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neurotransmitter signaling neurotransmitter signaling 



Serotonin (HT)Serotonin (HT)
Serotonin (HT) is a neurotransmitter with a Serotonin (HT) is a neurotransmitter with a 
critical role in various brain functions including critical role in various brain functions including 
feeding, sleep, pain, mood, aggression, feeding, sleep, pain, mood, aggression, 
thermoregulation, locomotion, and learning and thermoregulation, locomotion, and learning and 
in the pharmacology of depression and in the pharmacology of depression and 
psychosis. psychosis. 

HT elicits its effects through a HT elicits its effects through a superfamilysuperfamily of of 
receptors, whose common properties are that receptors, whose common properties are that 
they are integral membrane proteins, have they are integral membrane proteins, have 
seven hydrophobic regions, and bind the seven hydrophobic regions, and bind the 
receptors with receptors with nanomolarnanomolar affinity. affinity. 



Serotonin Receptor (HTR)Serotonin Receptor (HTR)
The HTR1 subfamily of receptors contains the subtypes The HTR1 subfamily of receptors contains the subtypes 
HTR1AHTR1A––F, F, and upon activation at low concentrations of and upon activation at low concentrations of 
serotonin they inhibit serotonin they inhibit adenylyladenylyl cyclasecyclase. . 

The The intronlessintronless human human HTR1B HTR1B gene, which is located at gene, which is located at 
6q14.36q14.3––q16.3 (GDB 132312), encodes a 390q16.3 (GDB 132312), encodes a 390--aminoamino--acid acid 
polypeptide. polypeptide. 

HTR1B HTR1B mRNA is predominantly present in the caudatemRNA is predominantly present in the caudate--
putamenputamen and cortex, but it is also detected in the and cortex, but it is also detected in the 
hippocampus, cerebellum, and cerebral arteries.hippocampus, cerebellum, and cerebral arteries.











evolutionary survival of nucleotide evolutionary survival of nucleotide 
sequence variation may be influenced sequence variation may be influenced 
by the mRNA structure of this gene.by the mRNA structure of this gene.



tumor necrosis factortumor necrosis factor



tumor necrosis factor (TNF)tumor necrosis factor (TNF)
TNFTNF, the gene encoding tumor necrosis factor (TNF), , the gene encoding tumor necrosis factor (TNF), 
resides in the central part (class III region) of the major resides in the central part (class III region) of the major 
histocompatibilityhistocompatibility complex (MHC) surrounded by a large complex (MHC) surrounded by a large 
number of other immunological genes.number of other immunological genes.

Many disease associations have been reported with HLA Many disease associations have been reported with HLA 
alleles that are in linkage disequilibrium with alleles that are in linkage disequilibrium with TNF.TNF.

Many reports of disease linkage and association with Many reports of disease linkage and association with 
microsatellitemicrosatellite polymorphisms and single nucleotide polymorphisms and single nucleotide 
polymorphisms close to the polymorphisms close to the TNF TNF gene itself.gene itself.



All locations refer to the transcription start site of the TNF gene as 
identified on Genbank accession no. M16441:

thus we refer to nucleotide 4095 on that sequence as +1, 
and nucleotide 4094 as -1.



The TNF locus, the nucleotide diversity found within a single African 
village is similar to the global value for human autosomal genes sampled 
across different continents.



plant metabolism plant metabolism 
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Sequencing and primer design







Indel = insertion and deletion







24h24h--cyclecycle
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Delayed sleep phase syndrome (DSPS)Delayed sleep phase syndrome (DSPS)

DSPS patients are entrained to the 24DSPS patients are entrained to the 24--h day and h day and 
go to bed at about the same clock time every go to bed at about the same clock time every 
night.night.
However, they are extreme However, they are extreme ‘‘night owlsnight owls’’ such that such that 
sleep onset and wake times are intractably later sleep onset and wake times are intractably later 
than desired.than desired.
Bedtimes are frequently observed around Bedtimes are frequently observed around 
03:0003:00––06:00 h with wake times around 10:0006:00 h with wake times around 10:00––
15:00 h if the patients are not disturbed.15:00 h if the patients are not disturbed.
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Morningness–eveningness preference

In young, morning-type subjects, the temperature 
minimum is observed earlier within the sleep episode, which 
implies that a larger delay portion of the phase-response 
curve is exposed to evening light. 

In comparison, young evening-type subjects wake up early 
in their circadian cycle, which implies that a larger advance 
portion of the phase-response curve is exposed to morning 
light.



Brain Research Reviews 42 (2003) 204–220



Conclusion

interindividual variability in the timing of 
human behavior may be influenced by the 
circadian period and possibly linked to a 
genetic predisposition.
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Tissue diversity & Tissue diversity & 
gene function in mitochondriagene function in mitochondria



Figure 3. Modules of Mitochondrial Genes
(A) Pairwise correlation matrix for the 386 mitochondrial genes represented on the 
GNF mouse tissue compendium.
Red represents strong positive correlation, blue represents strong negative 
correlation. 
Dominant gene modules are labeled 1–6 with annotations.

Cell, Vol. 115, 629–640, November 26, 2003,



(B) mRNA expression profile for 386 mitochondrial genes (rows) across 45 different 
mouse tissues performed in duplicate (columns) in the GNF mouse compendium. 
Selected tissues are labeled at the top of the panel. 

Evidence that a gene encodes a mitochondrial protein is indicated by the bars placed to 
the right of the correlogram: white, previously annotated but not found in proteomics; gray, 
not previously annotated but identified by proteomics; and black, previously annotated and 
found in proteomics. 

Cell, Vol. 115, 629–640, November 26, 2003,



Same genome & different phenotypeSame genome & different phenotype
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TissueTissue--specific expressionspecific expression
Gene function which is restricted to a particular tissue or Gene function which is restricted to a particular tissue or 
cell type. cell type. 

For example, the For example, the glycoprotein hormone alphaglycoprotein hormone alpha subunit is subunit is 
produced only in certain cell types of the anterior produced only in certain cell types of the anterior 
pituitary and placenta, not in lungs or skin; thus pituitary and placenta, not in lungs or skin; thus 
expression of the glycoprotein hormone alphaexpression of the glycoprotein hormone alpha--chain chain 
gene is said to be tissuegene is said to be tissue--specific. specific. 

Tissue specific expression is usually the result of an Tissue specific expression is usually the result of an 
enhancer which is activated only in the proper cell type.enhancer which is activated only in the proper cell type.



Tissue-specific transcription factors

The DNA complement in all cells of an organism The DNA complement in all cells of an organism 
is essentially identical.is essentially identical.

ciscis--acting factors aid in regulating tissueacting factors aid in regulating tissue--specific specific 
gene expression.gene expression.

Enhancers and silencersEnhancers and silencers







Insulin gene promoter organization

NRE negative regulatory element
CRE cAMP response element



HS-40 alpha-globin regulatory site: 
Tissue specific regulation (many sites)



Structural domains in transcription factors



Tissue specific RNA editing: Apolipoprotein B gene  (rare)



Programmed rearrangementProgrammed rearrangement

IgIg and TCR loci in B and T lymphocytesand TCR loci in B and T lymphocytes
The adaptive immune system is required to The adaptive immune system is required to 
recognize and respond to millions of different recognize and respond to millions of different 
antigensantigens

IgIg heavy chain locus on 14q32heavy chain locus on 14q32
86 variable (V) sequences86 variable (V) sequences
30 diversity (D) sequences30 diversity (D) sequences
9 joining (J) segments9 joining (J) segments
11 constant (C) sequences11 constant (C) sequences





Ig kappa light chain: V-J 
splicing























Tissue specific expression of genes Tissue specific expression of genes 
viewed via viewed via Serial Analysis of Gene Serial Analysis of Gene 

Expression (SAGE)Expression (SAGE)





Tissue specific expression of HBG2 
via

SAGE 



The alphaI(II) collagen gene: 

regulation of tissue-specific expression and its 
potential role in pattern formation during 
embryogenesis

www.hku.hk/rsswww.hku.hk/rss/ res_proj/61/61.htm/ res_proj/61/61.htm
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Diversity of Endothelial cell (EC) gene expression patterns

PNAS  September 16, 2003 vol. 100  no. 19  10623–10628



Large vessel and microvascular EC gene expression programs.
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Artery and vein EC-specific gene expression programs.

PNAS  September 16, 2003 vol. 100  no. 19  10623–10628
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Identification of tissue-specific EC genes.



ObesityObesity
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Mutation & polymorphism



conclusionsconclusions
Mutation of the Mutation of the ABCA3 ABCA3 gene causes fatal surfactant gene causes fatal surfactant 
deficiency in newborns. deficiency in newborns. 

ABCA3 is critical for the proper formation of lamellar ABCA3 is critical for the proper formation of lamellar 
bodies and surfactant function and may also be bodies and surfactant function and may also be 
important for lung function in other pulmonary diseases. important for lung function in other pulmonary diseases. 

Since it is closely related to ABCA1 and ABCA4, proteins Since it is closely related to ABCA1 and ABCA4, proteins 
that transport phospholipids in macrophages and that transport phospholipids in macrophages and 
photoreceptor cells, it may have a role in surfactant photoreceptor cells, it may have a role in surfactant 
phospholipidphospholipid metabolism.metabolism.



Published online: 5 September 2005; | doi:10.1038/news050905-1 
Gene defects plague stem-cell lines

Cancerous mutations threaten therapeutic future for cells. Roxanne Khamsi
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Cell division and DNA mutationCell division and DNA mutation

All DNA tends to accumulate mutations as All DNA tends to accumulate mutations as 
it divides, because each step in the it divides, because each step in the 
copying process can introduce errors. copying process can introduce errors. 

But previous, smaller studies of stem cells But previous, smaller studies of stem cells 
had not found problematic levels of had not found problematic levels of 
mutations.mutations.



Chakravarti and his colleagues compared frozen, 
archived cells with 'daughter' generations that had been 
created from these.











Methylation and stem cell passage



DNA mutations get worse over time, DNA mutations get worse over time, 
even in stem cells.even in stem cells.

Embryonic stem cells that are cultured in the lab Embryonic stem cells that are cultured in the lab 
accumulate an alarming array of genetic accumulate an alarming array of genetic 
changes, including mutations known to be linked changes, including mutations known to be linked 
to cancer. to cancer. 

The finding throws into question whether such The finding throws into question whether such 
cells could eventually be used for therapy, cells could eventually be used for therapy, 
unless they can be kept fresh and checked for unless they can be kept fresh and checked for 
mutations before use mutations before use 



The finding undermines a general The finding undermines a general 
assumption that stem cells remain assumption that stem cells remain 
unblemished until they are programmed to unblemished until they are programmed to 
become a certain type of cell. become a certain type of cell. 

"This is not good news. It suggests that "This is not good news. It suggests that 
the biological properties of the cells before the biological properties of the cells before 
and after replicating could be different," and after replicating could be different," 
says says ChakravartiChakravarti. . 


