
Serpentine receptors activate a 
wide variety of signal transduction 
pathways

Cell signaling IV.
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Activation of serpentine receptors and GTPase cycle of G-proteins



Nobel prize winning signaling cascade

Ed Krebs & Ed Fisher, 1993
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Signal transduction pathway leading to activation of 
phospholipase C (PLC) results in activation of Ca2+-
dependent protein kinase (PKC)



[Ca2+](inside) = 10-7

[Ca2+](outside) = 10-3

Maintenance of a low intracellular [Ca2+] 



Entrance of calcium into cytosol must be tightly regulated



Calcium ions as second messengers

http://www.youtube.com/watch?v=07foN-1IUb4&feature=related 



Increased levels of Ca2+ activate calmodulin-dependent 
protein kinase

Calmodulin-dependent
protein kinase
(CaM kinase)



Calcineurin is a Ca2+-dependent protein serine/threonine 
protein phosphatase involved in activation of T lymphocytes
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Science 350: 442-445 (2015)



Cell signaling is mediated by oscillations of calcium ions

Cells pre-loaded with a fluorescent calcium sensor Fluo-4 and imaged every 
3 seconds using a confocal microscope. [Rajesh Kumar]



Oscillations in anorganic and biological systems



Alan Turing

(1912-1954)
 



Oscillatory behavior of calcium appearance in cytosol

http://www.youtube.com/watch?v=FMonGtg_VW0
http://www.youtube.com/watch?v=WtzPwL88meM
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CaM-kinase as frequency decoder of Ca2+ oscillations 
– a form of cellular memory



The sound of genes and proteins

Ohno, S., Ohno, M. (1986). The all pervasive principle of repetitious recurrence 
governs not only coding sequence construction but also human endeavor in musical 
composition. Immunogenetics  24:71-78.

Takahashi, R.,  Miller, J.H. (2007). Conversion of amino-acid sequence in proteins to 
classical music:search for auditory patterns. Genome Biol. 8: 405.

DNA and Protein Music: www.nslij-genetics.org/dnamusic/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1929127/

http://www.youtube.com/watch?v=CM920dPFIHM



The sound of genes and proteins



G proteins – transient summary



Ligands, efectors and biological responses for GPCRs



Vasopressin & oxytocin: 
simple peptides with roles in complex phenomena

Donaldson, Z.J. & Young, R.J. (2008). Science 322: 900-904
 



Donaldson, Z.J. & Young, R.J. (2008). Science 322: 900-904

Vasopressin R1a receptor: mono- versus polygamy



Donaldson, Z.J. & Young, R.J. (2008). Science 322: 900-904

Vasopressin R1a receptor: mono- versus polygamy





Ligands, efectors and biological responses for GPCRs



Architecture of a vertebrate eye

Sadava a kol. (2007). Life: The Science of Biology. Sinnauer Ass.



Sadava a kol. (2007). Life: The Science of Biology. Sinnauer Ass.
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G proteins and visual signaling



cGMP is the major second messenger in visual signalling
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G proteins and visual signaling



Signal amplification during visual signalling



Ligands, efectors and biological responses for GPCRs

taste



NH
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Fox, A.L. (1932). The relationship between chemical constitution and taste. 
Proc. Natl. Acad. Sci USA 18: 115-120.

First clues to a genetic basis of gustatory signalling



Fisher, R. A., Ford, E. B., Huxley, J. (1939). 
Taste-testing the anthropoid apes. Nature 144, 750



Jackie (Jacqueline)



Fisher, R. A., Ford, E. B., Huxley, J. (1939) Taste-testing the 
anthropoid apes. Nature 144, 750.

Σ tasters nontasters
27 20

(0.75)
7

(0.25)

Sensitivity if tested chimps to PTC

TT+Tt tt



Chimpanzee Human

Fisher, R. A., Ford, E. B., Huxley, J. (1939) Taste-testing the 
anthropoid apes. Nature 144, 750.

T – taster allele
t – nontaster allele 

Evolutionary origin of T and t alleles



What is the molecular nature of PTC sensitivity?

Adler, E., Hoon, M.A., Mueller, K.L., Chandrashekar, J., Ryba, 
N.J., Zuker, C.S. (2000). A novel family of mammalian taste 
receptors. Cell 100: 693-702.

Chandrashekar, J., Mueller, K.L., Hoon, M.A., Adler, E., Feng, 
L., Guo, W., Zuker, C.S., Ryba, N.J. (2000). T2Rs function as 
bitter taste receptors. Cell 100: 703-711.



Ligands, efectors and biological responses for GPCRs

taste
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One type of receptor is employed 
for interpretation of many sensory stimuli



G proteins and olfaction

modified cilia

supporting cell
basal cell
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basal lamina

olfactory neuron



Olfactory epithelium

Olfactory bulb

Olfactory cortex

Molecular logic of smell



Molecular logic of smell



Molecular logic of smell



Molecular logic of smell



Molecular logic of smell



Decoding molecular logic of smell resulted in Nobel prize 
for Physiology or Medicine in 2004

Richard Axel     Linda Buck
www.nobelprize.org



Lomvardas et al. (2006). Cell 126: 403-413.

How to achieve monoallelic expression of 
a OR in a given neuron?



Shim et al. (2013). Cell 155: 1141-1153
Silberstein & Scadden (2013). Cell 155: 981-982  

Unexpected connection: Olfactory signals control 
hematopoietic progenitor maintenance 
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Interpretation of the instruction is dependent on a 
cellular context



Olfactory cell

CONTEXT2 

Sperm cell

Interpretation of the instruction is 
dependent on a cellular context
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Muscle cell Sexually active yeast cells

Interpretation of the instruction is dependent on a 
cellular context



Light

Smell
Taste

Nutrients

Pheromones
Hormones

Transmitters

External stimuli

Repetoire of molecular tools is far more limited than the 
number of problems faced by living organisms…



GPRC and G proteins involved in human cancer pathogenesis


