
Neural Development & Regeneration 



Building	
  specific	
  connec/ons	
  in	
  the	
  brain	
  requires	
  

① Neurite	
  growth	
  and	
  axon	
  guidance	
  

② Adhesion	
  molecules	
  

③ Pruning	
  and	
  matura/on	
  

Development	
  of	
  neural	
  circuits	
  is	
  the	
  earliest	
  form	
  of	
  learning	
  



① Neurite	
  growth	
  and	
  axon	
  guidance	
  

Young	
  neurons	
  sprout	
  axon	
  “growth	
  cones”	
  



① Neurite	
  growth	
  and	
  axon	
  guidance	
  

Ac/n	
   t-­‐Tubulin	
   a-­‐Tubulin	
  

Growth	
  
Cone	
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① Neurite	
  growth	
  and	
  axon	
  guidance	
  
② Adhesion	
  molecules	
  
③ Pruning	
  and	
  matura/on	
  

Extracellular	
  Matrix	
   CAMs	
   Cadherins	
  

Netrin/Slit	
  Family	
   Semaphorins	
   Ephrins	
  



① Neurite	
  growth	
  and	
  axon	
  guidance	
  
② Adhesion	
  molecules	
  
③ Pruning	
  and	
  matura/on	
  

DSCAMs	
   37,000	
  poten/al	
  forms	
  



① Neurite	
  growth	
  and	
  axon	
  guidance	
  
② Adhesion	
  molecules	
  
③ Pruning	
  and	
  matura/on	
  



Critical Period 

o  period in early life when activity in neural circuits is required for their normal development 

o  occurs when brain is most plastic (most capable of structural and synaptic changes) 

o  useful connections are strengthened / maintained while weaker ones are lost 

examples? 



Neural Injury and Regeneration 







Peripheral nervous system 



Peripheral nerve sheaths may be used as grafts 







Apoptosis is stimulated by local cytokines and glutamate release 



Gliosis 



Injury to CNS Axons 



Thuret et al. 2006 
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Neurodegenerative Diseases 

Alzheimer’s Disease 

Parkinson’s Disease 

Huntington’s Disease 

Amyotrophic Lateral Sclerosis (ALS) 

Frontotemporal Dementia 

Multiple System Atrophy 

Prion Diseases 

 Creutzfeldt-Jakob  

 Fatal Familial Insomnia 



People (and brains) are living longer…"
Memory & Aging!



Efficient biosynthesis is necessary to maintain synapses"
Memory & Aging!

DNA! RNA! Protein!

Transport!

Stabilization!

Signaling!

synapses!



Dementia and Alzheimerʼs Disease"
Memory & Aging!
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Dementia and Alzheimerʼs Disease"
Memory & Aging!





Dementia and Alzheimerʼs Disease"
Memory & Aging!

Time"



Dementia and Alzheimerʼs Disease"
Memory & Aging!





Prion Diseases 
 
      Creutzfeldt-Jakob Disease 

 Kuru 
 Bovine Spongiform Encephalopathy 
 Fatal Familial Insomnia 

Normal 
Form 

Prion 
Form 







The	
  PKMzeta	
  story	
  

How	
  memory	
  works	
  





Pavlov’s	
  condi/oning	
  learning	
  



Condi/oned	
  Taste	
  Aversion	
  

Condi?oning	
  

•  One	
  day,	
  the	
  saccharine	
  is	
  added	
  to	
  the	
  water	
  the	
  rats	
  
are	
  given	
  

•  40min	
  aUer	
  they	
  drink	
  the	
  saccharine	
  water,	
  they	
  get	
  
an	
  injec/on	
  of	
  LiCl-­‐	
  rat	
  do	
  NOT	
  enjoy	
  this	
  

Condi/oned	
  s/mulus	
  (CS)	
  =	
  saccharine	
  taste	
  
	
  
Uncondi/oned	
  s/mulus	
  (US)	
  =	
  injec/on	
  



Condi/oned	
  Taste	
  Aversion	
  

Bo]le	
  A	
  contains	
  regular	
  water	
  
	
  
Bo]le	
  B	
  contains	
  water	
  +	
  saccharine	
  

Tes/ng	
  Day:	
  

Which	
  bo]le	
  will	
  the	
  rats	
  choose?	
  



Animals	
  quickly	
  learn	
  to	
  avoid	
  the	
  
saccharine	
  water	
  

High	
  aversion	
  index	
  means	
  
they	
  drink	
  very	
  li]le	
  of	
  the	
  
saccharine	
  water	
  



CTA	
  learning	
  requires	
  the	
  insular	
  
cortex	
  



The	
  hypothesis:	
  
PKMζ	
  is	
  required	
  for	
  CTA	
  learning	
  

•  To	
  test	
  this:	
  	
  
– There	
  is	
  an	
  inhibitor	
  of	
  PKMζ	
  called	
  ZIP	
  
–  	
  Inject	
  ZIP	
  into	
  the	
  insular	
  cortex	
  
– Do	
  the	
  rats	
  s/ll	
  avoid	
  the	
  saccharine	
  water	
  aUer	
  
ZIP	
  injec/on?	
  



Conclusion:	
  One	
  injec/on	
  of	
  ZIP	
  into	
  the	
  insular	
  cortex	
  aUer	
  
CTA	
  learning	
  greatly	
  reduces	
  the	
  	
  aversion	
  index	
  



Maybe	
  ZIP	
  is	
  just	
  messing	
  up	
  the	
  
whole	
  brain	
  and	
  that’s	
  why	
  rats	
  don’t	
  

remember	
  the	
  CS	
  

Inject	
  ZIP	
  into	
  a	
  different	
  part	
  of	
  the	
  brain	
  and	
  see	
  if	
  does	
  anything	
  to	
  the	
  CTA	
  
memory	
  



Conclusion:	
  PKMζ	
  is	
  a	
  synap/c	
  
“glue”	
  

	
  
You	
  need	
  it	
  to	
  store	
  memories	
  



Big	
  deal!	
  	
  The	
  press	
  goes	
  wild!	
  



And	
  then……..	
  



First	
  up	
  	
  

Remember:	
  In	
  the	
  previous	
  paper,	
  ZIP	
  inhibited	
  PKMzeta	
  and	
  that	
  blocked	
  the	
  
condi/oned	
  taste	
  aversion	
  memory	
  



Messing’s	
  group	
  make	
  gene/cally	
  
altered	
  mice	
  that	
  don’t	
  have	
  any	
  PKMζ	
  	
  

at	
  all	
  

Predic/ons?	
  



Fear	
  condi/oning	
  test	
  

The	
  PKMz	
  knockout	
  mice	
  were	
  totally	
  normal	
  



The	
  PKMz	
  knockout	
  mice	
  were	
  also	
  
normal	
  in	
  a	
  (slightly	
  different)	
  

preference	
  test	
  



And	
  finally..	
  

In	
  that	
  same	
  preference	
  test,	
  in	
  mice	
  without	
  any	
  
PKMz,	
  ZIP	
  s?ll	
  blocked	
  the	
  memory!	
  

ZIP	
  injec/on	
  into	
  
mice	
  without	
  PKMz	
  





Again,	
  PMKzeta	
  knockout	
  mice	
  have	
  
normal	
  long-­‐term	
  poten/a/on	
  



AND	
  ZIP	
  blocks	
  LTP	
  in	
  normal	
  and	
  
PKMz	
  knockout	
  mice	
  



Now	
  let’s	
  speculate	
  wildly…	
  
	
  
	
  
Art	
  and	
  Neuroscience	
  



Supernormal	
  s/muli	
  



Which	
  does	
  the	
  chick	
  prefer?	
  



gull	
  babies!	
  



Supernormal	
  s/muli	
  

Sucrose	
  is	
  300X	
  sweeter	
  than	
  glucose,	
  but	
  
we	
  don’t	
  digest	
  it-­‐	
  no	
  nutri/onal	
  value	
  

The	
  Big	
  Mac:	
  not	
  normally	
  found	
  in	
  nature	
  



Supernormal	
  s/muli	
  and	
  humans	
  








