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SUPPORTING INFORMATION

S1 Text - Description of the mathematical model
We describe here the mathematical model used to predict the outcome of STDP stimulations

with spike timing jitter. We give here the information necessary to implement the model.

Further detail and validation can be found in Cui et al (2016).

Stimulations. A STDP protocol consists in a series of Npajrings post- and presynaptic pairs of

stimulations. We note tpre; the time at which the i presynaptic stimulation is delivered and
tpost, the onset time of the /™ postsynaptic step current stimulation, where i = 1, ..., Npairings-

We modeled glutamate concentration in the synaptic cleft, G(t), as a train of exponentially-

decaying impulses triggered by presynaptic stimuli at time tpre;:

G(t) = Gpax i €XP (— %Zre‘) 0 (t - tprei) (SI11)

where G, 1s the peak glutamate concentrations and T is the glutamate clearance rate. On
the postsynaptic side, action currents resulting from postsynaptic stimulations were modeled

according to

_t+6+tposti
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where the rectangle function R(t,a,l) = O(t —a) — O(t —a — 1), DCp,.x and DCgq,, are the
amplitude and duration of step-current injected by the patch pipette in the postsynaptic soma,
AP, .« 1s the amplitude of the action current producing the bAP; and typ is the time scale for

bAP decay.

We modeled the electrical response to these stimulations in a postsynaptic element considered
as a single isopotential compartment with AMPAR, NMDAR, VSCC and TRPVI1

conductances



av
Cm P )? V =W.) = Iampar (V, G(t)) — Inmpar(V, G(t))

(SI3)
—lyscc(V) — Itrpy1 (V, AEA) — Iyction(t)

where V is membrane potential; g;, and V}, are leak conductance and reversal potential
respectively; Iampar, INMpaR> Ivsce and Itrpyq are currents through AMPAR, NMDAR, L-
type VSCC (v1.3) and TRPV1, respectively, and AEA stands for anandamide. NMDAR and
AMPAR were modeled with two-state kinetic models and 1.0mM Mg*" (Destexhe et al.,
1995) whereas the model and parameters for the Ca,1.3 VSCC current was taken from Wolf
et al. (2005). The TRPV1 current, including its dependence on AEA, was modeled as:

Lgpvr (V. AEA) = 1, -V - Potin, (V. AEA) (S14)

where grpry; 1s the maximal conductance of TRPV1 and the mathematical expression for the

Przoy, was taken from Matta and Ahern (2007).

Biochemical signaling. Free cytosolic calcium is one of the main signaling actors in the
model. To model its dynamics, we assumed it can be transferred from/to two main sources: (i)
extracellular calcium, via the plasma membrane channels of eq. (SI3) above and (ii) the
endoplasmic reticulum (ER), via the IP3-dependent Calcium-Induced Calcium Release
(CICR) system. Hence, the concentration of free cytosolic calcium C was computed according
to

C—Cp
Tc

dc
Tc(C) = = Jipsr —Jserca Tt Jieak t Inmpar tJvsce +JtreVe (SI5)

b

where the fluxes Jipsr, Jsercas, Jleak ffom and to the ER in the CICR system were taken from
the model of De Pitta et al. (2009) - see also Cui et al. (2016) and Jympar, Jvscc and
Jrrpviare the calcium fluxes from the plasma membrane channels (eq. SI3), computed as
Jx =&, - Iy were the &, are constants, x € {NMDAR,VSCC,TRPV1}. C;, is the basal cytosolic
calcium level resulting from equilibration with calcium diffusion out of the cell and 7, is the
corresponding time scale. The CICR model also includes the dynamics of the fraction of

inactive IP3 (inositol triphosphate) receptor channels (IP3R), 4

dh _ o IP3+dy
dt ~ 272 p3+d,

(1—h) —ayCh (S16)



Likewise, the dynamics of Cgg, the calcium concentration in the endoplasmic reticulum (ER)

was given by

dc
T, (CER)_ER: —Pex |\ 1. _JSERCA +at
ER 3

dt (S17)

where pgr is the ER to cytoplasm volume ratio. In eq.(SI5) and (SI7), T, , x = C or Cgg 1s a
time scaling factor accounting for the presence of endogenous calcium buffers and expressed

according to

BT
Kp(1+x/Ky)

T (x) =1+
(SI8)

Our model also accounts for the biochemical pathways leading to the production of the
endocannabinoids 2-Arachidonoylglycerol (2-AG) and AEA, and their subsequent activation
of cannabinoid receptors type-1, CB;R. Principally, the model expresses the kinetics of the
following enzymatic reactions: (i) synthesis of DAG (diacylglycerol) and IP3 (inositol
triphosphate) as a result of glutamate (G) binding of metabotropic glutamate receptors
(mGIluR) and subsequent activation of PLCP as well as Ca-dependent synthesis by PLC9, (ii)
transformation of DAG into 2-AG by DAG Lipase a and (iii) synthesis of AEA by calcium-
dependent fatty acid amide hydrolase (FAAH). The dynamics of this system was modeled

with the following equations:

dIP, G Vs c’ P
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2 . . .
dDAG =v, G + Vs 2C - Yoo ' DAGL - @, - DAG ~rpx - DAG
dt G+KR+KPC/(C+KH) 1+IP,/x, K; +C DAG+K,,,, (SIlO)
d2AG _ToaL "DAGL @y, - DAG iy 2AG
dt DAG+K,,,, (SI11)
do n
%:rkc ‘ (I—QODAGL)—V,,(PDAGL (S112)
dAEA _ = . AEA
RSV Al VY S ——
d K,y +AEA (S113)



where CaMKII* is the amount of activated (phosphorylated) CaMKII (see below); @pacL 18
the fraction of active DAG Lipase a and DAGL its total (activated+not activated)
concentration. Eq. (SI9-SI11) account for IP3 degradation by IP3 3-kinase (3K) and inositol
polyphosphate 5-phosphatase (5P), while DAG and 2AG are degraded by DAG kinase
(DAGK) and monoacylglycerol lipase (MAGL), respectively.

2-AG and AEA are retrograde signaling molecules that are produced in the postsynaptic
neuron but diffuse to the presynaptic cell, where they activate CB;R. We modeled CB;R
activation by 2-AG and AEA using a simple three-state kinetic model: open (xcBir),

desensitized (dcpir) and inactivated (icgir):

dx

% = Qepip €CB g — (ﬁCB[R + J/csm)xcsue (SI14)
ad z,x
— PN = ¢ d + X,

dr cir%cair T VcrirXcBir (SI]S)

where eCB = 2-AG + 0.10 AEA and mass conservation implies Xcgir + dcgir + icgir = 1.

The open fraction xcgir was then used to compute CBR activation as

YeBir = KcpirXcpir + C1 (SI16)

where C; is a constant that accounts for the modulation of presynaptic plasticity by other

pathways and kcg1r quantifies the strength of CB;R activation on presynaptic plasticity.

In our model, CBR activation (ycgir) controls the presynaptic weight W, according to the
following rule: W, decreases for intermediate values of ycgir, 1.e. when ycgir 1s comprised
between two tLTD thresholds (6755 < ycpir < HE;ODP) whereas W, increases when ycgir is

larger than a tLTP threshold (ycgir > 0i5). Following Cui et al. (2016), we implemented

this rule as
1—Aprp ifOFTS' < yepir < QE;?)p

OVcBiR) =1+ Appp I OS < yepin (SI17)
1 otherwise

and



dWpre _ -Q(J’CBlR)—Wpre
dt TWpre WcB1R+C2)

(SI18)

Here (2 determines the change of presynaptic plasticity, with a time scale Wy ST tO yield

rapid changes of W, for large ycgirvalues and very slow changes at very low ycpigr:

P
T, (X) = Pngﬁ + P, (S119)

To account for experimental observation that the presynaptic weight ranges from about 50 to

300%, W,re was clipped to 3.0 (hard bound).

Postsynaptic plasticity in the model was based on the activation by calcium of calmodulin and
CaMKII and the regulation of this system by PKA, calcineurin and protein phosphatase 1
(PP1). The model of Cui et al (2016) for this subsection is based on the model proposed in
Graupner & Brunel (2007). In this model the concentration of the calcium/calmodulin

complex with four calcium ions bound (CaM) is considered at equilibrium and computed as:

CaMT
M= . SI120
CaM = St i k) (5120)

where CaMT is the total calmodulin concentration and K; stands for the equilibrium constant
of the binding of the /™ calcium ion to calmodulin. Each CaMKII enzyme consists of two
subunits, each of which contains 6 phosphorylation sites, thus defining 14 phosphorylation
states per subunit. Denoting y;, i=0...13 the concentrations of subunit in phosphorylation state

i, the model of Graupner & Burnel (2007) expresses their dynamics as:
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= k6)’23’3 — 3k;yys + k1o(V10 — 3Ys)

=k;y (Y6 — 2y11) + ksVZY7 + k10(V12 — 4Y11)

where al-]

= {;:i ¥k and mass conservation implies y, = 2CaMKIl, — o3, where CaMKII,
is the total CaMKII concentration. In eq. (SI21) above the probabilities that CaM binds to
phosphorylated (y) and dephosphorylated (y*) subunit of CaMKII are computed as
y=CaM/(CaM + K5) and y* = CaM/(CaM + K,) . Moreover, the rate of subunit
dephosphorylation (k) is given by kig = k1,PP1/(Ky + CaMKII*) where K, is a constant,
PP1 is the concentration of PP1. CaMKII* is the total concentration of phosphorylated
subunits of CaMKII computed accross all possible states of phosphorylation CaMKII* =

13, m;y; where m; is the number of the phosphorylated subunits of CaMKII in state i and y;.

Finally, the model of Graupner & Brunel (2007) assumes that, in addition to calcineurin

(CaN), PKA activity depends on CaM according to a Hill-function activation:

kx

v (CaM) = k9 + T Car

(S122)

where x = CaN or PKA, The interaction between PP1 and I1 is then described as:

% = % — VeanI1 + Vpgallp
dPP1 (SI23)
2 = —ky3I1- PP1+k_y3(PP1, — PP1)



where PP1, and 1, are total PP1 and I1 concentrations, respectively.

In agreement with Cui et al. (2016) and Graupner & Brunel (2007), we assumed that
postsynaptic plasticity is directly proportional to the calcium-dependent activation of CaMKII

and set:

CaMKIT*
CaMKII,

Wpost = 1+ 3.5 (SI24)

where CaMKI Iy, is the maximal concentration of activate (phosphorylated).

Finally, the total synaptic weight was taken as the product of the presynaptic and the

postsynaptic contributions above:

Wiotal = [/VpreWpost (S125)

Model implementation and numerics. Our mathematical model comprises 36 ordinary
differential equations and close to 150 parameters, among which more than one half is
constrained by experimental data. Initial conditions were set to the steady-state of each
variable in the absence of stimulation. Numerical solution was obtained with the LSODA
solver from the ODEPACK fortran77 library with absolute and relative tolerances both equal
to 10”. Initial conditions were set to the steady-state of each variable in the absence of
stimulation. Numerical integration proceeded until the synaptic weights reach stable values
(typically observed around t = 5Smin after the stimulation protocol). We used the final values
of the pre- and postsynaptic weights to compute the total synaptic weight change due to the
stimulations. Importantly, with the exception of the stimulation protocols, we have used the
exact same equations and parameter values as in Cui et al. (2016). The list of parameters and
their estimated values is given in S2 Table. The current study employs stochastic simulations
since the stimulation protocol is stochastic (while the rest of the model is deterministic).

Therefore, the model was calibrated using experimental data from deterministic stimulation



protocols (Cui et al., 2016) and we tested here whether it can make successful predictions
when we applied stochastic stimulation protocols, for which the model was not calibrated.
The results are thus averages over Nyias realizations. Nyiys was varied from 30 to 500
depending on the smoothness of the averaged curves and values of SEM, but Nyi,s=50 in
most of the simulations. The computer code of the model is available online from
https://github.com/iprokin/Cx-Str-STDP and

https://senselab.med.yale.edu/modeldb/ShowModel.cshtml?model=187605.



S2 Table — Parameter values

A. Intracellular dynamics

Description Name Values Units Reference
Inmpar to Ca flow conversion §NMDAR 98 uM/pCol set to match Ca2+ amplitudes in [1]
Iyscc to Ca flow conversion Evsce 140 uM/pCol set to match Ca2+ amplitudes in [2]
Itrpy: to Ca flow conversion Errevi 290 uM/pCol set to match Ca2+ amplitudes in [1]
Total endogenous Ca buffer B, 4.5 uM Estimated from our experimental data
Basal cytoplasmic [Ca] Cy 0.1 uM [1,3]
Time scale for Ca exit Tep 0.007 ] Idem
Endogenous Ca buffer affinity K, 0.5 uM [3,4]
ER-to-cytosol volume ratio Prr 0.3 - Adapted from [4]
IP3R binding rate (inactivation) a, 0.5 uM/s Idem
Maximal SERCA pump rate Vg 8 uM/s Idem
IP3R affinity for IP3 d, 0.9434 uM [5]
Maximal IP3R rate e 4 1/s Adapted from [5]
Basal [Ca] in the ER Cag, 65 uM [6]
Ca leak from the ER I 0.1 1/s [5]
IP3R affinity for Ca d; 0.12 uM Adapted from [5]
IP3R dissociation constant d, 3.049 uM Idem
SERCA pump affinity for Ca K. 0.05 uM [5]
IP3R affinity for IP3 d, 0.13 uM Idem
PLCS product inhibition K, 1.5 uM Idem
PLCS$ Ca-activation K, 0.1 uM Idem
5P-IP maximal rate Isp 0.2 1/s Adapted from [5]
PI3K maximal rate Vak 0.001 uM/s Idem
PI3K Ca-activation constant K, 1.5 uM Idem
PLCS maximal rate Vs 0.02 uM/s [5]
PI3K affinity for IP3 K, 1 uM Idem
Glutamate affinity to mGIuR K, 1.3 uM Idem
regulation by PLCP termination K, 10 uM Idem
PLCp maximal rate Vg 0.8 uM/s Adapted from [5]
PKC Ca-activation constant K, 0.6 uM [5]
Total CaMKIIa concentration  CaMKII, 16.6 uM [71
Total Calmodulin concentration ~ CaMT 0.07085 uM Adapted from [7]
PKA Hill number Npga 3 - Idem




Referenced articles: [1] Sabatini, B.L., Oertner, T.O. and Svoboda, K. (2002) Neuron 33(3):439-452 [2] Carter,
A.G. and Sabatini, B.L. (2004) Neuron 44(3):483-493 [3] Jackson, M.B. and Redman, S.J. (2003) J Neurosci
23:1612-1621 [4] Négerl, U.V. et al. (2000) Biophys J 79: 3009-3018 [5] De Pitta M. et al. (2009) J Biol Phys
35:383-411 [6] Solovyova, N. et al. (2002) EMBO J 21:622-630 [7] Graupner, M. and Brunel, N. (2007) PLoS
Comput Biol 3:¢221.

B. Electrophysiology
Description Name Values Units Reference
TRPVI1R max. conductance 8rrPV1 0.0003 nS Estimated from our experimental data

Permeability of L-type VSCC Pvsce 0.00000102  uM/s Value of [1], scaled to ~5,000 spines, radius 1 pm

AMPAR maximal conductance 8 AMPAR 5.1 nS Estimated from our experimental data
AMPAR closing rate constant Bampar 190 1/s Adapted from [2]
AMPAR opening rate constant Oy vipAR 1.02 1/(uM.s) Idem
NMDAR maximal conductance S NMDAR 1.53 nS Estimated from our experimental data
Magnesium concentration Mg 1 mM Directly measured in our experiments
NMDAR opening rate constant X nDAR 0.072 1/(uM.s) Set to emulate thter:aixsp;e;rrig;nctzlil;ir[l;]t ics of NMDAR-
NMDAR closing rate constant Brmpar 100 1/s Idem
Resting membrane potential v, -70 mV Directly measured in our experiments
Leak conductance g 10 nS Idem
Membrane capacitance C, 0.1 nF Idem
Extracellular Ca2+ concentration ~ Ca,, 5000 uM [1]
Duration of depolarization step DC,, 0.03 S From the experimental stimulation protocol
Amplitude of depolarization step ~ DC, 495 pA Idem
Amplitude of action current AP 7020 pA [4]
Time constant of action current Tpup 0.001 S Idem
Glutamate peak concentration in G, 2000 uM Estimated from our experimental data
the cleft
Glutamate decay time constant in T; 0.005 s Estimated from our experimental data
the cleft
Delay to bAP outset o 0.015 S From the experimental stimulation protocol
Stimulation frequency Foaitings 1 Hz From the experimental stimulation protocol

Referenced articles: [1] Wolf, J.A. et al. (2005) J Neurosci 25(40):9080-9095 [2] Destexhe, A., Mainen, Z., and
Sejnowski, T. (1994) J Comput Neurosci 1:195-230 [3] Sabatini, B.L., Oertner, T.O. and Svoboda, K. (2002)
Neuron 33(3):439-452 [4] Fino, E., et al. (2010) J Physiol 588:3045-3062.
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C. Endocannabinoid dynamics

Description Name Values Units Reference
Scaling factor for
endocannabinoid contribution to Ky x 3000 1/uM Estimated from our experimental data
plasticity
. T Set to yield rapid / slow changes of Wpre for high
P » .
presynaptic plasticity time scale 1 le-9 /low 2-AG values, respectively
presynaptic plasticity time scale P, le-5 - Idem
presynaptic plasticity time scale P, 7 - Idem
presynaptic plasticity time scale P, 2 s Idem
The lower limit of LTD 0;m 0.027 - Estimated from our experimental data
induction
The upper lm?lt of LTD 02% 0.047 ) Idem
induction
The constant determining the
rate of LTD induction Aum 0.65 - Idem
The lower lm.nt of LTP 02;1;1 0.087 ) Idem
induction
The constant determining the
rate of LTP induction Az 108 - Idem
CBI1R opening rate constant Xepir 0.2402 1/(uM.s) Idem
CBIR closing rate constant Besir 11.072 1/s Idem
CBI1R desensitization rate
constant Yesir 416.38 1/s Idem
CBIR closing rate constant Ecpir 0.047796 1/s Idem
DAGL o affinity for DAG K 30 uM [1]
Maximal rate of MAG lipase TyiaGL 0.5 uM/s Set for rapid turnover dynamics.
Maximal DAGL o rate Tpor 20000 uM/s Idem
DAG kinase rate Tpack 2 5! Idem
Hill nqmbgr for DAGL n. 6 - Estimated from our experimental data
activation by Ca ¢
DAGL dephosphorylation rate Tp 380 s Idem
DAGL phosphorylation rate Ty 50 M s Idem
Total DAGL concentration DAGL 1 uM Idem
N-acetyltransferase activity Var 0.2 1/s Idem
FAAH Michaelis-Menten
K
constant FAAH 1 HM (1]
FAAH enzyme activity Teanr 4 uM/s Estimated from our experimental data

Referenced articles: [1] Okamoto, Y. et al. (2004) J Biol Chem 279:5298-5305.
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S3 Text — Mechanisms of STDP expression in the model

We give here an overview of the mechanisms that give rise to the expression of eCB-tLTP,
eCB-tLTD and NMDAR-tLTP in our mathematical model. All the examples given here
concern regular (deterministic) STDP protocols with constant IPI and spike timings.

Our model combines the two signaling pathways involved in cortico-striatal STDP: a first
signaling pathway leading from NMDAR to calmodulin and CaMKII with a second that
couples mGluR and cytosolic calcium to eCB production and the resulting activation of CB;R
(see Fig. 1f1). In the model, we assume that the total synaptic weight (Wro) is the product of
presynaptic (Wpr) and postsynaptic (Wpost) weights (see Supporting Information S1).

On the postsynaptic side, Wpos 1s proportional to the amount of CaMKII activated by the
NMDAR pathway. CaMKII in our model forms a bistable system that settles at long times
either on a "DOWN" state where CaMKII is mostly inactive (no plasticity) or on an "UP"
state characterized by high levels of activated CaMKII (Fig. 2b1) (NMDAR-tLTP). In the
example of the figure, the time needed for CaMKII dephosphorylation is larger than the
interval between two successive pairings, so activated CaMKII accumulates with the number
of pairings during the protocol. For a transition from the UP to the DOWN state to occur, the
amount of activated CaMKII needs to overcome the separatrix between the two states. The
separatrix is reached in the example of Supplementary Figure S2 (in Supporting Information
S4 below) for circa 50-60 post-pre pairings (with Atsrpp =-15 ms) (Fig. S2al). Therefore, in
the conditions of Figure S2 (short post-pre pairings), Wpos converges to the UP state
(potentiation) only when the STDP protocol comprises > 50 post-pre pairings. With pre-post
pairings, the calcium released after each pairing activates less calmodulin than with post-pre
protocols. As a result, activated CaMKII never reaches the threshold for the UP state (Fig.
S2a2). To summarize, the model successfully reproduces the experimental observations that
(i) NMDAR-dependent tLTP emerges after 50-75 short post-pre pairings and (ii) no
NMDAR-dependent LTP is obtained with pre-post pairings (Cui et al., 2016).

When a stimulation protocol composed of 100 pairings is applied, the evolution of the
amplitude of the triggered calcium peaks is biphasic (Fig. S2c): it increases up to 10-20
pairings and decreases afterwards to settle to constant amplitude after circa 50 pairings. For
the first 10-20 stimulations, the iterated activation of mGluRs leads to the accumulation of
IP3, which contributes an extra influx of calcium from the endoplasmic reticulum through
calcium-induced calcium release. This extra-boost of cytoplasmic calcium however vanishes

when the number of pairings increases further because the concentration of calcium in the ER
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decreases. This decay ER calcium eventually compensates the effect of IP3 accumulation on
the calcium-induced calcium release, thus stabilizing the amplitude of the calcium peaks for
Npairings>50. Moreover, since the width of the postsynaptic calcium peak in the model is larger
with post-pre than pre-post pairings (Fig S2b), the fraction of calcium-activated DAGLa is
much larger for post-pre pairings. As a result, the amplitude of eCB peaks and, ultimately, the
amplitude of the fraction of activated CBR (ycBir), show a more pronounced biphasic profile
(Fig S2d). The biphasic trend is further amplified at the level of CB|R activation because of
CBiR receptor desensitization that amplifies the decay above 20 pairings (Fig S2d). The
amplitude of the ycpir peaks increases sharply for the first 10-20 pairings, and progressively
decays afterwards to converge to constant amplitude. As show in the figure, ycgir reaches
large values only for short post-pre pairings (Atsrpp around -15 ms) while even short pre-post
pairings (0< Atsrpp <10 ms) do not give rise to such large amplitude peaks.

The dynamics of the level of ycpir is responsible for the emergence of eCB-dependent
plasticity in the model. Indeed, in the model, Wp, depends on ycgir with the piecewise
constant function shown in Figure S2e and its 3 thresholds ®pp™™", OLp™*® and Opp™™": if
yepir reaches moderate amounts, ie. lies within [OLrp™, OLrp™®], Wp. decays (thus
emulating eCB-tLTD); whereas Wp,. increases (eCB-tLTP) if ycgir > Orp™" (see the dashed
lines in Fig. S2d and summary in Fig. S2e). With short pre-post pairings (10 < Atsrpp <40
ms), ycgir enters the LTD range during most of protocol so each pairing contributes a
increment of Wy, reduction. Since Wy 1s not changed with positive, pre-post pairings (Fig.
S2a2), pre-post pairings globally lead to a progressive reduction of Wy, 1.€. the expression
of eCB-tLTP. The situation is different for post-pre pairings. The amplitude of ycgir peaks
overcomes Opp™™" for = 5 to 30 post-pre-pairings with short Atsrpp (around -15 ms), yielding
a strong increase of Wpe. Given that more that 50 post-pre pairings are needed to alter Wpg
(Fig. S2al), the expansion of Wp,. leads to eCB-tLTP. However, when Npirings > 30 post-pre

STt 5o that the initial increase of Wp, does not

pairings, yceir amplitude gets back below Oprp
continue beyond 30 post-pre pairings. This property of the model dynamics emulated the
experimental observation that eCB-tLTP disappears when the number of pairings becomes
larger than 25-30.

Therefore, the mechanisms that lead to the expression of eCB-dependent plasticity with
regular deterministic stimulation protocols in our model can be summarized as follow. eCB-

tLTD requires moderate levels of CB|R activation that are reached with pre-post but not pre-

post pairings. The expression of eCB-tLTP however demands larger amounts of CB;R
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activation, which are reached only during the first 5-30 post-pre pairings, where every
component of the system contributes maximally to CB;R activation. When the number of
post-pre pairings becomes larger than 30, calcium efflux from the internal calcium stores
decreases and CB;R desensitization increases: CB;R activation becomes insufficient to

support such high values of CB;R activation, so eCB-tLTP vanishes.
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S4 Figure — Supplementary Figures

Figure S1
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Supplementary Figure 1: m,. values were not significantly different among STDP
paradigms. ma; were not significantly different in control and jittered conditions for 100
post-pre, 100 pre-post and 10 post-pre pairings (empty circles: individual neurons; black

circle: average). Error bars represent the SEM. ns: not significant.
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Figure S2
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Supplementary Figure 2: Mechanisms of STDP expression

deterministic stimulation protocols.
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(a) Changes in the amount of active CaMKII starting from the down (non-activated) state.
The number of pairings, Npairings, 1S indicated for spike-timing Atsrpp = -15 (al) or + 15 (a2)
ms. (b) Intracellular calcium changes for the first pairing in post-pre (b1) or pre-post (b2)
pairing protocols. (¢) Predicted dynamics of the cytoplasmic calcium for 100 post-pre (¢1) or
100 pre-post pairings (¢2) and corresponding activation of CB1R, ycgir (d). The spike-timing
Atsrpp for each curve is indicated in the legend. (e) The presynaptic weight Wp,. changes as a
function of ycpir: it decreases (LTD) when ycpir reaches intermediate values and it increases
(LTP) if ycgir overcomes the LTP threshold. The corresponding thresholds are reported in D
as dashed lines. For all the simulations shown, the stimulation protocols were deterministic

(regular) with a frequency of 1Hz.
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