

ooor 0 2 5 0 27 | 34

0000 KqO Michaelis 00 Kp, 6 6 9 5 3 | 29

000000 Viax 0 3 5 1 3 ] 12

000000 [] 7 7 3 1 3 | 21

00 13 16 24 7 36 | 96

U1 b00obgbogbooobooboobooboobobooboboboooon
gbbogobuooboboobooobbodobboobboobbuoooboan
gboboooboooobobooboooboooboooboboobbooooboon
gbobooboboobobooobooooboobooobbooboboobbooobooboon
oobooobooboboboooboOoooOobOoboboooDoOoboboOooPLCpa00ObOOOnO
ooboooooooboooooo pPLCplOOooboOOoOO

obooboolp;000000bOobObOobObOobObOobDbOobDbOoboDbOon
goo

55 Ca?t00000000000000000

Ca**000000000000530000000000000009%000
gboboogbogbbooobooobobooobbooobbooooboon
gboooggbbogbobbogbbuoogbobboobboobboobooan
gbboodgbbodbboobbboobboobbooobbobbooob
gbboogbbuoodgbbogboobbooobbuooobboobboob
BOOOOOODOO

gbbogbbugobooobbooobooobooobbuoobboon
gboboobbbooobboboooobobobooan

25



5.6 OO OooOO
5.6.1 JUOUOO4OUg

gbboggbogbooobbooobooobbooobooobobon
gbobooggbobuogdbbugbboodgbuogobooobboooooon
gobbbbbutddid<i1oboboouogobobobbbbodgoooooon
D000C* 0000000000 00000000n

5.6.2 UJ0OO0OOOO

29000000 Kq0 Michaelis 00 K,000030000000000 200
000000000 C 00000000000 GluDO000000 mGluRD
Gq0O00000000000000Ca*000000000000[Ca*);=10
ypMOODODOOOO000 Ca?" 00000 Ca>* 0000000 (72100000
DO0mGRO GqOOO0O0000000000000000 mGluROOOO Gq
000000000000000000000000000000000000
000000 mGuRO GqODOOO0O0O000000O

5.6.3 U0U0OODOOOOO

1200000000 Ve 0000300GuO0000 mGluRO GqO OO
0000000GqDOO000 Cat0000000000 PLCOIP;00000
IP, 300000 P, 00000000000000GuO00000 mGluRO
Gq0OOOO0OOCOOPFOOCOIP, 0000000000000 0000C0IP,
O0O00OO0O0OO0O0O0PFOODO 10xMOOOOOO Ca2t000000000
O0IP;000000000PFOCFOO00O0OOODOOONOOONOOOOOO
O0002pxyMO00000 Ca2*0000000000PFODOOON Ca?t 01
yMOODOOODOOOOOOPFO CFOOOOOOOOO Ca>t05,MO000
00000000000 O00C0PLCOIP,3-0000000000000000
OO0 [Py =01 pxyMO0O0D000000000000 Ca2*000000000

26



ODOPFOOOOIP;,0000000000O00C** 000000000 [99] O
gboboooboboboobooboboooobuooboboo Ips00O0obOon
OO0IP;, 0000000 Ca* 00000000000 (33000000000
000000000 IPs0000PFOODOD Ca* 0000000000000
O0OO0OAMPAOOODOOOODOG0HzO 1600 PFOOO 10 pMODO 20 uM
D00IP;s000000000000000C* 00000000000016
OO0 PFOOOOODOO103py)MUOD IP;00000000IP;000000000O
D0000IP; 00001 pxyMODDOO0OO0OO0ODOC* 00000000 [99]
gbobobouoogbbooooobbodgo

5.6.4 U0UDOOOOOOO

2100000000000030 (SERCAOPMCAONCX)ODOOOOOOOO
D00000000000000Ca> 000000 [31]000SERCAOPMCAD
NCXODODODODO0OO00000000030000000000000[Ca*"];=0.06
pLMOODODDOODO

5.6.5 UULOOOUOOOOODOOO

oobooobopPFOCFOODOOOODOOOOOODOOOODOODOOODOD
D0000000000000000000000000 Ca>* 000000 IPs
oboooooooooggooe pMOOI pMODDOOODOOODODOOO IPs
gbooolpyMODOODDOODOODOOODOODD IP;0000D000
00004 pM[70)]0 0000000

5.7 U UULOUUooog

0000 GENESISOUOOOODOD KinetikitOOOOOOOO [100 0000
00000000000 Oexponential Eular0 [71]0000000000000
gbob1oo0ggobooo

27



6. Ca*' 000000000000 PFOCFOOOO
oooon

6.1 PFOCFUUOUOUOUOOLTDOO

O0LTDOOO0O0 Ca>*00000000PFOOO CFOODOO 5000 200
000000000000000000000000 (990000000000
0000000000000000000000000PFOOO CFOOOO
0000 LTPO0000000000000 [51)00000000 PFOOOO
OCFOOO0O0O000 Ca*>* 00 [26)0 LTDOO0OOO0OOOO [39)00000
0000000000000000000000 Ca> 00000000000
0000000000000 0000000O0PFOO0O0O0O0O0O0OO0O0000
0IP,00000000000000IP;0000000PFO CFOOOOOO
000000000000000000IP,00000PFO0O0OOIP,000
CFOOOOO Ca>*00000000000000

6.2 OO

OO0 LTDOO000O0O0000O0000O0000000OONONoDoooooon
Ca>*00000PFOCFOODOODOODOOOOOOOOOOOOOOOOOO
000 [8,99]0

000 Ca?'00000000000000000000000000000
00000 [9O0PFOO0O0OO CFOOOOOOODOO0O0O0O0OC> 000
000000000000 O00LTDOO0OO00OO00ON0ON0ONmMOnooo
OOO0OCOPFOCFODOOOCOOOCOODD Ca2*0000PFOOOOOD
0 Ca?" 000 CFO0DDOO0D0 Ca®'000000000000000000
00IP; 00000000 Ca>0000000000000000000 8]0
IP,0000000000 Cat00000000IP,0 Ca2r 000000000
00IP;0000LTDO0O0O0OO0O0D [33,43)0PFO000000O0O0OOO
IP; 00000000 [33)000000CFO000000000O0O0OVGCCH

28



10— 5 100-
A —— PF&CF 4] B = 501 C
1 e PFalone & o
8 --- CFalone 23 £ 60
_ = g
£2 840
14 § 201
s 6 Ok === T ol N
2 0 02040608 1 0 02040608 1
= Time (s) Time (s)
8 4] 200, D S100 E
E150{—mc = ===~ 5 80
, -\/"— § 604
24 1 51004 £
! 8 g 401
= 50 _n<=; 204
— . . . : oV0———————a 0V
0 02 04 06 08 1 0 02040608 1 — 0 02040608 1
m | Time (s) Time (s) Time (s)
PFCF

06 PFOODOODOODMCFOOODOOODOMPFO CFOODOOOOOOOOOO
D0000000000000000PFO0DO0O000O0OCFOODOO 1000
D00000MADDDOODO Ca?t 000[Ca?t ;00 BOIP; 000 [IP3]10 CO
D000 IP;000000MDOCa*>" 0000000 Ca?" 000 [Ca?T|grI ED
0000000IP;0000000

D0000000000000000000 Ca?t00000 (800000 0IPs
Oooooooobobooboobobobobo pPFOOOCFOOOOODOOO
gbbooodgbobbouoooobbboooon

6.3 J0DO0OO0Ca2roooon

Ca* 0000000000000 0PFOCFODOODOOOOOOOOOCa?t
gboboodgbbuogbbbodgbbuobooobooobbuooobooob
gbobooogobood

OAODPFODOODOOOODODOCFOODOODIOODODODOODOODODO
Ca’"000000PFOOOOOCFOOOOOOOOOOOOOOOOO300
D00O0OOPFOODOOOOOAMPAODODDODD Ca*' 000 Ca** 00000

29



00001 pxMODO500000006ADD0D0O01MDO00000O0DOOmGIuR
000000 IPs00006BO000OOOO0ODO Ca>t0000000 6A00O
D002MCFO0000000000 Ca* 00000000000 2pMO0
O006ADOODOPFO CFOODOOODOOOOODODOOOOOOOODOOO
0000006A0DD0M1I000000000O0O00O0OOOOOOODOOO
00000000 Ca** 00000000 [99000000000000000
00000000000000000000Ca*"0001pxMO0O0OO0O00O0O0
OD0F/FRO0000C*"000000000000000 1%0 F/F,000 0.2
pMO Ca>T 000000

O00IP;,00PFODD0O0O0DOOODOOODODOOO2200000 3.1 MO
00000 6BOOOMCFOOOIP;00000000000000O0DODOOO
0006BOODO0O00O00O0ODOO0OMOOODOIP;s0000PFOCFODOOO
00000030% 0000000 6CO00MMPFOODOOON 10%00 6CO0
OMCFOOO0O0D010%00 6CO0000000000000O00000000
PFOO0OODOO0DO Ca*t0000IP;00000000000IP;000000
000000000000000 Ca*t0000IPs0000000000 Ca?t
000000 Ca*t00000000000000IPs000000000000
6C0000000 Ca?**00000006DO0ODOOO0OOOOOOPFOCFDO
000000000009%%000IP;,0000000000000 6EDODOMM
00000IP;,000000000000 Ca*00000000000000
oooog

64 JOOOOooooooog

0000 Ca* 0000000000000000000000000000
0000000000000000004000000000000000000
00000000 Ca**000000000000002000001000Ca*t
000Ip;0000000000000Ca**00000IP;000000000
D00 Ca>000000000000000Ca* - 1IP;000 — Ca2to 0
01000C T 0000PLCOIP;0000000000Ca> 00000 PLC

30



OIP,0000000000IP;,000001IP;00000000 Ca*>" 0000
D000 Ca**000000000000onCa® - PLC —» 1Py »IP, 000
— Ca’' 0000000000000 00C*" 000000000000 20
0000000000000000000 Ca*t0000000Ca* 000 IPs
00000000 IP;000000000000000000000000000
Ca’ 0000000 Ca?t 00000 Ca®>*000000000000000

Cx**00000000000000000000D0100000000000
7A0000000000000000000000000000000000
0000000IPs000IP;000000000000000 7BMIP;000
00000IPs 0000000000000 IP;00000001IP;3-0000
0IP;5-00000000001IP;,00000000000000001IP;00
ooooooo

OOogIrP,0IP;,0000000000000000IP;,000001IP;000
00000000000000000000000 Ca* 0000000000
D000O07BOO0OOD Ca>t00000IPs0000000000000IPs
0000 Ca** 0000000000000 Ca>t00000000nooona
Ca’* 00000000000 7CO0000O0PLCO Ca>f 000000000
0000 Ca2f 0000000000000 Ca2t00000000000000
O07DMO00000O0OPFOCFO0OO0ODDOOOOOD Ca** 00000
0000000IP;000000 Ca*" 00 Ca* 00000000000000
00000000000000o0ooooo

IP; 0000 Ca 00000000000000000C* 0000000
000000000000 7EMOO0ODOD Ca?t00000 Ca>t 00000
000150 MODO0D0D000O Ca> 00000 Ca*  000000000IPs
D000 Ca> 000000000C* 000000 Ca** 000000000
00000000 Ca 00000 Ca> 00000000000 Ca*> 0000
000000000000000000FOO00000000 Ca2*0000
O00C2 000 IP,000000000Ca*> 00 Ca> ' 0000nnooon
00000o000oo0oooo

31



—
=)

[ Ca2+ Stores}

-
o

N
(e}

=8 B AS—C 8] D
s = s
26 26| 26|
& 4 & 4 &4
©.2) Lo Oo
o e e 0l
0 02040608 1 0 02040608 1 0 02040608 1
Time (s) Time (s) Time (s)
50, E 50, F
= 40 = 40,
s s
3 30| < 30,
& 20 % 20,
S 10| 240
0 0!

002040608 1
Time (s)

002040608 1
Time (s)

07 PFOOOCFOOODOOOOoOODODOO 100000000 DOO0OOO0OO CFO
Od0ooooooooD ADOOooDDOO0O0 Booooooooooooooooooo
00000 00AOODOOOOO0ODOO0O0DOOO0OBO ABOODOODODOODOOODOOOO
000000000 Ca?t000000000000000000000000000
0o0oooooooooooooobooooooooooooooooooooooo
OdoooomAdODOOOOOoDOOO0O0OOoOooOOoOooooooBOO FOOOOOO
000000000000 Ca?t0000000000000000000 6000
OBOIP; 000 IP3DDDDDDDDDDDDD]CDC&2+DDD IP; 000000
O00000MDOCa?" 000 PKCOOODOOOOOOMEDCa?t 000 IP3; O
000000000000 MFOOD Ca?2T 00000 Ca?2t00000oooooo
googd

32



6.5 UOooon

gobooobooboobooobooooobooobooguoouboUgoPrFO CF
OO0oo0oooO0ooboopPFOCFODODOOOOOOODODOOPFOOOD 300000
D00 CFO0OO0O0OODOOOCa* 00000000 5puMODOO0OO (O 8A)O
PFO CFOOOOODDOOODODOOOO0D Ca* 0000000000001IP,
OobooobooPpPFOCFOODOODOODOOODOODDOPFOOOOODLO
obobooboboboobo 8B

PFO CFOOODOOODOOO Ca*000000000000000 Ca?t
gbooogbboogboogbbuogoboogsobbooobbuooon
O000OC0O0O0U0AF/FRO000000009%AD0O0O0OOMIOOOOO Ca®™ O
0000000000000 0000ooo (990

Ca* 00000000000 0000000C* 00000 00000On
D00000000000C 000000000000000000000
gboboogooood

[MgGreen] + [MgGreen-Ca”*"]( Finax/ Finin)
[MgGreen]y + [MgGreen-Ca®"]o( Fiuax/ Finin)
O00b0b0ob0b0oboooDooooDoboooDoooodMgGreen OO0
000000000000 Magnesium Green 1 0 0 MgGreen-Ca*t 000000
Ca2tgooon Magnesium Green 10000 Fp, 0 Fop, 000000000
OO0oO0oooooo

00000000000 Db0o0o0ooOo9eBOOODODOODODOOOOOODOnOO
obooob30o000bdbobobOo0ob0boDoobDooboooobDon
0000 11400000000 1700000000C2*" 00000000000
000920000000 2120000[99000000AF/F, 0000000
0Ca®t000C 0000000000000 00000000000000
00@MO0000000000 Ca* " 00000000000000000000
OO0DO0o0o0

OO0 Ca* 00000000000 Ca*" 000000000 Ca* 00000
O00000000000000O000IP;0D0000000000O00O00ODODOO

AF/Fy = —1 (49)

33



400 -200 O 200 400 600 800

Time (ms)
B,
S 4] — PF&CF
Eg T Prlne /’\
a1
=0 .

400 -200 O 200 400 600 800
Time (ms)

08 D0DD Ca?" 000 PFOCFOOODDDODOOOOOOMMADOPFO CF
0000000000000 0000000Ca> 0000000PFOO0O0 50000
ooboooboooocobOODOODOCFOOO1IDOODOODOODOOD
g-20000000+4000000000D0D0MBOOOODOODOOODOO PFO CFO
oboobobooboIpsdbooboobooboono

oBpOCOUODOODOODDODOODODMMOobOobOoOoIps00000O0O0O0O0Oooon
000000000000000000IPs00000000 Ca**000000
00000000000 0DO000D00DO00DO0bO00 200000000000
O0000D000D0O000PLCOO GAPO GTPase activation protein( 00 O O
O00GqOOO0O0O0OO00D0OIP;000000D000D000O00 GAPOODOOO
00050000000000C2T00000000000000000 Ca?t

34



A At =-150 ms At =+150 ms

10%

AF/Fo
|<A_t” 500 ms | IAtI 500 ms | 200 ms
I m |
CF PF PFCF

B

-
N
)

—e— Simulation
° o Ca?* imaging

—
e

o
1

()]
1

Averaged Ca?* response (%AF/Fo)

(@]
@0

400 200 0 200 400 PF CF
PF—CF interval (At ms) alone alone

3.10 uM
at 220 ms 2z

271 uM
at 109 ms
PF alone

400 200 0 200 400 600 800
Time (ms)

@

[IP3] (uM)
o RN SYREN)|

09 IP;000000000 Ca2t 000000000000 AOPFO CFOO
0Ca>"00000000000PFOCFOOODODDD AtDOPFOOOOOD CF
00000000000 0000000Ca2"00000000000000000 500
O00000000O0000AF/FR 00000000000 BOPFO CFOODOO
000000000 Ca?f00000000IP;000000000000PFOOO
O0CFODODODOD Ca?>f000000000000e00Ca2"00000000O0
o 00000D0D0DDDO0OO0000000D0DDODDDOO0000 Ca?2t0000on
09900000 00D000DODO0OO0DODODO0DODOOODODOODODOOOODOOOO
PFODOOOOIP;O0000OO00OD0OODODOODODODODODODO

35



OGqUOOO0O0OPLCO IP;00000 35000000000000000OO
OOoboooobobooboboeBocCcoboboDmoob Ips0b0oboonoOO
OO00OD0GAPODOO IPs0000000O0DOOC20005000000000O
0D000000000000009B0CO00MONONDNDNDNC* 00000
OooboIps000b00Ob000booobooonbDon

6.6 Ca’tJ 0000 Ca2 0000

00000000000 calbindin O parvalbumin 000000000 Ca?t
D0000000000000 [3,,72000000000001xMO00 Ca?t
0000 Ca*"00000000Ca* 000 1,MO00000000000000
0000000000000000000000000000Ca*" 000000
O00000b00b0O0O0Calbindin0DOO0D0O0O0O0OPFODOOOO CFOOOO
D005puMOD0000000 Ca®>* 00000000 10ADC* 000000
O020000000000PFOCFOODODOODOOODOODObS0O0O0O000
0000000 10BOO0OD0O0OO calbindin PFO CFOODOOOOOO
Ca** 000000000 Ca* 0000000000000 000000000
gobbobobooooooob pFOOOO0ObMOOOUOOOD IPsODDOOOOOO
Oo0O0O0O0Ips0000D000D000DOOO0OOOO0ODOO0OOOOO0ODOO0
00000100000000000000 parvalbumin0000000OCa*"0
O0000000b0Db00ooobobDi1oBMooboOoOdecalbindin O0O0OO
Oooooooooboon

6.7 OO

D0000C 000000000000000000000000000
00000000 Ca2t0000IP;00001IP,0000 Ca2t0000000
000000C200000001IP;,000000000000000

36



A cF PF No calbindin
RN
™ 5 UM
_J1ca?y
100 ms
M
HUSAN
H'SRN \\\[\;}cx
HUSRN Q“
400 200 0 200 400 600 800

Time (ms)

calbindin parvalbumin

-
N
)

— 4+ +
- - +
............ + -

-
o
L

(o0}
L

o

Averaged Ca?* response (% AF/Fo)
»

400 -200 0 200 400

PF—CF interval (At ms)

010 Ca?t 000000 Ca?T 0 0000000000000 000 MM ADCalbindin
O0O0OO0OO0OO0OPFO CFOOODOODOOOOOOOOOOOOOODODOOODOOOO Ca?t
J000000 Ca?>t 00000000 calbindin 00000000 80000000
0 B0 Calbindin 0 parvalbumin 000 00000000000000O0 Ca?t000
agooo

37



7. Calt0oooooooooon

7.1 IP;0000ooooon

PFO CFOOOOODDOOOODODOO Ca**0000PFODOOIP,00000
OOo0o0ob0oboOooooogooeBoCcboooboobooooboboboon
[P;0000000000000000000D0OD0O0OO0OO0OO0O0O0 1/1000
gbotodogoobbdgbbbooobbooobbooobboobooan
000000000000000009%00000000000000C Ca?*"0
goobobooboobobooboobobooobuo Booooooooo
OO00oOooooIp; 000000000000 0O00O0O00000 mGluRODO
OO0 GqUOobobooooooooooooooooooo Ipsb0obonon
110404

goooboobobooobobob Ips0bO0obObIPs000D0OD0O0O0ODO
gobboogbbobboooobbobboooobbbuoooobbooon 120
00000 MichaelisUO OO 13000000000 4000000000 150
gbobooodgg

0000000000000 0000000. O 1/20000 20000 1/5
000050000 1/100000 100000 1/200000200000 1/500
000500000 1/1000000 1000000000000000O00000O0
gobbgoobobduoobboggbbbooooobuobooobbooon
goooo

Ip; 000000000000 DO0O0O0DLO0DbO0DbO0ODbOo0bObODbOn
D00V U0 o0o0oooooooobgboobobIP;0000000000
OO0000DO0Ob00DO0ob00o0o0oD mGROOOO0 GqOOOODOOOOO
OOIDODs0000MGqUOOODO PLCO IP;000O00O0O IDO b6
GqOOOOOoOOoO0oOoPLCO IP;0D00D00ODOO IDO b7OOPLCO GAPOUO
OO0000IDO b1oObl1Ob1200OIP; 3-00000 IPs0000ODOOO IDO 30
OO0O0000oooobOoOogDaabbbebe3d 30000O0O0O0O0OOOOO a5 0
D0O00IP;0000 Ca* 00 330 00000000000 160 100 HzO

38



8- Parameter ID = a5, —— x100
Vimax for Gq activation by Glu-mGluR ~ —— %30

7 —— x20
— x10
— x5
— X2
—— x1 (Control)
x1/2
x1/5
x1/10
x1/20
x1/50
x1/100

[IP3] (kM)
IS

400 -200 O 200 400 600 800
Time (ms)
011 00000000000 mGROOOO GqOOOOOOOOODOODODOO

O00200500100020005000100000000001/2001/5001/10
00o1/20001/50001/1000 0000000000000 IPs00000O

OO0 PFOOO10OpMOIP;,0000000000O0O00O0O0O0DB6O 3000
oooiIps00O0o0l pyMODODOODOOOOO 6000300000000
00000000000 1/io0o0 0000000 Ips0000000000
OO00000O0D00O000000 mGuROODOO GqOOODOa&00 IP;000
OO0000DOO00oDOOo0o00oooo0oDoooooDoD 16AMGqO
D000 PLCO IP;O000b6OO 10000000IP;00000000O0O 16BI
IP;3-0 0000 IPs000c30000D00DO0DLO0ODO0OO00OOO0OoOoonoonn
gbobbuogoobbbodoggobobooooobboooooobobood

7.2 CaltOoooooooooo

OOOPFOCFOOODODODDDD Ca* 000000000000 ODODODO
oboooboIlpsdb0000b00obObObObOobObOobObOobObOoDObOobODbOon
O00000000ooo 1/io0000 1000000000Ca** 0000000
goo

39



Peak time of IP3 time course
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Peak time of IP3 time course
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Averaged Ca?* response (%AF/Fo)
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Peak time of time window
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Peak time of time window
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Peak time of time window
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Inositol 1,4,5-trisphosphate-dependent Ca®" threshold dynamics detect spike

timing in cerebellar Purkinje cells.
Tomokazu Doi, Shinya Kuroda, Takayuki Michikawa, Mitsuo Kawato
The Journal of Neuroscience 25(4): 950-961, 2005
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Spontaneous activity of parallel fibers autoregulates the amount of AMPA re-
ceptors to elicit cerebellar LTD for supervised learning.
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gl |NO GC_bind.-NO 0.2 0.05 0.25 Stone and Marletta (1996) Biochemistry 35: 1093-1099 O Fig. 6
O00D0D0OONO O GC OOO0ODo0o00 0.25+0.05 pMOOOO
g2 | NO GC_deg 0.673 Wood and Garthwaite (1997) Neuropharmacology 33:1235-1244 0O
OONO 0000 0.5-5 00000Kuroda et al., (2000) J Neurosct
21:5693-5702 OO kf = 0.673 /sec 0O OO
g3 NO GC_prd_cGMP 0.81667 29.4 45 NOOOOooooGC O GTPOOOO Ky OO 45-55 pM O0O0O00GC
0 200 kDa 000000000 Stone and Marletta (1996)
7.35 (kcat) | Biochemistry 35: 1093-1099 0000000000 480 /nmol /min
/mg protein 0000
g4 | NO GC_prd_cGMP 20.1546 | 15.48 0.96 Turko et al., (1998) Biochem J 329: 505-510 0 Table 1 0000
00 2.5 /umol /min/ mg D0OOOPDE O 93 kDa 0000000
3.87 (Feat) | 00 kear = 2.5 x 93000 / 60000 = 3.87 /sec 0000
g5 NO PKG_act_Gsub 2 0.1 0.05 Ruth et al., (1993) PNAS 90:2623-2627 U Fig. 1 OOOPKG 00O
0 cGMP OO0 50 nM O000000O0O00O0O0OO00O
g6 NO GC_prd_cGMP 18 2.88 0.2 Hall et al., (1999) J Biol Chem 274:3485-3495 00000 Ky, = 0.2
pMO Vipax = 1.8 pmol /min /mg protein 000O0OPKG 00000
0.72 (kcat) |27.5 kDaOOODO1.8 x 27500/60000 = 0.77 /secU
27 | NO Gsub_deg 0.001 oooo
g8 NO Gsub_inact_PP2A 1 0.27 0.27 Endo et al., (1999) PNAS 96:2467-2472 000000000G 0OOO
PP2A 00D0000O0ODODODODO
g9 NO PKG_phos_PDE 18 2.88 0.2 Oooood PKG O cGMP OOO0O PDEs 00000000000
0.72 (kcat) |0 Rybalkin et al., (2002) J Biol Chem 277:3310-331700
glo | NO PDE_deg 0.01 0 0 Mullershausen et al., (2003) J Cell Biol 160:719-727 O Fig. 6 O
OoOPDEOODOOO 10 DDDDDDDDDDDkf = 0.01 /sec OOOO
gll | NO PDE-P_deg_cGMP 18 16 1.1111 |cGMP OO0OO PDE5 0 Ky, DOOOPDE O0OOOOOOOO 0.96 00
0.58 pM 000000 Corbin et al., (2000) Eur J Biochem
7.74 (kcat) |267:2760-276700 PDE5 000 PKG 0000000000 200000
00 Rybalkin et al., (2002) J Biol Chem 277:3310-331700
hl Ras PKC_act_GEF 18 16 1.1111 |PKC O0O000000O0OODOOO0OO0000K, O 0.1-50 pkM OO000O0OO
000000 Chen et al., (1993) Biochemistry 32:1032-103900 kcqt
4 (kcat) |0 GEF O GAP O Ferrell (1996) Trends Biochem Sci 21:460-466
0 Box 1 00000000O0OMichaelisD0000000000000O
h2 | Ras basal _GEF_inact 0.1 oooo
h3 | Ras PKC_inact_GAP 90 80 1.1111 |00D00OO0OOOOO0OOGEF O GAP O Ferrell (1996) Trends Biochem
Seci 21:460-466 0 Box 1 0000000000 MichaelisDO000000
20 (keqt) |00O0O0OOO
h4 | Ras basal_GAP_inact 0.1 oooo
h5 | Ras GEF_act-Ras 0.99 0.4 0.50505 | Ky 00 Bhalla et al., (2002) Science 297:1018-1023 000000
0.1 (Feat) |0000keq: D0DDOOODODOOOOOD 0.0200 0.1 xMOOOODO
h6 | Ras GAP_inact_Ras 495 40 0.10101 | kcqt OO Bhalla et al., (2002) Science 297:1018-1023 000000
10 (kecqt) |DO0O0D0DK,, 000OO0O0O0OO0O0OO0OOOO 100 0.1 pkMOOOOO
h9 | Ras basal_Ras_inact 0.0001 Ras 000000000000 O0O0O0OOO
il MAPK Ras-GTP_bind_Raf 45 7.4 0.16444 | Ras 0 Raf 000000 Sydor et al., (1998) Biochemistry 37:14292-
14299 00 0DO000DOOOTable 1 O RBD+RasmantGppNHp 0000
goooooooo
i2 | MAPK | Raf_act_MEK 1.3101 | 0.42 | 0.398 . )
0105 Theat) 000000 Bhalla et al., (2002) Science 297:10‘18-10.23 goooo
3 MAPK Rof act MEK.D 13191 042 0.398 000000000Force et al., (1994) PNAS 91:1270-1274 00000
goooOooooooo
0.105 (Feat)
i4 MAPK PP2A_deph_MEK-PP 1.91082 24 15.7 000000 Bhalla et al., (2002) Science 297:1018-1023 00000
6 (kcat) |0000O0Km O kcat O Pato et al., (1993) Biochem J 293:35-41
i5 MAPK PP2A_deph_MEK-P 1.91082 24 15.7 0 Table 1 0000000000000000O0 PP2A0O0OOOOOOOO
6 (keat) |00DOODOOD
i6 MAPK MEK_act_MAPK 1.62 0.6 0.0463 | 000000 Bhalla et al., (2002) Science 297:1018-1023 00000
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ID 0000 |000 kg kb Kq |00
0.15 (kcat) |00000kcqt O Seger et al., (1992) J Biol Chem
i7 MAPK MEK_act_-MAPK-P 1.62 0.6 0.0463 | 267:14373-14361 OO 150 nmol/min/ml 00 kcqt O Haystead et
0.15 (kcat) | al., (1992) FEBS Lett 306:17-22 00O 46.6 £ 6.6 nM OO0O0OOOO
i8 MAPK MKP_deph_-MAPK-PP 30 4 0.16667 | Bhalla and Iyengar (1999) Scinece 283:381-387 U0 Ky, = 0.0666
1 (kcat) | #PM O kcqt =1 /secO Kuroda et al., (2001) J Neurosct
i9 MAPK MKP_deph_ MAPK-P 30 4 0.16667 | 21:5693-5702 0 0000000000000 00O0O0O0O0 MAPKOOOO
1 (keat) |000000000000 Ky O 0.16667 pM 00000
jl PLA2 MAPK_PLA2 1.36716 28 25.601 | Bhalla and Iyengar (1999) Scinece 283:381-387 U0 Ky, O
Sanghera et al., (1990) J Biol Chem 265:52-57 000000 keqt O
7 (kcat) | Nemenoff et al., (1993) J Biol Chem 268:1960-1964 0000000
godo00oO0o000000000O000000
j2 PLA2 PLA2-P_deg 0.17 Bhalla and Iyengar (1999) Scinece 283:381-387 0000000000
0000/00000 PLA, O0O0O0OOO0O0OOOODOOODOOOOO
i3 PLA2 PLA2_bind Ca 10 4 0.4 Bhalla and Iyengar (1999) Scinece 283:381-387 00 Kp, O
Sanghera et al., (1990) J Biol Chem 265:52-57 000000 kecqt O
j4 PLA2 PLA2-P_bind_Ca 10 4 0.4 Nemenoff et al., (1993) J Biol Chem 268:1960-1964 0000000
0000000000000000000000
i5 PLA2 PLA2-Ca_prd_AA 1.35 21.6 20 PLA, 000000 APCOOOOOOOOOOKy, OO0OOO0O0OOO
5.4 (kcat) | Bhalla and Iyengar (1999) Scinece 283:381-387 000U Channon
j6 PLA2 PLA2-P-Ca_prd_AA 30 480 20 and Leslie (1990) J Biol Chem 265:5409-5413 0000000000
120 (keat) |000000000OO
j7 PLA2 AA_deg 0.4 0000000 Bhalla and Iyengar (1999) Scinece 283:381-387 00O
ooooooao
k1l | PKC PKC_basal_act 0.001 0.05 0.02 Oancea and Meyer (1998) Cell 95:307-318 0000000 02%0 PKC
000000000000000000000
k2 | PKC PKC_bind_-Ca 1 1 1 Oancea and Meyer (1998) Cell 95:307-318 000000 pM O Ca’T
000000 PKCOOOOOOOOOOOOOOO
k3 | PKC PKC_bind_AA 0.2 10 50 Schaechter and Benowitz (1993) J Neurosci 13:4361-4371 0 OPKC
000 10-500 M ODOO0OOOO0ODOODOOO
k4 | PKC PKC-Ca_to.memb 0.01 0.01 1 Oancea and Meyer (1998) Cell 95:307-318 DOOPKC 000000
k5 PKC PKC-AA_to_memb 0.01 0.01 1 00000000 10000000000
k6 PKC PKC_bind_DAG 15 30 2 DAGOO00OO00D0000000ODAGOO0O PKCOOOOOODOODOODAG
000 DiC8 0 PDBu 00000000000 Oancea and Meyer (1998)
Cell 95:307-3180 0000000000000 00O0O0O000OOO0
11 AMPAR | AMPAR._synth_move 0.0004 100000000100 AMPAODOODO 2,500 000000000000
oooo
12 AMPAR | AMPAR_to_memb 0.1 0.01 10 000000000 AMPAOOOOOOOOOOOOOChung et al., (2000)
J Neurosci 20:7258-7267 00000000 AMPA OO0OOO0OOOOO
000000000 10:1 0000
13 AMPAR | PKC_phos_ AMPAR 2.08332 6 36 PKC O AMPA 0000 GluR2 0 Ser880 0000000000
Kuroda et al., (2000) J Neurosci 21:5693-5702 00 Ky, = 3.6 pM
1.5 (keat) | O kear = 1.5 /sec 000000
14 AMPAR | PP2A_deph_ AMPAR-P 1.9161 24 15.657 | PP2A 000000000000000 AMPAOOODODOOOOOOOOO
00D000000PP2A 0 GluR2000000000Launey et al.,
6 (kcat) | PNAS (2004) 101:676-68100 000000 MEK O i4, 15 0000
15 AMPAR | AMPAR_to_cyto 0.1 0.01 10 00000000 AMPAOOOOOOODOOOOOOOOOO0 AMPA OO
00000000000D000000 1:100000
16 AMPAR | PKC_phos_ AMPAR_pool 2.08332 6 3.6 PKC O AMPA 0000 GluR2 0 Ser880 DOO0OOOOO0OO0O
Kuroda et al., (2000) J Neurosci 21:5693-5702 00 Ky, = 3.6 pM
1.5 (keat) | O kear = 1.5 /sec 000000
17 AMPAR | PP2A_deph_ AMPAR-P_pool | 1.9161 24 15.657 | PP2A 000000000000000 AMPAOOODODOOOOOOOOO
00000000PP2A 0 GluR2000000000 Launey et al.,
6 (kcat) | (2004) PNAS 101:676-68100 000000 MEK O i4, 15 0000
18 | AMPAR | MAPK deg AMPAR-P 0.09765 | 2 25602 | \fAPK 0000000000 LTD 000000000000000 LTD
0.5 (keat) | noppooo0O000O00000000MAPK 00000000 AMPA
19 AMPAR | MAPK_deg_ AMPAR 0.09765 2 25.602
0 i,y ]0000000000000
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B3 00O0O0oodgnd

oo
ooood ooog
ogoo googo goood oobogo oo
al, a2, a3, a4, bl, b2, b3,
ooog - . 3 ab, a8, b4, b5, b8, b9, cl, c2, c4,
’ el, ed, €9 d1, d2, d3, d4, d5, d6,
e2, eb, e7, el0, f1, f4, 5
go00 Kq d1, d2, d3, al, a2, a4, | b4, b5, cl, c2, c4, | bl, b2, b3,
Michaelis 00 K, d4, ds, d6 f1, f2, f3 e2, eb, e7, el0 b8, b9 a3, 14, 5
000000 Vinax b10,bll, a7,C5, b7 a5, b6, ¢3
b12 e3,e6,e8
[Ca?t];, IP3R, Glu,
MgGreenl, mGluR, PLCpB4
oooooo [] parvalbumin, Gq, IP3 PIP,, SERCA,
calbindin-D28,, [Ca2+}ER 1P3 3-kinase, (taken from PMCA,
low-affinity buffer 1| [Ca2t]ext |IP3 5-phosphatase | PLCA1) Nat/CaZt
low-affinity buffer 2 | calreticulin

04 Ca2"00000000000D00000DOO00DO0O000IDOOOO ADO
gbbodbooobad
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