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Closed (T)

Stefan MI, Edelstein SJ, Le Novere N (2008)
Stefan MI, Edelstein SJ, Le Novere N (2009)
Edelstein SJ, Stefan MI, Le Novere N (2010)
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Different targets stabilise CaM in different states




Different targets stabilise lobes in different states

Neurogranin LCK

Lai M, Brun D, Edelstein S}, Le Novere N (2015)
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Bindings of calcium and targets (one lobe)
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Hemiconcerted model of calmodulin
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Calcium binding to lobes and whole CaM
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Targets are allosteric effectors
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Targets move Ca* binding into physiological range
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Calmodulin, its ligand and its targets
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Bidirectional synaptic plasticity
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Wait a minute!
Signal transduction is not at equilibrium!

AMPAR post-synaptic potential: 5 ms
Calcium spike: 50 ms
Half saturation calmodulin (kon=1.5e6, koff=100): 5 ms
Relaxation between calmodulin states: 1 ms

autophosphorylation of CaMKIl (kon=6): 100 ms
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Franks et al 2001
Naoki et al 2005
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Ca channels
Ca buffers Ca pumps
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1295 reactions

184 mathematical rules
7 conditional discrete events

Drug Safety Gordon Research Conference, 11 June 2018 Babraham




[camﬁlx[caM
1

08B F

0.6
0.4 F
0.2 F

0
200
100

Co00000000—
=i Py L0 o L1 O - 00 0

CaM without targets. Low
frequencies do not activate
calmodulin (binding events
without conformational changes)

[
Drug Safety Gordon Research Conference, 11 June 2018 Pa@




:
0.8 0.9

0.6 | 0.7

0.4 F 0.6

0.2 F 0.5

0.4 .

0 03 CaM without targets. Low
100 01 frequencies do not activate

calmodulin (binding events
without conformational changes)

01 % ime {s)
[CaMgM(CaMygeol

At high frequency, effects of i |

calcium signals last much 06 |
] . nd E
longer than the signal itself 02 |
0
200

ocoopooopoo—
== pIlD N ~J00 WD

CaM with targets. Binding to 100
CaN and CaMKII stabilises LTP

R state, with higher affinity frequency I:Hj |
LTD e
- 60
0.1 g0 time (s)

Drug Safety Gordon Research Conference, 11 June 2018



Y
1.0

I obtained with

25 uM CaM

0.5 /

il [0 Crouch data

& Porumb data
- <> Peersen data
— (COPASI simulation
O L | "':"f:! g | | ||||||| | | ||||||| | | I |
| Qe-ﬂﬂ le-07 le-06 le-05 le-04 le-03

[free Ca?*] (M)

/3
Drug Safety Gordon Research Conference, 11 June 2018 Pa@




Calcium dose-response with 25 uM Calmodulin

Print Sawve Image Save Data Zoom out Show All Hide All
dose-response
1.0 L .
4 ++++
+
. +
B i +
+
0.8 — +
— B +
1 +
i +
— +
0.6 —
N
T +
0.5 - : :
N
7 +
0.4 — -
— +
- +
+
— +
"
n +
— +
b
0.2 — -
i
i o
a2 i +++++
+F
++++
i +++++++
O (B 1 | 1 o v M
. I T T T I T T T T I T T T T I T T T T I
E‘-‘-{]S le-07 le-06 le-05 0.0001 0001
mol/l
I + Values[ybar]|[cal_0 — VWalues[Rbar]|[ca]_0O

/3

Ba Ibra ham )

Institute

Drug Safety Gordon Research Conference, 11 June 2018




Calcium dose-response with 0.1 uM Calmodulin
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Beware the ligand depletion
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Beware the ligand depletion
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Beware the ligand depletion

Chemistry (mass-action law)

= f( )

free ligand
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Beware the ligand depletion

Chemistry (mass-action law)

= f( )

free ligand

Cellular signalling
= f +0)

total signal
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Beware the ligand depletion

Chemistry (mass-action law)




Beware the ligand depletion

Chemistry (mass-action law)

This is generally not the case in signalling:
Concentrations of sensors are in micromolar
range, as are the dissociation constants.

if
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Ligand-depletion decreases effective cooperativity
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How general is an in vitro dose-response?

% Response
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How general is an in vitro dose-response?
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Standard format to encode models

mathematical
discrete events relationships
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<?xml version="1.0" encoding="UTF-8"7>
<sbml xmlns="http://www.sbml.org/sbml/level2/versiond" level="2" version="4">
<model name="Simple Model ">
<listO0fCompartments>
<compartment id="cell" size="1" />
</list0fCompartments>
<list0fSpecies>
<species id="A" compartment="cell" initialConcentration="1"/>
<species id="B" compartment="cell" initialConcentration="1"/>
</list0fSpecies>
<listOfParameters>
A <parameter id="kl" wvalue="0.1"/>
</list0fParameters>
<list0fReactions>

<reaction id="rl" reversible="false"> u

<list0fReactants> A Ve ry S I m p I e
<speciesReference species="A"/> -

v </list0fReactants> S B M L fl Ie

<list0fProducts>
B <speciesReference species="B"/>
</1ist0fProducts>
<kineticlaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
(i{[?] <times/>
W — k1 % [A] <ci> cell </ci>

<ci> k]l </ci>
<ci> A </ci>
</apply>
</math>
</kineticLaw>
</reaction>
</list0fReactions>
</model>
</sbml>
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community-driven global reconstruction of human

Ines Thiele!:237, Neil Swainston?%37, Ronan M T Fleming!®, Andreas Hoppe®, Swagatika Sahool,
Maike K Aurichl, Hulda Haraldsdottir!, Monica L Mo’, Ottar Rolfsson!, Miranda D Stobbe®9,

Stefan G Thorleifsson!, Rasmus Agren!?, Christian Bélling®, Sergio Bordell?, Arvind K Chavalill,
Paul Dobson!2, Warwick B Dunn?!3, Lukas Endler!4, David Hala!®, Michael Hucka!6, Duncan Hull4,
Daniel Jameson?#%, Neema Jamshidi’, Jon ] Jonsson®, Nick Jutyl7, Sarah Keating!7, Intawat Nookaew!?,
Nicolas Le Noverel7:18, Naglis Malys?»1%:20, Alexander Mazein?!, Jason A Papin!l, Nathan D Price??,
Evgeni Selkov, Sr23, Martin I Sigurdsson!, Evangelos Simeonidis?>24, Nikolaus Sonnenschein?®, Kieran Smallbone?26,
Anatoly Sorokin2?1:27, Johannes H G M van Beek?8-30, Dieter Weichart?31, Igor Goryanin21:32, Jens Nielsen!0,
Hans V Westerhoff>28:33.34 Douglas B Kell®33, Pedro Mendes?%36 & Bernhard @ Palsson!>”
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Multiple models of human metabolism have been reconstructed, but each represents only a subset of our knowledge. Here we
describe Recon 2, a community-driven, consensus ‘metabolic reconstruction’, which is the most comprehensive representation
of human metabolism that is applicable to computational modeling. Compared with its predecessors, the reconstruction has
improved topological and functional features, including ~2x more reactions and ~1.7x more unique metabolites. Using Recon 2
we predicted changes in metabolite biomarkers for 49 inborn errors of metabolism with 77% accuracy when compared to
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experimental data. Mapping metabolomic data and drug information onto Recon 2 demonstrates its potential for integrating and [ |
analyzing diverse data types. Using protein expression data, we automatically generated a compendium of 65 cell type—specific
models, providing a basis for manual curation or investigation of cell-specific metabolic properties. Recon 2 will facilitate many

8 compartments

& 2013 Nature America, Inc. All rights reserved.

An understanding of metabolism is fundamental to comprehending
the phenotypic behavior of all living organisms, including humans,
where metabolism is integral to health and is involved in much of
human disease. High quality, genome-scale ‘metabolic reconstructions’
are at the heart of bottom-up systems biology analyses and represent
the entire network of metabolic reactions that a given organism is
known to exhibit!. The metabolic-network reconstruction procedure

e

future biomedical studies and is freely available at http://humanmetabolism.org/.

is now well-established? and has been applied to a growing number
of model organisms®. Metabolic reconstructions allow for the con-
version of biological knowledge into a mathematical format and the
subsequent computation of physiological states!*> to address a variety
of scientific and applied questions®®. Reconstructions enable network-
wide mechanistic investigations of the genotype-phenotype relation-
ship. A high-quality reconstruction of the metabolic network is thus
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SBML Level 3 Package Specification

Do genome-scale models need exact solvers or
clearer standards?
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Parent pages: SBML.org Parent pages: SBML.org
Events Downloads
An important aspect of SBML development is face-to-face meetings,
where developers, researchers and other interested persons meet each
other and discuss their experiences and ongoing work. There are
different kinds of events. SBML Forum Meetings are the annual working
meetings of the SBML community and provide an opportunity to discuss
SBML, its continued evolution, and software efforts to support SBML.
SBML Hackathons are annual meetings of developers and provide an

Software by the SBML Team and the BioModels.net Team

The SBML Project helps develop a variety of software packages for working with SBML. (Many more third-party
packages also support SBML—visit the SBML Software Guide to find out more about them!)

? LibSBML JEBML 3sBML

opportunity to discuss software interoperability of SBML-aware A free, open-source API# library for A free, open-source, pure-Java library
software. Finally, the community also organizes occasional special ;Zrnkmgr:“rgn?ri:: ‘:I‘;Ti“;':s :Lrl‘l;ports IfiC;I;B:;I:ISH:PV;/It:\;:hB::-r:JeaTauI:itiZ?ns
workshops aimed at pushing forward the development of specific SBML Y prog 9 languag P :
features. operating systems. and without native object code.
Upcoming Events SBMLToolbox . SBML Test Suite
A free, open-source package for working A conformance testing suite for assessing
e’ COMBINE 2017 & (Coordii ing ds for ing in Biology) with SBML in MATLAB . It provides - a simulator’s support for SBML. Includes
Qctober 9-13, Milan, Italy. functions for reading, writing, test cases, a standalone runner, an online
‘ ‘ manipulating, and simulating SBML system, and a database.
models.
All Events
2 ? SBML Forum Meetings [collapse] MOCCASIN Deviser
w A free, open-source package for translating A system for defining and prototyping

Date(s) Event Location Host(s) ODE models written in MATLAB into models SBML Level 3 package definitions and code

Newcastle University &, in SBML format. for lIbSBML.

Sept. 19-24, 2016 COMBINE 2016 &7 Newcastle upon Tyne, UK Multiple groups 7
SBMLeditor &

A portable (written in Java), low-level, tree-
structured editor for SBML. It supports
™ annotations and validation.

University of Utah i, Salt Lake
Oct. 12-16, 2015 COMBINE 2015 7 : " Myers Group &
City, United States

University of Southern Keck School of

Aug. 18-22, 2014 COMBINE 2014 &/ California &, Los Angeles, United L
Medicine of USC 7
States
U900 Computationa|
Sen. 16-20. 2013 COMBINE 2013 % Institut Curie @. Paris. France Svstems Bioloav of SBML Converters

h' Today, there exist many converters that can translate between SBML and other formats; some were

The Systems Biology Markup Language

GBML org

+ News Documents Downloads Forums Facilities Community Events About u N T

The Systems Biology Markup Language (SBML):
Language Specification for Level 3 Version 2 Core

Q, Coogle Site Search,

Michael Hucka (Chair)  California Institute of Technology, US }

Frank T. Bergmann California Institute of Technology, US Parent pages: SBML.org

Andreas Drager University of Tibingen, DE

Stefan Hoops Virginia Bioinformatics Institute, US -

Sarah M. Keating European Bioinformatics Institute, GB SBML Software Guide

Nicolas Le Novere Babraham Insiitute, GB

Ef;{fé "OAK;':( vumé:;:j’;%;%:rﬁ ;’i The following pages describe SBML-compatible software packages known to us. We offer different ways of viewing the

Sven Sahle Umve,s,,yofHe,gg,be,ngE information, all drawn frem the same underlying data collected from the systems' developers via our software survey. The

JLS’"QS'SSSC"I?" Z”’V“’s’?"’ﬁ:’”';]”’f“’v 5:2 Matrix provides a table listing all known software and a variety of their features; the Summary provides general descriptions
ucian P. Smil jniversity of Washinglon, - o

Dagmar Waltemath University of Rostock, DE of most of the software; and the Showcase provides a sequential slideshow of a subset of the software.

Darren J. Wilkinson Newcasile University, GB

Number of software packages listed in the matrix today: 290.

sbrml-editors@sbml.org

Go to the SBML Go to the SBML Go to the SBML
Software Matrix Software Summary Software Showcase

SBML Level 3 Version 2 Core

Release 1

e —

05 December 2017

Corrections and other changes to this SBML language specication may appear over time.
Notfications of new releases are broadcast on the mailing list sbrol org/forurms/sbrml-amounce

‘The latest release of the SBML Level 3 Version 2 Gore specification is available at
b 1.org/speci fications/ sbul-level -3/ver sion-2/core

This release of the specification is available at
http://sbal.org/specificat sbrrl -1evel -3/vers release-1,

The list of known issues in allreleases of SBML Level 3 Version 2 Core is available at
http://sbal.org/specificat ‘sbml-evel-3/vers errata,

Formal schemas for use with XML are available at
http://sbal.org/specifications/sbul-level-3/version-2/schemas

C Systems Biology
JM |_ Markup Language

Please tell us about additions and updates.
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E?xml version="1.8" encoding="UTF-8"7>

<sbgn xmlns="http://sbgn.org/libsbgn/@.3">
<map version="http://identifiers.org/combine.specifications/
sbgn.pd.level-1.version-1.3" id="mapl">

<bbox x="8" y="0" w="363" h="253"/>
<glyph class="simple chemical" id="glyphl">
<label text="Ethanol"/> <!-- fontsize="" etc --=
<!-- Line breaks are allowed in the text attribute
<bbox x="40" y="120" w="60" h="60"/>
</glyph>
<glyph class="simple chemical" id="glyph_ethanal">
<label text="Ethanal" />
<bbox x="220" y="110" w="60" h="60"/>
</glyph>
<glyph class="macromolecule” id="glyph adhl"=>
<label text="ADH1" />
<bbox x="186" y="20" w="108" h="60"/>
</glyph>
<glyph class="simple chemical" id="glyph_h">
<label text="H+" />
<bbox x="220" y="198" w="60" h="60"/>
</glyph=
<glyph class="simple chemical" id="glyph nad"s>
<label text="MNAD+" />
<bbox x="48" y="190" w="60" h="60"/>
</glyph>
<glyph class="simple chemical" id="glyph nadh">
<label text="NADH" />
<bbox x="300" y="150" w="60" h="60"/>
</glyph>

<glyph class="process" orientation="horizontal" id="pnl"s>
<bbox x="148" y="168" w="24" h="24"/>
<port x="136" y="18@" id="pnl.1"/>
<port x="184" y="188" id="pnl.2"/>

</glyph>

<arc class="consumption" source="glyphl" target="pnl.1"
1d="afl">

<start x="98" y="160" />

<end x="136" y="180" />

-

-

Biology phi i
Entity Relationship language Level 1

y Biology i
Activity Flow language Level 1

Version 1.2
Date: July 27, 2015

Editors:

SRGN

BG

Version 2.0
Date: August 8, 2015

Editors:
Institute of Cell Bio

Yy Biology i ion:
Process Description language Level 1

Version 1.3
14 February, 2010

Editors:

EMBL By

BGN

BGN

Pull requests Issues Gist

</arc> L sbgn / sbgn @unwateh~ 9 ksar 1 YFok 3
<arc class="|}r0duction" source="pn1.2" target="gl}rph_nadh" ‘"H. _-"' Code Issues 8 Pull requests 0 Projects 0 ER Wiki Pulse Graphs Settings
id="a02">

cstart x="184" y-"180" /> LibSBGN

<end x="300" y="180" />
<farc>

<arc class="catalysis" source="glyph adhl" target="pnl"
id="af3">

<start x="160" y="80" />

<end x="160" y="168" />
</arc>

<arc class="production" source="pnl.2" target="glyph_h"
1d="a04">

<start x="184" y="180" />

<end x="224" y="202" />
</arc>

<arc class="production" source="pnl.2" target="glyph ethanal"

id="a@5">
<start x="184" y="180" />
<end x="224" y="154" />
<jarc>
<arc class="consumption" source="glyph_nad" target="pnl.1"

I m_mem
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Matthias Konig edited this page on 30 Sep 2016 - 13 revisions

LibSBGN library b Pages

LibSBGN is the library for writing and reading SBGN-ML, a XML-based file format dedicated to the

— P
description of SBGN maps. { J ( N \

Source code: hitps://github.com/sbgn/libsbgn

Latest release: https:/github.com/sbgn/libsbgn/releases
Systems Biology

Features Graphical Notation

LibSBGN is a library that deals with SBGN maps. It currently supports: #diHome

###Event
® Reading / writing the SBGN-ML file format (XML-based format for description of SBGN maps) e

® Validation of ical and sy ® Logistics
o Notes

® Conversion to other formats such as SBML and BioPAX
® Support for Java and C++ #H#Editor Meeting Notes

##HLIDSBGN

Documentation

###Specification Development
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c& i bi the computational modeling in biology network

COMBINE 2017 Standards Events Documents About Forums

M Coordinating standards for modeling in biology

Search

+ Home

+ Help View Edit Revisions Access control Delete
+ Sign-in

The 'F:Dmputatignal Modeling in Blology' NEtworlk {CDMBINEI} is an Tweets by @combine_coord 0
initiative to coordinate the development of the various community -

_ standards and formats for computational models. By doing so, it is
&'_% COMBINE @cormbine_coord

expected that the federated projects will develop a set of interoperable and

« My account non-overlapping standards covering all aspects of modeling in biology. ) Best practises in building and using identifiers

T Create content Building on the experience of mature projects, which already have stable Identifiers.org can help
+ ColoMoTo Page specifications, software support, user-base and community governance, journals.plos.org/plosbiology/ar...
¢ HTML Page COMBINE will help foster or support fledgling efforts aimed at filling gaps or
+ Mediawiki Page new needs. As those efforts mature, they may become part of the core set _.Z:'a Identifiers for the 21 )
. panel of COMBINE standards. § J| 'dentifiers forthe Zist century: ...

& In many disclplines, data are highly

= Poll One of the initial activities of COMBINE is to coordinate the organization of deceniralized across thousands of
+ URL aliases Admin scientific and technical events common to several standards. Those i o i

+ Recent posts events, as others related to our field of research are gathered in a calendar. Journals.plos.org

» Administer To receive announcements from COMBINE, subscribe to the twitter

+ Help [https:/ftwitter.com/combine_coord COMBINE news] v, > 2n

+ Log out
To discuss the goals, organization and operation of COMBINE, subscribe

to [https:/igroups .google.comiforum/?hi=en-GB#lforum/combine-discuss &._% COMBINE @combine coord

COMBINE discuss]. To report issues about the co.mbine.org website, 8] COMBINE 2017. 9-13 Oct. Milano. Register
send amallto combine-support @ googlegroups.com before Aug 1st C:C) mbine o’rg-"event.s-"(}gf\ﬂ BINE
#SBML #SBGN #BioPAX #SBOL #SEDML
#NeuroML #CellML

O B 06 Jul
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'Meeting;s -

Resou rces Contact

The Computational Modeling of Biological Systems (SysMod) Community of Special Interest (COSI) of the International Society for
Computational Biology (ISCB) (' is a forum for discussion about the combined use of systems biology modeling and bioinformatics to
understand biology and disease. SysMod encompasses all methods used in bioinformatics and systems biology, as well as all biological
systems and all applications areas. The main activities of SysMod include an annual meeting at the Intelligent Systems for Molecular
Biology (ISMB () conference organized by the ISCB and an online forum (.

Annual meeting Google Group Twitter feed
] L The main activity of SysMed is an annual The SysMod Google Group is an forum for (@ Syshod Retweeted i
i 3 ; = 1-day meeting at the annual Intelligent discussion among systems biclogists and -
%?gfjg'{) Sysfﬁggﬁleeting . Systems in Molecular Biology (ISMB ) bicinformaticians. Please visit Google ?ﬂ’?‘;snl

conference organized by the International
Society for Computational Biology (ISCB
). The meeting is a forum for
discussion about the integration of
systems biology and bicinformatics. The
meetings include keynote talks,
contributed talks, and poster

Jihs o sessions. The third annual SysMod
e e v “ | meeting will take place on July 7, 2018 in
: Chicago. Please see the meeting page %
for more information.

@ ISMB

JULY 8 uwu ATIOHAL MODELING OF

AGENDA,

Drug Safety Gordon Research Conference, 11 June 2018

Groups (&' to join.

News

The third annual SysMod meeting % will be
held on July 7, 2018 during the ISMB
conference in Chicago (.

Tomorrow is the deadline to submit
abstract for #sysmod #ismb2018.
Submit athttps//www.iscb.org
fismb2018-submitismb2018-abstracts
selecting SyshMod in the proposed
COSls. NB: There will be a late poster
call, but wio option of talk.

O

Apr4, 2018

SysMod

@cosi_sysmod v
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Calmodulin carries 4 Ca** binding domains
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Kuboniwa et al. (1995).
Nat Struct Biol 2: 768-776
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%) <49
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2

Babu et al. (1985).
Nature 315: 37-40
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Zn2*-loaded N-CaM Ca?*-free N-CaM (1CFD) Ca?*-loaded N-CaM (1CLL)g

o \ 2
E&7 “\.Ds8 / Q" J ™ :

.. L.

1
1
_ - | Warren et al. (2007).
~ix)hey Mol Biol 374: 517-527
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R
KCaM Al

R-CaMKII
) K1

D—CBMK”

DARPP-32p

—————R-CaN4C

— KDK

»RCaN4Ca

RABC '6; M ﬁup
Ryeo -CaMKIIR, |

Rucs -CaMKll(p

L4

Reco -CaMKlIp

Ry -CaN4Ca*

-

™ R -CaN4Ca

> <

Incoherent feed-forward loop
-------------------------------------- Raec -CaN4Ca /

Ry —CaN4Q_M

LC,CaCeCp

R
I(II.'.':II‘ﬂKIIr.ZI

aeeo-CaMKII

R sco-CaMKIIp

v
¥ R,ec-CaN4Ca




Parametrisation using accurate measurements

e Ca’* binding in presence of targets: none, skMLCK, PhK5, CaATPase
» Ca** dissociation constants for complete calmodulin and N and C term mutants

1 in 20000 active w/o Ca**

!

0670 K?,=8.32 10°
KR =1.66 10°

C=3.96 10° Kf =1.74 107
{ KR =1.45 10

Affinity of Ca** for “open
state” 250 times higher

than for “closed state” 2 high, 2 low, as expected
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Activity of unsaturated calmodulin (state function)

Fractional activity depends on the number of calcium ions bound

R; 1

T. L-&

R,/T, = 1/20000 (1/L)

R,/T, =1/170
R,/T, = 0.69 ===p half-saturation = equi-probability

R,/T, = 780

R,/T,=10000 Do we need to represent the four calcium bindings
to understand Calmodulin activation?

a i;:_ra harﬁ )
nstitute
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Calcineurin stabilises CaM R — no deactivation

1A

Py

>

0

(4]

©

Q CaM/
(7))

S 0.5 CaMKII
=

[

o

c

1e 1e 19?

[Ca*]
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Neurogranin affects Ca?* binding to CaM

e CaM
Hoffman et al (2014) 101 « cam/Ng

o
co
1

o
»
M

0.4+

0.2

Normalized Intensity

0.0+

0.01 1000
[Free Caz*] (uM)

5.8 e CaM

' e CaM/Ng
5.6 1
5.4 1
5.2

5.0

Fluorescence Intensity

4.8

0.0 0.2 0.4

Time (sec)

I3
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3.0 T -
® @ TR2C alone (exp.)
— TR2C alone, (simul.)
251 @ ® TR2C + WFF (exp.)
1 CaM — TR2C + WFF (simul.)
Hoffman et al (2014) 1.0 « caM/Ng ® @ TR2C + NaV1.21Qp (exp.)
| 5 0ll = TR2C + Nav1.21Qp (simul.)
%)
2 08- S
n E
qc’ = 15f
b -]
E 0.6 1 ‘g
o © 1.0
[} 4 L2
N 0.4
C_U o
£ 0.2 05
o]
=
0.0+ 0.0
LR A AL 9 3 3 s -5 =3 -3
. 10 10 10 10 10 10 10
0.01 0.1 1 10 100 (free Cal(M)
2
[Free Ca™"] (uM)
1.5 T T T T T T
Reln O © CaM alone, exp. (Gaertner et al. 2004) : : :
5 8 ¢ CaM — CaM alone, sirrF:uIation
O O CaM + Ng, . (Gaert t al. 2004)
¢ CaM/Ng " oM+ g, simulagon
_.2‘ 5.6_ §
o 5.4- 5
- 3
£ P
§ 5.2 g
] ?
@ 50 E
-V £
o 5
o = : : :
E 4_8_ ooF — ..OF:_OC.JOOOOOD.Dnmmm.
I ' ' ' I ' 0.00 0.01 0.02 0.03 0.04 0.05 0.06
0.0 0.2 0.4 | - - 03 0 - -
Time (sec)
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No large effect of
Ng on [Ca?free]

(A) with Ng

Free CaM PP2B
80% =0

caMKI 42:2%

1 Free CaM
N CaMKIl
N Ng
Il PP2B

48.6% Ng

Free CaM
15.4%

PP2B [ Free CaM
2.4% I CaMKIl
I PP2B

Time (ms)

(B) Ng KO

82.2%

CaMKll
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(= EEE e e B e N e
-20-15-10-5 0 5 10 15 20 -20-15-10-5 0 5 10 15 20

Time (ms)

Ng affects

CaM distribution

73
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Are those spikes realistic?

1.2 . 2+ 0.8 .
free intracellular Ca2 stochastic
indicator bound Ca“* deterministic
S o0sFf
o
o 0.8 g
™ c
o 8
g o6 d, 04r
© o
S 04 5
=)
z 02
[&]
o
0.2 £
|||||||||||||||||||||||| 0
0 0 0.05 0.1 0.15 0.2
0 0.1 0.2 .
i time (s)
time (s)

Relative uncertainty increases when
concentration decreases, both in

“gg“ﬁhﬁ”': _ concentration and time, but no
5 S e . difference in dynamics.

b i Sabatini et al (2002)
Fluorescence Free calcium Neuron 33: 439-452.
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Frac

T286P" |
"
0|
0|

0.2

0

Validation of
CaMKIIl kinetics

simulation result
. Bradshaw 20p2 fit

0

10 20 30 40 50
time (s)

Bradshaw M, Kubota Y, Meyer T,

Schulman H (2003). PNAS 100: 10512-10517.

12 ¢
11 F

1 =
0.9 E
0.8 E
0.7
06 F
05 E
0.4 F
0.3 F
0.2 F
0.1 E

0 =
01 F

0.2 b
0.1

calcineurin activity

simulation result
Quintana 2005 fit

..., Quintana 2005 experimental points

1 10 100
CaM initial [nM]

1000

Frac '
Ca2+
released 1 r
=
[]
@]
IS
o
K] u =
2 Validation of
m 05 r » -
2 CaM kinetics
N(U
&)
simulation result
0 Black 2007 experimental points  +

0 250
time (ms)

500

Black D], Selfridge JE, Persechini A (2007).
Biochemistry 46: 13415-13424.

! Validation of calcium-

activation of CaN

i Quintana AR, Wang D, Forbes JE,
i Waxham MN (2005). BBRC 334: 674-680.
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CaMKIl and CaN

T ! . , . m L
R activation
gf:tiw_.rated CaM_KII —
0.8 £ Ca™" signal duration ——

Calcineurin,,o/CaMKIl, e

o
=
m 3
2 7
N 05¢F 6 b .
1] E ]
E 04¢F 5 6
o 4 - 5
S :
0.3 1 3 F ;
2 E
02 1} | 3
2 [ N ——— =
0.1 ¢ 8 ;
(1 0
=60 0 60 120 180 240 300
time (s) —
1 - — frequency (Hz)
; activated calcineurin ———
naE activated PP1 ——
i gotivated CaMKIl ——
08 | Ca“" signal duration ——
07 |

normalized value

All calcium frequencies increase
CaN AND CaMKII. ltis not a
Switch. But the ratio of activation
changes

-60 0 60 120 180 240 300
time (s)
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Bidirectional plasticity

Constant catalytic rates of active enzyme

—> quantity of catalysed reaction events
prop to integral of the activation curve
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kinase (CaMKll} - phosphatase (PPZB,PP1) activities

30 -
20 F

10 |

10 &

Bidirectional plasticity

Constant catalytic rates of active enzyme

—> quantity of catalysed reaction events
prop to integral of the activation curve

Bienestock-Cooper-Munro
(BCM) curve: difference of
active areas*catalytic activities

kinase activity < phosphalase activity ——
kinase activity » phosphatase activity ——

E(H)m

0.1

1 1 10 100 200
Frequency (Hz)
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Frequency (Hz)

30 -
20 F

10 |

4 8
s =
; e
¢ .t 5
s 3t o
57|
z o
g 5 CaN wins ©
g 2
o a
e N = = - - - - =-=E == == =
k= [«%
5 ' L
@ [ H =
£ 1} ; CaMKIl wins &
[
L&) 1 (-3
| A
: 0 £ i
0 ' ' : : = -10
0.1 1 - 10 100 200

Bidirectional plasticity

Constant catalytic rates of active enzyme

—> quantity of catalysed reaction events
prop to integral of the activation curve

Bienestock-Cooper-Munro
(BCM) curve: difference of
active areas*catalytic activities

kinase activity < phosphalase activity ——
kinase activity » phosphatase activity ——

E(H)m

0.1

1 1 10 100 200
Frequency (Hz)
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Effect of calcium duration and amount

10 spikes ——

20 spikes —

30 spikes —=—

40 spikes —e—

50 spikes

60 spikes

70 spikes ——

B0 spikes ——

90 spikes
100 spikes ——
110 spikes
120 spikes —+—
130 spikes
140 spikes
150 spikes
| 160 spikes —e—
170 spikes —&—
180 spikes —e—

calcineurin / CaMEll activated area
[+

0.1 1

Fraguency (Hz)

180 spikes
=3 Hz

10 spikes
=70 Hz

Prolonged or intense signals
decrease O®m: It is not an
intrinsic property of the synapse
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calcineurin / CaMEIl activated area

24
Ca_’ spike peaks at 0.3uM ——
C%J' spike peaks at 0.7uM —=—
CaZ" spike peaks at 1. 4uM —=—
Gaz‘ spike peaks at 2.8uM —=—
Cag * spike peaks at 5.6uM
Ca“' spike peaks at 12.0uM

0.1 1 10

12 MM Freguency (Hz) M
= 0.3 Hz 03 1

=20 Hz

3



Effect of intrinsic system perturbations

wild type ——
4.5 ¢ T286 mutation —— 4
increased inhibition on PP1 —s—
3
©
o
]
©
=
3]
©
% 3
S 1. o7
£ 1 L Banaar ]
3 1
g 0.24
£ . L |
m - 3 -.
3 : . 07 -
v v
0.01

o 1 3 Hz 4 3 Hz 100 200

Competition for CaM, CaN wins

Effect of Ng” (Huang et al 2004).
Better performance at low frequencies.

NB: No need of direct interactions between
CaN and CaMKIl to explain paradoxical effects
of T306 phosphorylation (Pi et al 2010) on CaN.

T206P releases limiting CaM, that can then activate CaN O 5 HZ 4.5 Hz 40 Hz
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calcineurin / CaMKI| activated area
| |

CaMKII not constitutively active

No CaM trapping

Never any positive plasticity
Giese et al (1998) Science, 279:870-873

0.01

Lower deactivation of CaMKI|
Effect of |1 and DARPP-32 activation by cAMP

[CaM]=30 yM ——
[CaM]=15 uM —w—
[CaM]=60 uM —=—

lO 200




Rbar, Edelstein and Le Noveére version

B= (14 )"
Ty R (1+a)” + L(1 + ca)"
L =—= c—
[RO] KT
_ 1
2 = (14 ca)”
a = (Ca] 1+ L .
[KER] (1+ )
_ 1
= 1+ LOn
M ligands binding on different sites R = 1
1+ L HZ O
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