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Knock-in mice can help determine the 
relevance of anaesthetic targets & pathways

Jurd et al. FASEB J. 17, 250 (2003)

The β3N265M Knock-in 
mouse is insensitive to 
propofol

Wild-type

Knock-in



Anaesthetics cause no structural changes at their binding sites

Bhattacharya et al. JBC 275, 38731 (2000) Liu et al. FASEB J.19, 567(2005)



Yip et al. Nature Chemical Biology 11, 715 (2013)
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Yip et al. Nature Chemical Biology 11, 715 (2013)



Properties of ortho-propofol 
diazirine

Yip et al. Nature Chemical Biology 11, 715 (2013)



Labelling human serum albumin

Bhattacharya et al. JBC 275, 38731 (2000) Yip et al. Nature Chemical Biology 11, 715 (2013)



Yip et al. Nature Chemical Biology 11, 715 (2013)

Only a single amino acid
is labelled in GABAA receptors
– Histidine 267



Identification of the binding site

Yip et al. Nature Chemical Biology 11, 715 (2013)



The propofol binding pocket only exists in the 
open state

Franks Anesthesiology 122, 787 (2015) 



Anaesthetic binding to pre-existing states can explain kinetics
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Anaesthetic binding to pre-existing states can explain kinetics

Franks Nature Rev. Neuroscience 9, 370 (2008)
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Anaesthetic binding to pre-existing states can explain kinetics

Franks Nature Rev. Neuroscience 9, 370 (2008)



Zhang et al. Nature  Neurosci 18, 553 (2015)

How do anaesthetics act at the network level?



Neuronal pathways of sleep and arousal

The ascending arousal 
system in the brain stem, 
hypothalamus and basal 
forebrain keeps the 
neocortex alert & aroused

Activation of the sleep-
promoting systems in the 
hypothalamus and basal 
forebrain silences these 
nuclei and promotes sleep



cFOS is upregulated during sedation and deep sleep

Zhang et al. Nature  Neurosci 18, 553 (2015)



cFOS is upregulated during sedation and deep sleep
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TetTagging allows excited neurons to be tagged

Two viruses are injected which co-transfect the neurons

The first drives expression of the Tet Activator through a cfos promotor

In the presence of doxycycline, expression of hM3Dq is blocked

In the absence of doxycycline, the Tet Activator drives expression of hM3Dq

The hM3Dq receptor can be subsequently selectively activated by CNO
Zhang et al. Nature  Neurosci 18, 553 (2015)



AAV injection

4 weeks on doxycycline – TetTag system locked OFF Dox ON Dox

AAV transfection period, no hM3Dq expression

CNO injectionDex or RS

TetTagging allows excited neurons to be tagged

Zhang et al. Nature  Neurosci 18, 553 (2015)



Recovery sleep

Zhang et al. Nature  Neurosci 18, 553 (2015)



Recovery sleep
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Recovery sleep
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Reactivation of excited neurons recapitulates behaviour 
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Dexmedetomidine sedation

Zhang et al. Nature  Neurosci 18, 553 (2015)
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Role of GABA release in dexmedetomidine sedation 

Zhang et al. Nature  Neurosci 18, 553 (2015)



Reactivation of excited neurons recapitulates hypothermia

Zhang et al. Nature  Neurosci 18, 553 (2015)



Reactivation of excited neurons recapitulates hypothermia

Zhang et al. Nature  Neurosci 18, 553 (2015)



Summary and conclusions
• Anaesthetics act by binding to pre-formed cavities that 

exist in some conformational states of the protein, but 
not others.

• Propofol acts mainly on the GABAA chloride channel 
and binds to a site at the interface between the 
extracellular and transmembrane domains.. 

• Dexmedetomidine induces a state closely resembling 
natural sleep.

• The sedation by dexmedetomidine requires activation 
of a small group of neurons in the pre-optic 
hypothalamus.

• The same neurons, or at least an overlapping 
ensemble, are responsible for dexmedetomidine-
induced hypothermia
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