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Big	Ques+ons	in	Neurobiology	

•  Connectome:	anatomical	connec+on	
•  Func+onal	connectome	
-	differen+ate	neuron	types	
-	neural	circuits	of	behavior	
-	computa+onal	models	

•  Understand	and	treat		
brain	disorders	



Outline�

•  Neurobiology	recaps	
•  Types	of	neuronal	ac+vity	indicators		
•  Commonly	used	devices	
•  Example:	microfluidics	in	C.	elegans	
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How	neurons	communicate�

ac+on	poten+al	(AP)�



Imaging	neuronal	ac+vity�

•  Electrode	recording	
•  Op+cal	imaging�

Grienberger & Konnerth, 2012. Neuron 



Indicators	of	neuronal	ac+vity�

•  vesicular	release	indicators	
•  neurotransmiUer	indicators	
•  voltage	indicators	
•  calcium	indicators	



Vesicular	release	indicator�
•  Vesicularly	localized	gene+cally	encoded	indicators	(GEPIs)	
•  Can	visualize	responses	integrated	over	large	numbers	of	

synapses	or	APs	�

Supereclip+c		
pHluorin	(SEP)�

Lin	&	Schnitzer,	2016.	Nat	Neurosci�



NeurotransmiUer	indicators�
•  NeurotransmiUers	are	released	into	synap+c	cle^	in	high	

concentra+on	and	rapid	kine+c	(removed	within	1	ms)	
manners.	

•  Glutamate,	Acetylcholine,	GABA,	glycine.�

Lin	&	Schnitzer,	2016.	Nat	Neurosci�



Voltage	
indicators�

•  Detect	transmembrane		
voltage	changes	
-	transient	depolariza+on	
-	spike	genera+on	
	

•  O^en	highly	phototoxic	
-	incapable	of	long-term		
		imaging	of	single	cell	
-	no	gene+cally	targeted		
		delivery	

Lin	&	Schnitzer,	2016.	Nat	Neurosci�



Calcium	indicators�

•  Capture	the	[Ca2+]	dynamic	

•  Allow	long-term	+me-lapse	imaging	
-	Sampling	intervals	30-60	ms		
-	single	AP:	3-5	ms�

Grienberger & Konnerth, 2012. Neuron 

Ø  extracellular	Ca2+	influx	
Ø  release	of	internal	storage		
Ø  removal	of	Ca2+�



Ca2+	indicators�

Grienberger & Konnerth, 2012. Neuron 



GCaMPs	

•  Gene+cally	Encoded	Calcium	Indicator	(GECIs)	
•  Calmodulin	(CaM)	is	an	important	post-synap+c	

density	protein	that	binds	Ca2+	
•  Ca2+binds	to	CaM	and	causes	a	conforma+onal	

change	that	causes	GFP	fluoresence	

Grienberger & Konnerth, 2012. Neuron 



GECIs�

Lin	&	Schnitzer,	2016.	Nat	Neurosci�



Advantages	of	op+cal	imaging�

•  Less	biased	than	electrodes	
-	unfavorable	cell	morphology,	weak	electrical	
dipoles,	extracellular	+ssues	

•  Reveal	spa+otemporal	ac+vity	paUern	
-	dendri+c	integra+on,	voltage	propaga+on,	
dendri+c	spiking	

•  Minimizing	neuronal	damages	
•  Gene+cally	encoded	
�



Disadvantages	of	op+cal	imaging�

•  Transduc+on	efficiency	and	toxicity	
•  Limited	by	the	inherent	quantum	mechanical	
randomness	of	photon	emission	and	detec+on	

•  Influenced	by	indicator’s	fluorescence	
response	curve	and	response	kine+cs	

•  Good	representa+on	of	neuronal	ac+vity?�



Outline�

•  Neurobiology	recaps	
•  Types	of	neuronal	ac+vity	indicators		
•  Commonly	used	devices	
•  Example:	microfluidics	in	C.	elegans	



Common	imaging	devices�

•  Wide-field	microscopy�

Grienberger & Konnerth, 2012. Neuron 



Common	imaging	devices�

•  Laser	scanning	microscopy�

Grienberger & Konnerth, 2012. Neuron 



Common	imaging	devices�

•  Recording	in	freely	moving	animals�

Grienberger & Konnerth, 2012. Neuron 
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Microfluidics	in	C.	elegans�

aversive	avoidance		
response	to	copper�

Chronis, 2009 



Ca2+	imaging	device�



ASH	Video�



Future	approaches	to	technical	
challenges�

•  Protein	engineering:	
Voltage-sensors,	calcium	indicators,	and	other	indicators	
of	neuron	ac+vity	with	fast	kine+cs	and	large	changes	in	
fluorescence	
	
•  Op+cs:	
-	LEDs	with	specific	wavelength	and	constant	illumina+on	
-	Filters/dichorics	for	unwanted	wavelengths	
-	Mul+mirror	arrays	for	targeted	illumina+on	
-	Cameras	that	can	capture	images	quickly	
-	Big	data	processing	



Ques+ons?�


