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Our work:
Imaging Natural
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. Experimental Strategy

Is there a unified strategy to image populations of
synapses onto both excitatory and inhibitory cell types!?



Solution: PSD-95 ENABLED Strategy
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Solution: PSD-95 ENABLED Strategy
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Validation of ENABLED Strategy

. Does this method mark functional synapses!?

2. Can we reliably extract synaptic strength from these images?
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Functional Validation of PSD-95 ENABLED Strategy
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In vivo Imaging of Synaptic Dynamics: Persistence, Addition, and Elimination
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. Gross Observations of Synaptic Stability

Are there any differences in excitatory synapse stability
onto either excitatory or inhibitory cell types!?



Excrtatory Synapses onto PV Interneurons are More Stable than those onto Pyramidal
Cells
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Validation of ENABLED Strategy

. Does this method mark functional synapses!?

2. Can we reliably extract synaptic strength from these images!?



In vivo Observation of Synaptic Strength Dynamics
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In vivo Observation of Synaptic Strength Dynamics
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In vivo Observation of Synaptic Strength Dynamics
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In vivo Observation of Synaptic Strength Dynamics
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How can we quantify weight dynamics and extract biological principles?
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we model

the in vivo
strength dynamics?



Il. Modeling Framework for Synaptic Dynamics

Can we build a model to elucidate these dynamics
across cell types!?

Are the dynamics additive or multiplicative!

Are they time-reversible?
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Markov Chain Model of Single Synapse Dynamics
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Markov Chain Model of Single Synapse Dynamics
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How well can these Markov chains predict synaptic distributions
over very long time scales!?



Markov Models Accurately Predict Stationary Strength Distributions

Transition Matrix

Pyramidal PV
Weakest ° Ll
m 5 0.7 5
']
m 0.6
)
m 4 4 0.5
- C My =Pw(T+4) =j|w(T) =1
> 0.4
© 6
Q 0.3
\4 01
Strongest 10
Day T+4 State Day T+4 State

Stationary Distribution 11(

State i State i



Il. Modeling Framework for Synaptic Dynamics

Can we build a model to elucidate these dynamics
across cell types!?

Are the dynamics additive or multiplicative!?
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Additive versus Multiplicative Strength Dynamics!?
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Fvidence of Multiplicative Dynamics Across Cell Types
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Fvidence of Multiplicative Dynamics Across Cell Types

1)

O'(§T+4 ‘ gT

w(T' +4) —w(T)]

1.8 -

1.2 1

0.4 -

1.2

0.6 -

0.0 -

Pyramidal (T + 4) = w(T) - (1 + ¢)

r=0.85

|

State 7 (

(6]
o A
~

—

ST:i

Markov Chain
Conditional
Standard
Deviation

Binned
Strength
Changes

)

O'(gT_|_4 ‘ §T

©
o))

e
o

1.8 -

1.2 1

0.4 T

PV

N——"

State 1 (Sp =1

(T +4) = w(D)




Il. Modeling Framework for Synaptic Dynamics

Can we build a model to elucidate these dynamics
across cell types!?
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Are Synaptic Dynamics Time-Reversible!
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Synaptic Dynamics is Time-Reversible
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“The Path to

Death Is the Reverse of the Path from Birth”
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Birth and Death Weight Symmetry
mejem Birth Trajectory

0.6 - Death Trajectory
=
ol
e 0.5 - r=0.88
Q
s
wn
O
5 0.4 -
Q.
©
c
>
nn

0.3 -

0.2 -

0 4 8 12 16

Observation Days






In conclusion...
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long in vivo imaging of populations of synaptic strength onto
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In conclusion...

. Using a PSD-95 ENABLED strategy, we can perform month-
long in vivo imaging of populations of synaptic strength onto
both excitatory and inhibitory cortical cell types

2. Revealed large synaptic turnover rates for synapses onto
pyramidal cells, but stable rates for those onto PV+
Interneurons

3. Evidence of a stable baseline of time-reversible multiplicative
synaptic dynamics across excitatory synapses onto multiple
cell types

4. The future: comparing this baseline synaptic dynamics to the
process of synaptic change during task learning
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