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The Canonical Microcircuit

1) Sensory Neurons
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Three Main Parts

1) Neurogenesis of sensory neurons

2) Neurogenesis in the central relay

3) Functional significances




Part |. Neurogenesis of Sensory Neurons

* We used methylazoxymethanol acetate (MAM) to kill dividing cells in the OE.
Intranasal injections were performed every 48h over a 2-week period.
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MAM Treatment Reduces Immature OSN

 OMP labels mature
OSNs (7d+), while gap43
labels immature OSNSs (2-
6d)

e Immunohistochemistry
in fixed OB slices shows

: that OMP labelling is
ratio 4003 unchanged by MAM

: treatment, but gap43
labelling is significantly
: reduced
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Release Probability |: Paired-Pulse Responses
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Release Probability II: MK-801 Experiments
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Summary - Part 1

* Reducing the number of iImmmature sensory neuron inputs to the
OB, reduces the overall release probability, but no change in
AMPA:NMDA ratio, or quantal size in the projection.

» S0, the physiological properties of newborn OSNs are quite
different from their more mature counterparts.




Three Main Objectives

(2) Neurogenesis in the central relay




Part Il. Bulbar Neurogenesis

Proliferation

Integration

Migration




Number of event

Perinatal Neurogenesis

\\ Olfactory bulb

~ \

100 200 300
Time (s)

100 pA -

Cumulative prob.

©o000
oNsD®

0 2 4
Inter-event interval (s)

Averaged IPSC

T =13.6 ms .
Q.
w

20 ms

——— Wash

KS, p < 0.01

40 80 120
Amplitude (pA)




Identifying Newborn Neurons in Adult Olfactory Bulb

GFP- encoding lentivirus

Adult-born
Olfactory Bulb v neuron




GFP- encoding retrovirus \

Fluorescence Microendoscopy
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Trends in Neurosciences 28, 248-254 (2005).




Becoming a neuron from a glia cell

Nat. Neurosci. 6, 507-518 (2003).




Early versus Late Neurogenesis
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Summary - Part 2

o Adult Neuregenesis Does Not Recapitulate
Emibry/egenesis.
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Maturation of GABAergic Interneurons
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Spine Density of Newborn Neurons
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Spine Density of Mature Neurons
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Summary - Part 3

o AdultNeuregenesis Offers a Unigue Situatien In
WhlchrAGHVItYADEependent Reguiaiens: Viay liake
Plzice




Three Main Objectives

(3) Functional significances
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J. Neurosci. 26, 10508-13 (2006)



|. Receptors

IIl. Olfactory Bulb

Computational Functions

lll. Olfactory Cortex
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TB Stimulations at Excitatory Synapses
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Newborn Interneurons Display LTP
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Patch clamp recording
of granule cells in OB
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Computational functions Synaptic plasticity
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Newborn Interneurons are Transiently Amenable
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Deciphering the Function of New Neurons

A B
ChR2-YFP encoding Lentivirus Blue
Light
J 4 Kt Q8
/S \vz OB
LV

RMS




ith YFP

=
®)
<
¢b)
O
qv)
—
0p)
-
o
=
)
¢b)
c
-
€b)
o
=
-
|-
o
O
=
)
Z




Action Potential Evoked by Flash of Blue Light
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Light-Induced Excitability of Newborn Interneurons

Adult born neurons
expressing ChR2
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Remote Control of Adult-born Neurons to Inhibit Output Neurons
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Origin and Location of the Synaptic Contacts from Newborn Neurons
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Mechanisms of Light-induced GABA Release
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Mature GABAergic interneurons and
Synchronization
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Oscillations Depends on Inhibition
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Reducing Neurogenesis Decreases y oscillations
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Reducing Neurogenesis Increases Reaction Time
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Newborn neurons for discrimination
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Conclusions

1) New neurons form an integral part of the normal
function circuitry.
2) This process is not fixed, and does not recapitulate
embryogenesis, it’'s much more...




Conclusion

Adult neurogenesis is a form of metaplasticity:

a change in the brain facilitating further
changes in the brain.




Mature Newborn Interneurons for Decorrelation




Diversity of targeted cells by adult-born neurons

a Mitral cell Tufted-EPL cell

Neuronal targets of inhibitory adult-born neurons
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Diversity of targeted cells by adult-born neurons
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Cell Elimination

Brdu Perfusion
| T
OB infusion
1 16 30
Days -
Brdu Brdu Brdu
ok J. :'i #I ] : : ¥
-F"\.H L '. Y -I AT »
el g o ‘ 0
D16 D30- Saline D30- 2vVAD

g

500

400

300

BrdU+ cell density

200

100

BrdU* rescued cells (%)
o B 88 8

GCL —+—Saline

——zVAD

il

1

g

e

D16 D30

1—"_|

GCL GL

GL —— Saline
——zZVAD

E

=

wk

TER WK

&

BrdU+ cell density
&8

&

D16 D30

BrdLl/ NeuN




Discrimination Learning
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