Molecular Implications of Monoamine Neurochemistry

1. a-DBH-Saporin antibodies (Wiley)
2. Dopamine Knock-Out Mice (Palmiter)

3. Pet-1 Knockout Mice (Deneris)
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Saporin

Ribosome inactivating protein (RIP), similar to ricin.
Very stable, resistant to denaturation and proteolysis.

Enzyme cleaves ribosomal RNA of ribosome large subunit; shuts down
protein synthesis.

Has to be inside the cell to have toxic effect.

Conjugate to antibodies which bind extracellular protein that will be
endocytosed.
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DBH is an integral membrane protein in vesicle
DA converted to NE inside vesicles

some transported
back to cell body
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a-DBH-Saporin kills NE cells
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a-DBH-Saporin spares DA cells and 5HT cells
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a-DBH-Saporin injection into hypothalamus
blocks feeding in response to hypoglycemia
saporin alone has no effect
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Total 4-h intake of pelleted rat food following subcutaneous injection of saline
(1 ml/kg), 2DG (200 mg/kg), or insulin (2 units/kg) in SAP control and DSAP-
immunolesioned rats. DSAP rats did not increase their food intake in response
10 either 2DG-induced glucoprivation or to hypoglycemic doses of insulin.

Hudson & Ritter 2004

Dopamine and Pet-1 Knock-Out Mice

Transcription Factors (proteins) act at Promoter
Elements (DNA) to Enhance/Repress Gene Expression

Tissue-Specific Transcription Factors act at Promoter
Elements to Select Gene Expression




Determination of Neuronal Phenotype
There must be tissue-specific transcription factors that drive
expression of each catecholaminergic enzyme gene
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F16. 6. Diagram of regulatory elements on proximal TH, DBH, and PNMT promoters. See text for description of the promoter elements. The
elements implicated in the response to stress are enlarged.

KVETNANSKY 2009,

Determination of Neuronal Phenotype
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Dopamine Knock-Out Mouse:
Knock-Out TH gene from all cells in body -> no Dopamine
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But also no Norepi and no Epi Solution?

Table 12-1 Studies with Knockout Mice

Tyrosine hydroxylase Not viable
Dopamine hydroxylase  Not viable
Dopamine transporter Hyperlocomotion, no effect of MPTP or psychostimulants
Vesicular transporter Not viable

EEEEE

agp-Adrenergic receptor  Apparently normal
B1-Adrenergic receptor ~ Most die prenatally, survivors have altered cardiovascular responses [37]
Ba-Adrenergic receptor  Altered leptin and insulin concentrations after agonist treatment

EE

Dopamine 1 (D1) receptor Lack responses to agonists, hyperlocomotion, altered striatal peptides [40]

[41]
Dopamine 2 (D2) receptor Impaired movements [42]
Dopamine 3 (D3) receptor Hyperlocomotion [43]

See Chap. 40 for a discussion of knockout mice. MPTP, N-methyl-4-phenyl-1,2,3 6-tetrahydropyridine.

Biosynthesis of Catecholamines, Kuhar et al
http://www.ncbi.nim.nih.gov/books/NBK27988/
Basic Neurochemistry: Molecular, Cellular and Medical Aspects. 6th edition.

Siegel GJ, Agranoff BW, Albers RW, et al., editors.
Philadelphia: Lippincott-Raven; 1999

Dopamine Knock-Out Mouse:
Knock-Out TH gene from all cells in body -> no Dopamine
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Dopamine Knock-Out Mouse:

Knock-Out TH gene from all cells in body

Knock-In Transgene with DBH promoter and TH coding region

TH only expressed in cells that also express DBH (e.g. NorEpi & Epi cells)
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Figure 2. Catecholamine Levels in the Heart and the Brain

DA and NE levels from the heart (A) and brain (B) of P16 wild-type
(n=1),TH" (n = 1), and untreated DA™ (n = 2) mice were measured
by high pressure liquid chromatography and electrochemical detection

(Thomas et al., 1995).

Zhou and Palmiter 1995




TH Immunoreactivity in Substantia Nigra and Locus Ceruleus of DA -/- mice

wildtype DA -/-

Zhou and Palmiter 1995
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Figure 4. Postnatal Growth and Survival of DA * Mice and Rescue
by L-DOPA

(A) Body weights of two untreated DA~ mice and two DA™ mice
injected twice daily with 50 mg/kg L-DOPA, starting at day 15, are
compared with weight of control mice (mean + SEM; n = 6). Death
is indicated by a cross.

Zhou and Palmiter 1995




Dopamine Knockout Mice Respond to L-DOPA,
but do Not Respond to Amphetamine

So DA neurons and SN->Striatum circuitry infact,
just no TH-synthesized DA
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Hour after L-dopa

DD mice did not increase locomotor behavior in response to repeated AMPH. A, DD mice (n =12) were given L-dopa (50 mg/kg) at time 0, AMPH
(2 mglkg) at 24, 26, and 42 hr after L-dopa (filed arrowheads), and a control injection of PBS 44 hr after L-dopa (open arrowhead). The black
bars indicate when room lights were off. The increased activity at 30 hr after L-dopa (white bar) is characteristic of DD mice (see Results). B, WT

mice (n = 3) were treated as described for DD mice.

Cannon & Palmiter 2003

Serotonergic Gene Expression in the
Dorsal and Median Raphe

?

-

tryptophan hydroxylase (5HT synthesis)

-

5HT 1A receptor (5HT autoreceptor)
SHTT
-

5HT transporter (5HT reuptake)

?

?

Expression of TPH, 5HT1aR, 5HTT, etc.
defines 5HT-ergic phenotype of cell

There must be a common promoter
element that responds to tissue-
specific transcription factor to drive
parallel expression of 5HT genes
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PET-1 as Serotonergic Transcription Factor

PET-1 is colocalized with serotonin cells during
development and adulthood.

Serotonergic genes expressed in serotonin cells have PET-1
binding site in promoter.

PET-1 is thought to mediate serotonergic phenotype during
differentiation.

Pet-1is closely related fo Pit-1
(an ETS transcription factor that
controls pituitary gene expression.)

PET-1 SHTT

PET-1 & TPH

Hendricks et al. 1999

Serotonergic Gene Expression in the

Dorsal and Median Raphe Pet-1 closely related to Pit-1

(an ETS transcription factor that
controls pituitary gene
expression.)
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Knock-Out Pet-1 gene -> no serotonergic cells
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Serotonergic Gene Expression in the
Dorsal and Median Raphe

What are the upstream transcription
factors or differentiation factors that
make serotonergic cells express
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