
Biocytin labeled pyramidal neuron recorded in piriform cortex

The neuron



Discovery of the neuron



(A) Reticularist Doctrine

(B) Neuron Doctrine

Exception……

….GAP JUNCTIONS 

between neurons



General 
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(multipolar)



Questions on neuroanatomical techniques

https://www.jove.com/science-education/5204/an-introduction-to-neuroanatomy

https://www.jove.com/science-education/5204/an-introduction-to-neuroanatomy




https://www.jove.com/science-education/5206/histological-staining-of-neural-tissue

Which other types of neural staining can be used? For what purpose?

https://www.jove.com/science-education/5206/histological-staining-of-neural-tissue


Questions on neural stainings





Variations in neuronal shape
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Dendrite structure; in 

“Dendrites”, Oxford Univ

Press
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Structural classification:

Functional classification:

•

•

•

•

Unipolar, bipolar, multipolar, more …

projection (inter)neurons

local circuit (inter)neurons

excytatory (neurotransmitters: Glutamate, etc.)

inhibitory (neurotransm.: GABA, glycine, etc.)

Neuronal classification



Interneurons comprise 20–

30% of the cortical neuronal

population and are locally 

projecting cells that control 

and synchronize the output of 

pyramidal neurons. 

Interestingly, the influence of 

GABAergic interneurons on 

pyramidal cells is largely 

dependent on the subcellular 

location of their inputs, which 

varies among different 

interneuron subtypes.

Projection neurons (pyramidal) and local circuit

neurons (interneurons) in cerebral cortex

Pyramidal

neuron



Neocortical interneurons 

diversity

Huang et al., 2007

Nature Rev Neurosci

doi:10.1038/nrn2188



Structural classification:

Functional classification:

•

•

•

•

Unipolar, bipolar, multipolar, more … (Cajal’s classification)

projection (inter)neurons

local circuit (inter)neurons

excytatory (neurotransmitters: Glutamate, etc.)

inhibitory (neurotransm.: GABA, glycine, etc.)

“Easy” neuronal classification

Is it enough?

systematic categorization of cell types is an essential 

prerequisite for understanding mechanisms 



We need to classify different neuronal types in order to speak a 

“common language” with other neuroscientists and in order to 

understand the complexity of brain function…

HOW should we classify neurons?

By morphology?

By functional features?

By expression markers?

How do we put together information from different approaches?

for discussion see Yuste, 2005

The problem of neuronal classification 

and subtype identification…………….



The problem of 

neuronal 

classification…

The obvious (but not the easiest) solution would 

be COMBINING different approaches in the same 

experimental model.  An example: 

(1) Whole-cell electrophysiological 

recording on cortical slices

+

(2) intracellular injection of byocytin in 

recorded neurons (for later recognition 

and morphological analysis)

+

(3) fluorescence immunocytochemistry for 

selected markers (calcium-binding 

proteins: parvalbumin, calbindin and 

calretinin)

ABSTRACT



The phenotype of BC-injected/electrophysiologically-recorded

interneurons is determined by immunocytochemistry

Zaitsev et al., 2005

Cerebral Cortex

doi:10.1093/cercor/bhh218

https://www.jove.com/science-education/5040/introduction-to-fluorescence-microscopy

https://www.jove.com/science-education/5040/introduction-to-fluorescence-microscopy


The combination of intracellular-

injection techniques and 

immunocytochemistry suggests 

that the same phenotypic 

marker is expressed by 

interneurons with different 

morphologies

Do different morphologies 

indicate different functional 

features?

Basket c.
Chandelier c.

Vertically oriented c.

Ascending 

arbors c.

Descending 

arbors c.

Zaitsev et al., 2005

Cerebral Cortex

doi:10.1093/cercor/bhh218



Data were processed using

CLUSTER ANALYSIS:

correlation between 

electrophysiological properties 

and expression of specific Ca+-

binding proteins

When cells are grouped based only on 

electrophysiological properties, two main 

groups (= clusters) of interneurons are 

obtained: FS (Fast Spiking) and non-FS.

These two clusters do show significant 

differences in Ca+-binding protein content

Zaitsev et al., 2005

Cerebral Cortex

doi:10.1093/cercor/bhh218



CONCLUSIONS:

• parvalbumin-expressing interneurons are exclusively FS

• calretinin- and calbindin-expressing interneurons are mainly non-FS

• multiple morphologies can correspond to a single functionally-defined phenotype

FS neuron

non-FS neuron

PARVALBUMIN 

phenotype

CALRETININ 

phenotype

CALBINDIN 

phenotype

basket cells

chandelier cells

cell with ascending arbors

cell with discending arbors

vertically-oriented cells



Yano et al., 2006   J Physiol

DOI: 10.1113/jphysiol.2006.113712

Electrophysiological and gene expression

profiling of neuronal cell types



Zeng & Sanes, 2017  Nature Rev. 

Neurosci., doi:10.1038/nrn.2017.85 

Neurons can be classified using morphological, 

physiological and molecular criteria 



A new way to identify neuronal subtypes with 

transcriptomics: Patch-seq = patch-clamp + Next

Generation Sequencing
focusing on cholecystokinin (CCK)-containing(+) GABAergic

interneurons by using dual-labeled CCKBAC/dsRed::GAD67gfp/+ 

mouse reporter



http://www.jove.com/video/52537/using-fluorescence-activated-cell-sorting-to-

examine-cell-type

Using Fluorescence Activated Cell Sorting to Examine 

Cell-Type-Specific Gene Expression in Rat Brain Tissue

Figure 3. Neurons, astrocytes, and microglia sorted from a male 

hippocampus. The hippocampus from one male rat was dissociated and 

stained with the antibodies for CD11b, GLT1 and Thy1 and sorted using a 

FACS machine. (A) Cells were first sorted based on their forward and side 

scatter from all possible events. This gate is called P1 (population 1). (B) 

Next, single cells, also called singlets, were sorted based on their size from 

the doublets or larger clumps of cells. This gate is called P2. (C) Third, the 

single cells were gated as either APC-CD11b positive (CD11b+ gate, P4) or 

APC-CD11b negative (CD11b- gate, P3). (D) APC-CD11b negative cells 

were subsequently sorted into PE-GLT1 positive cells (GLT1+ gate, P6) and 

FITC-Thy1 positive cells (Thy1+ gate, P5). The breakdown of all events and 

all gates was generated from the FACS software depicted in a table which is 

presented on the right.

http://www.jove.com/video/52537/using-fluorescence-activated-cell-sorting-to-examine-cell-type


Figure 5. Real-time PCR analysis of cell-type-

specific genes from sorted cells. Neurons (green 

bars), astrocytes (red bars) and microglia (blue bars) 

were sorted based on the protocol described above 

and mRNA was extracted for confirmation of cell-

type-specific gene expression. (A) Iba1 is a calcium 

binding protein expressed exclusively in microglia

sorted from the male hippocampus. (B) GFAP is a 

filament protein expressed predominantly in 

astrocytes sorted from the male hippocampus (C) 

NR1 is a ubiquitous subunit of the NMDA 

glutamatergic receptor that was expressed 

predominantly on neurons sorted from the male 

hippocampus. (D) Iba1 was also expressed 

exclusively on microglia sorted from the male 

cerebellum. (E) Interestingly, GFAP was not 

expressed in any of the cell types sorted from the 

male cerebellum. (F) The NR1 subunit of the NMDA 

receptor was also expressed predominantly on 

neurons sorted from the male cerebellum.

Figure 6. Real-time PCR analysis of calbindin expressed in 

sorted neural cells. Cells sorted using FACS can be used to 

analyze cell-type specific gene expression. (A) Neurons (green 

bars) expressed significantly more Calbindin than either 

astrocytes (red bars) or microglia (blue bars) sorted from the 

male hippocampus. (B) Neurons sorted from the male 

cerebellum expressed significantly higher levels of Calbindin than 

either astrocytes or microglia sorted from the cerebellum, but 

also significantly higher levels than the neurons sorted from the 

hippocampus.



FACS
Fluorescent reporter lines



http://casestudies.brain-map.org/celltax#section_introa

The Allen Brain Atlas

cell taxonomy project

http://casestudies.brain-map.org/celltax#section_introa

