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Catastrophic consequences of nervous system 
damage have resisted reversal by present drug 

and surgical interventionsé

Strategy:
Understand network 
formation, target 
critical molecules, 
cells & neural sites 
to permit rebuilding 
of micro -networks, 
as when the brain is  
wired normally in 
development 



Our goals include:

üDevelop microfluidic devices that sample, contain and 
manipulate extracellular environments 

ü Interface devices to allow multiple analytical measures: 
chemical, structural, functional

üUse well-defined, identified Aplysia neurons to validate 
approach and characterize the molecular players

üAdapt technology to microcircuits of mammalian neurons 
such as magnicellular neurons, dorsal root ganglion 
neuronsé

ü Investigate microenvironment during dynamic responses 
to injury and in neural repair

üDetermine what cues enable or prevent reestablishment 
of electrical and chemical connections
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Rubakhin, Nature Biotechnology 18, 2000, 172. Rubakhin, Anal. Chem. 75, 2003, 5374. 

Measuring the hormones, cytokines and trophic 
factors in single cells: pushing the limits with 

small sample mass spectrometry
Starting ñsimpleò with Aplysia californica



Does this work with the mammalian brain? 
Peptides in a single rat pituitary cell

Rubakhin et al., Anal. Chem. Oct. 15, 2006.

Selected as a Research Highlight:

Nature 443, 248-249 

(More detail in Nature Protocol 2007;2(8):1987-97. 

With Bill Greenough
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In a human,

up to

3 feet!!!

How can axons reach their targets in such a precise manner?

Axon guidance, repair and peptide transport
Slide adapted from F. Charon
Stanford University

Axons project over long 
distances to reach their target



Unknowns in the mammalian CNS: 
many cell to cell signals remain unknown

Direct measurement of 

a spinal cord blot. 
Of 314 putative peptides detected in the mass 

range from 1000 to 10 000 Da only 27 match 

known peptides by mass. 

Looking for Differences.
Subtracting spectra to find the peaks 

of interest. 

Sweedler group unpublished

Hypothesis: many of the important maintenance and 

guidance molecules remain to be characterized



Looking at neurons in well -
defined networks in a mammal
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Region 1REGIONS OF SENSORY-MOTOR CIRCUIT CAN 

BE SURGICALLY ISOLATED WITH HIGH LEVEL 

STRUCTURAL INTEGRITY

Isolated spinal cord with adjacent 

nerves and dorsal root ganglia

Isolated dorsal root ganglion with 

adjacent nerves
Sweedler group unpublished


