
 

Mathematical and biochemical 'design
features' for cell decoding of pulses revealed

March 13 2014

Every cell in the body has to sense and respond to chemicals such as
hormones and neurotransmitters. They do so by relaying information
from receptors to intracellular biochemical pathways that control cell
behaviour, but relatively little is known about how cells decode the
information in dynamic stimuli.

A team of researchers have found that differences in response kinetics
working down the intracellular signalling pathway dictate differential
sensitivity to different features of pulsatile hormone inputs.

The study funded by the BBSRC and published today [14 March] in the 
Journal of Biological Chemistry, explored mechanism underlying
dynamic gonadotropin-releasing hormone (GnRH) signalling using live
cell imaging and mathematical modelling.

The research team, led by Craig McArdle, Professor of Molecular
Pharmacology at the University of Bristol's School of Clinical Sciences,
in collaboration with the University of Exeter, focused on the ERK
signalling pathway as this enzyme is activated by GnRH pulses and is
essential for normal reproduction.

The neuropeptide hormone GnRH is secreted in pulses from neurons in
the hypothalamus and controls secretion of two pituitary hormones, the
LH and FSH that, in turn, control production of germ cells and sex
steroids.
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This system provides the interface between the brain and the
reproductive system. It is absolutely essential for normal reproduction
and is targeted therapeutically in assisted reproduction and in the
treatment of hormone-dependent diseases, such as breast and prostate
cancer.

The study found that for effects on gene expression the system is more
sensitive to changes in GnRH receptor number than it is to changes in
GnRH concentration, and is more sensitive to changes in GnRH interval
than it is to changes in GnRH pulse width.

Professor Craig McArdle said: "The work revealed "design-features" of
the system that make perfect sense in light of the biology, where GnRH
receptor number and GnRH pulse interval vary, for example, through
puberty and through the menstrual cycle.

"These features are relevant to numerous biological systems using
pulsatile stimuli and suggest intriguing mechanisms for differential
control of rapid and delayed responses with dynamic stimuli."

Professor Krasimira Tsaneva-Atanasova, Associate Professor of
Mathematics at the University of Exeter and co-author on the paper said:
"The effects of a signalling molecule can be fast or slow and the same
signalling molecule will often elicit a rapid, transient response from a
cell followed by a slower, long term change in cell behaviour.

"How fast and slow molecular pathways are modulated by pulsatile, or
dynamic, inputs is particularly important for understanding GnRH
signalling in physiologically relevant stimulation paradigms and
identifying new tools that could be used for fertility control and
treatment of hormone-dependent cancer."

Billions are spent every year on GnRH receptor ligands and the
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stimulation paradigm is absolutely crucial for therapeutic applications,
but remarkably little is known about how the target cells and tissues
decode GnRH dynamics.

The work is strengthened by the collaboration between the University's
School of Clinical Sciences and School of Mathematics together with the
Department of Maths at the University of Exeter, and the study
illustrates the additional insight to be gained from such collaborative
"maths-driven biology".

  More information: Pulsatile Hormonal Signaling to Extracellular
Signal-Regulated Kinase: Exploring System Sensitivity to Gonadotropin-
Releasing Hormone Pulse Frequency and Width, Rebecca M Perrett,
Margaritis Voliotis, Stephen P Armstrong, Robert C Fowkes, George R
Pope, Krasimira Tsaneva-Atanasova, Craig A McArdle, The Journal of
Biological Chemistry, Vol. 289, Issue 11, 7873-7883, March 14, 2014.
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