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CHAPT ER 1: INTRODUCTI ON 

 

1.1  RNA loca l i zat ion in eukaryot ic  c e l ls  
Cytop la smic  R NA  loc a l i za t i on  i s  an  ev o lu t ion ar y  con se r ve d  

mech an i sm tha t  c on t r ibu t e s  t o  sp a t i a l l y  r es t r i c t e d  p r o t e i n  
syn t he s i s .  T he  f i r s t  h in t  on  RN A lo ca l i za t i on  in  eu kar yo t i c  ce l l s  

da t e s  b ack  to  t he  1 960 s  wh en  r iboso me s  a ss oc i a t e d  t o  

endop la smic  r e t i cu l um ( E R) ,  t og e the r  kno wn  as  “ e r ga s to p la sm ” ,  
wer e  d e t e c t ed  nea r  syn ap se s  i n  sp in a l  co r d  neu r on s  o f  monk ey s  

by  e l e c t r on  mi c r o sco py  ( B od ia n  196 5 ) .  T h i s  ana tomi ca l  f i n d ing  
sugg e s t ed  th a t  t he se  ne u r on s  emplo yed  p r o t e i n  syn t he s i s  o f  

l oca l i ze d  RN As f o r  t he i r  syn ap t i c  f un c t ion .  Sev er a l  y ea r s  l a t e r ,  

t he  con ce p t  o f  RNA lo ca l i za t i on  w a s  es t ab l i s hed  no t  o n ly  i n  
neu r on s  bu t  a l s o  i n  va r io us  o the r  ce l l  t yp es  r a ng in g  f r om  

un ic e l lu l a r  o r g an i sm s  suc h  a s  ye as t s ,  t o  oo cy t es  an d  em br yo s  o f  
Dro sop h i la ,  X eno pu s ,  a s c id i an s  and  ech i noder m s .  I n  f ac t ,  t h e  

X enopu s  ooc y te  w as  t h e  f i r s t  s ys t em in  wh ich  m ate r n a l l y  

syn t he s i z ed ,  cy t op la smi ca l l y  l oc a l i z ed  RN As wer e  i d en t i f i e d  
( Reb ag l i a t i  e t  a l .  198 5)  Ho wev er ,  i t  wa s  i n  t h e  D ro sop h i l a  

oocy t e  an d  em br yo  w her e  t he  l oca l i z a t i on  o f  t h e  mat e r na l  b i c o id  
RNA  to  t he  an t e r io r  po l e  w a s  sho wn  t o  be  f un c t ion a l ly  impor t an t  

f o r  t he  no r ma l  dev e lopm en t  o f  t h e  em br yo  ( F r ige r io  e t  a l .  1986 ;  

Ber l e th  e t  a l .  1 988) .  T h e  d i s cov er y  o f  an  a c tu a l  f u nc t i on  f o r  
b i co id  RN A loc a l i za t i on  in  spe c i f i c a t i on  o f  an t e r io r  c e l l  po l a r i t y  

du r ing  D ro soph i la  embr y on ic  d eve l op men t  mot iv a t e d  r es ea r c her s  
t o  s tudy  th i s  p r oce s s  i n  g r e a t  d e t a i l .  T h e  r o l e  o f  R NA  

loca l i za t i on  wa s  su bs equ en t ly  d ec ip he r ed  in  ma ny  ce l l  s ys t em s .  

One  o f  t he  m ain  r e as on s  why  RN A i s  l oca l i ze d  to  a  sp ec i f i c  c e l l  
r eg ion  i s  t o  p r oduc e  a  h igh  co nce n t r a t i on  o f  p r o t e in  i n  t he  g i ve n  

ce l l  a r ea  ( Klo c  e t  a l .  2002) .  T h i s  f un c t ion  i s  ev id en t  i n  mot i l e  

f i b r ob la s t s  i n  w h ich  β - a c t i n  m RN A i s  l oc a l i zed  t o  t he  l ead i ng  
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edge  to  p r od uc e  h igh  amo un t s  o f  β - a c t i n  p r o t e in  ( Ki s l au sk i s  e t  

a l .  1994 ;  Ro s s  e t  a l .  1997) .  RNA lo c a l i z a t i on  i s  a l so  impor t an t  

i n  e s t a b l i sh in g  mor p hog en  g r ad i en t s  a s  s een  in  t he  D ros oph i l a  
embr yo .  T he  l oc a l i z a t i o n  o f  b i c o id  RN A to  t he  an t e r io r  po l e  an d  

nano s  RN A to  t he  po s t e r io r  po l e  o f  t he  f l y  embr yo  l e ad s  t o  
conc en t r a t i on  g r ad i en t s  o f  b i co id  and  nano s  p r o t e in s  n ece s sa r y  

f o r  sp ec i f y ing  ce l l  po l a r i t y  ( Ba sh i r u l l ah  e t  a l .  19 98) .  S imi l a r ly ,  

i n  X eno pus  oo cy te s ,  V g1  RNA loc a l i za t i o n  to  t he  veg e t a l  po l e  
under l i e s  t h e  a n imal - veg e t a l  a x i s  f o r mat ion  du r i ng  X e nopu s  

oogen e s i s  ( Pa l a c io s  and  S t  J ohn s ton  2001) .  T he  loc a l i z a t i o n  o f  
ASH1 RN A t o  t h e  t i p  o f  bud d ing  ye as t  c e l l s  r e gu la t e s  m at in g  

type  swi t ch i ng  ( L on g  e t  a l .  1 997) .  And  l as t l y ,  i n  mamm al i an  

neur on s ,  sev er a l  R NA s a r e  t a r ge t ed  to  p r o ce s se s  w her e  t h e i r  
l oca l  t r an s l a t i o n  a ppe ar s  t o  be  m odu la t ed  by  s ynap t i c  ac t i v i t y  

( Bod i an  1965 ;  S t ew ar d  and  L ev y  1982 ;  Ar an da- A br eu  e t  a l .  

1999 ;  Ar o nov  e t  a l .  2002) .   
 

Mechanis ms of  RNA local izat ion  
Cur r en t  und er s t an d ing  o f  t h e  me chan i sm  by  wh i c h  

loca l i ze d  mR NA s a r e  t a r ge t ed  t o  t he i r  f i na l  de s t i na t i on s  i nvo lve s  

r ecog n i t i on  o f  c i s - a c t i ng  RN A e l eme n t s ,  by  t ra ns - ac t i ng  R N A  

b ind in g  f ac t o r s  ( K ind l e r  e t  a l .  2 005) .  Cis - ac t i ng  e l eme n t s  a r e  
r eg ion s  wi th in  a  g iv en  RN A,  con t a in ing  co de s  sp ec i f i c  f o r  

l oca l i za t i on .  Su ch  cod es  a r e  r ec ogn i z ed  by  R NA- b in d ing  t r an s -
ac t i n g  f a c to r s  a nd  to ge th e r  t h ey  f o r m r ibonu c le opr o t e in  ( RNP )  

compl exe s .  T h es e  RNP  c ompl exe s  r e ach  the i r  f i n a l  de s t i n a t io n  

wi th  t h e  h e lp  o f  moto r  p r o t e i ns  mov ing  a lon g  c y to ske l e t a l  
f i l amen t s  ( G uz i k  and  Go ld s t e in  20 04 ;  Hi r oka wa  a nd  T ak emur a  

2005) .  RNP com ple xe s  can  f o r m wi t h in  t he  nuc l eu s  and  t r a ve l  
ou t s i de  i n to  t he  cy t op la sm  wh er e  t he y  may  ge t  r emo de l ed  an d  

add i t i ona l  t r an spor t  f a c to r s  may  g e t  r ec r u i t ed .  E v ide nce  f o r  t h e  

f o r mat ion  o f  RNP compl ex es  i n  t he  nu c l e us  com e s  f r o m  
Dro sop h i la  and  X en opu s .  I n  f l y  ooc y te s ,  sp l i c ing  a t  t he  f i r s t  
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exon- j unc t i on  o f  o s kar  m RNA  in  t h e  nuc l eu s  f o r  i n s t an ce ,  i s  

e s se n t i a l  f o r  o s kar  mR NA loc a l i za t i on  a t  t he  po s t e r i o r  po l e  
sugg e s t ing  tha t  nu c l e a r  e ven t s  a r e  me chan i s t i ca l l y  coup l ed  wi t h  

cy top l a smic  R NA  loc a l i za t i on  ( Hac he t  and  E phr u s s i  2 004) .  
S imi l a r ly ,  i n  X en opu s  oo cy t es ,  t he  v ege t a l  l o ca l i za t i on  o f  Vg 1  

mRNA in vo lv es  r e cogn i t i on  o f  t he  t r ans c r ip t  by  t ran s - a c t i n g  

f ac to r s  i n  t h e  nu c l eu s ,  a nd  th e  f o r mat ion  o f  sp ec i f i c  R NP  
compl exe s  t h a t  a r e  ev en tu a l ly  exp or t ed  ou t  i n to  t h e  c y top l as m  

( Kr es s  e t  a l .  200 4) .  Mor eov er ,  s om e  o f  t he  i den t i f i ed  t r an s -
ac t i n g  R NA- b in d ing  p r o t e i ns  hav e  a  nuc l ea r  d i s t r i bu t io n  

imply in g  tha t  t h es e  p r o t e in s  m ay  se r ve  a s  nu c l eocy top l asm i c  

shu t t l i ng  p r o t e in s  t h a t  r eg u la t e  n uc l e a r  and  cy top l asm ic  m RN A  
ta r ge t i ng .  Z ipcod e  b ind i ng  p r o t e i n  2  ( Z BP2)  i s  one  suc h  exam pl e  

o f  a  p r edo mina n t ly  nuc l ea r  p r o t e in  t ha t  r egu l a t e s  cy to p la smi c  
l oca l i za t i on  o f  β - a c t i n  mR NA ( Gu  e t  a l .  20 02) .  F igu r e  1  

summ ar i z es  t he  m ec han i sm o f  RNA loc a l i z a t i o n  by  a  
d i ag r a mmat i c  r ep r e s en ta t i on  o f  a  ma mmal i a n  neur o n  in  wh i c h  

dendr i t i c  mR NA lo ca l i za t i on  i s  o f  p r i me  impor t a nc e  i n  sy nap t i c  
p r o t e in  syn t he s i s .  

 

 
 

 
 

 

 
 

 
 

 

 
 

 



 Chapter One                                                                                        Introduction 
 
 

 4 
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  B 
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  mRNA wi th  c i s - ac t i n g  den dr i t i c  t a r ge t i ng  e l em en t  

  t ran s - a c t i n g  f ac t o r s  

  t r ans l a t i ona l  compo nen t s ,  i nc lud in g  r i boso me s  

  cy to ske t a l  f i l amen t - ba se d  moto r  p r o t e i ns  

  nas ce n t  po ly pep t i de  

 
F I G U R E 1   

 
Cytoplasmic mRNA localization exemplified by denritic RNA targeting in neurons. (A) 
Recognition of RNA cis-acting elements (green) by trans-acting factors (red eclipses) in the nucleus 
forming RNP complexes. (B) Nuclear export of RNP particles into the soma and recruitment of 
additional trans-acting factors (blue eclipses) into the complex. (C) Transport of the remodeled RNP 
complex along cytoskeletal filaments (grey line) with the help of motor proteins to the dendrite where 
components of the translational machinery such as ribosomes (grey eclipses) attach to the RNP 
complex to start local protein synthesis.  Ribosomes may even attach to the RNP complex and travel 
with it before reaching the target site. 
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1 .1 .1  Cis -ac ting target ing e l ements  
Cis - ac t i ng  e l em en t s  ha ve  b ee n  ide n t i f i ed  f o r  a  numb er  o f  

mRNA t r an sc r i p t s  i n  va r i ou s  ce l l  sy s t ems .  I n  X e nopu s  oo cy t e s  
f o r  i n s t an ce ,  l oc a l i z a t i on  o f  Vg1  m RNA  to  t he  veg e t a l  po l e  

du r ing  oo gen e s i s  i s  m ed i a t ed  by  a  340- nu c l eo t ide  se que nc e  
t e r med  V g1  lo ca l i za t i on  e l emen t  ( V L E )  ( Mowr y  and  Mel t on  

1992) .  S imi l a r ly ,  den dr i t i c  t a r g e t ing  e l emen t s  ( DT E s)  hav e  b ee n  

iden t i f i ed  f o r  a  n umber  o f  d endr i t i ca l l y  l oca l i ze d  mR NA s.  DT E s  
o f  d i f f e r en t  RN As  a ppe ar  t o  b e  d i s t i n c t  i n  l e ng th  an d  seq uen ce .  

T h i s  compl ex  na tu r e  o f  t he  DT E s  ma y  ac cou n t  f o r  t he  d ive r s i t y  

o f  t he  t a r g e t  s i t e s  o f  va r iou s  m RNA s wi th i n  a  g iv en  de ndr i t e  
( Kind le r  e t  a l .  2 005) .  I n  ad d i t i on  to  va r i a t i on s  i n  s equ enc e  an d  

l eng th  a mong  th e  d i f f e r en t  DT E s ,  s ome  mRN A s a l s o  con t a in  
mul t i p l e  c i s - ac t i ng  e l emen t s .  C a l c ium/c a lmo du l in - d ep end en t  

p r o t e in  k in as e  I I  ( C a MKI I )  mR NA i s  a  de ndr i t i ca l l y  l o ca l i ze d  

RNA  who s e  3 ’  un t r a ns l a t e d  r e g ion  ( 3 ’ UT R)  con t a in s  t h r e e  
d i s t i nc t  n on- ov er l a pp ing  DT E s:  a  30 - nuc l e o t id e  l on g  s equ enc e  

( Mor i  e t  a l . ,  2000) ,  a  1 200- n uc l eo t ide  s t r e t ch  i n  t h e  3 ’ UT R  
( Bl i ch enb er g  e t  a l .  200 1)  and  t wo  c op ie s  o f  a  h ex anu c leo t id e  

mot i f  ca l l ed  t he  cy to p la smi c  po ly a deny l a t i o n  e l emen t  ( CPE )  

( Huang  e t  a l .  200 3) .  T r ans c r ip t s  e ncod i ng  the  m ic r o t ubu l e -
as so c i a t ed  p r o t e i n  2  ( MA P2) ,  a  p r o t e in  t ha t  i s  impor t an t  f o r  

cy to ske l e t a l  s t ab i l i t y ,  c on t a in  a  64 0- nuc l eo t id e  DT E  in  i t s  
3 ’ UT R ( Bl i ch enb er g  e t  a l .  1999) .  O n  the  o th e r  ha nd ,  β - ac t i n  

mRNA c on t a in s  on ly  a  54 - n uc l eo t id e  c i s - ac t i ng  e l e men t  t e r me d  
as  t he  “z ipco de ”  ( E om  e t  a l .  2003) .  I n  add i t i on  to  u n iqu e  c i s -

ac t i n g  e l em en t s ,  t h e r e  a r e  some  co mm on  mot ive s  su ch  a s  t he  11 -
nuc l eo t id e  he t e r og en eou s  r i bo nuc l eopr o t e in  e l em en t  ( hnR NP)  A 2  

r esp ons e  e l emen t  ( A2RE ) .  T ar ge t ing  o f  mye l in  ba s i c  p r o t e i n  
( MBP)  mR NA  in  o l igo den dr ocy te s  i s  med ia t ed  by  A2 RE  (Carson et 
al. 2001).  A2RE  a l s o  med i a t e s  e x t r a so mat i c  t r a f f i ck i ng  o f  huma n  
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immunod ef i c i en cy  v i r us  1  ( HI V- 1)  i n  cu l t u r ed  o l ig oden dr oc y te s  

( Moul and  e t  a l .  2 001) .  H enc e ,  l oc a l i zed  m RN A s mak e  u se  o f  
un iqu e  and  shar ed  c i s - a c t i ng  e l em en t s  t o  med ia t e  t r an sp or t  t o  t h e  

RNA’ s  f i na l  de s t i n a t ion .  
 

1.1 .2  Trans -ac ting factors  
Tran s - a c t i n g  f ac to r s  a r e  RNA- b ind i ng  p r o t e in s  t h a t  med i a t e  

RNA lo ca l i za t i on  by  in t e r a c t ing  w i th  c i s - a c t i n g  e l em en t s .  T he  
mos t  we l l  s t ud i ed  t r an s - ac t i ng  p r o t e i ns  con s i s t  o f  e i t he r  R NA  

r ecog n i t i on  m ot i f s  ( R RM s)  o r  hn RNP K homol ogy  ( K H)  doma in s ,  
o r  a  combi na t i on  o f  bo t h  ( B as s e l l  an d  Ke l i c  2004) .  Vg- 1  RN A  

b ind in g  p r o t e i n  ( Vg1 RB P)  o r  Ver a  and  z ipco de  b in d ing  p r o t e in  1  

( Z BP1)  a r e  exam ple s  o f  su ch  t ran s - a c t i ng  p r o t e i ns  t ha t  b ind  t o  
Vg1- VL E  and  β - ac t i n  z ip cod e ,  r e sp ec t ive ly  ( De sh le r  e t  a l .  1997 ;  

Z hang  e t  a l .  200 1 ;  E om  e t  a l .  2 003 ;  T i r uch in apa l l i  e t  a l .  200 3) .  

Ano th er  f ami l y  o f  t ran s - a c t i ng  f ac t o r s  i s  t h e  FUSE - b in d in g  

p r o t e in  ( F BP)  f am i ly  c ompr i s ing  o f  t h r ee  h omolo gou s  me mber s  
( Dav i s - Smyt h  e t  a l .  1 996) .  O ne  mem ber  o f  t he  f ami l y  na mel y  

FBP1 ,  b ind s  t o  t he  f a r - u ps t r eam e l em e n t  ( FUSE )  o f  t he  human  c -
myc  on cog ene ,  a nd  i s  i nv o lve d  in  t r ans c r ip t i ona l  r egu l a t i o n  

( Dunc an  e t  a l .  19 94) .  A l l  t h r ee  f ami ly  member s  a r e  ch ar a c t e r i ze d  

by  the  p r e s enc e  o f  f ou r  cen t r a l  KH- do main s  t ha t  b i nd  to  s ing l e -
s t r an ded  DNA/ RN A ( Br addo ck  e t  a l .  2002) .  F igu r e  2  show s t he  

domain  s t r u c tu r e  o f  t h e  t h r e e  mem ber s  o f  t h e  FBP  f ami ly ,  F B1 ,  
FBP2  a nd  F BP3 .  T he  KH d omai ns  wer e  f i r s t  i d en t i f i ed  an d  

char a c t e r i ze d  in  hnR NPK ( S iomi  e t  a l .  1994) .  MAP2 R NA t r an s -

ac t i n g  f ac to r s  1  a nd  2  ( MA RT A1 and  MA RT A2)  a r e  r a t  o r tho l og s  
o f  FBP 2  a nd  F BP3 ,  r e spe c t iv e ly .  T h es e  tw o  t ran s - ac t i n g  p r o t e i n s  

wer e  i de n t i f i ed  by  u l t r av io l e t  ( UV)  c r os s - l i nk ing  a ss ay s  t o  b ind  
to  t he  DT E  o f  MAP2 m RN A wi th  n an omola r  a f f i n i t i e s  ( R ehbe in  

e t  a l .  2000) .  
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FUSE-BINDI NG PROTEI N FAMILY 
 

 
 

 

 
 

 
 

 
F I G U R E  2  

 
Domain structure of members of the FUSE-binding protein family FBP1, MARTA1/FBP2 and 
MARTA2/FBP3. The four central KH domains (red squares) are present in all three members along 
with the tyrosine rich C terminus (green circles). In contrast to FBP3, FB1 and FB2 have a nuclear 
localization sequence (NLS) shown as blue boxes. In addition to the NLS, both FBP1 and 2 have 
glycine-rich (yellow boxes) and glycine/proline-rich amino acid stretches. Furthermore, 
MARTA1/FBP2 has an additional proline-rich region (orange rectangle) before the tyrosine repeats. 
(Figure adapted from Davis-Smyth et al., 1996). 

 

 
MA RT A1/F BP2  a l so  kno wn as  K H- typ e  sp l i c ing  r eg u la t o r y  

p r o t e in   ( KSR P)  i s  i nvo lved  in  m RNA  sp l i c ing  ( Min  e t  a l .  1997) .  

Z BP2 ,  t he  ch i ck en  o r t ho lo g  o f  MA RT A1 b in ds  t o  t he  z ip cod e  o f  
β - a c t i n  m RNA and  p l ay s  a  r o l e  i n  t a r ge t i ng  β - ac t i n  mR NA to  

g r owth  con es  o f  neu r on s  i n  cu l tu r e  ( Gu  e t  a l .  2002) .  Mor e over ,  

r ecen t  w or k  b y  ( G her z i  e t  a l .  200 4)  h a s  sho wn  a  r o l e  o f  KS RP  in  

RNA degr ada t ion  p a th way .  Whi l e  t he  f unc t io na l  s i g n i f i c anc e  o f  
FBP2/KS RP/Z BP 2  in  m RNA pr oc es s ing  and  l oc a l i z a t i on  i s  

r e l a t i v e ly  w e l l  c ha r a c t e r i zed ,  t he  ex ac t  f un c t io n  o f  
FBP3/ MA RT A2 r em ain s  unkn own ( D av i s - Smyth  e t  a l .  1996) .  

Howe ver ,  t he  f ac t  t ha t  F BP3/ MA RT A2  be long s  t o  t he  F BP  f ami l y  

compr i s ing  o f  h igh l y  r e l a t ed  p r o t e in s  r a i se s  t h e  po s s ib i l i t y  t ha t  
FBP3/ MA RT A2 m ay  a l so  p l ay  a  r o l e  i n  R NA pr oce s s in g  an d  

t r ans por t .   
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T he  a bov e  l i s t e d  t ran s - ac t i ng  f ac to r s  a r e  i nvo lv ed  in  RN A  
loca l i za t i on .  H owe ver ,  t h e r e  a r e  o th e r  RNA- b ind i ng  p r o t e in s  t h a t  

a r e  i n vo lv ed  i n  R NA t r a f f i c k ing  a s  we l l  a s  i n  t r an s l a t i on a l  
con t r o l .  T he  S t au f e n  f ami ly  o f  d o ub le - s t r an ded  ( d s )  R NA-

b ind in g  p r o t e in s  i s  a  c l a ss i c  e xa mple  o f  su ch  p r o t e in s .  

Dro sop h i la  S t au f en  i s  show n  to  be  e s sen t i a l  f o r  t h e  l oc a l i z a t i o n  
and  t r an s l a t i ona l  c on t r o l  o f  d i f f e r en t  ma te r n a l  RN As  tha t  s pe c i f y  

t he  an t e r i o r - po s t e r i o r  po l a r i t y  ( Ro eg ie r s  and  J an  2000) .  T w o  
o r tho log s  o f  S t a u f en ,  n amel y  S t au 1  and  S t au 2  h ave  be en  

des c r ib ed  in  mamm als .  I n  ne u r on s ,  bo th  S t au1  and  S t au2  a r e  

p r es en t  i n  den dr i t e s  a s  g r a nu le s .  Fu r t he r mor e ,  bo th  p r o t e in s  a r e  
en r i ch ed  in  po l ys ome f r ac t ion s  s ugge s t in g  the i r  r o l e  i n  

t r ans l a t i ona l  r egu l a t i on  ( Mon sh au sen  e t  a l .  2001 ;  T a ng  e t  a l .  
2001 ;  D uch a in e  e t  a l .  2002) .  Rec en t ly  pu r i f i e d  S t a u f en1- RN P  

compl exe s  show ed  th a t  t h e  p r o t e in  m igh t  i n t e r ac t  d i r e c t l y  wi th  

t he  r i b os omal  p r o t e in  P0  wh i ch  f o r m s  t he  P - s t a l k  o f  t he  r i b os om e  
( Br end e l  e t  a l .  2004) .  S imi l a r ly ,  cy top la smi c  po ly ade ny l a t i o n  

e l em en t  b in d ing  p r o t e in  ( CPE B)  tha t  b inds  t o  t h e  c i s - a c t i ng  CPE  
e l em en t  a l s o  h as  t he  dua l  f un c t ion  o f  RN A lo ca l i za t i on  an d  

t r ans l a t i ona l  c on t r o l .  CPE B med ia t e s  bo th  cy top la smi c  

po lya deny la t i on - ind uc ed  t r an s l a t i on  and  t r a nsp or t  o f  CPE -
con t a in in g  mR NA s to  dendr i t e s  ( H uang  e t  a l .  2 003) .  T hu s ,  

un iqu e  as  w e l l  a s  con se r v ed  t r an s - ac t i ng  RNA b i nd in g  p r o t e in s  

r egu la t e  R NA t r an sp or t  and  in  many  c as es  a l s o  con t r o l  
t r ans l a t i on  o f  t he  m RNA.  

 
1 .1 .3  Cytoskele ta l  e lements  and motor  prote ins  

Spec i f i c  i n t e r ac t io ns  b e twe en  c i s - a c t i ng  e l emen t s  an d  
t ran s - a c t i n g  f ac to r s  r es u l t  i n  t he  f o r mat ion  o f  RN P com plex e s ,  

wh ich  n ee d  to  be  t r a nsp or t ed  a long  t he  ce l l  cy t os ke l e ton  to  r e ac h  

the  t a r g e t  s i t e .  Whi l e  mic r o f i l am en t s  a r e  use d  to  l oc a l i ze  β - ac t i n  

RNA a l ong  wi t h  Z BP1  in  f i b r ob l as t s ,  t he  s ame  R NA- pr o t e i n  
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compl ex  p r e domin an t l y  t r av e l s  a lon g  mic r o tub u le s  i n  n eu r on s  

( Ba ss e l l  and  K e l i c  200 4) .  B o th  k ine s in  an d  d yne i n  mo to r s  a r e  
i nvo lv ed  in  RN A t r an spor t  a lo ng  mic r o tub u le s  ( Guz ik  an d  

Go ld s t e i n  2004 ;  Hi r ok awa  and  T ak em ur a  2005) .  N eur on a l  CPE B  
g r anu l es  f o r  ex ampl e ,  con t a in  bo th  k i nes in  and  d yne i n  as  m oto r  

p r o t e in s  t he r e by  a l l owi ng  b i d i r e c t i ona l  mov emen t  a l ong  

mic r o tub u le s  ( Hua ng  e t  a l .  20 03) .   S ev er a l  RN A- b ind ing  p r o t e in s  
t ha t  f unc t ion  a s  t ra ns - ac t i ng  f ac t o r s  hav e  bee n  r ece n t l y  

i den t i f i ed  a s  compo nen t s  o f  con ven t iona l  k in e s in  comp lex e s  
( Kana i  e t  a l .  2 004) .  H enc e ,  mo le cu l a r  moto r s  i n  R NA t r ans por t  

pa r t i c u l a r ly  i n  ne u r on s  a r e  impor t an t  compo nen t s  t h a t  f a c i l i t a t e  

RNP compl ex es  t o  t r aver s e  l on g  d i s t anc es  a l ong  the  ce l l  
cy to ske l e to n  to  r ea ch  i t s  f i na l  d es t i na t ion .  

 

1.2  Purpose  o f  this  s tudy 
 

mRNA  loc a l i za t i on  i s  by  now  a  we l l - docum en t ed  p r o ce s s  
f o r  po s t - t r an s c r ip t i o na l  gen e  r e gu l a t i on  a nd  se l ec t i ve  p r o t e in  

so r t i n g  m ain ly  ba s ed  o n  s tud i e s  i n  Dr os oph i l a  a nd  X enop u s  
oocy t es  ( Pa l ac i os  and  S t  Joh ns t on  2 00 1 ;  Kin d le r  e t  a l .  200 5) .  I n  

t he  ma mmal i an  b r a in ,  t h e  f i r s t  m RN A f ound  t o  be  l oc a l i z ed  i n  

dendr i t e s  enc ode s  MAP2.  T he  mRN A was  de t ec t ed  by  r a d io ac t i ve  
i n  s i t u  hy br id i za t io n  ( I SH)  in  t he  molecu l a r  l ay e r s  o f  t h e  

h ippo camp us  and  in  t he  n eoc or t ex  o f  t he  dev e lo p ing  r a t  b r a i n  
( Gar ner  e t  a l .  1988) .  I n  c on t r a s t ,  t r ans c r ip t s  en cod i ng  o th e r  

cy to ske l e t a l  p r o t e i ns  l i k e  β - t ub u l in  a r e  r es t r i c t e d  t o  n eu r on a l  

som ata  ( Br u cke ns t e in  e t  a l .  1990 ;  Kl e iman  e t  a l .  1990) .  MAP 2  

be ing  t he  mo s t  abun dan t  M AP in  t he  mam mal i an  b r a in  i s  
exc l us i ve ly  f ound  in  som ata  and  d e ndr i t e s  bu t  no t  i n  a xon s  

( Cac er e s  e t  a l .  1984 ;  Ca cer es  e t  a l .  1984) .  T he  p r o t e in  i s  

impor t an t  f o r  t he  c y to ske l e t a l  o r gan i za t io n  a s  i t  i s  i n vo lv ed  in  
mic r o tub u le  a ss embly  and  s t ab i l i za t i o n  in  d endr i t e s  ( Goe der t  e t  

a l .  1991 ;  M atu s  19 94) .  E v ide nce  f o r  i t s  r o l e  i n  d e f in in g  d endr i t e  
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mor pho lo gy  a nd  s t a b i l i t y  ca me  f r om  MAP2  def i c i e n t  mi ce  t ha t  

sho wed  an  impa i r men t  o f  d endr i t e  e l onga t i on  (Harada et al. 2002).  
Henc e ,  wi th  t he  d i sc over y  o f  M AP 2 mRN A in  de ndr i t e s ,  i t  

bec ame impor t an t  t o  d ec i pher  t he  co mpone n t s  i nv o lve d  in  t h e  
se l ec t i ve  t a r ge t ing  o f  t h i s  pa r t i cu l a r  mRNA in  n eu r on s .  T h e  

iden t i f i ca t i on  and  ch ar ac t e r i za t i on  o f  t he  c i s - a c t i ng  DT E  in  t h e  

3 ’ UT R of  r a t  MAP2  mR NA  wa s  a  ma jo r  s t e p  f o r war d  in  
i den t i f y ing  th e  i nd i v idu a l  p l ayer s  med ia t i ng  i t s  de ndr i t i c  

t a r ge t i ng  ( Bl i ch enb er g  e t  a l .  199 9)  
Al thou gh ,  two  r a t  t ran s - a c t i ng  f ac to r s  nam ely  MA RT A 1  

and  M ART A 2 have  b een  id en t i f i ed  as  sp ec i f i c  DT E - b ind in g  

p r o t e in s  i n  U V c r os s - l i n k ing  a ss ay s  ( R ehbe in  e t  a l .  2000) ,  i t  s t i l l  
r emain s  t o  be  sh own  wh e ther  t h es e  p r o t e ins  p l ay  a  r o l e  i n  

dendr i t i c  t a r g e t ing  o f  MAP 2 m RN A i n  ne u r ona l  c e l l s .  Fo cu s in g  
on  M ART A 2,  i t  w a s  p r ev iou s ly  sh own  tha t  t h e  p r o t e in  i s  s t r ong l y  

en r i ch ed  in  r i bo som al  sa l t  wa sh  ( RS W)  f r ac t ion s  ob t a in ed  f r om  

the  ad u l t  r a t  b r a in  ( R ehb e in  e t  a l .  200 0) .  RSW f r ac t ion s  co n ta i n  
compo nen t s  o f  d i s so c i a t ed  RNP co mplex es  and  t r an s l a t i on a l  

i n i t i a t i on  f a c to r s  ( Mer r i c k  19 92) .  M A RT A2 w a s  r e cen t l y  a f f i n i t y  
pu r i f i ed  f r om RSW pr o t e in s  o f  t he  a d u l t  r a t  b r a in  ( Z iv r a j  e t  a l .  

2005) ,  an d ,  t he  a im  o f  t h e  c u r r en t  s t ud y  i s  t o  f un c t ion a l l y  

char a c t e r i ze  MA RT A2 a nd  s t udy  i t s  r o l e  i n  t he  r eg u la t i on  o f  
dendr i t i c  M AP2 m RNA t r a f f i ck i ng  in  r a t  neu r o ns .  
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F I G U R E  3  
 

The FUSE-binding protein family. Alignment of rat MARTA2, rat MARTA1 and human FBP1. 
Regions of homology are highlighted in grey, KH domain sequences are shown in boxes and nuclear 
localization signals are underlined. Dashes indicate missing amino acid residues. Numbers on the left 
indicate amino acid position. Sequences were aligned with MegAlign function of the DNASTAR 
program using the Clustal method (multiple alignment parameters, gap penalty: 10, gap length 
penalty: 10; pairwise alignment parameters, ktuple: 1, gap penalty: 3, window: 5, diagonals saved: 5). 
The MARTA2 cDNA sequence has been submitted to GenBank under accession number DQ144645.
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CHAPT ER 2: MAT ERIAL S AND METHODS 

 
2 .1  MATERI ALS 
 
2 . 1 . 1  P lasm id s  and  o l ig onuc l eo t ide s .  
 
2 . 1 . 1 . 1   Ba s i c  p la sm id  v ect o rs .  

T he  f o l lo wing  p l a smid s  wer e  u sed  f o r  c lon i ng  o f  P C R  

p r oduc t s  and  f o r  con s t r u c t ion  o f  p r okar yo t i c  and  eu kar yo t i c  
expr e s s ing  v ec t o r s .  Ac ce s s ion  n umber s  a r e  a l so  p r ov i ded .  

 

P lasm id  Source  Acc es s io n  num ber  

pBlu es c r ip t  SK I I  ( +)  S t r a t ag ene  X52328 

pE GFP- N1 ,  N3  Clon t ech  U5576 2 ,  U5760 9  
pE YFP- C1  Clon t ech  U55763. 
pGE X- 6P- 3  Amer sham 

Bio sc i enc e s  

U7887 4   

 
T a b l e 1 :  Commercially available basic prokaryotic and eukaryotic expressing vectors. Sequences 
of the corresponding vectors are available at GenBank (www.ncbi.nlm.nih.gov) through their 
accession numbers listed above as well as from their respective sources. 

 
2 . 1 . 1 . 2   Const ruct ed  vect or s .  

Belo w a r e  l i s t s  o f  eu kar yo t i c  expr e ss i on  ve c to r s  

con s t r uc t ed  f o r  t h i s  s t udy .  Al so  l i s t e d  i s  p r okar yo t i c  a nd  

eukar yo t i c  ex pr e ss ion  vec to r s  ob t a in ed  f r om co l l eag ue s  i n  t h e  
l abor a to r y  a s  we l l  a s  f r om o t he r  l abor a to r i e s .  I n  a dd i t i on ,  

vec t o r s  u sed  f o r  i n  v i t ro  t r an sc r i p t i on  a r e  a l so  p r ov ided .   
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A)  Eukar yot i c  expr es s io n  vect or s  con st r uct ed  f or  t he  s t udy:  

Vect o r  nam e Ba s i c  v ec t o r  Acc es s io n  #  &  
nuc leo t id e  
l engt h .  

Ol igonuc leo t id e s   
u sed  f o r  P CR 

Clon ing   
s i t e s  

pMAR TA2- EGF P  pE GFP- N3  DQ144 645  

n t  1 - 1710  

20s  a nd  21 as  XhoI ,  

KpnI  
pMAR TA2- KH-

EEGF P  
pE GFP- N3  DQ144 645  

n t  211-  128 1  

22s  a nd  23 as  XhoI ,  

KpnI  

pCP EB- EGF P  pE GFP- N3  XM_2 1885 8  
n t  1 -  2614  

CPE B- sen s e  
&  CPE B- as  

XhoI ,  
KpnI  

 
B)  P rokary ot i c  and  euka ryot i c  e xpre ss ion  v ect o r s  f r om  

laborat ory  c o l l e ague s  and  o t h er  labo rat or i e s :   

Vect o r  nam e Ba s i c  v ec t o r  Source  Acc es s io n  #  &  
nuc leo t id e  l en gt h .  

pN- MART A2- GST pGE X- 6P- 3  Dr .  Rehb e in ,   

Dr .  K ind le r ’ s  l ab ,  
Hambur g .  

DQ144 645 ,   

n t  1 - 310  

pC- MART A2- GST pGE X- 6P- 3  Dr .  Rehb e in ,   
Dr .  K ind le r ’ s  l ab ,  

Hambur g  

DQ144 645 ,   
n t  1270- 1 710  

pEYF P - MAR TA2 
 

pE YFP- C1  Dr .  Rehb e in ,  
Dr .  K ind le r ’ s  l ab ,  

Hambur g  

DQ144 645 ,  
 n t  1 - 1710  

t runcat e d  S t auf en2-
EGF P  

pE GFP- N1  Dr .  Br end e l ,   

Dr .  K ind le r ’ s  l ab ,  

Hambur g  

NM_ 0010 0714 9 ,  

n t  178- 17 46   

pdnKin1- EGF P  Home ma de  

p l a smid  f r om 

Dr .  Kr i jn s e ’ s   
l ab .  

An ton i no  Sch ep i s ,   

Dr .  Kr i jn s e ’ s  l ab ,  

E MBL ,   
He id e lbe r g  

 

XM_3 4153 8 ,   

n t  18 -  990  
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pDyn- EGF P  pE GFP- N1  P r o f .  Va l l e e ’ s  l ab ,  

Co lum bia  
Un iver s i t y ,  USA.  

NM_ 0064 00 ,   

n t  133- 13 53  

 
C)  Vect o r s  use d  f or  in  v i t ro  t ran scr ip t io n  o f  RNA prob es:  

Vect o r  nam e Ba s i c  v ec t o r  Source  Ace s s ion  #  &   
n t  l engt h  

pBS- MAP 2- sens e  pBS- SK I I  ( +)  Dr . Kind l e r ,  

Hambur g .  

X51842 ,  

 n t  60 - 5552  

pBS- MAP 2- ant i sen se  pBS- SK I I  ( +)  Dr . Kind l e r ,  
Hambur g .  

X51842 ,   
n t  60 - 555 2  

pBS-  β - Tubul in  pBS- SK I I  ( +)  Dr .  Rehb e in ,  
Dr .  K ind le r ’ s  l ab ,  

Hambur g .  

NM_ 0222 98 ,  
 n t  1 - 1600  

 
2 . 1 . 1 . 3  Ol igonuc leo t id e s  

Al l  o l i go nuc l eo t i de s  l i s t ed  be l ow wer e  syn t he s i z ed  a t  t h e  

se r v i ce - l abor a to r y  i n  t h e  I ns t i t u t e  f o r  Ce l l  Bio che mis t r y  and  
Cl in i ca l  Neur ob io l ogy  ( U n iver s i t y  Hos p i t a l  E ppen dor f ,  

Hambur g )  wi th  a  DN A/RN A Syn t he s i z e r  ( App l i ed  Bio sy s t em s) .  
T he  o l i gonu c le o t id es  wer e  d i s so l ve d  in  s t e r i l e  wa te r  and  

pu r i f i ed  o ver  MI C ROSPI N G- 25  co lumn s  ( Am er s ham  

Bio sc i enc e s)  f o l l o wing  the  ma n uf ac tu r e r ’ s  i n s t r uc t ion s .  
O l igon uc l eo t id e  con cen t r a t i o n  w a s  d e t e r mine d  as  de s c r ibe d  in  

( 2 . 2 . 1 . 4 )  and  d i l u t ed  t o  10  pmol /µ l  f o r  su bs equ en t  u s ag e  in  PC R  

r eac t i on s .  

 
Nam e Sequenc e  Rest r i c t i on  s i t es   

20 s 5’- AAA CTC GAG CCA CCA TGG CGG  
AGC TGG TG- 3’ 

Xho1 
 

21 as 5’- AAA GGT ACC CTG CTC CTG GCT  

GTG.GG- 3’ 

Kpn1 

22 s 5’- AAA CTC GAG CCA CCA TGG TAC  Xho1 
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ATC AAA GGG CAG TA- 3’  

23 as 5’- AAA GGT ACC GCC AAC TTT CTC  
ATC TAT- 3’ 

Kpn1 

CPEB- sense 5’- AAA CTC GAG CCA CCA TGC TTT  
TCC CCA CCT CTG- 3’ 

Xho1 
 

CPEB-as 5’- AAA GGT ACC GTT CTT CTG GTCC 

 CCT CAT TAG- 3’ 

Kpn1 

T a b l e  2  L i s t  o f  o l i g o n u c l e o t i d e s  u s e d  f o r  P C R  a m p l i f i c a t i o n .  
U n d e r l i n e d  n u c l e o t i d e s  r e p r e s e n t  r e s t r i c t i o n  e n z y m e  s i t e .  S h a d e d  i n  g r e y  
i s  t h e  K o z a k  s e q u e n c e  a n d  l e t t e r s  i n  b o l d  s h o w  t h e  A T G  s t a r t  c o d o n .  

 
2 . 1 . 2  Ant ibod ie s .  
 

 Work ing   Conc ent ra t ion   

P r im ary  ant ib ody  West ern   
b lo t  

Im m unoc yt och e-
m ist ry  

Source  

m an t i - d ig - Cy3  -  1 :100  Diano va  

m an t i - G APDH -  1 :800  Ambion  

m an t i - MAP2 -  1 :1000  S igma 
r b  an t i - GFP  1 :1000 0  1 :1000  Abca m 

r b  an t i - MAP2 -  1 :2000  Dr .  Gar ner ,  S t an f o r d  
Un iver s i t y ,  USA 

r b  an t i - MART A2-  

N54 ,  C98  & C99 .  

1 :1000  1 :100  Our  l abor a to r y  

 
 

 Work ing  Conc ent ra t ion   

Seconda ry  ant ibod y  West ern  
b lo t  

Im m unoc yt och em ist ry  Source  

g- an t i - r b - Alex a   
F luo r    488  

-  1 :500  I nv i t r oge n  

g - an t i - m- Alex a  
 F luo r    546  

-  1 :500  I nv i t r oge n  

g - an t i - r b - Mar i na   

Blue  

-  1 :500  I nv i t r oge n  
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g - an t i - m- Cy an in e3 T M   -  1 :100  Diano va  

HRP- a n t i - r b I g G 1 :1000 0  -  Amer sham 
Bio sc i enc e s  

T a b l e  3 :  Antibodies used for Western blot and immunocytochemical analysis with their working 
concentration for each assay. The species origin of the immunoglobin is indicated by the abbreviation 
at the start and in the middle of each antibody name; g = goat, rb = rabbit, m = mouse. 

 

2 . 1 . 3  Micr ob ia l  s t ra i ns  and  la b  an im al s .  
 

 Nam e Source  

Bact er ia l  s t r a in  E . co l i  XL 1  b lue  S t r a t ag ene  
Labo rat or y  an im al  R at tus  no r veg i cu s   

( Wis t a r - r a t )  

An imal  f ac i l i t y  a t  

Un iver s i t y  Cl in i c  

E ppendor f  ( U KE ) .  

 
 

2 . 1 . 4  Chem ic a l s .  
Al l  chem ica l s  o f  an a ly t i ca l  g r a de  wer e  pu r c ha se d  f r om 

F luka ,  M er ck ,  S igm a ,  Ro t h  and  T ocr i s  un l e ss  o the r wi s e  s t a t e d .  
 

2.2  METHODS 
 

2 .2 .1  Molecular  B io logy techniques  
 

2 . 2 . 1 . 1  P olym era s e  cha in  r ea ct ion  ( P CR)  
Al l  P CR r ea c t ion s  wer e  p e r f o r me d  wi th  M a s t e r  m ix  

( Qiag en)  con t a in i ng  T aq  DN A po lym er as e  i n  a  Ge neAm p PC R  

Sys t em 240 0  T her m ocy c le r  ( P er k i n  E lmer ) .  T he  r e ac t i on  
compo nen t s  an d  cond i t i on s  o f  i nd iv i dua l  r ea c t io ns  a r e  sh own  

be low :  
 

 

 
 



 Chapter Two                                                                     Materials and Methods 
 
 

 17 

 

React ion  com pon ent s  Am ount  
DNA te mpla t e  10 - 200  ng  

For war d  p r im er  ( 10  pmol /µ l )  3  µ l   

Rev er s e  p r imer  ( 10  p mol /µ l )  3  µ l  

2x  Ma s t e r  mix   25  µ l  

S t e r i l e  w a te r  t o  b r ing  to  a  f i n a l  vo lu me o f   

50  µ l  

 
 Tem pe rat ur e  and  t im e  #  cyc l es  

I n i t i a l  d ena t u r a t i o n  94°C,  5  min   

Dena tu r a t i on  94°C,  30  s  35  cyc l e s  

Anne a l in g  53 - 55°C,  30  s  35  cyc l e s  

E x ten s ion  72°C,  1  min /k b  o f  t he   

des i r ed  PC R p r od uc t .  

35  cyc l e s  

F ina l  ex t en s io n  72°C,  10  mi n   

 4°C,  pa us e   

 

An  a l i qu o t  o f  eac h  PC R r eac t ion  was  ana l yze d  by  ge l  
e l ec t r ophor e s i s  a nd  P C R p r o duc t s  w er e  pu r i f i e d  ( 2 . 2 . 1 . 2 )  f o r  

sub se que n t  ex per im en t s .  T he  pu r i f i e d  PCR p r odu c t s  t ha t  ha ve  an  

A  t a i l  a t  t he i r  3 ’  end s  w as  c lon ed  in to  t he  pGE M - T  E asy  Ve c to r  

sy s t em  ( P r ome ga) .  T he  r ea c t io ns  wer e  pe r f o r m ed  ac cor d in g  t o  
t he  man uf ac tu r e r ’ s  p r o to co l .  

 
2 . 2 . 1 . 2  Rest r i c t i on  endonu c lea s e  d ige st io n  o f  DNA  

sam ple s ,  A gar os e  g e l  e l ec t ropho re s i s  and  DN A  
pur i f i ca t i on  

( Sambr ook  e t  a l .  1989)  

Re s t r i c t i on  en donu c le as e  d ige s t i on s  o f  DNA sam ple s  wer e  

pe r f o r med  a s  r e comm end ed  by  the  man uf ac tu r e r s  ( I nv i t r og en  an d  
New E n g la nd  Bio l ab s) .  D ig es t ed  s a mple s  w er e  ana lyz ed  v i a  

agar o se  ge l  e l ec t r oph or e s i s  ( Sam br ook  e t  a l .  198 9) .  Ge n e  
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Ru le r T M  100 bp  D NA l add er  ( MB1  Fer men t as )  wa s  u s ed  a s  

molec u la r  w e igh t  mar k er .  T he  ge l  w as  e l ec t r ophor ez ed  in  1x  T AE  
buf f e r  a t  a  con s t an t  vo l t age  o f  80 - 1 00  vo l t s  a nd  wa s  t he n  v i ew ed  

and  pho t ogr ap hed  u nder  u l t r av io l e t  l i gh t  f r om a  U V  
t r an i l l u mina t o r  ( UVT -  28 M,  Her o l ab )  wi th  Dig i - C am Olym pu s  C-

740  c amer a .  D NA f r a gme n t s  wer e  p u r i f i ed  f r o m ag ar o se  ge l  

u s in g  QI AE X I I  Agar o se  Ge l  E x t r a c t ion  Ki t  o r  PeQL a b  Ge l  
E x t r ac t io n  Ki t  a cco r d ing  to  t h e  man uf a c tu r e r ’ s  i n s t r uc t i on s .   

 
2 . 2 . 1 . 3  DNA l ig a t ion ,  t ran sf orm at i on  and  p lasm i d  

pur i f i ca t i on  
For  l i ga t ion ,  d i ge s t ed  i n se r t s  a nd  l i n ea r i z ed  v ec t o r s  wer e  

mixed  in  an  appr o x imat e  3 :1  m ola r  r a t i o .  O ne  un i t  o f  T 4  DN A  

l iga se  ( Ro ch e)  and  a  f i na l  c onc en t r a t i on  o f  1x  l i ga se  bu f f e r  w er e  
adde d  to  t h e  l i g a t io n  mix tu r e .  L iga t i o n  wa s  c a r r i ed  o u t  a t  r oom  

t emper a tu r e  f o r  3  h our s .  DN A t r a nsf o r mat ion  w as  do ne  in  XL 1  

Blue  E . co l i  com pet en t  c e l l s  ( S t r a t ag ene)  f o l l owin g  th e  
manuf a c tu r e r ’ s  r e comm end a t ion .  Sm al l  and  l a r g e - sca l e  p l as mid  

p r epar a t i on s  w er e  p e r f o r med  wi th  Fas tP l a smid - mi n i  co l umn s  
( E ppendor f )  a nd  N uc l eobo nd  AX Ki t  ( M ach er ey  and  Nag e l )  

k i t s ,  r e sp ec t i ve l y ,  a s  de sc r i bed  in  t he  m anuf ac t u r e r s ’  
gu ide book s .  E ndo t ox in - f r ee  D NA t ha t  wa s  u sed  f o r  t r an sf e c t io n  

o f  p r imar y  h ipp oc ampa l  neu r o ns  w a s  p r epar e d  wi th  E ndo- f r ee  
max i  k i t s  ( Qi agen)  as  p e r  t he  ma nuf a c t u r e r ' s  r ecom end a t ion .  

 

2 . 2 . 1 . 4  Nucle i c  ac id  co ncent ra t ion  det er m inat ion  an d  
DNA seque nc ing  

Nucl e i c  a c id  con cen t r a t i o n  w a s  d e t e r min ed  wi th  t h e  
spe c t r op ho tom ete r  Gen equ an t  ( Am er sh am Bio sc i enc e s)  a s  

des c r ib ed  by  Sam br ook  e t  a l . ,  ( 196 9) .  A l l  DNA s equ enc ing  

r eac t i on s  w er e  d one  in  t he  se que nc ing  se r v i ce  l abor a to r y  o f  
I ns t i t u t e  f o r  C e l l  Bi och emi s t r y  an d  Cl in i ca l  Neur o b io lo gy ,  UKE ,  
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Hambur g  ac co r d in g  to  t he  Did eox y  method o logy  ( Sa nger  e t  a l .  

1977) .  
 

2 . 2 . 1 . 5  RNA i so la t i on  and  cD NA s ynt he s i s  
RNA w as  i so l a t e d  f r om adu l t  r a t  b r a in  by  homog en iz ing  th e  

t i s sue  i n  T r i zo l  ( I nv i t r og en)  a s  pe r  t he  manuf ac t u r e r ’ s  

r ecomm end a t ion .  I s o l a t ed  R NA was  u se d  f o r  r ever se  
t r ans c r ip t i on  wi th  S UPE RS CRI PT  I I  ( I nv i t r ogen)  t o  g ener a t e  

cDN A f o l lowi ng  th e  manuf ac tu r e r ’ s  g u ide l in es .  
 

2 . 2 . 1 . 6  In  v i t ro  syn t he s i s  o f  d igox ygen in - labe led  pr obe s  
pBS- MAP2 p l a smid s  con t a in in g  th e  M AP2 s equ en ce  in  bo t h  

o r i en t a t i on s  wer e  l i nea r i ze d  w i th  S ma 1 ,  and  sen se  an d  an t i se ns e  

d igoxy gen i n  ( DI G) - l ab e l e d  r i bo pr ob es  wer e  t r a ns c r ibe d  w i th  T 7  
po lymer as e  ac co r d i ng  to  t he  ma nuf a c t u r e r ’ s  de s c r ip t i o n  ( Roc he ,  

Boe hr inger  M anh e im) .  pBS-β - T ub u l in   wa s  l i n ea r i zed  wi th  e i t h e r  

Cla I  o r  X baI  a nd  T 3  a nd  T 7  R NA p o l ymer a se s  ( MB1 Fer me n ta s )  

wer e  u sed  to  t r an sc r i be  DI G- l abe l ed  se ns e  and  an t i s en se  
r i bopr ob es ,  r e s pe c t iv e ly .  Fo r  t he  de t ec t i on  o f  po l y ( A)  RNA ,  

o l igo  d ( T ) 5 0  wa s  e nd- l a be l ed  wi t h  DI G- UT P  ( Ro che)  a s  

r ecomm end ed .  I n  con t r o l  e xper i men t s ,  t he  sam e  p r obe  w a s  us ed  
in  t h e  p r es en ce  o f  a  10 0- f o ld  ex ce ss  o f  un l a be l ed  o l ig o  

d ( T ) 5 0 . T he  r i bopr ob es  wer e  pu r i f i ed  a s  de sc r ib ed  ( Bl i chen ber g  e t  

a l .  1999) .  

 

2 . 2 . 1 . 7  Dot  b lo t  quant i f i c a t ion  
T o es t i ma t e  t he  y i e ld  o f  DI G- l abe l ed  RNA pr obe s ,  do t  b lo t  

quan t i f i ca t i on  w as  p e r f o r me d .  F i r s t ,  1  µ l  spo t s  o f  a  se r i e s  o f  

d i l u t i o ns  o f  n ewly - l ab e l ed  p r obe s  and  a  p r ob e  o f  know n  
conc en t r a t i on  wer e  app l i ed  t o  a  s t r i p  o f  Hybond- XL  m embr a ne  

( Amer s ham Bio sc i enc es) .  T he  me mbr ane  w as  c r os s - l i n ked  wi th  

UV l ig h t  i n  a  U V c r o s s - l i n ker  ( S t r a t a gene)  us i ng  t he  au tom ate d  
p r ogr am.  T he  me mbr an e  wa s  w as hed  b r i e f ly  i n  bu f f e r  1  ( 1 00  m M  
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T r i s - HC l  pH 7 . 5 ,  150  m M Na Cl )  an d  b lock ed  in  1%  b lo ck in g  

r eage n t  ( Boe hr ing er  Manh e im)  in  b u f f e r  1  f o r  30  min  a t  RT .  T h e  
membr a ne  wa s  t h en  in cuba ted  w i th  a lka l ine  p hos pha ta se  

con ju ga t ed - s he ep  an t i - Dig oxyg en in  an t ibody  ( Roc he)  i n  b lo ck i ng  
bu f f e r  f o r  1  ho ur  a t  RT  f o l lo wed  by  incu ba t i on  wi th  t he  co l o r  

sub s t r a t e  so lu t io n  ( 45  µ l  n i t r ob lu e  t e t r azo l i um ( NBT )  and  3 5µ l  

5 - b r omo- 4- ch lo r o - 3 - indo ly l  p ho sph a te  ( BCI P)  i n  10 0  m M T r i s -

HCl  pH 9 . 5 ,  10 0  mM N aCl ,  50  m M Mg Cl 2 ) .  T he  co lo r  r e ac t i on  
was  pe r f o r med  in  t he  da r k  and  on ce  t he  RN A pr o be  sp o t s  

appe ar ed  on  th e  membr ane ,  t he  r e ac t i o n  was  s topp ed  wi t h  s t e r i l e  
wa te r .   

 

2.2 .2  Biochemical  techniques  
 

2 . 2 . 2 . 1  SDS- P o lyacry lam id e  g e l  e l e c t ro ph ore s i s  ( SDS-
P AGE)  

( L aemml i  19 70)  
SDS- PAGE  ge l s  co n ta i n ing  10 - 1 2%  po lya cr y l ami de  in  t h e  

sep ar a t i on  ge l  and  a  s t ack i ng  ge l ,  c a s t  a cco r d i ng  to  L a emml i ’ s  
me thod o log y  ( 197 0) ,  wer e  u sed  f o r  p r o t e i n  s ep ar a t i o n .  

Con cen t r a t i on  o f  a l l  p r o t e i n  s ampl es  was  de t e r min ed  u s ing  th e  

Br ad f o r d  r eag en t  ( S ig ma)  ( Br ad f o r d ,  1976) .  T en  to  f o r t y  µg  o f  

p r o t e in s  den a tu r ed  a t  95°C i n  1x  L ammel i  bu f f e r  ( L a emml i ,  

1970)  f o r  5  minu te s  wer e  l oad ed  pe r  we l l .  E l ec t r oph or e s i s  wa s  
pe r f o r med  a t  1 50- 20 0  V i n  1x  S DS  r u nn ing  b u f f e r  ( 25  mM T r i s -

bas e ,  19 . 2  m M g l yc in e ,  0 . 1%  ( w/v )  S DS) .  Mol ecu l a r  w e igh t  o f  

t he  p r o t e ins  w a s  es t ima t ed  wi th  t h e  p r o t e in  mole cu l a r  we ig h t  
mar ker  ( F u l l  Ran ge  R a inbo w Mar k er ,  Amer sham  B ios c i e nc es) ,  

wh ich  wa s  r un  a lo ng s ide  w i th  t h e  p r o t e in  sam ple s .  
 

2 . 2 . 2 . 2  West ern  b lo t  an a ly s i s  
Pr o te in s  s epar a t ed  in  a n  SDS- P AGE  wer e  e l ec t r o -

t r ansf e r r ed  and  immobi l i z ed  on to  n i t r oc e l lu l os e  me mbr an e  
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( PROT R AN,  Sch l e i c her  &  Schu e l l )  i n  b lo t t i ng  bu f f e r  ( 38  mM  

g lyc in e ,  47  mM  T r i s ,  0 . 0 3%  ( v /w)  SDS ,  20%  m eth ano l )  i n  a  
semi - d r y  t r an sf e r  b lo t  ap par a tu s  ( SE M I DRY,  Bio Ra d)  f o r  30  min  

a t  10 - 1 5  V.  T h e  me mbr an e  w as  i n cuba ted  f o r  1  ho ur  wi t h  
b lock i ng  bu f f e r  ( 5%  ( w/v )  sk im mi l k  powder  i n  PB S- T ;  PBS:  

137m M Na Cl ,  8 . 8  m M N a 2 HPO 4 ,  2 . 7  mM K Cl ,  0 . 7  m M K H 2 PO 4 ,  

pH 7 . 4 ;  P BS- T :  P BS ,  0 . 1%  T we en- 2 0 ) .  T he  membr ane  wa s  t h en  
incub a te d  w i th  t he  ap pr opr i a t e  p r i mar y  an t ib ody  d i lu t ed  i n  

b lock i ng  bu f f e r  over n igh t  a t  4°C.  T he  membr ane  wa s  t he n  

was hed  th r i c e  wi t h  PBS- T  ( 1 0  min /w a sh)  f o l l owe d  by  i ncu ba t io n  
wi th  appr opr i a t e  H RP  ( hor se  r ad d i sh  p e r ox i da se ) - con ju ga t ed  

se cond ar y  a n t ib ody  d i lu t e d  i n  b lo ck in g  bu f f e r  f o r  1  ho ur  a t  RT .  

T he  membr a ne  w as  w a shed  as  b e f o r e  a nd  the  l umi ne sc enc e  s i gna l  
gener a t i on  wa s  don e  wi th  E CL T M  ( E nh anc ed  Ch emi l umin es cen ce ,  

L umi - L igh t  We st e r n  Bl o t t i n g  Subs t r a t e ,  Ro che) .  

Chem i lumin e sce nc e  s ig na l s  wer e  de t ec t ed  on  a  Cr onex  5  Med ica l  
X- Ray  F i lm  ( Agf a ) .  Fo r  t he  b loc k ing  e xper im en t ,  a f f i n i t y  

pu r i f i ed  MA RT A2 an t i se r a  N54 ,  C 98  a nd  C99  wer e  p r e - in cub a te d  
wi th  2  µg /mL  o f  MA RT A2- GST  f us i o n  p r o t e i ns  i n  10%  nor m al  

goa t  se r um ( NGS)  in  P BS ,  ov er n igh t  a t  4°C.  T he  b loc ked  an t i se r a  

wer e  t h en  u sed  as  p r im ar y  an t ibod ie s  f o r  wes t e r n  b lo t  ana ly s i s .  

 

2 . 2 . 2 . 3  Subce l lu la r  f ract i onat ion  o f  ra t  bra i n  
hom ogenat e ,  a f f in i t y - pur i f i ca t ion  o f  an t ibod ies  an d  
im m unopre c ipat ion  

Rat  b r a in  c r ud e  ly sa t e  a nd  th e  d i f f e r en t  sub ce l l u l a r  

f r ac t i on s  n ame ly  th e  nu c l e a r ,  S10 0 ,  po ly some s  and  RSW  

f r ac t ion s  w er e  p r epar ed  f o l l owin g  t he  de t a i l ed  me thodo logy  
p r ov ide d  b y  R ehb e in  e t  a l .  ( 20 00) .  An t i body  a f f in i t y -

pur i f i ca t i on  wa s  e ss en t i a l l y  pe r f o r med  as  de s c r ibe d  

( Mon sha us en  e t  a l .  2 002) .  Fo r  im munopr e c ip i t a t i on ,  c r u de  
ly s a t e  w as  i n cub a te d  wi th  3  µ l  a f f i n i t y  pu r i f i ed  r a bb i t  

MA RT A2- C98  a n t i se r um and  2 0  µ l  P r o t e in  A  Agar os e  
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su spe ns i on  ( San ta  Cr uz  Bio t ech no lo gy)  p r e - w as hed  wi th  I P  

bu f f e r  ( 50  mM T r i s - H Cl  pH 8 . 0 ,  120  mM Na Cl ,  0 . 5%  NP40 ,  1  
mM E DT A,  4%  ( v /v )  p r o t e i na se  i n h ib i to r  coc k ta i l  [ Roc he] )  a t  

4°C o ver n i gh t  i n  a  r o t o r .  T he  a gar o se  bead s  wer e  wa sh ed  f i v e  

t ime s  wi th  I P  bu f f e r  and  r e su sp en ded  i n  L a emml i  bu f f e r  
f o l l owe d  by  W est e r n  b lo t  ana lys i s .  

 

2 . 2 . 2 . 4  Ult rav i o l e t  c ro ss - l ink in g  as say  
Ul t r av i o l e t  c r o ss - l i nk i ng  a s sa y  w as  done  a s  d es c r ibe d  

( Rehb e in  e t  a l .  200 2) .  I mmunopr ec i p i t a t i o n  o f  M ART A 1 an d  
MA RT A2 a f t e r  UV c r o ss - l i nk in g  to  t he  M AP2- DT E  p r ob e ,  wa s  

es se n t i a l l y  c a r r i ed  o u t  a s  de sc r i bed  ( Rehb e in  e t  a l .  20 02) .  I n  

b r i e f ,  f o r  e ach  50  µ l  r ea c t ion ,  10  µg  p r o t e in  f r o m a  RSW  f r ac t ion  

wer e  i n cub a te d  wi th  20  f mol es  MAP 2- DT E  p r obe ,  c r o s s - l i n ke d  
and  d i ge s t e d  wi th  RN as e .  T he  R NA- la be l ed  p r o t e in s  w er e  

p r ec ip i t a t ed  a t  4°C o ver n i gh t  w i th  20  µ l  p r o t e in  A  agar o s e  

( San ta  Cr uz  B io t e chn o logy)  a nd  2 . 5  µg  a f f in i t y  pu r i f i ed  

an t ibo d ie s  o r  r ab b i t  I g G i n  1  ml  120  mM T r i s - H Cl  p H 8 . 0 ,  12 0  

mM N aC l ,  1  m M E DT A,  0 . 5%  N P40 ,  4%  ( v /v  o f  s t ock  s o lu t io n )  
p r o t e in as e  i nh i b i to r  co ck ta i l  Com ple t e  ( Roch e) ,  wa she d  th r i c e  

wi th  1  ml  o f  t he  sam e  buf f e r  a nd  e lu t e d .   
 

2 .2 .3   Cel l  B io logy techniques  
 

2 . 2 . 3 . 1  P repar at ion  and  t ran sf e c t ion  o f  pr im ar y  
h ippocam pa l  neur ons  

Pr epar a t ion  and  t r an sf e c t ion  o f  p r imar y  h i ppoc amp al  

neu r on s  w er e  ba s i c a l l y  pe r f o r m ed  a s  des c r ib ed  ( B l i ch enb er g  e t  
a l .  1999)  wi th  t h e  f o l l ow ing  mo d i f i c a t i on s .  Ne ur on s  f r om th e  

h ippo camp i  o f  r a t  E 18- E 20  em br yo s  wer e  g r own  i n  M ODI FI E D  
E AGL E  ME DI UM ( ME M,  Gib co)  wi th  10%  ( v /v )  ho r se s e r um  

( Gibco)  f o r  3  hour s  a t  37°C on  po l y - L - lys in e  ( S igm a)  co a t e d  

cover s l i p s  wa sh ed  w i th  s t e r i l e  wa t e r .  T he  c e l l s  w er e  f u r t he r  
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g r own  in  NE UR OB ASAL  m ed iu m ( N B,  Gib co)  sup p lem en t ed  wi th  

B27  ( Gib co) ,  0 . 5  mM L - g lu t amine  a nd  25µM gl u t am ate .  Four  

day s  l a t e r ,  ha l f  o f  t h e  me d ium f r om e ach  w e l l  w a s  r emov ed  a nd  
f r esh  N B m ed ium wi th  5  µM Ar a C ( C y to s ine -β - D -  

Ar ab in of lu r an os ide ,  S ig ma)  w as  add ed  to  r emov e  g l i a l  c e l l s  f r om  

cu l tu r e .   
Neur on s  w er e  t r a nsf ec t ed  wi t h  t he  ca l c i um pho sp ha t e  

p r ec ip i t a t i on  m eth od  o n  d ay  7  as  f o l l o ws .  T o  10  µg  p l a smi d  D NA  

( endo to x in -  f r ee )  an d  10  µ l  2 . 5  mM Ca Cl 2  i n  a  f i na l  vo lum e o f  

100  µ l ,  100  µ l  2x  B BS  ( 5 0  m M BE S ,  280  m M Na Cl ,  1 . 5  m M  

Na 2 HPO 4 ,  p H 6 . 9 6 )  wa s  add ed  d r op - wi s e  wh i l e  con t inuo us l y  

vo r t ex i ng  th e  r e ac t i on  t ube .  T h e  p r e c ip i t a t e  t hu s  f o r me d  w a s  
i ncub a te d  a t  RT  f o r  20  min  a nd  100  µ l  o f  t he  mix  wa s  ad ded  t o  

t he  med ium o f  ea ch  w e l l .  T he  ce l l s  wer e  p l a ce d  bac k  in  t h e  

i ncub a to r  and  3 - 4  h our s  a f t e r  t r a nsf e c t ion ,  t he  f i ne  p r ec i p i t a t e  

f o r med  wa s  w as hed  o f f  f r om  the  c e l l s  by  w a sh ing  twi ce  wi th  1 x  
HBSS  ( 10x  H BSS;  Gi bco ,  10m M HE PE S,  2  mM NaOH) .  F r e sh  

neur ob as a l  me d ium w as  adde d  to  t he  c e l l s .  

 
  

2 . 2 . 3 . 2  Im m unoc yt och em ist ry  and  in  s i tu  hy br id i za t ion  i n  
pr im ary  n euron s .  

I mmunoc y toc hemi s t r y  i n  p r imar y  n eu r ons  wa s  ca r r i ed  ou t  

a s  f o l l ow s .  N eur on s  w er e  f i xed  f o r  15  min  a t  RT  in  4%  
par a f o r m alde hyd e ,  4%  sucr os e  i n  PB S  and  pe r m eab i l i z ed  wi t h  

0 . 3%  T r i ton - X- 100  ( S igma)  i n  P BS  f o r  5  min  a t  RT .  
Al t e r n a t iv e ly ,  ce l l s  wer e  f i x ed  in  i ce - co ld  me tha no l  f o r  4  min  a t  

- 20°C.  F ix ed  c e l l s  w er e  w as hed  t h r i ce  wi th  4%  sucr o s e  i n  PBS ,  

b lock ed  f o r  30  min  a t  r oom t em per a tu r e  i n  10%  nor mal  g oa t  

se r um  ( NGS,  Gibc o)  i n  P BS ,  an d  in cuba ted  wi th  t he  p r imar y  
an t ibo d ie s  appr opr i a t e ly  d i l u t ed  i n  10%  NGS in  PBS  a t  4°C  

over n ig h t .  T he  c e l l s  w er e  wa she d  th r i ce  wi th  P BS  a t  RT  f o r  5  

min  eac h ,  and  inc uba t ed  f o r  1  hour  a t  RT  wi th  e i t h e r  Alex a 4 8 8 ,  
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Alex a 5 4 6 ,  and  M ar in a  b lue  co up le d  se cond ar y  an t ib od i es  d i l u t e d  

i n  10%  NGS in  P BS .  T he  ne ur on s  wer e  w ash ed  a s  b e f o r e ,  
equ i l i b r a t e d  i n  wa t e r ,  a i r - d r i ed  a nd  moun t ed  on  s l i de s  wi th  

Per maf lu o r  ( Be ckma n  Cou l t e r ) .  
Fo r  b lo ck ing  ex per im en t s ,  a f f i n i t y  pu r i f i e d  MA RT A2  

an t i se r a  N54 ,  C9 8  and  C99  w er e  p r e - incub a te d  wi th  MA RT A2-

GST  f us i on  p r o t e in s  ( 2 0  µg /mL )  a t  4°C ov er n igh t .  Neur on s  f i xe d  

wi th  meth ano l  wer e  i n cub a ted  w i th  t he  b lock ed  an t ibod ie s  
f o l l owe d  by  the  no r m al  immun ocy toc hemi s t r y  met hod  de sc r i be d  

abov e .   
I n  s i t u  hybr id i za t ion ,  i n  neu r o ns  wa s  pe r f o r med  f o l lo wing  

the  p r o ce dur e  de sc r i bed  in  Bl i c hen be r g  e t  a l .  ( 199 9)  wi t h  t h e  

f o l l owin g  mod i f i ca t i on s .  Fo l lowin g  hybr id i z a t ion ,  t h e  DI G-
l abe l ed  p r obe  wa s  de t ec t ed  im muno cy t oche mic a l ly  by  in cub a t io n  

wi th  m ou se  mono c lo na l  Cy an in e- 3  ( Cy3) - c oup l ed  d igo xyge n in  

an t ibo dy  in  b lo ck in g  bu f f e r  over n igh t  a t  4 °C.  For  de t e c t io n  o f  

E GFP  f u s ion  p r o t e in s  i n  t r a nsf ec t ed  n eur on s ,  r abb i t  GF P  
an t ibo dy  w a s  ad ded  to  t h e  d i l u t e d  Cy3- coup led  d igox yge n in  

an t ibo dy .  Cy 3- cou p led  g oa t  a n t i - mo use  and  Al exa 4 8 8 – coup le d  
goa t  an t i - r abb i t  se con dar y  a n t ibo d ie s  wer e  u sed  to  f l u o r e sce n t l y  

v i su a l i z e  t he  DI G- l ab e l ed  R NA  an d  E GFP  p r o t e in s  r e spe c t iv e ly .  

MAP2  w as  de t ec t ed  su bs equ en t ly  wi t h  po ly c lo na l  r abb i t  MAP 2  
an t ibo dy  f o r  4  hour s  a t  RT  o r  ov er n ig h t  a t  4°C in  b loc k ing  bu f f e r  

f o l l owe d  by  de t ec t i on  wi th  Mar in a  Bl ue- co up le d  go a t - an t i  r ab b i t  

se cond ar y  an t ib ody .  N eur o ns  wer e  was hed  in  bu f f e r  1  an d  
moun te d  a s  de sc r ib ed  a bove .  

 
2 . 2 . 3 . 3  Det e rgent  e x t ra ct ion  f or  p r im ary  n eu rons  

Neur on s  wer e  r i n sed  b r i e f l y  wi t h  P BS  a nd  w a shed  on ce  

wi th  ex t r a c t io n  bu f f e r  ( 10 0  m M P ip es ,  1  m M MgSO 4 ,  2  m M  

E GT A,  1 . 8  M  g ly cer o l ) .  T h e  c e l l s  w er e  t h en  t r ea t ed  wi th  t h e  
sam e  buf f e r  co n ta i n ing  0 . 2%  T r i ton - X- 100  f o r  1 0  min  a t  RT .  

Subs equ en t ly ,  t he  c e l l s  w er e  w as h ed  c a r e f u l l y  twi ce  w i th  
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ex t r a c t ion  bu f f e r  an d  f i x ed  wi th  i c e - c o ld  m etha no l  a s  d es c r ibe d  

in  2 . 2 . 3 . 2 .  
 

2 . 2 . 3 . 4  Im m unogo l d  labe l i ng  in  t i s sue  se c t io ns  
For  immunogo l d  e l e c t r on  mic r os cop y ,  an imal s  wer e  d eep l y  

ana es t he t i zed  by  a  mix tu r e  o f  k e t an es t  and  r om pun  and  p e r f us e d  

th r ough  th e  he a r t  w i th  4%  par a f o r malde hyd e  and  0 . 1 %  
g lu t a r a lde hyd e  in  PBS .  S ix ty  µm v i b r a tome  s ec t ion s  o f  t he  b r a in  

wer e  c r yo pr o t e c t ed  in  an  a sc end in g  s e r i e s  o f  0 . 5  M,  1  M,  1 . 5 M  

and  2  M sucr o s e  and  s ub j ec t ed  to  t wo  f r eez e - th aw cy c l e s  i n  
l i qu id  n i t r og en  to  a id  pe ne t r a t i on  o f  immunor eag en t s .  Se c t ion s  

wer e  b l ock ed  f o r  1  ho ur  i n  10%  N G S and  0 . 2%  BS A ( bov i ne  

se r um  a l bumin)  i n  P BS  a t  r oo m t e mp er a tu r e  an d  in cub a te d  wi th  
pu r i f i ed  MA RT A2 an t i s e r um d i l u t ed  to  t h e  wor k in g  

conc en t r a t i on  i n  1%  NGS and  0 . 2 %  BSA in  P BS  a t  4 °C  

over n ig h t .  T he  s ec t ion s  wer e  t he n  incub a ted  wi th  a  g oa t - an t i  

r abb i t  coup led  to  n ano go ld  ( Nan opr ob es)  i n  1 :1 00  d i lu t i o n  f o r  2  
hour s  a t  RT .  L ab e l ing  wa s  s ub seq uen t ly  f o l l ow ed  by  go ld  t o n in g  

wi th  0 . 05%  go ld  ch l o r ide  ( S i gma)  i n  150  m M sod i um a ce t a t e  
bu f f e r .  Af t e r  f i xa t i on  wi t h  1%  o smiu mte t r ox i de ,  c u l tu r e s  w er e  

dehydr a t e d  in  an  a sc end in g  se r i e s  o f  e thano l  and  em bedd ed  i n  

E pon  ( Ro th ) .  T he  u l t r a th in  se c t ion s  wer e  ex amin ed  wi t h  Z e i s s  
E M 902  mic r os cop e .  

 
2 . 2 . 3 . 5  Micr os copy  and  qu ant i f i ca t i on .  

Visu a l i za t i on  and  docu men t a t io n  o f  t he  f l uo r e sc enc e  

s ign a l s  wer e  don e  wi t h  e i t he r  a  Z e i s s  Ax iov er t  135  mic r o sc ope  i n  
combin a t io n  wi th  a  C CD  C 4742- 9 5- 12N RB  d ig i t a l  cam er a  

( Hamam at su )  and  t he  Op enL ab  2 . 2 . 5  s o f twar e  ( I mpr o v i s ion ) ,  o r  a  
conf o ca l  l a s e r - s can n ing  mi c r os cop e  ( L e i t z ) .  I mage s  wer e  

moun te d  us i ng  Ad obe  Pho to shop  CS  so f twar e  ( Ado be  Sy s t em s  
I nco r por a t ed ) .  Cou n t ing  o f  MAP 2 m RNA  gr an u le s  i n  d endr i t e s  
was  don e  u s ing  t he  l i n e  me a su r em en t  t oo l  p r ov i ded  i n  t h e  
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OpenL ab  so f t war e .  Wi t h  t h e  he lp  o f  a  g r a t i cu l e ,  ima ge s  wer e  

ca l i b r a t e d  s uch  t ha t  10  µm l eng t h  i s  e qua l  t o  66  im age  p ix e l s .  6 0  

µm of  p r ox ima l  d endr i t e  l eng t h  w a s  m ea su r ed  pe r  ne u r on  and  th e  

i nd iv id ua l  RNA gr anu l e s  wer e  cou n ted  wi t h in  t h e  mea su r ed  
l eng th .  Gr ap h ic a l  r ep r e se n ta t i on  wa s  d one  u s ing  the  E xc e l  

p r ogr am ( M icr o so f t ) .  
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CHAPT ER 3:  RESULT S 

 

3 .1  Dendri t ic  d is tr ibution of  MAP2 mRNA in  
cul tured neurons .  

 
3 . 1 . 1  Tar get ing  o f  M AP 2 m RNA s in t o  de ndr i t e s  i s  an  e ar l y  
event  dur i ng  neu rona l  d i f f e ren t i a t io n .  

I n  neu r ons ,  s e l e c t i v e  m RNA s a r e  t a r ge t ed  t o  d endr i t e s  

wher e  t h e i r  t r a ns l a t i on  i s  modu l a t e d  b y  ne ur ona l  a c t i v i t y .  MAP 2  
mRNA t r an sc r ip t s  wer e  t he  f i r s t  m RNA s to  b e  i d en t i f i ed  i n  

som ata  and  i n  de ndr i t e s  o f  neu r on s  i n  t he  r a t  b r a in  ( Gar n er  e t  a l .  

1988) .  Su bs equ en t ly ,  u s ing  r ad io ac t iv e ly  l abe l ed  p r ob es  i t  wa s  
sho wn  th a t  t h i s  s ubc e l lu l a r  d i s t r i b u t io n  pa t t e r n  o f  M AP2 m RN A s  

i s  p r e s e r ved  i n  cu l tu r ed  p r imar y  n eur on s  de r i ved  f r o m r a t  
sup er io r  c e r v i c a l  g ang l i a  ( SC G)  and  th e  h ip poc ampu s  

( Br uck en s t e i n  e t  a l .  199 0 ;  Kl e ima n  e t  a l .  1990) .  T he  r ad io ac t iv e  

s ign a l  r e p r e sen t ing  MAP 2 mR NA we r e  g r an u la r  i n  t he  so mat a  
and  i n  d endr i t e s  o f  b o th  h ippo cam pal  a nd  SC G n eur on s  i n  cu l tu r e  

( Br uck en s t e i n  e t  a l .  199 0) .  I n  con t r a s t ,  t he  d i s t r i bu t ion  p a t t e r n  

o f  β - t ubu l i n  m RNA  w as  r e s t r i c t ed  t o  t he  som ata  i n  bo th  t yp es  o f  

neu r on a l  c u l tu r es  ( Br uk en s t e i n  e t  a l .  1990 ;  Kle im an  e t  a l . ,  
1990) .  T o  s tu dy  t he  na t u r e  and  d i s t r i b u t ion  o f  MAP2  t r an sc r ip t s  

wi th  a  sp a t i a l  r e so l u t ion  r e l a t i v e ly  h igher  t han  th e  r ad io ac t i ve  
s ign a l s ,  e ndog enou s  M AP2 mR NA w as  v i sua l i z ed  i n  cu l tu r ed  

h ippo camp al  neu r on s  by  f l uo r e sc en ce  i n  s i t u  hybr id i za t i on  

( F I SH) .  Whi l e  no  s ign i f i can t  s i gna l  w as  d e t e c t e d  wi t h  t he  se ns e  
r i bopr ob e  ( f i gu r e  4 , C) ,  hybr id i za t i on  wi th  t h e  an t i - s en s e  

r i bopr ob e  r e su l t ed  i n  a  s t r ong  s i gna l  t ha t  w as  p r e s en t  i n  bo t h  
som ata  an d  in  n eu r on a l  p r oce s se s  ( f i gu r e  4 , A) .  D es p i t e  o f  t h e  

f ac t  t h a t  h ipp oc ampal  neu r o ns  i n  c u l tu r e  a l so  con t a in  a  l ow  

f r ac t ion  o f  g l i a l  ce l l s  and  f i b r o b la s t s  ( Bank er  an d  Go s l in  1 988) ,  
t he  s igna l  f o r  MA P2 mR NA w as  on l y  se en  in  c e l l s  t h a t  wer e  
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immunop os i t i ve  f o r  MAP 2,  a  neu r ona l  mar ker  p r o t e in  ( Ca cer e s  e t  

a l .  198 4 ;  Ca cer e s  e t  a l .  1 984)  ( f i g u r e  4 , B  &  D) .  Mor eover ,  
MAP2  R NA wa s  no t  e ven l y  d i s t r i bu t ed  th r o ughou t  t h e  

som atod endr i t i c  c y top l as m bu t  r e s ide d  in  d i s t i n c t  g r anu l es  t ha t  
wer e  v i s i b l e  i n  s omat a  an d  a lo ng  d en dr i t i c  sha f t s  ( se e  en l a r g ed  

image s ,  a r r ow hea ds) .  T yp i ca l l y ,  mR NAs a r e  l oc a l i zed  in  t h e  

f o r m o f  R NP p ar t i c l e s  t o  t he i r  t a r g e t  s i t e s  ( Kind l e r  e t  a l .  2 005) .  
T he  s i z e  o f  t he  i n d iv id ua l  g r a nu le s  i mp l i e s  t ha t  MAP2 m RN A  

molec u le s  a r e  c ompo nen t s  o f  l a r g e  ma cr omol ecu l a r  c omple xe s  o r  
RNP p ar t i c l e s  t h a t  ma y  r ep r es en t  t r ans por t  u n i t s  an d /o r  

anch or ing  s i t e s .  I n  c on t r a s t  t o  M AP2 m RNA  d i s t r i bu t ion ,  

v i su a l i z a t i o n  o f  β - t u bu l in  m RN A v ia  i n  s i t u  hybr i d i z a t io n  

r evea l ed  th a t  t he  mR NA w as  p r e s en t  on ly  i n  t he  s omat a  ( f i gu r e  
4 ,  E  and  F ) .  No  s ign a l  wa s  d e t e c t e d  wi th  t h e  β - t ubu l i n  s en se  

r i bopr ob e .  Henc e ,  i n  neu r on s  on l y  a  s e l ec t ed  g r ou p  o f  mRN As i s  

l oca l i ze d  to  d endr i t e s  wh i l e  o the r s  r emain  r e s t r i c t e d  t o  t h e  

som ata .   
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FIGURE 4 
 
Distribution of MAP2 mRNA and β-tubulin mRNA visualized in primary hippocampal 
neurons by FISH analysis. Hybridization with a digoxygenin (DIG)-labeled riboprobe 
complementary to the coding region of the MAP2 sequence (anti-sense) resulted in a 
somatodendritic signal (A). In contrast, the sense probe gave no signal upon hybridization (C). 
Similarly, the sense probe for β-tubulin resulted in no signal (G) whereas the anti-sense probe 
showed that β-tubulin mRNA is restricted to the somata (E) Following hybridization, the DIG-
labeled probes were detected with a Cy3-coupled mouse digoxygenin antibody (red) and an 
anti-mouse IgG-Cy3-coupled antibody from goat (red). MAP2 protein was detected in parallel 
as a dendrite marker (B, D, F, and G) using a rabbit polyclonal MAP2 antiserum and Alexa488-
coupled secondary goat antibody (green). MAP2 mRNA was seen as granules along MAP2 
positive dendrites (see enlarged side images and arrowheads) in contrast to β-tubulin mRNA, 
which were seen only in the somata. Scale bars: 25 µm. 
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T he  d i f f e r e nce  i n  t he  d i s t r i bu t i on  pa t t e r n  o f  M AP2 an d  β -

t ubu l in  m RN As d emon s t r a t e s  t h a t  a  s e l ec t ed  n umber  o f  m RN A s  

a r e  soma tod endr i t i ca l l y  l o ca l i ze d  in  ne u r on s .  I n  s i t u  
hybr id i za t i on  s t ud i e s  ha ve  ind ee d  sh own  tha t  v e r y  f ew m RN A  

t r ans c r ip t s  a r e  p r es en t  i n  d endr i t e s  ( E ber win e  e t  a l .  20 02) .  Ye t ,  

i t  i s  u nc l ea r  a s  t o  wh en  d ur ing  n eur o na l  d i f f e r en t i a t i on ,  de ndr i t i c  
mRNA  t a r ge t i ng  f i r s t  t ak e s  p l ac e .  T he  es t ab l i shm en t  o f  F I SH  

ana l ys i s  a s  a  m e thod  to  v i su a l i z e  MA P2 mRN A se r v ed  a s  a  t oo l  
t o  i nve s t i ga t e  t he  dev e lop men t a l  t i me  f r ame  i n  wh i ch  MAP 2  

t r ans c r ip t s  a r e  t a r ge t ed  in to  de ndr i t e s .  Fo r  t h i s  pu r pos e ,  I  f i xed  

cu l tu r ed  h ip poc ampa l  neu r ons  a t  1 ,  3 ,  5 ,  7 ,  and  14  da ys  i n  v i t r o  
( d iv ) .  Dur ing  ea r l y  de ve lo pme n ta l  s t age s ,  ne u r on a l  p r o ce ss e s  

may  no t  be  c l ea r l y  de f in ed  a s  axon s  o r  dendr i t e s  and  a r e  hen ce ,  
co l l e c t i v e ly  r e f e r r ed  as  “ne ur i t e s”  ( Gos l in  an d  B ank er  1989 ;  

Gos l in  e t  a l .  1990) .  R e su l t s  f r om tw o  indep end en t  exp er imen t s  

r evea l  t h a t  i n  ne u r on s  f r om a l l  i nve s t i g a t ed  de ve lo pmen ta l  
s t a ge s ,  MAP2 m RNA gr anu l es  a r e  v i s i b l e  a lon g  the  en t i r e  l en g th  

o f  neu r i t e s ,  wh ic h  ap pe ar  t o  b e  M A P2- pos i t i v e  ( f i gu r e  5 ,  P1 -
P14) ,  and ,  a r e  mor e  o r  l e s s  ev en l y  d i s t r i b u t ed .  T he  a bov e  

exper i men t  d emon s t r a t e s  t ha t  M AP 2 mRNA i s  dendr i t i ca l l y  

l oca l i ze d  a t  a  v e r y  ea r l y  dev e lop men t a l  t ime  po in t .   
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F I G U R E  5  
 
MAP2 mRNA targeting to neurites of 
primary hippocampal neurons is an 
early event during neurogenesis in 
culture. The hybridized dig-labeled 
MAP2 anti-sense riboprobe was originally 
detected with a mouse Cy3-coupled dig. 
antibody (red) and a Cy3-coupled 
secondary antibody from goat (red). 
MAP2 protein was actually visualized 
using a rabbit polyclonal antiserum 
against MAP2 and Alexa488-coupled 
secondary goat antibody (green). 
However, for better visibility of MAP2 
mRNA granules along the MAP2-positive 
neurites in the merged images, MAP2-
positive neurites are shown here in red 
while MAP2 mRNA granules are depicted 
in green. Primary neurons were fixed after 
1, 2, 3, 7 and 14 days in culture (P1-P14). 
The mRNA granules were more or less 
evenly distributed along the entire length 
of the main neurite that is MAP2-positive 
and therefore, appear as yellow in the 
merged images. 
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3 .2  Charac ter izat ion of  the  MAP2 mRNA t rans -
act ing factor  MARTA2.  

 
3 . 2 . 1  Gene rat ion  o f  an t ibod ie s  aga in st  MA RTA 2.  

mRNA  t r a nsp or t  i n vo lv es  t h e  r e cog n i t i on  o f  a  c i s - a c t i ng  

t a r ge t i ng  e l eme n t  p r e se n t  wi th in  l o ca l i zed  m RN As b y  t r an s -
ac t i n g  RNA- b ind i ng  p r o t e in s  ( Kind l e r  e t  a l . ,  200 5) .  A  640  

nuc l eo t id e  spa nn ing  c i s - a c t i n g  DT E  in  t h e  3 ’ UT R of  M AP2  
t r ans c r ip t s  m ed ia t e s  e x t r a som at i c  l oc a l i za t i on  ( B l i ch enb er g  e t  a l .  

1999) .  T wo  t ran s - a c t i ng  f a c to r s  n ame ly  M ART A1 and  M ART A 2  

spe c i f i c a l l y  i n t e r a c t  wi t h  t he  MAP2- D T E  ( Rehbe i n  e t  a l .  2000) .  
MA RT A2 w as  r e cen t ly  pu r i f i ed  f r o m the  r a t  b r a i n  and  ma s s  

spe c t r om et r i c  ana l ys i s  r e vea l ed  t ha t  t he  p r o t e in  i s  t he  r a t  
o r tho log  o f  F BP3  ( Z iv r a j  e t  a l .  i n  p r e par a t i on ) .  T he  p r o to t yp i ca l  

member  o f  t he  FBP  f ami ly  n ame ly  FB P1  i s  show n  to  b in d  to  t h e  

FUSE  e l emen t  o f  t he  c - myc  on cog e ne  a nd  i s  i nvo lv ed  in  i t s  
t r ans c r ip t i ona l  r egu la t i on  ( D unc an  e t  a l .  1994) .  T y p ic a l  o f  t he  

member s  o f  t h e  F BP  f ami l y ,  MA RT A2  con ta in s  f ou r  c en t r a l  K H  
domain s  t h a t  b ind  s in g l e - s t r a nded  DN A/RN A ( f igu r e  6 ) .   

Fo r  t he  g ener a t i on  o f  an t ibod ie s ,  two  d i f f e r en t  pa r t s  o f  t h e  

MA RT A2 cDN A cod ing  r e g ion  ( Ge nBa nk  a cce s s io n  numb er  
DQ144 645 ,  n uc l eo t id e s  1 - 31 0  a nd  1 27 0- 1710 ,  r e sp ec t ive l y )  w er e  

sub - c lon ed  in t o  t he  v ec t o r  pGE X- 6P- 3  and  ex pr e ss ed  in  b ac t e r i a l  

ce l l s .  Cor r es pond ing  g l u t a t h ion e  S - t r ansf e r a se  ( GST )  f us i on  
p r o t e in s  ( N- MA RT A2- GST  and  C- M A RT A2- GST )  w er e  a f f i n i t y  

pu r i f i ed  f r om bac t e r i a l  l y sa t es .  T hr ee  d i f f e r en t  po ly c lon a l  
an t i se r a  ( N54 ,  C98 ,  an d  C 99)  w er e  t h us  r a i s ed  in  r abb i t s  a ga i ns t  

t he  N-  o r  t he  C- t e r min a l  p a r t s  o f  MA R T A2 an d  a f f in i t y  pu r i f i ed .  

T o  t e s t  t h e i r  sp ec i f i c i t y ,  a l l  t h r ee  M A RT A2 an t i se r a  w er e  us ed  to  
immunopr ec i p i t a t e  p r o t e in s  f r om a  UV cr o s s - l i n k ing  as s ay  

pe r f o r med  w i th  RS W pr o t e i ns  and  a  r a d ioa c t ive ly  l ab e l e d  MAP 2-
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DT E  p r obe  ( f i gu r e  7 ,  CL A) .  Al l  t h r ee  an t ib od ie s  sp ec i f i ca l l y  

p r ec ip i t a t ed  t he  6 5  kD a  c r os s - l i n ked  MA RT A2 ( f i gu r e  7 ,  N54 ,  
C98 ,  an d  C99) ,  wh er e as  DT E - l in ked  MA RT A1 r em ain ed  in  t h e  

sup er na t an t  f r ac t i on .  C onv er s e ly ,  on l y  t he  90  k Da  RN A- bo und  
MA RT A1 bu t  n o t  MA RT A2 wa s  p r ec i p i t a t ed  wi th  t wo  d i f f e r en t  

MA RT A1- spe c i f i c  an t ib od ie s  ( f i gu r e  7 ,  A6  and  A7) .  Ne i the r  

MA RT A2 n or  M ART A1 w er e  p r ec i p i t a t ed  wi th  un spe c i f i c  I gG s  
( f i gu r e  7 ,  I gG) .  T h es e  f i nd i ng s  co nf i r m  tha t  MA RT A2 inde ed  

r ep r e sen t s  t he  65  kDa  M AP2- DT E  b i nd ing  p r o t e i n  ob s e r ved  in  
UV cr o s s - l i n k ing  as s ays  ( f i gu r e  7 ,  CL A a nd  R ehb e in  e t  a l .  

2000) .  I n  a dd i t i o n ,  a l l  t h r ee  M ART A 2 an t i se r a  do  n o t  c r o s s - r ea c t  

wi th  M ART A 1.  
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F I G U R E  6  
 
Generation of MARTA2 antisera. The schematic representation of MARTA2 shows that it contains four central KH domains (red boxes) that bind to single-strand DNA 
/RNA. The C terminal part of the protein has a 146 amino acid residue long stretch containing 48% glutamate residues (green box). GST fusion proteins, GST-MARTA2-N 
and GST-MARTA2-C were generated and injected in rabbits to raise antisera against N- and C-terminal domains of MARTA2 namely N54 C98 and C99.  
 

N54 C98 & C99 

GST-MARTA2-N GST-MARTA2-C 

KH domains Q rich 
 

Domain structure of MARTA2 
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F I G U R E  7  
 
Immunoprecipitation of cross-linked MARTA proteins. Autoradiograph of UV cross-
linked proteins separated on a SDS-polyacrylamide gel. For each immunoprecipitation, 10 µg 
protein from a RSW fraction of adult rat brain were incubated with 20 fmoles of MAP2-DTE 
probe, cross-linked with UV and digested with RNase. The RNA probe is cross-linked to the 
65 kDa and 90 kDa proteins, MARTA2 and MARTA1 (CLA). Immunoprecipitation 
performed with either MARTA2 (N54, C98, and C99) or MARTA1 (A6 and A7) specific 
antibodies, selectively contain the respective RNA-labeled proteins. Immunoprecipitation with 
unspecific IgGs is devoid of both proteins (IgG).  
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3 . 2 . 2  Subce l lu la r  d i s t r ibut ion  o f  MAR TA 2 in  t h e  adu l t  r a t  
bra in .  

T o inv es t iga t e  t he  s ubc e l lu l a r  d i s t r i b u t ion  o f  MA RT A2,  I  
pe r f o r med  W e ste r n  b lo t t i ng  u s in g  d i f f e r en t  r a t  b r a i n  f r ac t i o n s  

and  the  po l yc lo na l  an t i s e r um  N54 .  W hi l e  M ART A 2 w a s  b a r e l y  

de t e c t a b l e  i n  t h e  c r ude  ly sa t e  a nd  th e  cy to so l i c  f r a c t i o n  ( f i gu r e  
8A,  l ane s  2  a nd  3 ,  r e spe c t iv e ly )  i t  was  c l e a r ly  p r e s en t  i n  t h e  

nuc l ea r  ( f i g u r e  8 ,  l a ne  1 )  an d  th e  p o l ysom e f r a c t io ns  ( f i gu r e  8 ,  
l ane  4 ) .  A  s t r on g  en r i chme n t  o f  M AR T A2 wa s  s een  i n  t he  RS W  

f r ac t ion  ( f i gu r e  8 ,  l a ne  5 ) .  Po l yc lo n a l  an t i se r a  C98  and  C99  

es se n t i a l l y  gav e  iden t i ca l  r e su l t s  on  a  West e r n  b lo t  ( da t a  no t  
sho wn) .  An t i s e r a  sp ec i f i c i t y  w as  co nf i r med  b y  p r e incu ba t i ng  t he  

an t i se r a  wi th  GST - MA RT A2 f u s io n  p r o t e in s .  T he  N5 4  an t i s e r um  

was  p r e in cub a ted  w i th  N- GST - MA RT A2 whi l e  t he  C 98  an d  the  
C99  an t i s e r a  w er e  p r e in cub a te d  wi t h  C- GST - M ART A 2 f us i on  

p r o t e in .  A l l  t h r e e  b lo cke d  an t i se r a  f a i l ed  t o  r e cogn ize  MA RT A 2  
in  t he  po ly som e f r a c t ion  by  W e ste r n  b lo t  a na ly s i s  ( f i gu r e  8 B) .  

T he  f ac t  t ha t  M ART A 2 i s  ha r d ly  d e t e c t ab l e  i n  t he  c r ud e  ly sa t e ,  

sugg e s t s  t h a t  t he  ov er a l l  amo un t  o f  t he  p r o t e i n  p r es en t  i n  t h e  
b r a in  i s  l o w.  T h i s  wa s  ve r i f i ed  b y  i mmunopr ec ip i t a t i on  o f  t h e  

p r o t e in  f r om c r ude  ly sa t e  wi th  t h e  C98  an t i se r um ( f igu r e  8 C,  
l ane  1 ) .  We s t e r n  b l o t  a na ly s i s  o f  t he  im muno pr ec i p i t a t e d  

mate r i a l  u s ing  the  N54  an t i s e r um s ho wed  th a t  MA RT A2 cou ld  b e  

immunopr ec i p i t a t ed  f r om c r ud e  ly sa t e  ( f i gu r e  8 , C ,  l an e  1 )  i n  
con t r a s t  t o  t he  imm unopr ec ip i t a t i on  pe r f o r med  wi th  uns pe c i f i c  

r abb i t  I gG s  ( f i gu r e  8 C,  l ane  2 ) .  Henc e ,  t he  above  r e su l t s  i nd i ca t e  
t ha t  l ow amou n t s  o f  MA RT A2 a r e  p r e sen t  i n  t he  r a t  b r a in  w her e  

i t  i s  ma in ly  a s so c i a t ed  wi th  po l ys ome s  and  i s  a l so  p r e sen t  i n  t h e  

nuc l eus .   
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F I G U R E  8  
 
Subcellular distribution of MARTA2 in the rat brain. (A) Western blot performed with affinity purified N54 antiserum and 40 µg protein each from different rat brain 
fractions (nuclear fraction, crude lysate, S100 cytosolic fraction and polysome fraction; (lanes 1- 4 respectively) and 20 µg RSW protein (lane 5). The antiserum specifically 
detects the 65 kDa MARTA2 that is strongly enriched in the RSW (note that only half of the protein amount is loaded in lane 5 containing proteins from the RSW). (B) 
Western blot performed with affinity-purified C98, C99 and N54, which were raised against C- and N-terminal parts of MARTA2, and 40 µg protein from a rat brain 
polysome fraction. All antisera recognize MARTA2 at 65 kDa. Preincubation of the antisera with the corresponding N-MARTA2-GST and C-MARTA2-GST fusion proteins 
abolish MARTA2 detection in the polysome fractions. (C) Immunoprecipitation of MARTA2 from 1 mg rat brain crude lysate using C98 antisera. The protein is 
immunoprecipiated as visualized in Western blot using N54 antiserum (lane 1). In contrast, the protein was not detected when unspecific rabbit IgGs were used for 
immunoprecipitation instead of the C98 antiserum. 

1 2 C 
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3 . 2 . 3  MAR TA2 d i s t r ibut ion  i n  cu l t u red  h ipp ocam pa l  
neuron s .  

MA RT A2 d i s t r i b u t ion  in  t wo  w eek s  o ld  p r im ar y  
h ippo camp al  neu r o ns  w as  s t ud i ed  b y  i mmunoc y to chemi s t r y  u s in g  

MA RT A2 sp ec i f i c  an t i se r a  d es c r ib ed  in  3 . 2 . 1  and  3 . 2 . 2 .  

MA RT A2 a n t i s e r um N 54  f o r  i n s t an ce ,  de t ec t ed  the  p r o t e i n  
p r edomi nan t ly  i n  t he  som atod endr i t i c  compar tm en t  o f  t h e  ce l l  

a l t hou gh  i t  w as  a l s o  se en  in  t he  nu c l e us .  F igu r e  9  sho w s imag e s  
o f  M ART A2 i n  p r i mar y  ne ur on s  h av i ng  a  g r a nu l a r  d i s t r i b u t io n  

a long  M AP2 p os i t i v e  d endr i t i c  sha f t s  ( se e  i n s e t s  i n  A  a nd  B) .  

Ana lo gou s  t o  t h e  W es te r n  b l o t  r e su l t s  ( f i gu r e  8 B) ,  p r e -
incub a t io n  o f  t he  N54  an t i s e r um w i t h  N- GST - MA RT A2 f us i on  

p r o t e in  abo l i sh ed  MA RT A2 imm unor ea c t iv i t y  i n  p r im ar y  ne ur on s  

( f i gu r e  9C) .  S imi l a r  r e s u l t s  wer e  o b t a ine d  wi th  bo th  an t i s e r a  
d i r ec t ed  aga i ns t  t h e  C- t e r min us  ( C98  and  C9 9) .  

I mmunoc y toc hemi s t r y  w i th  C 98  and  C9 9  r eve a l e d  a  
som atod endr i t i c  d i s t r i bu t io n  o f  M A RT A2 a s  g r a nu l es  a lo ng  

dendr i t i c  s ha f t s .  Bo th  se r a  a f t e r  p r e - incu ba t i on  wi th  C- GST -

MA RT A2 f u s io n  p r o t e in  f a i l e d  t o  immunor eac t  wi t h  t h e  
MA RT A2 a n t ige n  in  ne u r on s  ( da t a  no t  sho wn) .   

I t  i s  t o  be  no t e d  he r e  t h a t  t he  s ub ce l lu l a r  d i s t r i bu t i on  
pa t t e r n  o f  MA RT A2  a s  d e t e r mi ned  by  immu noc y toc hemi s t r y ,  

pa r t i a l l y  de pend s  on  t he  f i x a t iv e  t ha t  i s  u sed  to  f i x  t he  c e l l s .  I n  

neu r on s  f i x ed  wi th  i ce - co ld  m eth ano l ,  MA RT A2 exh i b i t ed  t h e  
g r anu l a r  soma tode ndr i t i c  p a t t e r n  a s  d es c r ibe d  a bove  ( f i gu r e  10 ,  

B) .  How ever ,  i n  ce l l s  t ha t  wer e  f i xe d  wi th  4%  p ar a f o r m ald ehyd e  
( PFA)  and  4%  Sucr o s e  i n  P BS ,  f o l l owed  by  p e r mea b i l i za t i o n  

wi th  0 . 3%  T r i t on - X- 100  in  P BS ,  M AR T A2 immun os t a in i ng  in  t h e  

som atod endr i t i c  cy t op la sm w as  w eak er  and  con s i de r a b ly  mor e  
d i f f us e  ( f i gu r e  10 ,  A) .  N ever t he l es s ,  t he  g r a nu l a r  d i s t r i bu t i on  

pa t t e r n  o f  endog eno us  MART A2 in  p r imar y  ne ur on s  i nd i c a t e s  
t ha t  t he  p r o t e i n  i s  p r es en t  i n  RNP p ar t i c l e s .
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F I G U R E  9  
 
MARTA2 distribution in primary hippocampal neurons. Two weeks old 
cultured hippocampal neurons (A and B) were immunostained with polyclonal 
MARTA2 antiserum N54 and a monoclonal antibody against endogenous 
MAP2. MARTA2 (green) is present in the MAP2-positive (red) 
somatodendritic cytoplasm of primary neurons (A and B). Insets in the merged 
pictures shown in panels A and B are enlargements of boxed dendritic regions 
to better visualize MARTA2 granules (yellow) distributed along MAP2-
positive dendritic shafts.  (C) When the MARTA2 antiserum N54 is 
preincubated with recombinant N-MARTA2-GST antigen, the respective 
immunochemical signal on primary neurons is entirely lost (left panel), 
whereas endogenous MAP2 is still detected in the cell (right panel). MARTA2 
and MAP2 are visualized with Alexa546- and Alexa488-coupled secondary goat 
antibodies, respectively. Micrographs from panel A and C were captured with 
a conventional fluorescence microscope, whereas the merged image shown in 
panel B represents a 0.5 µm optical section of a primary neuron that was taken 
with a laser-scanning microscope. Distinct MARTA2 granules along dendritic 
shafts are more apparent in the laser-scanning micrograph. Scale bars: 25 µm. 
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MARTA2 immunodetection in primary 
neurons depends on the fixative agent. (A) In 
neurons fixed with 4% PFA and 4% sucrose in 
PBS, and permeabilized with 0.3% Triton-X-100 
in PBS, immunodetection of MARTA2 with 
polyclonal N54 antiserum shows considerably 
weak and diffuse somatodentritic distribution of 
the protein (see inset) (B) In contrast, in methanol 
fixed neurons, MARTA2 is seen as distinct 
granules along dendritic shafts (inset and arrows). 
MAP2 was detected in parallel with a mouse 
antibody against MAP2 and Alexa488-coupled 
secondary goat antibody (green). The two 
proteins were detected as described in figure 9. 
Scale bars: 25 µm. 
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3 . 2 . 4   MA RT A2 f u s ion  p rot e in s  m im i c  en dogenou s  MAR TA 2  
d i s t r ibut ion  in  neur ons .  

T he  in f l uen ce  o f  t h e  f i xa t i ve  age n t  g a ve  conf l i c t i ng  r e su l t s  
on  the  d i s t r i bu t i on  o f  endo gen ou s  M ART A2 in  n eu r on s .  H enc e ,  

MA RT A2 f u s ion  p r o t e in s  w er e  t r a ns i e n t ly  expr es s ed  in  ne u r on s  

t o  g ive  f u r t he r  i n s ig h t  i n to  t he  d i s t r i bu t ion  p a t t e r n  o f  t h e  
p r o t e in .  T h e  cod ing  r e g ion  o f  MA RT A 2 cDN A ( ac ce s s ion  numb er  

DQ144 645 ,  n t  1 - 1710)  w as  c l one d  i n to  eukar yo t i c  expr e s s io n  
vec t o r s  su ch  t ha t  t he  en code d  p r o t e in  i s  t a gge d  e i t he r  a t  i t s  N-  o r  

a t  i t s  C- t e r iminu s .  One- wee k  o ld  neu r on s  expr es s in g  e i t h e r  

r ecomb inan t  E YFP- M ART A2 o r  M AR T A2- E GFP  wer e  f i xe d  wi t h  
4%  PFA and  4%  su cr os e  i n  P BS ,  pe r me ab i l i zed  w i th  0 . 3%  T r i ton -

X- 100  in  P BS ,  and  im muno s t a ine d  f o r  MAP2 p r o t e i n .  T he  f us ion  

p r o t e in s  w er e  d i r ec t l y  v i su a l i z ed  b y  the i r  au to - f lu o r e sc enc e .  
Bo th  r eco mbin an t  p r o t e i ns  i r r e spe c t iv e  o f  t he  r e l a t i ve  po s i t i o n  o f  

t he  t ag  w er e  s een  in  d endr i t e s  a s  d i s t i n c t  g r anu l es  i n  n eu r on s  
( f i gu r e  1 1  A  a nd  C,  see  e n l a r g ed  i mage s ,  a r r ow s) .  T he  abo v e  

da t a  conf i r m  tha t  M ART A2 i s  i n dee d  d i s t r i bu t e d  a s  g r anu l es  i n  

h ippo camp al  n eu r on s  u nder l i n ing  the  pos s ib i l i t y  o f  i t s  p r e sen c e  
in  RNP p ar t i c l es .  
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FIGURE 11 
 
MARTA2 fusion proteins mimic the 
endogenous protein in their neuronal 
distribution. Recombinant MARTA2 fused 
to an EYFP- tag at the N-terminus (A) or to 
an EGFP-tag at the C-terminus (C) was 
detected in hippocampal neurons in the form 
of discrete granules. Immunostaining for 
endogenous MAP2 served as a dendrite 
marker (B and D). While the recombinant 
proteins were visualized by their auto-
fluorescence, mouse antibody against MAP2 
and Alexa546-coupled goat secondary 
antibody were used to detect MAP2. 
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3 . 2 . 5   MART A2 i s  a s so c ia t e d  wi t h  t he  cy t o ske l e t on .  

I n  d i f f e r en t  ce l l  sy s t em s ,  RN A  t r an spor t  i n vo lv es  

cy to ske l e t a l  compo nen t s  s uch  a s  mi c r o tub u le s  an d  
mic r o f i l a men t s  ( Kin d le r  e t  a l .  2 005) .  T he  g r anu la r  d i s t r i bu t i on  

o f  MA RT A2,  wh ic h  s ugg es t s  i t s  p r e sen ce  in  RNP  par t i c l e s  se r ve d  

as  a  p r o pe l l e r  t o  s t udy  i t s  a ss oc i a t i on ,  i f  any ,  wi th  t he  neu r o na l  
cy to ske l e to n .  T wo  we ek s  o ld  p r imar y  h ippo camp al  neu r o ns  w er e  

t r ea t e d  wi th  a  de t e r ge n t - co n ta i n ing  bu f f e r  p r i o r  t o  m etha no l  
f i xa t io n .  Und er  t h es e  c ond i t i on s ,  a l l  so lu b le  cy to so l i c  

compo nen t s  o f  t he  c e l l  a r e  r e l ea s ed  wher ea s  t h e  cy to sk e l e t on  

r emain s  i n t a c t .  I n  non- t r ea t ed  ce l l s ,  MA RT A2 and  M AP2  ( f igu r e  
12  A and  B)  w er e  d e t e c t e d  in  t he  so matod endr i t i c  c omp ar tmen t .  

G lyc er a ld ehy de- 3 - p ho spha te  de hydr o g ena se  ( G APDH) ,  a  so lub le  

p r o t e in  wa s  a l s o  f ou nd  in  s omat a  a nd  a long  den dr i t e s  ( f i g u r e  1 2  
C) .  Howev er ,  i n  de t e r gen t - t r ea t ed  ne u r ons ,  mo s t  o f  GAPD H tha t  

i s  kn own  to  b e  a  so l ub le  com pon e n t  o f  t h e  cy top l asm  wa s  
ex t r a c t ed  f r o m the  ce l l s  ( f i gu r e  1 2  E ) ,  wh i l e  mi c r o tub u le -

as so c i a t ed  MAP 2 r em ain ed  b ound  to  t h e  cy tos ke l e ton  o f  t he  sa me  

neur on s  ( f i gu r e  12  B and  F ) .  S imi l a r ly ,  MA RT A2 w as  a l s o  
s t r ong ly  d e t e c t ed  in  s omat a  a nd  in  d e ndr i t e s  o f  n eu r on s  t r e a t ed  

wi th  d e t e r g en t  ( f i gu r e  12  A) .  Fu r the r mor e ,  t he  p r o t e in  w a s  s ee n  
in  t he  f o r m o f  d i sc r e t e  g r anu le s  ( f i g u r e  12  A,  i n se t  a nd  a r r ow s) .  

Henc e ,  i n  h i ppo camp al  n eu r on s ,  a  m a jo r i t y  o f  MA RT A2 r e s i de s  

i n  g r anu le s  t ha t  a r e  a s so c i a t ed  wi th  t h e  s omat oden dr i t i c  
cy to ske l e to n .  

 
 

 

.
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F I G U R E  1 2  
 

Cytoskeletal association of MARTA2 in hippocampal neurons. Immunocytochemistry was performed on two weeks old primary hippocampal neurons that were extracted 
with Triton-X-100 detergent containing buffer. In Triton-X-100 treated neurons, MARTA2 (in green) and MAP2 (in red) remained associated with the remaining cytoskeleton 
(A and B, respectively). On the other hand, soluble GAPDH which was homogenously distributed throughout the cytoplasm of non-treated cells (C, in green) was released 
almost completely from the cytosol following treatment (E). MAP2 was detected in parallel with GAPDH in both treated and non-treated cells (D and F, in red). Primary 
antibodies used were MARTA2 N54 antiserum, mouse MAP2 antibody and mouse GAPDH antibody for the corresponding antigens. The proteins were visualized with 
Alexa488- and Alexa546-coupled secondary goat antibodies. Scale bars: 25 µm. 
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3 . 2 . 6  MAR TA2  r es ide s  in  som at a  and  den dr i t e s  o f  ra t  br a in  
neuron s .  

I mmunoc y toc hemi ca l  da t a  ob t a ine d  f o r  t he  en dog enou s  a s  

we l l  a s  r e combi nan t  MA RT A2 in  cu l t u r ed  p r i mar y  h ipp oc ampa l  
neu r on s  g ave  i n s igh t  i n to  t h e  p r o t e in ’ s  d i s t r i bu t ion  as  g r anu l e s  

t ha t  a r e  a s so c i a t ed  wi th  t he  cy to sk e l e ton .  I n  add i t i on  to  t h e  

abov e  da t a  ob t a in ed  in  cu l tu r ed  n eur o ns ,  f u r the r  an a ly s i s  o f  t he  
p r o t e in ’ s  d i s t r i bu t io n  wa s  d one  in  adu l t  r a t  b r a in  sec t ion s .  

I mmuno- go l d  e l e c t r on  mic r os copy  ( E M)  conf i r m ed  th e  
som atod endr i t i c  d i s t r i bu t io n  o f  MA RT A2 in  n eo cor t i c a l  

py r amid a l  c e l l s  ( f i gu r e  13  A an d  B) .  As  op po sed  t o  cu l tu r e d  

neur on s ,  o cc as ion a l  p os t sy nap t i c  l oc a l i z a t i on  o f  MA RT A 2 i n  
dendr i t i c  sp i ne s  o f  e xc i t a to r y  s yna ps es  wa s  a l so  ob se r v ed  v i a  

t h i s  m e thod  ( f i g u r e  13  C) .   

T aken  tog e the r ,  ex t en s iv e  s tud i es  on  M ART A 2’ s  
d i s t r i bu t io n  in  p r imar y  neur o ns  and  the  r a t  b r a i n  us i ng  bo t h  

b ioch emic a l  and  i mmuno ch emic a l  m e t hods  s t r ong ly  i nd i ca t e  t h a t  
t he  p r o t e i n  l o ca l i ze s  t o  t he  som ato dendr i t i c  comp ar tme n t  o f  

neu r on s  mo s t  l i ke l y  a s  RNP c ompl exe s  t ha t  t r an s loc a t e  a lon g  th e  

cy to ske l e to n .  T hes e  da t a  pa ved  w ay  f o r  e luc i da t i ng  the  r o l e  o f  
MA RT A2 a s  a  t ran s - a c t i ng  f a c to r  f o r  dendr i t i c  MA P2 mR NA  

loca l i za t i on .  
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   F I G U R E  1 3  

 
Distribution of MARTA2 in adult rat brain neurons. Coronal brain sections were immunostained with the polyclonal MARTA2 antiserum N54. In immunogold 
electron micrographs of the adult rat neocortex, gold particles representing the distribution of MARTA2 are seen in neuronal somata (A, highlighted in light blue; cell 
body is sectioned tangentially to the nucleus), along dendritic shafts (B, light blue), and in postsynaptic structures of excitatory synapses (C, light blue; presynaptic bouton 
is highlighted in pink). Panels A-C are bright light micrographs. Scale bars: 25 µm. 
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3 .3  Funct ional  charac ter iza tion o f  MART A2.   
 

3 . 3 . 1  Endog enou s  and  rec om binant  MAR T A2 co- loc a l i ze  wi t h  
endoge nou s  MAP 2 m RN A in  s i t u .  

Pr ev iou s  i n  v i t ro  d a t a  s how  th a t  MA RT A2 sp ec i f i ca l l y  

i n t e r a c t s  wi t h  t h e  M AP2- DT E  ( d a t a  p r es en te d  he r e in ,  Reh be in  e t  

a l .  2000) .  I f  MART A2 a l s o  b ind s  t o  MAP2 m RNA i n  v i vo ,  bo t h  

molec u le s  sh ou ld  a t  l ea s t  pa r t i a l l y  c o - loca l i z e  i n  neu r on s .  T o  
t e s t  t he  abo ve  h ypo t he s i s ,  s im u l t a n eou s  de t ec t ion  o f  M AP2  

mRNA and  MA RT A2 p r o t e in  w a s  pe r f o r med  in  cu l tu r ed  

h ippo camp al  ne u r on s .  Howe ver ,  a s  t he  RN A i s  w ash ed  ou t  i n  
metha no l  f i xe d  neur on s ,  neu r o ns  f i x ed  wi th  4% par a f o r m ald ehyd e  

wer e  u sed  f o r  t he  s tud y .  As  a l r e ady  men t io ned  in  sec t ion  3 . 2 . 3 ,  
over a l l  MA RT A2  s t a in i ng  i s  r edu ce d  and  d i s t i n c t  g r an u le s  a r e  

no t  e f f e c t i v e ly  d e t e c t ed  u nder  t he se  cond i t i on s  ( f i gu r e  10  A) .  

Henc e ,  a l t houg h  MAP2 t r an sc r i p t s  cou ld  be  se en  n i ce ly  a s  
g r anu l es ,  M ART A 2 s t a in ing  i s  r e l a t i v e ly  we ak  and  d i f f u se  a l ong  

dendr i t e s .  Su per imp os i ng  ima ge s  o f  M AP2 mR NA wi t h  MA RT A 2  
r evea l ed  th a t  M AP2 mR NA gr a nu le s  c on ta in ed  MART A2 ( f igu r e  

14 ) .  Ye t ,  M ART A2 i s  a l so  p r e se n t  a t  s ubce l lu l a r  s i t e s  t ha t  do  no t  

con t a in  MAP2 t r an sc r i p t s .  T h i s  m ay  h in t  t o war d s  a n  i n  v i v o  
a s so c i a t i on  o f  t h e  RN A- b in d ing  p r o t e in  wi t h  o th e r  neu r o na l  

mRNA s.   
T o  over c ome the  t ec hn i ca l  l im i t a t i on  men t ion ed  abov e ,  

MA RT A2- E GFP  wa s  expr es se d  in  p r imar y  neur on s  an d  

endog eno us  M AP2 m RN A w as  v i sua l i zed  i n  n eu r on s  expr e s s ing  
MA RT A2- E GFP .  T he  r ecom bina n t  p r o t e in  ( f i gu r e  15  A)  s how ed  

a  g r ea t e r  e x t en t  o f  co - loc a l i z a t i o n  wi th  e ndog enou s  MAP 2 

mRNA t r ans c r ip t s  ( f i gu r e  1 5  B)  i n  g r anu l es  a long  d endr i t i c  
sha f t s  ( f i gu r e  15 ,  C) .  T h e  ab ove  ex per ime n t s  ac ce n tua t e  t h e  

po in t  t h a t  MA RT A2 and  M AP2 mR NA co- loc a l i ze  i n  g r a nu le s  i n  
dendr i t e s  o f  p r i mar y  n eur on s .   
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F I G U R E  1 4  
 
C o - l o c a l i z a t i o n  o f  e n d o g e n o u s  M A R T A 2  w i t h  M A P 2  m R N A  i n  
p r i m a r y  n e u r o n s .  I n  t w o  w e e k s  o l d  h i p p o c a m p a l  n e u r o n s ,  
e n d o g e n o u s  M A R T A 2  ( A ,  p o l y c l o n a l  r a b b i t  a n t i s e r u m  N 5 4  a n d  
A l e x a 4 8 8 - c o u p l e d  g o a t  s e c o n d a r y  a n t i b o d y )  a n d  M A P 2  m R N A s  ( B ,  
C y 3 - c o u p l e d  m o u s e  d i g o x y g e n i n  a n t i b o d y  a n d  C y 3 - c o u p l e d  g o a t  
s e c o n d a r y  a n t i b o d y )  w e r e  v i s u a l i z e d  i n  a  c o m b i n e d  
i m m u n o c y t o c h e m i c a l  a n d  i n  s i t u  h y b r i d i z a t i o n  a s s a y .  M A R T A 2  a n d  
M A P 2  m R N A s  p a r t i a l l y  c o - l o c a l i z e  i n  g r a n u l a r  s t r u c t u r e s  d i s t r i b u t e d  
a l o n g  d e n d r i t e s  ( C ;  a r r o w s ) .  S c a l e  b a r s :  2 5  µm .  
 

 

A B C 
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FIGURE 15 
 
Co-localization of recombinant MARTA2-EGFP with endogenous MAP2 mRNA in primary hippocampal neurons.. In o n e - w e e k  o l d  h i p p o c a m p a l  n e u r o n s  
e x p r e s s i n g  M A R T A 2 - E G F P  ( A ,  p o l y c l o n a l  r a b b i t  a n t i - G F P  a n t i b o d y  a n d  A l e x a 4 8 8 - c o u p l e d  g o a t  s e c o n d a r y  a n t i b o d y )  a n d  
e n d o g e n o u s  M A P 2  m R N A s  ( B ,  C y 3 - c o u p l e d  m o u s e  d i g o x y g e n i n  a n t i b o d y  a n d  C y 3 - c o u p l e d  g o a t  s e c o n d a r y  a n t i b o d y )  w e r e  
v i s u a l i z e d  i n  a  c o m b i n e d  i m m u n o c y t o c h e m i c a l  a n d  i n  s i t u  h y b r i d i z a t i o n  a s s a y .  M A R T A 2 - E G F P  a n d  M A P 2  m R N A s  e x t e n s i v e l y  
c o - l o c a l i z e d  i n  g r a n u l a r  s t r u c t u r e s  d i s t r i b u t e d  a l o n g  d e n d r i t e s  ( C ;  a r r o w s ) .  S c a l e  b a r s :  2 5  µm .  
 

A B C 

MARTA2-EGFP MAP2 mRNA Merge 

A B C 
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3 . 3 . 2   Over- expr e ss i on  o f  t runcat ed  MAR TA2 d i srupt s  
dendr i t i c  t arg et ing  o f  MAP 2 m R NA.  

 

A lbe i t  t h e  co - lo ca l i za t i on  o f  M ART A 2  and  MAP2 m RNA i n  

v i vo ,  t he  f unc t iona l  r o l e  o f  MA RT A2  in  d endr i t i c  MAP 2 m RN A  

t r ans loc a t ion  r em aine d  u nexp lo r ed .  T her e f o r e ,  t o  i nve s t i ga t e  a  
po t en t i a l  i nvo lv eme n t  o f  MA RT A2 i n  dendr i t i c  MAP 2 mR N A  

t r a f f i ck i ng ,  a  t r u nc a t ed  ve r s ion  o f  t h e  RNA- b ind i ng  p r o t e in  wa s  

expr e s sed  in  p r im ar y  ne ur on s  t o  t e s t  i f  i t  cou l d  domi nan t ly  
i nh ib i t  M AP2 m RN A t a r ge t i ng  i n  v i v o .  T he  r a t i on a l  b eh in d  th e  

domina n t  n ega t ive  ap pr oa ch  i s  t h a t  ov er - ex pr e ss i on  o f  a  
t r unca t ed  ve r s ion  wo u ld  se que s t e r  c e r t a in  MA RT A2  in t e r ac t ion  

pa r tne r s  t ha t  no r m al ly  a sso c i a t e  wi th  p a r t s  o f  t h e  p r o t e in  t h a t  a r e  

mi s s ing  in  t he  t r un ca t ed  va r i an t .  T h es e  seq ue s t e r ed  mole cu l e s  
can  th e r e f o r e  no  lo nger  a s so c i a t e  wi th  MA RT A2 to  f o r m a  f u l l y  

f unc t io na l  com ple x ,  t h e r eby  d i s r up t ing  ce l l u l a r  p r oc es s es  i n  
wh ich  MA RT A2 p ar t i c i pa t es .  A n  E GFP- t agg ed  r ec ombi nan t  

MA RT A2 i so f o r m com pr i s i ng  o f  t h e  f ou r  RNA- b ind in g  KH  

domain s  ( MA RT A2- KH- E GFP)  w a s  e xpr e ss ed  in  one- we ek  o l d  
h ippo camp al  ne u r on s  and  t he  e f f e c t  o f  t he  f us io n  p r o t e in  on  th e  

d i s t r i bu t io n  o f  endog eno us  MAP2 m R NA wa s  an a ly zed  tw o  day s  

l a t e r  v i a  i n  s i t u  hybr i d i z a t ion .  I n  ad d i t i on  to  t he  v i s ua l i za t i on  o f  
endog eno us  M AP2 t r an sc r ip t s ,  t h e  t r ansf ec t ed  n eur o ns  wer e  

i den t i f i ed  imm uno cy to chem ica l ly  u s ing  a  GFP  a n t ibo dy .  
Fu r the r mor e ,  M AP2 p r o t e i n  w as  de t ec t ed  to  h ig h l igh t  de ndr i t e s  

o f  p r imar y  neur o ns .  I t  wa s  a s sum ed  tha t  wh i l e  t he  t r unc a t e d  

p r o t e in  m ay  s t i l l  b ind  to  t he  c i s - ac t in g  MAP 2- DT E ,  i t s  ab i l i t y  t o  
i n t e r a c t  p r o duc t ive l y  wi t h  o th e r  co mpone n t s  o f  t h e  mR N A  

loca l i za t i on  m ac h iner y  migh t  be  ham per ed .  I n dee d ,  i n  n eu r on s  
expr e s s ing  M ART A2- K H- E GFP ,  MAP 2 mR NA  gr an u le s  wer e  n o  

longer  d e t e c t e d  in  den dr i t e s  wh er e as  RNA p ar t i c l es  wer e  s t i l l  

v i s ib l e  i n  t he  so mat a  ( f i gu r e  1 6  A,  a r r ows) .  Ye t  i n  ne ig hbor in g  
non- t r an sf e c t ed  n eur on s  ( f i gu r e  16 , B,  a r r o wh ead s) ,  t h e  
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som atod endr i t i c  d i s t r i bu t ion  o f  MA P2 mRN A gr an u le s  w a s  

unaf f e c t ed .  O ver a l l ,  MAP2 t r an sc r ip t s ’  l ev e l s  i n  t r an sf e c t e d  
neur on s  app ear e d  to  be  s ome what  r ed uced  ( f i gu r e  16 , B) .  T o  t e s t  

i f  t h i s  e f f ec t  i s  a t t r i bu t ed  to  t h e  p r e se nce  o f  t h e  E GFP  t a g ,  E GFP  
a lon e  w as  expr es s ed  in  p r im ar y  neur o ns  f o l l o wed  by  

v i su a l i z a t i o n  o f  MAP2 m RN A gr a nu le s .  I n  co n t r a s t  t o  MA RT A2-

KH- E GFP ,  over - expr e s s ion  o f  E GFP  a lon e  d id  no t  ch ang e  the  
gener a l  d i s t r i bu t i on  o f  dendr i t i c  M AP 2 mRNA t r an s c r ip t s  ( f i gu r e  

16 ,  C  and  D)  dem on s t r a t i ng  th a t  t h e  d i s r up t ion  o f  M AP2 m RN A  
loca l i za t i on  w as  d ue  to  t h e  ov er - expr es s ion  o f  t he  KH d omai n s  

and  wa s  no t  i n f lue nc ed  by  th e  p r e sen ce  o f  t he  E GFP  t ag .  

 
I t  i s  t o  be  no t ed  t ha t  KH d omain s  a r e  R NA b ind in g  

domain s .  Hen ce ,  t h i s  r a i s es  t h e  p os s ib i l i t y  t ha t  o th e r  RN A  

b ind in g  p r o t e in s  may  e xer t  t he  sam e  domina n t  neg a t iv e  e f f ec t  
on  M AP2 m RNA gr anu le s  s imi l a r  t o  t he  KH do main s  o f  

MA RT A2.  For  t h i s  pu r po se ,  t r un ca t e d  s t au f e n2  ( T an g  e t  a l .  
2001)  a nd  cy top l as mic  p o lya dne y la t i o n  e l em en t  b ind in g  p r o t e in  

( CPE B)  ( Huan g  e t  a l .  20 03)  wer e  e xpr es se d  in  p r im ar y  neur o ns .  

T r unca t ed  s t au f en2  th a t  co n ta in s  on ly  t he  R NA b in d ing  do main s  
( RBD s)  w as  e a r l i e r  sho wn  to  i nh ib i t  ex t r a som at i c  t r an spor t  o f  

po lya deny la t ed  mR NA s ( T ang  e t  a l .  2 001) .  CPE B on  th e  o the r  
hand ,  wa s  show n  to  f ac i l i t a t e  t r an sp o r t  o f  spe c i f i c  m RNA s,  by  

b ind in g  to  t he  c i s - a c t i n g  CPE  p r e s en t  i n  spe c i f i c  de ndr i t i c  

mRNA s ( Hua ng  e t  a l .  20 03) .  T he  f u n c t ion a l  r o l es  o f  t r un ca t ed  
s t a u f en2- E G FP  and  CPE B- E GFP  de sc r ibed  a bov e  mak es  t he m  

good  con t r o l s  f o r  s tu dy in g  MA RT A2’ s  i nvo l vem en t  i n  d endr i t i c  
MAP2 m RN A ta r g e t ing .  S imi l a r  t o  ce l l s  expr es s i ng  E GFP ,  

t r unca t ed  s t au f en2- E GFP  ( f ig u r e  16 ,  E  and  F )  o r  CPE B- E GFP  

( f igu r e  16 ,  G  a nd  H)  ex pr e ss ing  n eur on s  s how ed  de ndr i t i c  
MAP2  mR NA gr anu l es .  T h e  a ver a ge  den s i ty  o f  M AP2 m RN A  

gr anu l es ,  w h ich  wer e  o bs e r ve d  in  t h e  p r ox im al  60  µm of  t h e  

main  de ndr i t i c  b r an ch  w as  b a s i c a l l y  i den t i ca l  i n  ce l l s  ov er -
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expr e s s ing  E GFP  ( 51 . 6+  15 . 0 ) ,  t r unc a t ed  s t a u f en 2- E GFP  ( 4 6 . 86  

+  16 . 8 )  o r  CPE B- E GFP  ( 4 4 . 3  +  1 3 . 9 )  and  w a s  on ly  s l i gh t l y  
r educ ed  i n  c ompar i so n  to  non- t r an sf e c t ed  neur on s  ( 63  +  18 . 5 )  

( f i gu r e  17 ) .  On  t he  o t he r  h and ,  t h es e  g r an u le s  e s sen t i a l l y  
d i s appe ar ed  f r om dendr i t e s  o f  M ART A2- KH- E GF P  syn th e s i z in g  

neur on s  ( 0 )  ( f i gu r e  17 ) .  T he  abov e  r e su l t s  s t r ong l y  emp ha s i z e  

t ha t  MA RT A2 se r ve s  a s  a  t r an s - ac t i ng  f a c to r  i n  den dr i t i c  
t a r ge t i ng  o f  M AP2 mR NA s.  
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F I G U R E  1 6  
 
Truncated MARTA2 disrupts dendritic targeting of endogenous MAP2 mRNA 
granules. MARTA2-KH-EGFP (A, B), EGFP (C, D), truncated staufen2-EGFP (E, 
F) and CPEB-EGFP (G, H) were expressed in one week old hippocampal neurons. 
Two days after transfection, endogenous MAP2 transcripts were visualized by 
fluorescent in situ hybridization with Dig-Cy3-coupled antibodies (red). Endogenous 
MAP2 and various fusion proteins were detected via immunocytochemistry with anti-
MAP2 and anti-GFP antibodies and secondary antibodies coupled to Marina Blue 
(blue) and Alexa488 (green), respectively. Panels A, C, E and G are triple-stained 
images, in which transfected (turquoise) and non-transfected neurons (blue) are easily 
distinguished. Panels B, D, F and H are corresponding overlays of red and blue 
channels only, to allow clear visibility of MAP2 mRNA particles (magenta) along 
dendrites (blue) of transfected neurons. Higher magnification images of boxed areas 
are shown as insets to better visualize RNA granules distributed along MAP2-
positive dendritic shafts. In non-transfected neurons, endogenous MAP2 mRNA 
granules are dispersed along dendritic shafts (B, arrowheads). However, upon the 
over-expression of truncated MARTA2, these transcript particles totally disappear 
from dendrites (B, arrows). In contrast, in neurons over-expressing EGFP (C, D), 
staufen2-EGFP (E, F), or CPEB-EGFP (G, H) MAP2 mRNA granules are normally 
distributed along dendrites. Micrographs were captured with a conventional 
fluorescence microscope. Scale bars: 25 µm. 
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F I G U R E  1 7  
Measurement of the amount of 
MAP2 mRNA granules in the 
proximal 60 µm of the main 
dendritic branch. Bar graph 
showing the average number 
(plus s.e.m) of endogenous 
MAP2 mRNA granules in non-
transfected hippocampal neurons 
and in cells over-expressing 
different fusion proteins (as 
indicated below each bar). 
Granules were counted from two 
different experiments and 50 
neurons were analyzed for each 
fusion protein. 
 

n= 50 
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3 . 3 . 3  MAR TA2- KH- EGF P  has  no  s ign i f i c ant  e f f ec t  on  t he  
t o t a l  m RNA poo l .  

T o t es t  i f  ov er - ex pr e ss i on  o f  M ART A 2 - KH- E GFP  s ome what  
spe c i f i c a l l y  d i s r u p t s  dendr i t i c  t a r ge t i ng  o f  MAP 2 t r an sc r ip t s  o r  

i t  may  exh ib i t  a  mor e  gen er a l  e f f ec t  on  th e  sub ce l lu l a r  

d i s t r i bu t io n  and  s t ab i l i t y  o f  a  l a r g e r  poo l  o f  po lyad eny la t ed  
RNA s,  t he  t o t a l  mR NA poo l  o f  h ippoc amp al  neu r o ns  w a s  

v i su a l i z ed  in  n eu r on s  expr es s in g  the  t r unc a t e d  p r o t e in .  
I n t e r e s t i n g ly ,  over - expr e s s ion  o f  t r u n ca t e d  MA RT A2- KH- E GFP ,  

E GFP  a lon e  a nd  t r un ca t ed  s t au f en 2- E GFP  ( f igu r e  1 8 )  d id  no t  

d r as t i ca l l y  a l t e r  t he  su bc e l lu l a r  d i s t r i b u t ion  and  c onc en t r a t i on  o f  
t he  en t i r e  po o l  o f  po ly adn y la t ed  mR N As w hen  c omp ar ed  to  n on-

t r ansf ec t ed  n eur on s .  An  o bs e r va t ion  wor th  me n t ion i ng  i s  t ha t  

un l ike  p r ev io us  r e por t s  f r om T ang  e t  a l .  ( 2001) ,  over - e xpr e s s io n  
o f  t r unc a t ed  s t a u f en2- E GFP  d i d  n o t  r ed uce  th e  po o l  o f  

po lya deny la t ed  mR NA s in  t he  abov e  a s say  ( f i g u r e  18 ,  E ,  F ) .  T h i s  
d i f f e r en ce  be t we en  t he  ab ove  r e su l t s  and  da t a  f r om  T an g  e t  a l .  

( 2001)  cou ld  be  a t t r i bu t ed  to  t he  m et hods  emplo yed .  I n  con t r a s t  

t o  t h e  u se  o f  euk ar yo t i c  expr e s s i on  v ec to r s  and  c a l c i um  
phos pha te  t r a nsf ec t i on  in  t h e  cu r r e n t  s t udy ,  T a ng  e t  a l .  ( 20 01)  

use d  v i r a l  v ec to r s  t o  i n f ec t  p r imar y  ne ur on s .  T hes e  
method o log i ca l  d i f f e r enc e s  ma y  l ead  to  d i f f e r en t  l ev e l s  o f  t h e  

f us ion  p r o t e in s  i n  neu r on s  and  may  t hus  a f f e c t  t he  sub se quen t  

f unc t io na l  ana l ys i s  o f  t he  p r o t e in .  Ne ver the l e ss ,  t h e  ov er a l l  t ak e  
home m es s age  f r om the se  exp er i men t s  i s  t ha t  t r un ca t ed  

MA RT A2- K H- E GFP  mor e  o r  l e ss  se l e c t i v e ly  d i s r up t s  t h e  
dendr i t i c  t a r g e t in g  p r oc es s  o f  M AP2 m RNA s.  
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F I G U R E  1 8  
 
Truncated MARTA2 does not generally 
interfere with the processing of 
polyadenylated mRNAs. MARTA2-KH-
EGFP (A, B), EGFP (C, D), and truncated 
staufen2-EGFP (E, F) were expressed in one 
week old hippocampal neurons. After two 
days, polyadenylated transcripts (red), 
endogenous MAP2 (blue) and various fusion 
proteins (green) were detected. Panels A, C, 
and E are triple stained images, whereas 
panels B, D and F represent corresponding 
overlays of red and blue channels only. 
None of the recombinant proteins alters the 
concentration and distribution of 
polyadenylated mRNAs. Fluorescence 
micrographs were captured with a laser 
scanning micropscope. Scale bars: 25 µm. 
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3 . 3 . 4  Kines in  1  m ed i a t e s  t ran spo rt  o f  M A P 2 m RNA g ranu l es  
in t o  dendr i t es .  

I n  many  c a se s ,  RN A t r an spor t  ha s  be e n  sho wn  to  d epe nd  on  
d i f f e r en t  mo t o r  p r o t e in s  ( Kind er  e t  a l .  2005) .  T o  in ve s t i g a t e  a  

pos s ib l e  r o l e  o f  m oto r  p r o t e in s  i n  e x t r as omat i c  M AP2 m RN A  

t r a f f i ck i ng ,  a  domin an t  ne ga t i ve  ve r s ion  o f  k in e s in  I  ( dnKin -
E GFP) ,  o r  t he  dyne in - a ss oc i a t ed  p r o t e in  dyn ami t in  ( D yn- E GFP)  

( Bur kh ar d t  e t  a l .  19 97)  wa s  o ver - e xpr es se d  in  p r im ar y  n eur o ns .  
Dynam i t in  ov er - ex pr e ss i on  d i s r up t s  t h e  f unc t i on  o f  cy to p la smi c  

dyne i n  ( Bur kh ar d t  e t  a l .  1997) .  Neur on s  expr e s s ing  th e  

r ecomb inan t  moto r  p r o t e in s  w er e  ana l yze d  two  d ay s  a f t e r  
t r ansf ec t i on  f o r  t he  d i s t r i bu t i on  o f  e ndoge neo us  MAP2 mR NA  

t r ans c r ip t s .  I n  neu r o ns  ex pr e ss i ng  d nKin- E GFP ,  MAP 2 m RN A  

gr anu l es  wer e  n o t  d e t e c t e d  in  t he  de n dr i t i c  comp ar tme n t  ( f i g u r e  
19 ,  B) .  Dyn- E GFP  o r  E GFP  expr e s s ing  n eur on s  on  the  o th e r  

hand ,  sh ow ed  no  s i gn i f i c an t  d i f f e r en c e  i n  t he  d i s t r i bu t i on  o f  t he  
RNA p ar t i c l e s  i n  d endr i t e s  a s  co mpar ed  t o  non- t r an sf e c t e d  

neur on s  ( f i g u r e  19 ,  D  an d  F ) .  T h i s  ob s e r va t i on  w as  qua n t i f i e d  by  

mea su r ing  t he  av er ag e  amo un t  o f  M A P2 mRNA gr anu l es  i n  t he  
p r ox imal  r eg io n  o f  t h e  mai n  de ndr i t e  ( f i gu r e  20 ) .  Q uan t i f i ca t i o n  

r esu l t s  show th a t  t he  d en s i ty  o f  M AP2 mRN A t r an sc r i p t s  i n  
dendr i t e s  e xpr e s s ing  Dyn- E GFP  ( 61 . 2  +  1 7 . 6 )  i s  e s s en t i a l l y  t h e  

sam e  as  i n  non- t r an sf e c t ed  n eur on s  ( 63  +  18 . 5 )  o r  i n  E GF P  

expr e s s ing  n eur on s  ( 51 . 5  +  15 . 0 )  ( f i gu r e  20 ) .  I n  con t r a s t ,  t h e  
den s i ty  o f  M AP2 m RN A in  neu r on s  e xpr e ss i ng  d n - Kin - E GFP  i s  

r educ ed  to  0  ( f i gu r e  20 ) .  T her e f o r e ,  k ine s in  I ,  b u t  no t  
cy top l a smic  d yne i n  app ear s  t o  be  i n vo lve d  in  t he  t r an spor t  o f  

MAP2 m RN A gr anu le s .  
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FIGURE 19 
 
Kinesin I mediates extrasomatic trafficking of 
endogenous MAP2 mRNA granules.  dn-Kin-
EGFP (A, B), Dyn-EGFP (C, D), and EGFP (E, F) 
were expressed in one week old primary neurons 
and two days after transfection, endogenous MAP2 
transcripts were visualized by fluorescence in situ 
hybridization with Cy3-coupled antibodies (red). 
Endogenous MAP2 and recombinant fusion proteins 
were immunostained with anti-MAP2 and anti-GFP 
antibodies and secondary antibodies coupled to 
Marina Blue (blue) and Alexa488 (green), 
respectively. Panels A, C, E are triple stained 
images, whereas panels B, D, and F are 
corresponding merged red and blue channels only. 
In the latter, MAP2 mRNA particles (magenta) 
along dendrites (blue) are clearly visible. Higher 
magnification images of boxed areas are shown as 
insets. In non-transfected neurons, endogenous 
MAP2 mRNA granules are scattered along dendritic 
shafts (B, arrowheads). Over-expression of dn-Kin-
EGFP disrupts dendritic targeting of these 
transcripts (B, arrows). In contrast, over-expression 
of Dyn-EGFP (C, D) or EGFP (E, F) does not 
interfere with the extrasomatic trafficking of mRNA 
granules. Micrographs were taken with a 
conventional fluorescence microscope. Scale bars: 
25 µm. 
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FIGURE 20 
 
Measurement of the amount of MAP2 
mRNA granules in the proximal 60 µm of 
the main dendritic branch. Bar graph 
showing the average number (plus s.e.m) of 
endogenous MAP2 mRNA granules of non-
transfected hippocampal neurons and cells 
over-expressing EGFP, dnKin1-EGFP or 
Dyn-EGFP as indicated below each bar. 
Granules were counted from two different 
experiments and 50 neurons were analyzed 
for each fusion protein. 
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CHAPT ER 4: DISCUSSION 

 

I n  eukar y r o t i c  c e l l s ,  two  mole cu l a r  mech an i sm s  a r e  
imp l i c a t ed  in  d i f f e r en t i a l  p r o t e in  l o ca l i za t i on .  Se l e c t iv e  p r o t e i n  

so r t i n g  i s  o ne  w ay  o f  t a r ge t i ng  p r o t e in s  s yn th e s i z ed  in  t h e  

cy top l a sm to  t h e  ce l l u l a r  s i t e s  wh er e  t hey  a r e  n ee ded .  An o the r  
mean s  o f  p r o t e in  so r t i ng  ca l l s  f o r  po s t - t r a ns c r ip t i o na l  t r an spor t  

o f  mes sen ger  R NA s to  t he  t a r g e t  s i t e ,  f o l l owe d  by  loca l  and  
r es t r i c t ed  t r a ns l a t i o n  ( S t  John s to n  1 99 5) .  I n  m ammal i an  ne ur on s  

f o r  i n s t an ce ,  a  l im i t ed  se t  o f  mR NA t r ans c r ip t s  a r e  t a r ge t ed  f r o m  

the  so ma to  t he  d endr i t i c  com par tm en t  ( Job  and  E ber wine  2 001) .  
T r ans c r ip t s  e ncod ing  t he  cy to sk e l e t a l  p r o t e i n  MAP2  wer e  t h e  

f i r s t  m RN As  tha t  w er e  f o und  in  d end r i t e s  ( Gar n er  e t  a l .  198 8) .  
T h i s  d i sc over y  wa s  p a r t i cu l a r ly  s ig n i f i can t  bec au se  MAP 2 i s  a  

dendr i t e - s pe c i f i c  p r o t e in  s t a b i l i z ing  mi c r o tub u le s  and  

pa r t i c i pa t i ng  in  de ndr i t e  m or phog en es i s  ( Hi r ok aw a  1994) .  I n  t h e  
cu r r en t  s t ud y ,  I  a t t empt ed  to  a ns w er  a  ve r y  b as i c  que s t i on  

r e l a t e d  t o  MAP2  mR NA  t r an sp or t  i n  ne u r on s .  W hat  a r e  t h e  
molec u le s  i nvo lv ed  in  d e l iv e r ing  M AP 2 mR NA f r om  th e  soma  to  

t he  den dr i t e  o f  t h e  ne u r on?  

 
I t  i s  k nown  tha t  mR NA s dur i ng  th e i r  t r ave l  a r e  pa ckag ed  

in to  l a r g e  t r an spor t  p a r t i c l e s  o r  RNP  comple xe s  ( Kind le r  e t  a l .  
2005) .  T he se  com plex e s  co n ta i n  m ul t i p l e  mR NA m ole cu le s ,  

RNA- b ind i ng  p r o t e in s  and  t r an s l a t i on a l  mac h iner y  ( B as s e l l  e t  a l .  

1999)  Al t houg h ,  r ad io ac t ive  i n  s i t u  hybr id i za t ion  sho we d  
dendr i t i c  l o ca l i za t i on  o f  MAP2 m R NA in  p r im ar y  n eur on s ,  

v i su a l i z a t i o n  o f  t he  RN A as  d i sc r e t e  t r ans por t  g r an u le s  wa s  

be low t he  l eve l  o f  d e t e c t io n  ( Br uk en s t e in  e t  a l .  1 990 ;  Kle i man  e t  

a l .  199 0) .  T he  F I SH  a ss ay  u sed  in  t h i s  s t u dy  p r ov id ed  a  h igh er  

spa t i a l  r e so lu t ion  an d  MAP 2 mRN As i n  t he  f o r m o f  l a r ge  d i s t i nc t  
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g r anu l es ,  wer e  se en  a lon g  th e  den dr i t i c  sha f t .  T he se  i nd i v idu a l  

g r anu l es  m ay  ind eed  se r v e  a s  t r an spor t  un i t s  f o r  t h e  RN A.   
 

Dur ing  embr yon i c  d eve lopm en t  i n  Dr os oph i l a  and  in  
X enopu s ,  m RN A lo ca l i za t i on  i s  c r i t i c a l  i n  de f i n ing  c e l l  po l a r i t y  

( Pa l ac h io s  a nd  S t .  Joh ns t on ,  20 01) .  S imi l i a r ly ,  neu r o ns  be i ng  

h igh ly  po l a r i z ed  c e l l s  may  a l so  emp lo y  mRNA so r t i ng  a long  wi th  
p r o t e in  t r a f f i c k ing  t o  e s t a b l i sh  t h e i r  po l a r i t y .  MA P2 b e ing  a  

dendr i t i ca l l y  l o ca l i ze d  p r o t e in  h as  a  s t r ong  in f lu enc e  on  t he  
o r gan i za t i on  o f  mi c r o tub u le s  and  s t a b i l i z a t i on  o f  t he  de ndr i t i c  

cy to ske l e to n  ( L ewi s  e t  a l .  1 989 ;  Wei s s haar  e t  a l .  19 92) .  M AP2 i s  

a l s o  show n  to  supp or t  p r o ce s s  o u tg r owth  ( Che n  e t  a l .  199 2 ;  
E dson  e t  a l .  19 93) .  M or eo ver ,  MAP2  def i c i en t  mic e  h ave  sh or t e r  

dendr i t e s  c ompar ed  t o  w i ld  t ype  m ice  a s  t e s t ed  i n  c u l tu r ed  

h ippo camp al  n eu r on s  and  i n  i n t ac t  h ip poca mpal  t i s su e  ( H ar ad a  e t  

a l .  200 2) .  And  f in a l ly ,  MAP 2 sup pr e s s ion  ind uc ed  b y  s i RNA  in  

p r imar y  ne ur on s  r es u l t s  i n  sev er e  d e f ec t s  i n  neu r i t e  ou tg r o wth  
( Kr i che vs ky  and  Ko s ik  200 2) .  T he  ab ove  f i nd ing s  h igh l igh t  t h e  

impor t an ce  o f  M AP2 d ur ing  neur o na l  mor phog ene s i s .  D a ta  f r o m  

p r ev iou s  a s  w e l l  a s  t h e  cu r r e n t  s t udy  sho w tha t  MAP 2 mRN A i s  
dendr i t i ca l l y  l oc a l i z ed .  H owe ver ,  i t  i s  no t  c l e a r  a s  t o  how  mu ch  

dendr i t i c  mR NA t r an sp or t  co n t r ibu t e s  t o  n eu r on a l  
d i f f e r en t i a t i o n .  M AP2 m RNA l oc a l i z a t i on  wa s  t h e r e f o r e  

exami ned  in  n eu r o ns  a t  d i f f e r e n t  dev e l opmen t a l  s t ag es  i n  cu l t u r e .  

MAP2 m RN A gr a nu le s  w er e  a l r e ady  se en  in  n eu r i t e s  a t  t h e  
i nce p t ion  o f  n eu r o na l  d i f f e r e n t i a t i on  in  cu l tu r e  und er l i n i ng  t he  

impor t an ce  o f  ex t r as omat i c  m R NA lo ca l i za t i on  du r i ng  
neur og ene s i s .  A lon g  wi th  m RNA t r ans por t ,  MAP 2 p r o t e i n  

l oca l i za t i on  a l so  t a ke s  p l a ce  i n  de n dr i t e s .  I n  neu r on s  de r iv ed  

f r om t r an sge n ic  mic e  t h a t  e xpr e s s  r e c ombina n t  MAP2 c  i so f o r m,  
t he  m RNA  wa s  se en  o n ly  i n  t h e  s om a wh er ea s  t he  r ecom bina n t  

p r o t e in  wa s  de t ec t ed  i n  d endr i t e s  ( M a r sde n  e t  a l .  1 996) .  H en ce ,  
ea r ly  s o r t i ng  o f  M AP2 a t  t h e  mRN A  as  we l l  a s  a t  t h e  p r o t e in  
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l eve l  a ppe ar s  t o  enh an ce  the  p r o t e in ’ s  con t r ib u t io n  in  ne u r on a l  

d i f f e r en t i a t i o n  and  m atu r a t i on .   
 

T he  f o r m at ion  o f  RNP  c ompl exe s  i s  i n i t i a t e d  b y  
r ecog n i t i on  o f  c i s - a c t i n g  RNA e l eme n t s  wi th in  t he  mR NA b y  

t ran s - a c t i n g  RN A- b ind ing  p r o t e in s  ( K ind le r  e t  a l .  200 5) .  A  c i s -

ac t i n g  640- nuc l eo t i de  spa nn ing  DT E  tha t  me d ia t es  den dr i t i c  
t r ans por t  o f  c h imer i c  m RN A s w as  c ha r ac t e r i ze d  in  t h e  3 ’ UT R of  

MAP2 m RN A ( Bl i che nber g  e t  a l .  1999) .  Sub seq uen t ly ,  two  
t ran s - a c t i n g  f ac t o r s  c a l l e d  MA RT A1 and  MA RT A2 th a t  

spe c i f i c a l l y  i n t e r ac t  wi th  t he  M AP2- D T E  wer e  i d en t i f i ed  b y  U V  

cr os s - l i n k ing  a s say s  ( R ehbe in  e t  a l .  20 00) .  MART A 1 wa s  a l r e ady  
a f f in i t y  pu r i f i ed  and  ch ar ac t e r i z ed  a  f ew y ear s  ago  ( Re hbe i n  e t  

a l .  2002) .  MA RT A2 on  the  o the r  hand ,  w as  o n ly  r ec en t l y  

pu r i f i ed .  I n i t i a l  s t ud i e s  on  MA RT A2  by  We st e r n  b lo t  an a ly s i s  
sho wed  tha t  t h e  p r o t e i n  i s  p r e sen t  i n  nu c l e a r  and  po ly som e  

f r ac t ion s  bu t  i t  i s  h i gh ly  en r i ch ed  in  RSW  f r a c t ion s .  T h e  
p r es enc e  o f  M ART A 2 in  nuc l ea r  f r ac t i o ns  sug ge s t s  t ha t  t h e  

p r o t e in  may  a ss oc i a t e  wi th  MA P2 mRNA  in  t he  n uc l eu s  an d  

med ia t e  i t s  nuc l ea r  e xpor t .  S tud ie s  i n  Dro sop h i la  e mbr yo  a nd  in  
X enopu s  o ocy te  hav e  show n  th a t  nuc l ea r  even t s  s uch  a s  sp l i c in g  

and  RNP f o r m at ion  a r e  r equ i r e d  to  i n i t i a t e  cy top la smic  m RN A  
loca l i za t i on  ( H ach e t  a nd  E phr u s s i  2 004 ;  Kr e s s  e t  a l .  2004) .  

Mor e over ,  a  h ig h ly  r e l a t e d  f ami ly  member  MART A1/Z BP 2 ,  

wh ich  i s  p r edomi nan t l y  p r es en t  i n  t he  n uc l eus ,  i n t e r ac t s  wi t h  
β−ac t in  m RNA  an d  i s  i n vo lv ed  in  i t s  c y top l a smic  l oc a l i z a t i o n  

( Gu  e t  a l .  2002) .  T he  p o ly some f r a c t i on  r ep r e se n t s  a  mix tu r e  o f  

po ly some s  an d  l a r ge  R NP par t i c l e s  t ha t  have  sed imen t a t i o n  
p r oper t i e s  s imi l a r  t o  po ly some s  ( M er r i ck  1992) .  T r ea tm en t  o f  t he  

po ly some f r ac t i on  wi th  h ig h  s a l t  con cen t r a t i on ,  d i s so c i a t es  i t s  

compo nen t s .  T he  r es u l t i n g  RSW f r ac t ion  thus  c on t a in s  mos t  o f  
t he  mole cu l es  r e l ea s ed  f r om the  d i s r up ted  c ompl exe s  i n c lud i ng  

compo nen t s  o f  t he  t r a ns l a t i o na l  ma c h iner y  ( M er r i c k  1992) .  A  
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s t r ong  e n r i ch men t  o f  M ART A2 in  RS W f r ac t ion s  imp l i e s  t ha t  t h e  

p r o t e in  ma y  b e  a  p a r t  o f  an  RNP  co m plex  and  m ay  eve n  p l ay  a  
r o l e  i n  t r an s l a t i on a l  r egu la t i o n .  Mor e o ver ,  t he  f ac t  t ha t  MA RT A2  

con t a in s  f ou r  c en t r a l  RN A b ind ing  K H domai ns ,  g i ve s  t h e  f i r s t  
i nd i c a t ion  t ha t  MA RT A2 i s  i nv o lve d  in  som e a spe c t  o f  mR NA  

pr oce s s ing .  T h i s  hyp o the s i s  i s  f u r the r  h igh l igh t ed  by  t he  

en r i ch men t  o f  t h e  p r o t e i n  i n  RSW f r ac t io ns .  T he  R NA- b ind in g  
p r o t e in  S t au f e n  we l l  kno wn  f o r  i t s  r o l e  i n  m RNA l oca l i z a t i o n  

( Roeg ie r s  an d  J an ,  200 0)  a l so  r e gu l a t e s  t r an s l a t i on  by  po ten t i a l l y  
as so c i a t i ng  wi th  r i b os ome s  ( Br e nde l  e t  a l .  2004) .  Ba s ed  on  th e  

abov e  ev i den ce  f o r  MA RT A2’ s  d i s t r i bu t ion ,  a  m or e  p r e c i se  

spe cu l a t i on  c an  b e  ma de  su gge s t in g  tha t  MA RT A 2 r e s id es  i n  
g r anu l es  r e p r e sen t ing  R NP compl ex es ,  s imi l a r  t o  t ho s e  se en  f o r  

MAP2 m RN A in  neu r ons .  

 
T he  ab ove  hyp o the s i s  i s  s t r o n g ly  supp or t ed  by  

immuno cy to chem ica l  and  E M d a ta  w h ich  s how t ha t  MA RT A2 i s  
som atod endr i t i ca l l y  d i s t r i bu t ed  i n  t he  f o r m o f  g r anu l e s .  E p i tope-

t agg ed  MA RT A2 a l s o  f o r m s  p r om in en t  g r anu l es  i n  n eu r on a l  

dendr i t e s .  T h e  g r a nu la r  n a tu r e  o f  t h e  p r o t e in  and  i t s  ab i l i t y  t o  
b ind  R NA i n  v i t ro  ( R ehb e in  e t  a l . ,  200 0)  f u r the r  em pha s i z e s  t ha t  

MA RT A2 f o r m s  an  RNP c ompl ex .  RNP  par t i c l es  o f t en  t r a ns loc a t e  
a long  cy tos ke l e t a l  f i l a men t s  t o  r eac h  the i r  f i n a l  d es t i na t io n  

( Hi r oka wa  a nd  T ak emur a ,  2005) .  M ART A2 g r anu le s  a r e  a l so  

as so c i a t ed  t o  t h e  n eu r on a l  cy to sk e l e t o n  a s  show n  h er e in ,  t he r eby  
ind i c a t ing  t ha t  MA RT A2 RNP p ar t i c l e s  wh i ch  p r ob ab l y  a l so  

con t a in  M AP2 m RNA t r a ns c r ip t s  t r ave l  a l ong  th e  ce l l  
cy to ske l e to n .   

 

I t  i s  c l e a r  by  no w th a t  bo th  MAP2  mRNA  an d  MA RT A2  
f o r m g r anu l e s  r ep r es en t in g  R NP c ompl exe s .  Ho wev er ,  de sp i t e  t h e  

f ac t  t ha t  M ART A2 b ind s  t he  MAP 2- D T E  i n  v i t ro  ( R ehb e in  e t  a l .  
2000) ,  i t  i s  no t  kn own  i f  bo th  mol ecu l es  r e s id e  i n  t h e  s ame  RN P  



Chapter Four                                                                                         Discussion 

 64 

compl ex  i n  v i vo .  C o- loc a l i z a t i o n  ex per imen t s  i n  p r imar y  ne ur on s  

demon s t r a t e  t h a t  M AP2 mR NA co- l oc a l i ze s  wi th  endo geno us  and  
wi th  r e combi nan t  MA RT A 2 in  g r anu le s  a long  den dr i t e s .  

MA RT A2 g r anu le s  d evo id  o f  MAP2  mRNA  wer e  a l s o  ob se r ved ,  
r e f l ec t i ng  th e  po ss i b i l i t y  t ha t  MA R T A2 may  a l so  f o r m RNP  

compl exe s  by  in t e r ac t i ng  wi th  o th e r  mR NA t r an sc r ip t s .  T he se  

exper i men t s  a cc en tu a t e  t h e  po i n t  t ha t  MA RT A2 a nd  M AP2 m RN A  
in t e r a c t  i n  v i v o .  T hes e  f i nd ing s  po in t  t owar d s  t he  d i r e c t i o n  o f  

MA RT A2 a c t ing  a s  an  i n  v i vo  t an s - a c t i ng  f a c to r  o f  t he  M AP2-
DT E .  

 

T o  t e s t  w he th er  M ART A 2 p l ay s  a  r o l e  i n  dendr i t i c  MAP 2  
mRNA  ta r ge t i ng ,  I  u s ed  a  d omin an t  neg a t iv e  appr o ach  th a t  

i nvo lv es  o ver - e xpr e s s ion  o f  a  t r unc a t ed  p r o t e in  i n  a  g ive n  ce l l  

sy s t em.  I t  w as  h ypo t he s i z ed  th a t  M AR T A2 con t a in s  R NA b i nd in g  
r eg ion s  a s  we l l  a s  “ l oca l i z in g”  r eg ion s  t h a t  me d ia t e  i n t e r a c t ion s  

f o r  b r ing in g  th e  R NA and  the  p r o t e in  t o  t h e i r  f i n a l  d es t i na t ion .  
Ba sed  on  th e  abov e  hypo the s i s ,  i f  a  t r unca t ed  p r o t e in  com pr i s ing  

o f  on ly  t he  RN A- b in d ing  KH do mai ns  o f  MA RT A2 w as  ov er -

expr e s sed  in  n eu r on s ,  t h e  KH  dom ain s  may  r e cogn ize  end oge nou s  
MAP2  m RNA  ho wev er  o t he r  i n t e r ac t i ons  o f  MA RT A2  nor m al l y  

med ia t ed  v i a  i t s  N-  and  C- t e r m ina l  do main s  wo u ld  no t  oc cur  wi t h  
t he  t r unc a t e d  p r o t e in .  I f  t r ue ,  i ncompl e t e  R NP par t i c l e s  wou ld  b e  

f o r med  wi th  MAP2 m RNA.  T he se  i n compl e t e  R NP comp lex e s  

may  n o t  be  ab l e  t o  p e r f o r m i t s  no r m a l  ce l l u l a r  f un c t ion  suc h  a s  
dendr i t i c  MAP 2 m RNA  t r an sp or t  a nd  hen ce  the  R NP c ompl ex  

wi l l  r e main  c ap t iv a t e d  in  t he  s oma .  T he  do mina n t  n ega t iv e  
appr o ach  w a s  su cc es s f u l ly  u sed  f o r  s tudy ing  β - a c t i n  m RN A  

loca l i za t i on  i n  ne u r on s  a s  w e l l  a s  i n  f i b r ob la s t s ,  med ia t ed  by  i t s  

two  t ran s - a c t i n g  p r o t e in s  Z BP 1  an d  Z BP2  ( G u  e t  a l .  200 2 ;  Fa r i na  

e t  a l .  20 03) .  S imi l a r ly ,  i n  X en opu s  oo cy te s ,  a  f u nc t i ona l  r o l e  f o r  
S t au f en  wa s  r e vea l ed  t h r oug h  ex pr e ss i on  o f  a  d omin an t - n ega t iv e  

ve r s i on  o f  t h e  X enop us  h omolo g  ( XS tau )  t ha t  b lo cked  t he  
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l oca l i za t i on  o f  V g1  R NA i n  v i vo  ( Y oon  an d  Mo wr y  200 4) .  T o  

inve s t i g a t e  a  po t e n t i a l  domin an t - n eg a t ive  e f f ec t  o f  t r unc a t e d  
MA RT A2,  E GFP- f u sed  KH do main s  o f  MA RT A2 ( M ART A2- K H-

E GFP)  wer e  ov er - ex pr e ss ed  in  n eu r o ns  an d  the  d i s t r i bu t io n  o f  
endog eno us  MAP2 m RN A gr an u le s  w a s  ex amin ed .  MA RT A2- KH-

E GFP  indee d  cau se d  a  domin an t - n eg a t ive  e f f ec t  i n  n eu r on s  a s  

MAP2 m RN A gr an u le s  wer e  no  longer  d i s t r i bu t e d  a lon g  
dendr i t e s .  T h i s  e f f e c t  wa s  no t  ma in l y  due  to  t h e  E GFP- t ag  a s  

over - ex pr e ss ion  o f  E GFP  a l one  sh owe d  on ly  a  s l i gh t  r edu c t io n  i n  
t he  de ndr i t i c  d i s t r i bu t i on  o f  M AP2 m RNA i n  comp ar i son  to  n on-

t r ansf ec t ed  n eur on s .  S imi l a r ly ,  ex t r asom at i c  M AP2 mR N A  

t r ans por t  m ed ia t ed  by  o t he r  RNA- b ind ing  p r o t e i ns  o r  R NA  
b ind in g  domai ns  w as  i nve s t i g a t e d .  Ov er - expr es s io n  o f  t he  R NA-

b ind in g  p r o t e in  CPE B  ( Hu ang  e t  a l .  2003) ,  a nd  an  i ncom ple t e  

ve r s i on  o f  S t au f en 2  co n ta i n ing  o n ly  t he  R BD- d omai ns  ( T a ng  e t  

a l .  2001) ,  had  no  p r o f ound  i n f lue nce  on  dendr i t i c  MAP2 m RN A  

t r a f f i ck i ng .  H enc e ,  M ART A2 a ppe ar s  t o  p l ay  a  c en t r a l  r o l e  i n  
ex t r a som at i c  t r a f f i ck ing  o f  MAP 2 t r a nsc r i p t s .  I n t e r e s t i n g ly ,  t h e  

domina n t  n eg a t iv e  e f f ec t  s een  f o r  c y top la smi c  β - a c t i n  mR NA  

loca l i za t i on  wa s  a l s o  i nd uce d  by  the  over - ex pr e ss ion  o f  t he  K H  

domain s  o f  e i t h e r  Z BP1  and  Z BP 2  ( G u  e t  a l .  20 02 ;  Fa r i na  e t  a l .  
2003) .  T hus ,  d i f f e r en t  RN A b ind i ng  p r o t e in s  s eem t o  be  i n vo lv ed  

in  cy to p la smi c  t r an s lo ca t i on  o f  d i s t i n c t  mRN A s.  Al tho ugh ,  t h e  
domina n t  neg a t iv e  an a ly s i s  i s  a  f i r s t  s t ep  i n  e lu c id a t ing  t he  r o l e  

o f  MA RT A2  in  MAP 2 m RNA  loc a l i z a t i on ,  a  mor e  d i r ec t  

appr o ach  s uch  a s  s i RN A med i a t ed  kn ock- do wn  o f  MA RT A2 i n  
p r imar y  neur on s  wou ld  f u r th e r  con so l ida t e  t h e  r o l e  o f  MA RT A 2  

as  a  t ran s - a c t i ng  f a c to r  f o r  ex t r asom at i c  MAP 2 mRN A  
loca l i za t i on .   

 

Co- lo ca l i za t i on  ex per im en t s  sh ow tha t  MART A2 i s  p r es en t  
i n  o th e r  R NP compl exe s  be s id es  t h e  on es  co n ta in ing  MAP 2  

mRNA.  T h us ,  MA RT A2  may  a l so  b ind  to  o th e r  mR NA t r an sc r ip t s  
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v i a  i t s  KH d omai ns .  T h i s  con cep t  r a i se s  t h e  po s s ib i l i t y  t ha t  over -

expr e s s ion  o f  t he  KH doma ins  m ay  n o t  sp ec i f i ca l l y  i nh ib i t  on l y  
MAP2  mR NA l oc a l i z a t i on  bu t  a l so  a f f ec t  t he  d i s t r i bu t ion  o f  

o the r  n eu r on a l  m RN As.  Hen ce ,  t he  e f f ec t  o f  over - expr es s io n  o f  
MA RT A2- K H- E GFP  on  th e  en t i r e  poo l  o f  po l yad eny l a t e d  m RNA s  

in  neu r ons  wa s  exam ined .  Over - expr e ss ion  o f  ne i t he r  t r u nca t e d  

MA RT A2 nor  E GFP  and  t r un ca t ed  s t au f en - 2  s ig n i f i c an t ly  a l t e r e d  
the  su bc e l lu l a r  d i s t r i bu t i on  and  co ncen t r a t i o n  o f  t he  t o t a l  

po lya deny la t ed  m RNA p oo l .  T he  r es u l t  ob t a ine d  ind i ca t es  t ha t  
MA RT A2 mo st  l i k e ly  d oe s  no t  i n f l uenc e  the  t r an spor t  o f  a  

ma jo r i t y  o f  n eu r on a l  t r an sc r ip t s  i n  v i v o ,  howe ver  t he  p r o t e i n  ma y  

s t i l l  b ind  to  o t he r  RNA t a r ge t s  b es ide s  MAP2 m RN A.  I n  v i t ro ,  i t  
i s  kno wn  tha t  MA RT A2 do es  no t  b i nd  to  dendr i t i c a l l y  l o ca l i ze d  

vas opr e s s in  an d  a r g  3 . 1  mR NA s,  no r  doe s  i t  b ind  to  t h e  DT E  o f  

α - CaM KI I  ( Rehb e in  e t  a l .  2 000) .  I t  wou l d  b e  i n t e r e s t i ng  t o  

i den t i f y  o th e r  RNA  t a r g e t s  o f  M AR T A2.  He nce ,  ev en  t houg h  
MA RT A2 p l ay s  a  c en t r a l  r o l e  i n  t he  dendr i t i c  t r an s lo ca t i on  o f  

MAP2  mR NA s,  i t  may  s t i l l  b i nd  t o  o the r  m es se nger  t r an sc r i p t s  
and  pa r t i c ip a t e  i n  d i f f e r en t  mRN A pr o ce ss i ng  me cha n i s ms .   

 

MA RT A2 f u nc t i on ing  a s  a  t ra ns - ac t i ng  f a c to r  i n  MAP 2  
mRNA  t r a ns por t  i s  j u s t  o ne  a spe c t  o f  mRNA  lo ca l i za t i on .  m RN A  

t r ans por t  b y  i t se l f  i s  a  com plex  mu l t i - s t ep  p r oce s s  r e qu i r in g  
spe c i f i c  se t  o f  R NA b in d ing  p r o t e ins  a t  e ac h  s t e p .  Newl y  

acc umul a t ed  ev id enc es  f r om Dr os oph i la  embr y os  a nd  X eno pu s  

oocy t es  r ev ea l  t ha t  d i s t i nc t  nuc l ea r  and  c y top l a smic  s t ep s  a r e  
r equ i r e d  f o r  p r op er  l o ca l i za t i on  o f  mRNA  t r a ns c r ip t s  ( Ha t che t  

and  E up hr a ss i ,  2004 ;  Kr e s s  e t  a l .  2004) .  T he  sp l i c i ng  o f  
Dro sop h i la ’ s  o sk ar  m RN A m ed ia t ed  by  th e  compo nen t s  o f  t he  

exon  ju nc t i on  c ompl ex  nam ely  Y14 / T suna g i  an d  M ago  n a sh i ,  

r egu la t e s  RNP compl ex  a ss embly  in  t h e  nu c l eu s ,  f o l l ow ed  b y  th e  
o r gan i za t i on  o f  t he  mR NA’ s  c y top l a smic  l o ca l i za t i on  ( Ha t ch e t  

and  E up hr a ss i ,  2004) .  As s embly  o f  RNP comp lex es  i n  t he  
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nuc l eus  a l so  oc cur s  i n  X e nopu s  oocy te s .  Vg 1  mR NA loc a l i z a t i o n  

i s  i n i t i a t e d  by  th e  mRN A f o r ming  an  R NP compl ex  wi t h  two  RN A  
b ind in g  nu c l e ocy top l asm ic  sh u t t l i n g  p r o t e in s  nam ely  hn RNP  I  

and  Vg1  R BP  ( Kr e s s  e t  a l .  2004) .  B o th  p r o t e i ns  b in d  to  Vg1  
mRNA  in  t he  n uc l eu s  an d  r em ain  i n  c omplex  wi th  t he  R NA eve n  

a f t e r  exp or t  i n to  t he  cy top la sm.  Wi th in  t he  cy to p la sm,  t he  p r e -

ex i s t i ng  RNP c ompl ex  ge t s  r e mo de le d  by  r ec r u i tme n t  o f  
add i t i ona l  f ac to r s  s uch  as  XS t au  ( K r es s  e t  a l .  200 4) .  Hen ce ,  

mRNA  ta r ge t i ng  i s  ca r r i ed  o u t  s t epwi se  wh er e in  an  R NA,  f r o m  
the  t im e  o f  i t s  t r an sc r ip t i on  in  t he  n u c l eu s  t o  t h e  po i n t  wh en  i t  

r each e s  i t s  f i na l  de s t i n a t ion ,  en l i s t s  a  se t  o f  RNA b in d in g  

p r o t e in s  t ha t  f unc t ion  in  a  seq uen t i a l l y  o r ch es t r a t e d  m anne r  
( Kind le r  e t  a l .  2005) .  

 

Cy top la smic  R NA  par t i c l e s  i n  euk ar yo t i c  ce l l s  t y p i c a l ly  
move  a lon g  cy to ske l e t a l  f i l am en t s  t o  r eac h  th e i r  f i n a l  d es t i na t i on  

( Kind le r  e t  a l .  2 005) .  T r an s lo ca t ion  o f  mRN A gr a nu le s  wa s  
v i su a l i z ed  in  l i v e  neu r o ns  u s in g  the  membr an e- per m eab le  dy e  

SYT O 14  tha t  a l l ow s  d e t e c t io n  o f  po ly aden y la t ed  mRN A s  

( Knowl es  e t  a l .  199 6) .  T r an spor t  o f  m RNA  gr an u le s  w a s  b lo ck ed  
when  n eur on s  w er e  t r e a t e d  wi th  mi c r o tubu le - d i s r up t ing  d r u g s  

( Knowl es  e t  a l .  1996) .  Whi l e  t h e  t r an spor t  o f  β - ac t i n  mRN A in  

f i b r ob la s t s  i s  mic r o f i l ame n t - d epen de n t ,  t he  s ame  m RNA  i s  
t a r ge t ed  in to  d eve lop in g  neur i t e s  and  g r owth  co ne s  i n  cu l tu r e  v i a  

mic r o tub u le s  ( B as se l l  e t  a l .  1998) .  Henc e  in  neu r o ns ,  R NP  

g r anu l es  e mbar k  on  mi c r o tub u le s  t o  s t a r t  t he i r  j o u r ney  in t o  
dendr i t e s .  Dur i ng  t he i r  t r av e l ,  mo l ec u la r  mot o r s  f ac i l i t a t e  RNP s  

to  t r av er s e  l o ng  d i s t an ce s  a long  the  mic r o tub u le  t r ac ks  ( Gu z ik  
and  Go l ds t e in ,  200 4) .  L ike  mos t  RNP com ple xe s ,  i t  wa s  

spe cu l a t ed  t h a t  M AP2 mR NA com plex es  ma y  a l s o  as so c i a t e  wi t h  

moto r  p r o t e in s .  Pos s ib l e  i nv o lve men t  o f  conv en t io na l  k ine s i n  
and /o r  dy ne in  wa s  t h e r e f o r e  i nve s t i ga t e d .  Over - e xpr e s s ion  o f  

t r unca t ed  con ven t ion a l  k i ne s in  ( d n Kin1- E GFP)  con s i s t i n g  o f  
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on ly  t he  mo to r  doma in  d i s r up t ed  MAP2 m RN A ta r ge t ing  i n  

dendr i t e s .  I n  con t r as t ,  ov er - ex pr e ss i o n  o f  dyn ami t in - E GF P  th a t  
cau se s  an  im pa i r m en t  o f  cy t op l asm ic  dyne i n  f un c t ion  ( Bur khar d t  

e t  a l .  1997)  d id  n o t  i n t e r f e r e  wi t h  ex t r asom at i c  MAP 2 t r an sc r ip t  
t r a f f i ck i ng .  T hus ,  k i ne s in1  app ear s  t o  med ia t e  d endr i t i c  M AP2  

mRNA t a r ge t ing .  

 
I n  conc l us i on ,  my  da t a  sh ow th a t  i n  ne u r ons ,  MART A2 a c t s  

a s  a  t ra ns - ac t i ng  f a c to r  i n  t h e  ex t r as o mat i c  t r a f f i ck i ng  o f  M AP2  
mRNA  in  t he  f o r m  o f  R NP c ompl e xes .  T h e  in vo lv emen t  o f  

conv en t io na l  k in es in  i n  m ed i a t i ng  t he  l oca l i z a t i on  o f  MA P2  

mRNA pr o bab ly  by  i t s  a s so c i a t i on  w i th  MA RT A2 R NP s,  t ake s  
t h i s  s t udy  a  s t ep  f u r th e r  i n  under s t a nd ing  the  m ech an i sm s  tha t  

r egu la t e  mR NA t r a ns por t .  



Chapter Five                                                                                            Summary 

 69 

CHAPT ER 5: SUMMARY 
Cytop la smic  m RN A loc a l i z a t i on  i s  one  imp or t an t  

mech an i sm tha t  c on t r ib u t e s  t o  d i f f e r en t i a l  p r o t e in  so r t i n g  in  
eukar yo t i c  ce l l s .  I n  m amm al i a n  ne ur on s ,  ex t r as omat i c  t r a f f i ck in g  

o f  a  d i s t i nc t  su bs e t  o f  m RNA s o c cur s  t o  r egu l a t e  de  no vo  
syn t he s i s  o f  p r o t e in s  a t  a  spe c i f i c  c e l l u l a r  s i t e .  On e  su ch  m RN A  

tha t  i s  den dr i t i c a l l y  l oca l i z ed  i s  t he  m RN A en cod i ng  

mic r o tub u le - as so c i a t ed  p r o t e in  2  ( M AP2) .  T yp ica l  o f  l oc a l i z ed  
mRNA s,  M AP2 mR NA c on ta in s  a  c i s - ac t i n g  den dr i t i c  t a r ge t i ng  

e l em en t  ( DT E )  in  i t s  3 ’  un t r an s l a t e d  r eg i on  ( 3 ’ UT R)  tha t  i s  

r ecog n iz ed  b y  t wo  t ra ns - ac t i ng  f ac t o r s  n ame ly  MA RT A1  a nd  t he  
r ecen t ly  pu r i f i ed  MA RT A2.  T he  c u r r e n t  s t u dy  pu t s  t h e  sp o t l i g h t  

on  M AP2 m RN A a nd  i t s  den dr i t i c  t a r g e t in g  me d ia t ed  by  
MA RT A2.  

I n  gener a l ,  mRNA t r an sc r ip t s  a r e  l oc a l i z ed  in  t he  f o r m o f  

r i bonuc leo pr o t e i n  ( R NP)  g r an u le s ,  wh ic h  ap pear  t o  b e  an  
as so r tm en t  o f  mu l t i p l e  m RN A mo lec u l es  a ss oc i a t ed  wi th  p r o t e i ns  

and  co mpon en t s  o f  t h e  t r an s l a t i on a l  m ach i ner y  t h a t  t r a ver se  a l ong  
cy to ske l e t a l  f i l amen t s .  L ik ewi se ,  da t a  ob t a i ned  f r om th e  c u r r en t  

s t ud y  d emon s t r a t e s  t h a t  MA P2 m RN A in  p r imar y  n eur on s  a l so  

r es id e s  i n  g r anu l es  a lon g  de ndr i t i c  s h a f t s  t ha t  m ay  r e p r e sen t  RNP  
compl exe s .  M AP2 mR NA’ s  t ra ns - ac t i n g  f ac to r  M ART A2 i s  t he  r a t  

o r tho log  o f  h uma n  FBP3 ,  w h ich  con t a i ns  f ou r  c en t r a l  KH d omain s  
i nvo lv ed  i n  RNA/ DNA  b in d ing .  S imi l a r  t o  M AP2 m RN A,  I  f o und  

tha t  M ART A2 a l so  h as  a  som ato dendr i t i c  g r an u la r  d i s t r i b u t ion  i n  

p r imar y  n eur on s .  I n  add i t i on ,  t h e  p r o t e in  i s  a ss oc i a t ed  wi th  t h e  
neu r on a l  c y to ske l e to n  and  i s  conc en t r a t ed  i n  ce l l  f r ac t i on s  

en r i ch ed  f o r  R NP par t i c l es .  T he se  f i nd ing s  s t r ong l y  su ppor t  t h e  
p r es enc e  o f  M ART A 2 in  an  RNP  compl ex .  Mor e over ,  co -

loca l i za t i on  s tud i e s  s how th a t  MAP2  mRNA and  MA RT A2 a r e  

p r es en t  i n  t h e  s ame  g r anu l es  i n  v i v o .   
S ince  MA RT A2  i s  p r e sen t  i n  MAP 2 m RNA gr anu le s ,  i s  i t  a  

key  p l ayer  i n  t h e  de ndr i t i c  t r a f f i c k ing  o f  t he  m RN A? T o  a ddr e s s  
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t h i s  qu es t i on ,  t r unc a t e d  MA RT A2 c on t a in ing  on ly  t he  KH do main s  

was  over - expr e s se d  in  n eu r on s .  T r unc a t ed  MA RT A2 i nde ed  e xer t s  
a  s t r ong  domi nan t - neg a t iv e  e f f ec t  a s  i t  compl e t e l y  d i s r up t s  

dendr i t i c  t a r g e t in g  o f  end oge nou s  M A P2 mRN As,  a  r esu l t  t ha t  i s  
no t  c au sed  by  two  o th e r  R NA- b i nd ing  p r o t e in s  S t au f e n2  and  

CPE B.  T h e  dom inan t - ne ga t iv e  e f f e c t  i nd uc ed  b y  t r un ca t ed  

MA RT A2 a ppe ar s  t o  be  mor e  o r  l e s s  s e l ec t i ve  f o r  MA P2 mR NA as  
t he  i n compl e t e  p r o t e in  do es  no t  s ign i f i ca n t ly  a l t e r  t he  

conc en t r a t i on  a nd  s ubc e l lu l a r  d i s t r i bu t ion  o f  t he  e n t i r e  n eu r on a l  
poo l  o f  po lya den y la t ed  mR NA s.  Along  wi th  t r unca t ed  MART A2,  a  

domina n t  n ega t ive  ve r s io n  o f  con ven t iona l  k in es in  a l s o  i nh ib i t s  

ex t r a som at i c  t r a f f i ck ing  o f  MAP 2 m RNA gr anu l e s .  I n  con t r a s t ,  
over - ex pr e ss ion  o f  dy nami t in  w h ich  h inder s  cyo tp l a smic  dyn e in  

f unc t io n ,  had  no  e f f ec t  on  th e  mR NA par t i c l e s .  H enc e ,  i n  a  

nu t s he l l ,  my  da t a  de mon s t r a t e  t h a t  M ART A2 ac t s  a s  an  imp or t an t  
t ran s - a c t i n g  f a c to r  t ha t  i s  i n vo lv ed  i n  k ine s in - d epe nde n t  d endr i t i c  

MAP2 m RN A ta r ge t ing .  
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