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Abstract 

Tissue specific gene expression is a complex problem in 

molecular biology. The mechanisms underlying the control of 

the level of transcription a l o n e  have been t h e  o b j e c t  of  study 

for many years. Transcription factors control t h e  expression 

of specific genes which perform characteristic functions in 

the t i s s u e s  as well as a complex cascade of transcription 

factors. ATBFl is a transcription factor that appears to be 

involved in neuronal development. I t  is induced early on in 

the neuronal differentiation pathway in cell culture. The 

factors which a c t  on the upstream promoter region and 

establish t h e  neuronal speclfic expression pattern of the  

ATBF1-A isoform were of interest in this study. Biochemical 

methods were used to characterize the factors capable of 

binding the ATBF1-A promoter region. These assays included the  

electrophoretic mobility shift assay (gel shift) and D N a s e  I 

footprinting. It was found that the transcription factor AP-2 

bound the  ATBF1-A promoter and AP-2 is implicated in the 

regulation of  the ATBFI-A promoter.  
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Introduction 

The control of gene expression is a problem o f  

breathtaking scope and complexity. Many different l e v e l s  of 

control have been discovered to date and it i s  1 ikely that 

s e v e r a l  more will be uncovered in the years to come. Some 

examples o f  these level s that have been characterized are pre- 

transcriptional, transcription initiation, t ranscr ip t iona l  

elongation, post-transcriptional, translational and post- 

translational. Of these examples, the level that is arguably 

t h e  most well characterized is the initiation of transcription 

(Andrin and Spencer, 1994 and Harrison, 1990). This  level has 

been studied extens ive ly  but the examination seems to raise 

more questions ra ther  than providing satisfying answers. A 

good mode1 system to study the control of gene expression is 

the developmental switch such as the beta globin gene f a m i l y  

(Orkin, 1990, Andrin and Spencer, 1994 and Harrison, 1990). In 

such a system a s p e c i f i c  event  causes a dramatic change in the 

expression levels of one or severa l  genes a t  t h e  appropriate 

time in the appropriate t issues .  

The mechanisms underlying tissue spec i f i c  gene expression 

are currently being elucidated by a wide v a r i e t y  o f  techniques 

(Orkin, 1990, Andrin and Spencer, 1994 and Harrison, 1990). 

The interplay of transcription fac tors  and gene expression as 

wel l  as post-translational modifications all play a role in 

this process. The control  elements i n  gene expression include 



bu t  are no t  s o l e l y  comprised o f  sequences in upstream 

promoters and enhancer elements (Ork in,  1990 ) .  The spec i f i c  

occupancy o f  these s i t e s  by DNA b inding proteins modulates the 

ef f ic iency  o f  t r ansc r i p t i on .  T issue and temporal regu la t ion  o f  

gene expression may be modulated in d i f f e r e n t  ways. One 

mechanism i s  through the presence o f  t r a n s c r i p t i o n  factors i n  

a t i s sue  t h a t  bind t o  s p e c i f i c  elements t h a t  a c t i v a t e  genes i n  

the  proper context.  

The beta-g lobin  genes were the f i r s t  such system cloned 

from mammals and have been o f  i n t e r e s t  ever since t h e i r  

i n i t i a l  cha rac te r i za t ion  (Ork in,  1990). These genes 

demonstrate s p e c i f i c ,  reproducib le changes i n  expression 

pat te rns  dur ing  development (Harr ison,  1990). Despi te  the 

extensive charac ter i  za t ion  o f  these genes there remain many 

open questions regarding t h e  actual  mechanisms by which t i ssue  

s p e c i f i c  gene expression i s  modulated, The b inding o f  

t r a n s c r i p t i o n  f a c t o r s  t o  s p e c i f i c  DNA sequences i n  promoter 

and enhancer regions o f  these genes has been well establ ished 

(Orkin, 1990) .  Spec i f i c  developmental changes i n  t h e  occupancy 

o f  promoter and enhancer b ind ing s i t e s  have been demonstrated 

in v i t r o  as well as in v ivo  using t he  g lob in  genes (Fraser e t  

a l . ,  1 9 9 3 ) .  However, r e l a t i n g  these changes t o  d i r e c t  

mechanisms f o r  the co r re la ted  changes i n  gene expression 

remai ns i ncomplete. Therefore, fu r ther  study o f  these genes 

along w i t h  o ther  such systems i s  requi red t o  elucidate the 



bas ic  mechanisms under ly ing t h e  c o n t r o l  o f  t r a n s c r i p t i o n  

i n i t i a t i o n .  

Developmental switches are o f  ten c o n t r o l  1  ed by a 

correspondi  ng "master" gene which p o t e n t i a t e s  t h e  

t r a n s c r i p t i o n  o f  several  genes which are expressed i n  s p e c i f i c  

t i s s u e s  a t  s p e c i f i c  t imes (Muscat, 1995 and Ork in ,  1990) .  I n  

e r y t h r o i d  genes t h i s  role i s  f u l f i l l e d  by the  t r a n s c r i p t i o n  

fac tor  GATA-1 (Ork in ,  1990) .  GATA-1 has been demonstrated t o  

be invo lved  i n  t h e  appropr ia te  express ion o f  an a r ray  o f  

e r y t h r o i d  s p e c i f i c  genes. Furthermore, a GATA-1 enhancer s i t e  

was shown t o  mediate d i s t a l  enhancer a c t i v i t y  through the  be ta  

g l o b i n  TATA box f o u n d  i n  chickens (Engel, 1991 ) .  The 

d i f f i c u l t y  i n  fully cha rac te r i z i ng  t h i s  system l i e s  i n  the 

f a c t  t h a t  the  c o n t r o l  o f  t r a n s c r i p t i o n  r e s u l t s  from m u l t i p l e  

r e g u l a t o r y  modules ac t i ng  s y n e r g i s t i c a l l y  (Engel, 1993) ,  The 

Locus Contro l  Region of the beta g l o b i n  gene c l u s t e r  responds 

t o  va ry ing  concentrat ions o f  a  1  i m i  t e d  number o f  t r a n s c r i p t i o n  

f a c t o r s  (Bar ton e t  a ! . ,  1993 ) .  GATA-1 has been shown t o  

i n t e r a c t  dur ing chromatin assembly w i t h  a stage s p e c i f i c  

f a c t o r  t o  p o t e n t i a t e  expression o f  t h e  appropr ia te  g l o b i n  

f a m i l y  member (Emerson, 1991) .  

M u l t i p l e  f a c t o r s  may compete f o r  b ind ing  t o  s i m i l a r  o r  

over lapp ing  s i t es  i n  a promoter ( Y u  et a l . ,  1990, Rahuel e t  

a l . ,  1992 and Fisher e t  a l e ,  1993) .  D i s t i n c t  f a c t o r s  may a l s o  

cooperate i n  b ind ing  t o  a promoter (Yu  et a 7 . ,  1990, F ischer  



e t  a7., 1993 and Andersson e t  al., 1 9 9 4 ) .  This increase i n  

complexity al lows f o r  a f i n e r  l eve l  o f  con t ro l .  Competit ion 

among t r a n s c r i p t i o n  f ac to r s  f o r  s i m i l a r  o r  overlapping b inding 

s i t e s  makes possib le la rge changes i n  gene expression w i t h  

r e l a t i v e l y  subt le  changes i n  the concentrat ion o f  

t r a n s c r i p t i o n  f ac to r s  (Bacon et a f . ,  1 9 9 5 ) .  GATA-1 has been 

shown t o  s p e c i f i c a l l y  d isp lace a repressor f rom i t s  b inding 

s i t e  i n  the  glycophorin B promoter i n  an e r y t h r o i d  s p e c i f i c  

manner (Rahuel , e t  a7., 1992 ) .  Therefore, the study o f  the  

beta-globin gene c l u s t e r  has uncovered many clues t o  the 

mechanisms regu la t ing  gene expression( Andrin and Spencer, 

1994) .  However, other  systems o f  t i ssue  s p e c i f i c  gene 

expression need t o  be studied t o  determine the fea tu res  i n  

common w i t h  t h e  beta-globin genes and the unique features  o f  

each system. 

Another example o f  a t i ssue  s p e c i f i c  t r a n s c r i p t i o n  f a c t o r  

i s  the  p ro te i n  HNF-1 (Mendel and Crabtree, 1991 ) which 

ac t i va tes  t h e  alpha-fetoprotein (AFP) gene i n  hepatoma c e l l s  

but  not  i n  HeLa c e l l s  (Sawadaishi, S. e t  a7., 1988). A b inding 

s i t e  f o r  HNF-1 i s  a lso  found i n  t h e  albumin promoter 

(Sawadaishi, S. e t  a? . ,  1988) .  This i l l u s t r a t e s  that  a s i ng le  

t r a n s c r i p t i o n  f ac to r  may p a r t i c i p a t e  i n  the t issue s p e c i f i c  

expression o f  m u l t i p l e  genes. 

The AFP gene i s  another example o f  a t r ansc r i p t i ona l  l y  

modulated developmental switch i n  which a marked dec l ine  o f  



mRNA product ion occurs r a p i d l y  a f t e r  b i r t h  (Sawadaishi, S. e t  

a l . ,  1988). The AFP gene i s  o f t en  induced i n  hepatoma c e l l  

l ines(Sawadaishi, S. e t  a l . ,  1988). This makes i t  an 

i n t e r e s t i n g  study because t h e  t r a n s c r i p t i o n  f ac to r s  invo lved 

i n  i t s  regu la t ion  may a lso  p lay  a  r o l e  i n  l i v e r  cancers. From 

the character i z a t  i on o f  f ac to r s  t h a t  b ind  AFP regu 1  a to r y  

sequences a t r a n s c r i p t i o n  f a c t o r  t h a t  binds an AT-rich 

sequence was cloned (Morinaga, e t  a7, 1991). 

The AFP enhancer possesses a s i t e  t h a t  binds HNF-1 w i t h  

ten - fo ld  l ess  a f f i n i t y  than t h e  s i t e  found i n  the  promoter 

region (Morinaga, e t  a7, 1991). An add i t i ona l  f a c t o r  has been 

discovered t h a t  binds t h i s  sequence and has been named ATBF1 

(Morinaga, e t  a7, 1991 ) .  ATBF1 i s  unique i n  a number o f  ways. 

It i s  extremely large for a t r a n s c r i p t i o n  f a c t o r ,  measuring 

306 kDa and was the l a rges t  DNA b ind ing f a c t o r  cloned up to 

t h a t  po in t .  I t i s  a lso  unusual i n  t h a t  i t  possesses seventeen 

zinc f i n g e r  mot i f s  and f o u r  homeodomain m o t i f s  (Morinaga, e t  

a7, 1991). It was the  f i r s t  p r o t e i n  discovered t o  combine 

these two DNA b ind ing  mot i f s .  ATBFI has been shown t o  be a 

repressor o f  AT-rich elements i n  the human AFP gene (Yasuda, 

e t  a7. , 1991 ) . It has not been determined whether ATBFI i s  the  

p r imary  repressor o f  AFP in v i v o .  ATBFI mRNA i s  detected i n  

HeLa cells but  no f o o t p r i n t  i s  detec ted  w i t h  HeLa nuclear  

extracts (Sawadaishi, e t  a l . ,  1988) which may i nd i ca te  t h a t  

ATBF1 i s  regulated post - t ranscr i  p t i o n a l  1 y . 



The homeodomain genes encode t r ansc r i p t i on  factors t h a t  

are impl ica ted i n  development (Wright e t  a 7 . ,  1989 and Manak 

and Scot t ,  1994). The horneodomain i s  an evo lu t i ona r i  l y  

conserved 60 amino ac id  mo t i f  t h a t  binds DNA (Manak and Scott, 

1994). These genes were i n i t i a l l y  i d e n t i f i e d  as p lay ing  a r o l e  

i n  the determinat ion o f  segment i d e n t i t y  and i n  

d i f f e r e n t i a t i o n  along the an te r io r /pos te r io r  a x i s  i n  

Drosophila (Wright el a l . ,  1989). Several homeodomain p ro te ins  

have been shown t o  be important dur ing neurogenesis (Doe e t  

a7., 1993) .  

The homeodomains i n  ATBFl show from 27-43% homology w i t h  

other homedomain t r a n s c r i p t i o n  fac tors  (Morinaga e t  a 7 .  , 

1991). The homology o f  ATBF1 i s  higher w i th  the LIM fami l y  o f  

homeodomains than w i t h  the POU f am i l y  (Morinaga e t  a 7 . ,  1991). 

The h ighest  l eve l s  o f  conservation are found i n  t he  t h i r d  

h e l i x  which i s  the DNA s i t e  recogn i t ion  h e l i x  (Morinaga et 

a7., 1991). Upstream o f  the f i r s t  homeodomain i n  ATBF1 i s  a 

s t r e t c h  o f  131 amino acids tha t  are  cha rac te r i s t i c  o f  the POU 

s p e c i f i c  A box (Morinaga e t  a ! . ,  1991) .  

Recent1 y a homolog of ATBF 1 has been cloned i n Drosoph i 7a 

( F o r t i n i ,  e t  a7, 1991). This homolog i s  s i m i l a r  t o  ATBFl 

except t h a t  i t  has s i x teen  z inc f i nge rs  and three homeodomains 

( F o r t i n i ,  e t  a7, 1991). This homolog has been named zfh-2 and 

has been imp1 i ca ted  i n  neurogenesis (Lai  e t  a7, 1991 and 

Lundell and Hirsh,  1992). Strong i d e n t i t y  (63%-78% homology) 



has been detected between the  f i r s t  th ree homeodomains of 

ATBF1 and t h e  corresponding domains i n  zfh-2. The st rongest  

i d e n t i t y  (78%) occurs i n  the f i r s t  homeodomain m o t i f  w i t h  

several unusual residues being conserved. This has l e d  t o  t h i s  

unusual domain being termed a "pseudo-homeodomain" ( F o r t i n i  e t  

a7, 1 9 9 1 ) .  Some o f  the z inc  f i nge rs  a lso  show amino a c i d  

sequence homology (51 -69%).  The homology between zfh-2 and 

ATBF1 outs ide t h e  DNA b inding domains has s i g n i f i c a n t l y  lower 

i d e n t i t y  (30-40%) than w i t h i n  these reg ions (Fo r t i n i ,  e t  a7, 

1991). The zfh-2 gene product has been impl icated i n  t h e  

regu la t ion  o f  the neuron s p e c i f i c  DOPA decarboxylase gene 

(Lundel l and H i r sh ,  1992). The f a c t  t h a t  t h i s  l a r g e  p r o t e i n  i s  

e v o l u t i o n a r i l y  conserved as one u n i t  between mice, men and 

f r u i t  flies seems t o  i nd i ca te  that it serves important 

func t ions  as a s i ng le  u n i t .  

ATBFl mRNA has been detected i n  t he  bra ins  o f  1-5 day o l d  

neonatal mice as wel l  as i n  17 day o l d  embryos (Ido e t  a7,  

1994) .  ATBF1 t r a n s c r i p t s  have a l so  been detected w i t h i n  three 

hours o f  r e t i n o i c  ac id  induced neuronal d i f f e r e n t i a t i o n  o f  a 

mouse embryonal cell l i n e  (P19) (Miura, e t  a l . ,  1995). This  

t r a n s c r i p t i o n  f ac to r  i s  not detected i n  OMSO induced 

d i f f e r e n t i a t i o n  o f  P I 9  i n t o  ske le ta l  and cardiac muscle cells 

(Ido, e t  a l . ,  1994) ATBFI was undetectable p r i o r  t o  induct ion  

o f  P I 9  c e l l s  w i t h  r e t i n o i c  ac i d  (Miura, e t  a l . ,  1995) .  These 



results suggest that ATBFI may play a role in the development 

of c e r t a i n  regions of the brain. 

The P I 9  cell line is currently being studied as a model 

system f o r  neuronal differentiation (Bain e t  a 7 . ,  1994). P I 9  

are a 1 i n e  of pluripotent mouse embryonal carcinoma cells. The 

differentiation of these cells can be induced by retinoic acid 

(RA) and dimethyl sulfoxide (DMSO) (McBurney, 1993). These two 

drugs have been shown t o  act through distinct pathways 

(Edwards et a 7 . ,  1983 and Jones-Villeneuve et a 7 . ,  1983). P I 9  

cells possess a normal karyotype,  are multipotential, divide 

rapidly, main ta in  the ability t o  differentiate over m u l t i p l e  

passages and are stably transfected at h i g h  frequency 

(McSurney , 1993) .  These cells d i s p l a y  the neuronal cell 

surface markers when assayed with anti bodies (McBurney et a 7 .  , 
1988). These characteristics combined with the a b i l i t y  to be 

inducibly differentiated into neurons make P I 9  an ideal system 

in which to study neuronal development. 

There a r e  multiple pathways along which P I 9  cells may be 

induced to differentiate. The neuronal pathway appears to be 

mediated by the retinoic acid receptors (RAR) which are 

members of the 1 igand dependent transcri p t i o n  factor 

superfami 1 y (McSurney , 1993 ) .  Neuronal cell surf  ace markers do 

n o t  appear un t i  1 at least three days af ter  induction and these 

markers become abundant  5-6 days a f t e r  induct ion (McSurney et 

a 7. , 1988). A mutant cell 7 i ne has been i so7 ated that does not 



d i f f e r e n t i a t e  i n  response t o  r e t i n o i c  ac i d  ( P r a t t  e t  a7., 

1990). T h i s  c e l l  l i n e  expresses some but  not a l l  r e t i n o i c  ac i d  

responsive genes upon induc t ion  ( P r a t t  e t  a 7 . ,  1 9 9 3 ) .  When P I 9  

c e l l s  are induced w i t h  DMSO along a muscle d i f f e r e n t i a t i o n  

pathway ATBFI message i s  not detected. 

It takes as 1 i t t l e  as t w o  t o  f o u r  hours o f  exposure t o  

r e t i n o i c  ac id  i n  order f o r  t h e  c e l l s  t o  commit t o  a  neuronal 

d i f f e r e n t i a t i o n  pathway (Berg and McBurney, 1990). 

S i g n i f i c a n t l y  t h i s  corresponds t o  t he  t i m e  o f  induct ion o f  

ATBFl mRNA which can be detected a t  h igh  l eve l s  as e a r l y  as 

th ree  hours o f  r e t i n o i c  ac i d  i nduc t ion  (Miura, e t  a7., 1995 ) .  

Th is  evidence ind ica tes  t h a t  ATBFI may be involved d i r e c t l y  i n  

t he  commitment o f  P I 9  c e l l s  t o  the  neuronal d i f f e r e n t i a t i o n  

pathway o r  may be an e a r l y  marker f o r  the commitment event. 

Recently i t  has been discovered t h a t  there are t w o  

promoters f rom which ATBF1 mRNA i s  produced (Miura, e t  a7, 

1 9 9 5 ) .  The two d i s t i n c t  isoforms are r e f e r r e d  t o  as ATBFIA and 

ATBFIB respect ive ly .  The ATBFI mRNA has been shown t o  be 

induced upon the neuronal d i f f e r e n t i a t i o n  o f  P i  9  c e l l s  (Miura, 

e t  a 7 , ,  1994). A 400 base pa i  r fragment has been shown t o  be 

s u f f i c i e n t  f o r  a p o r t i o n  o f  t h e  neuronal s p e c i f i c i t y  o f  t h i s  

promoter (F igure 1 ) . From an examination o f  t he  DNA sequences 

of t h i s  fragment there are several matches t o  the consensus 

b ind ing s i t e s  o f  t r a n s c r i p t i o n  f a c t o r s  prev ious ly  imp l ica ted  

i n  neuronal spec i f i c  gene expression. The charac ter iza t ion  o f  



this promoter w i l l  lead t o  a b e t t e r  understanding o f  the  

mechani sms under1 y i  ng neuronal devel opment and the temporal 

and s p a t i a l  c o n t r o l  o f  gene expression. 

Some candidates that may be i n v o l v e d  in t he  neuronal 

s p e c i f i c i t y  o f  ATBFIA are AP-2, z i f  268/egr-1 , the  neuronal 

s p e c i f i c  s i  l encer  element (NRSE) , and POU domain p r o t e i n s  such 

as Oct-3, Brn-2 and Ernb. A1 1 o f  these f a c t o r s  have p rev ious l y  

been shown t o  be invo lved  i n  neuronal d i f f e r e n t i a t i o n .  There 

are severa l  pu ta t i ve  binding s i t e s  f o r  AP-2 i n  the promoter 

reg ion  t h a t  i s  s u f f i c i e n t  f o r  neuronal s p e c i f i c i t y  (F igu re  1 ) . 
There a re  also s i t e s  f o r  Spl  i n  t h i s  reg ion .  A n  i n t e r e s t i n g  

s i t e  t ha t  appears from the sequence i s  one h a l f  o f  t h e  d i r e c t  

repeat  requi red t o  b ind t h e  r e t i n o i c  ac id  receptor  ( R A R )  which 

i s  adjacent t o  one o f  t h e  AP-2 b i n d i n g  s i t e s  o f  t h e  ATBF1A 

promoter. It i s  conceivable t h a t  t h e  r e t i n o i c  a c i d  receptor 

may i n t e r a c t  w i t h  AP-2 i n  some s o r t  o f  heterorner ic complex t o  

a c t i v a t e  ATBF1 expression in r e t i n o i c  ac id  induced P I 9  cells. 

AP-2 has a molecular mass o f  52 kDa and has been shown t o  

b ind  DNA as a dimer (Wi l l iams and T j i a n ,  1991 ) .  This 

t r a n s c r i p t i o n  f a c t o r  has been cloned and expressed i n  bac te r i a  

and b inds t h e  consensus sequence 5 'CCCCAGGC 3 ' (Wi 11 i ams e t  

a?.,  1988). It contains a p r o l i n e  r i c h  a c t i v a t i o n  domain along 

w i t h  an a lpha-he l i ca l  DNA b ind ing domain (W i l l i ams  e t  a 7 . ,  

1988). AP-2 i s  an immediate early gene which means that 



Figure t -  DNA sequence o f  t h e  ATBF1A promoter fragment t h a t  

has been shown t o  confer  neuronal s p e c i f i c i t y  i n  CAT assays. 

Sequences o f  i n t e r e s t  are ind ica ted  by under l in ing  f o r  

r e s t r i c t i o n  enzyme sites which are  labelled i n  i t a l i c s  and by 

bold and under1 i n i  ng f o r  p u t a t i v e  t r a n s c r i p t i o n  f a c t o r  binding 

sites. The matches of the  AP-2 s i t e s  t o  t h e  consensus sequence 

are as fo l lows:  

S i t e  Sequence Matches 

CCCCTCGG 5 / 8  
CCCCAGGC 8 / 8  
CCCAAGGC 7/8 
CCCAAGCG 6/8 
GCGGGTGCG 8 /9  

AP-2 Consensus CCCCAGGC 

Egr-1 Consensus GCG(G/T)GGGCG 



AGGCCTCAGGCTCCTTTTAGTGGCCGAGGGCGCGTCCCTTTCTTCTCGCCCGATTCTAG 

Stu I 

GCCGGCCCCTGACCTTTGATGAGCGAGGGGGTCAGCCCCTCGGGGAGGCCCTGGGCTTTGT 

NaeI RAR(1/2) A P - 2 l A ] ,  

TCCCGCCGGGGCCGGTTCCCGGGCGGCACAGCCCGAGCGGCGAGGTTCCTGCCCCAGGC 

S P ~  AP-2CBI 

GGGTGCGCGGGACCCCCGGTCTGCCCCAAGGCCCGCGCCCCAAGCGGAGCGAGCG 

zif-268CEl A P - 2 [ C 1 { S t y I )  AP-2[D] 

gcgcggtcgccgccgagcaaccggcctgcgcccggcacgactgtagatgtcaggctttgc 

ccggggagccgagcggcagcggg~tgtgagttttcaaattaaccttccgctttgttgctg 

tgtaatgtgsatcc 

BamH 1 



exposure o f  serum s ta rved  c e l l s  w i t h  growth fac to rs  (M i t che l  

e t  a 7.  , 199 1 ) . AP-2 i s  a t r a n s a c t i v a t o r  t h a t  has demonstrated 

express ion i n  the develop ing nervous system o f  t h e  mouse and 

b ind ing  a c t i v i t y  i n  severa l  neuronal s p e c i f i c  promoters (Maden 

and Holden, 1992 and Andersson e t  a 7 .  , 1994). 

The expression p a t t e r n  of AP-2 i n  v i v o  a l s o  suggests a 

r o l e  i n  neuronal development ( M i t c h e l l ,  e t  a l . ,  1991). The 

main expression o f  AP-2 was found i n  the  neural c r e s t  1 ineage 

o f  t h e  mouse and RNA l e v e l s  peaked i n  t h e  1 1 . 5  day embryo 

( M i t c h e l l ,  e t  a 7 . ,  1991). AP-2 has a l s o  been shown t o  be 

induced by r e t i n o i c  a c i d  d u r i n g  PI9 neuronal d i f f e r e n t i a t i o n  

( P h i l i p  e t  a 7 . ,  1994). Th is  rough ly  c o r r e l a t e s  t o  t h e  

expression o f  ATBFl d u r i n g  development and P I  9 neuronal 

d i f f e r e n t i a t i o n  (Ido e t  a 7 . ,  1994 and Miura e t  a7, 1994) .  

Due t o  the presence o f  m u l t i p l e  p u t a t i v e  AP-2 s i t e s  i n  

t h e  ATBFla promoter (F igu re  I )  and the  demonstrated r o l e  i n  

neuronal development, AP-2 i s  t h e  prime suspect for t h e  

modulat ion o f  neuronal s p e c i f i c i t y  o f  t h e  ATBF1 promoter, 

However, t h e r e  i s  l i m i t e d  da ta  on the p rec i se  r o l e  o f  AP-2 i n  

neuronal development. Presumabl y i t p a r t i  c i  pates i n a cascade 

o f  regu la to ry  f a c t o r s  which lead  t o  the  expression o f  neuronal 

s p e c i f i c  genes. Some p o s s i b l e  downstream ta rge ts  o f  AP-2 a re  

Brn-2 and ace ty l cho l i nes te rase  (Maden and Holden, 1992).  

I n  PI9 c e l l s  i t  has been determined t h a t  r e t i n o i c  a c i d  

induced neuronal d i f f e r e n t i a t i o n  i s  accompanied by increased 



expression o f  AP-2 ( P h i l l i p p  e t  a l . ,  1994) .  AP-2 was not  

detected dur ing  DMSO induced d i f f e r e n t i a t i o n  o f  P I 9  c e l l s  even 

when r e t i n o i c  ac id  was present nor  dur ing  r e t i n o i c  ac id  

i n d u e d  d i f f e r e n t i a t i o n  o f  F9 ce l  I s  which do not d i f f e r e n t i a t e  

i n t o  neurons ( P h i l l i p p  e t  a l . ,  1994) .  T h i s  i nd ica tes  t h a t  the  

induc t ion  o f  AP-2 i s  n o t  s o l e l y  i n  response t o  r e t i n o i c  ac id  

bu t  i s  s p e c i f i c  f o r  the neuronal d i f f e r e n t i a t i o n  pathway. The 

induc t ion  o f  AP-2 peaks a t  day 11 o f  r e t i n o i c  ac id  induct ion  

i n  P I 9  c e l l s  (Wil l iams, e t  a l . ,  1988) .  The major source o f  

these AP-2 t r ansc r i p t s  i s  co r re la ted  w i t h  the  number of 

nond iv id ing  neurons ( P h i l l i p p  e t  a l . ,  1994) .  This p r o t e i n  i s  

h i g h l y  conserved between f rogs ,  mice and humans which suggests 

an important r o l e  i n  ver tebra te  development (Winning e t  a l . ,  

1991 ) .  

The expression ~f AP-2 has a lso  been shown t o  be enhanced 

dur ing  r e t i n o i c  ac id  induced d i f f e r e n t i a t i o n  o f  NT2 c e l l s  

(Luscher et a l . ,  1989). AP-2 was shown t o  peak a t  48-72 h rs  

and dec l ine  thereaf te r .  There are several  genes t h a t  are 

ac t i va ted  by r e t i n o i c  a c i d  induced d i f f e r e n t i a t i o n  t h a t  

con ta in  AP-2 binding s i t e s  ( S V 4 0  enhancer, MHC c lass  I genes, 

t i s s u e  plasminogen a c t i v a t o r  gene, and Hox 1 .6  gene). No 

e l eva t i on  o f  AP-2 was observed a t  3,  6 nor  12 hours o f  NT2 

i nduc t ion  w i t h  r e t i n o i c  a c i d  bu t  i t was c l e a r l y  elevated a t  24 

hours (Lushcer e t  a ] . ,  1989). This s tudy demonstrated t h a t  

r e t i n o i c  ac i d  induces AP-2 a t  the t r a n s c r i p t i o n a l  l e ve l  and it 



i s  bel ieved t o  be a  secondary ra ther  than a primary response 

i n  this cell l i n e .  

Recently, m u l t i p l e  isoforms o f  AP-2 have been d e t e c t e d .  

They are produced through a1 t e r n a t i v e  s p l  i c i n g  and a1 t e r n a t i v e  

t r a n s c r i p t i o n  s t a r t  s i t e s  (Meier et a 7 . ,  1 9 9 5 ) .  A t o t a l  o f  

four isoforms o f  AP-2 have been detected t o  date i n  mice 

(Meier e t  a 7 . ,  1995) .  The t h i r d  isoform i s  the major mRNA 

species i n  the  nervous system o f  devel opi ng embryos dur ing  

days 8 .5 -12 .5 .  This isoforrn i s  a lso the  major species o f  AP-2 

ac t i va ted  (150-fold induct ion)  dur ing  P I 9  neuronal 

d i f f e r e n t i a t i o n  (Meier e t  a7. ,  1 9 9 5 ) .  

The existence o f  mu l t i p l e  species o f  t h i s  t r a n s c r i p t i o n a l  

a c t i v a t o r  a l lows f o r  the  p o s s i b i l i t y  o f  r egu la t i on  o f  

downstream genes through b ind ing o f  heterodimers as well as 

homodimers. A 7 1  the  AP-2 isoforms are  coexpressed i n  s i m i l a r  

t i ssues  bu t  the  t h i r d  isoform i s  the predominant species i n  

the cen t ra l  and per iphera l  nervous systems (Meier e t  a l . ,  

1995). The d i f f e r e n t  func t iona l  ro les  played by these isoforrns 

remain t o  be determined. The f i r s t  t h ree  isoforms have a lso  

been detected i n  humans (Meier  e t  a ! . ,  1 9 9 5 ) .  AP-2 i s  abundant 

i n  some f i b r o b l a s t  cell l i n e s  such as 3T3 and HeLa c e l l s  

( P h i l l i p p  e t  a l e ,  1994). 

Another possib le candidate f o r  con t ro l  o f  ATBF1 

expression leve ls  i s  zif268/egr-1 which i s  a l so  an immediate 

e a r l y  gene (Cao, et a ? . ,  1990). It has a molecular mass of 80 



kDa and i s  a z i n c  f i n g e r  DNA b ind ing p ro te i n  (Chr is ty  and 

Nathans, 1989 ) . It has a consensus sequence o f  GCGG/TGGGCG f o r  

i t s  h i g h  a f f i n i t y  b ind ing s i t e  (Chr i s ty  and Nathans, 1989 and 

Lemai r e  e t  a l . ,  1990).  Th is  t r a n s c r i p t i o n  f a c t o r  i s  expressed 

i n  mouse f i b r o b l a s t s  and i s  induced during neuronal 

d i f f e r e n t i a t i o n  o f  PI9 c e l l s  (Th ie l  et a 7 . ,  1994) .  Even 

though i t s  b ind ing s i t e  i s  s i m i l a r  t o  t h a t  o f  S p l  i t  does not  

recognize S p l  s i t e s  (Lemaire e t  a 7 . ,  1990) .  This t r a n s c r i p t i o n  

f a c t o r  has been shown t o  regu la te  the  neuronal s p e c i f i c  

synapsin I gene dur ing  P I 9  r e t i n o i c  ac id  induced 

d i f f e r e n t i a t i o n  (Th ie l  , e t  a 7 . ,  1 9 9 4 ) .  During P I 9  r e t i n o i c  

ac i d  induced d i f f e r e n t i a t i o n  z i f -268 i s  induced on day f i v e  

and the  synapsin I gene i s  ac t i va ted  on day e i g h t  ( T h i e l ,  e t  

a 7 . ,  1994). It was a lso  demonstrated t h a t  an adjacent NRSE 

s i t e  i n t e r f e red  wi th  zif-268 t r ansac t i va t i on  i n  the synapsin 

I promoter ( L i  et a l . ,  1993) .  This t ransact iva tor  may be 

involved i n  the r egu la t i on  o f  .the ATBFlA promoter due t o  the 

presence o f  a sequence that resembles i t s  b inding s i t e  (Figure 

1 ) . This  i s  a lso  supported by i t s  documented r o l e  i n  neuronal 

development and t he re fo re  i t  may p lay  a r o l e  i n  the neuronal 

s p e c i f i c i t y  o f  the ATBFlA t r a n s c r i p t .  

The NRSE, as mentioned previously ,  has been documented t o  

be involved i n  the  repression o f  several neuronal genes i n  

nonneuronal cells ( L i  e t  a7 . ,  1993, Th ie l  e t  a 7 . ,  1994, and 

Mori e t  a l . ,  1992).  This element appears t o  be the major 



determinant o f  t h e  neuronal s p e c i f i c  expression o f  the SCGt 0 

gene (Wuenschell, e t  a ? ,  1990).  This was demonstrated us ing 

both CAT assays and t ransgenic mice (Wuenschel I ,  et a 7 ,  1 9 9 0 ) .  

There does not  appear t o  be a good match f o r  t he  NRSE 

consensus i n  the  ATBF1 promoter fragment but t h i s  does no t  

t o t a l  ly preclude binding by i t  o r  r e l a ted  s i  lenc ing f a c t o r s  i n  

nonneuronal c e l l s  or a t  some o ther  p o i n t  i n  the ATBFla 

promoter and c o n t r i b u t i n g  t o  the o v e r a l l  nonneuronal 

suppression o f  t h i s  gene. 

The r o l e  o f  r e t i n o i c  ac i d  i n  the  neuronal d i f f e r e n t i a t i o n  

o f  P I 9  c e l l s  has been w e l l  documented (Maden and Holden, 

1992 ) .  It has been shown tha t  a RAR/RXR complex occupies a 

s i t e  w i t h i n  an hour o f  P I 9  RA induct ion  (Dey e t  a 7 . ,  1994). 

The occupancy o f  t h i s  RAR b inding s i t e  precedes the assembly 

o f  o the r  elements on t h i s  promoter (Dey e t  a ? . ,  1994) .  The 

r e t i n o i c  ac id  receptor  ( R A R )  i s  a 1 igand dependent DNA b ind ing  

t r a n s c r i p t i o n  f a c t o r  (Green and Chambon, 1988). It b inds  t o  

DNA as a dimer t o  a s i t e  that i s  found as a d i r e c t  repeat  

( Le id  e t  a 7 . ,  1992).  Other members o f  t h i s  ligand dependent  

t r a n s c r i p t i o n  f a c t o r  superfamily have been shown t o  i n h i b i t  

d i f f e r e n t i a t i o n  by b ind ing t o  o the r  t r a n s c r i p t i o n  f a c t o r s  

(Blobel, e t  a 7 . ,  1995).  There i s  a lso  a recent  r epo r t  t h a t  RAR 

can form a complex w i t h  c-jun t h a t  p rven ts  i t  from b ind ing  AP- 

1 responsive genes (Schule e t  a 7 .  , 1991 ) . It has been shown 

t h a t  RAR forms her teromer ic  complexes w i t h  RXR and b inds  more 



e f f i c i e n t l y  t o  i t s  s i t e  i n  v i t r o  as a heterodimer (Dey e t  a 7 . ,  

1 9 9 4 ) .  RXR has been shown t o  form heterodimers w i t h  o ther  

receptor t r a n s c r i p t i o n  f ac to r s  such as the  t hy ro i d  hormone 

receptor (Mader e t  a l . ,  1993).  The b ind ing o f  RAR and RXR homo 

and heterodimers has been examined and has been shown t o  have 

some f l e x i b i l i t y  (Mader e t  a ? ,  , 1 9 9 3 ) .  Therefore i t  w i l l  be 

i n t e r e s t i n g  t o  see i f  the  h a l f  consensus s i t e  adjacent t o  an 

AP-2 (F igu re  I )  s i t e  plays a r o l e  i n  a c t i v a t i n g  ATBFlA 

expression i n  r e t i n o i c  ac id  induced P I 9  c e l l s .  

Another s e t  o f  f ac to r s  t h a t  have prev ious ly  been shown t o  

be involved i n  neuronal d i f f e r e n t i a t i o n  b u t  do not have any 

obv ious  s i t e s  i n  t he  400 bp fragment a re  some members o f  t h e  

POU domain f am i l y  ( F u j i i  and Hamada, 1993 and Okamoto e t  a7., 

1 9 9 3 ) .  Speci f  i c a l  1  y imp1 ica ted are the  f ac to r s  Oct-3 which 

i n h i b i t s  neuronal d i f f e r e n t i a t i o n  as we l l  as 8rn-2 and Emb 

which are expressed a t  h igh  l eve l s  i n  the cen t ra l  nervous 

system o f  t he  developing mouse (Shimazaki e t  a 7 . ,  1 9 9 3 ) .  Oct-3 

expression i s  ext inguished i n  d i f f e r e n t i a t i n g  c e l l s  and 

therefore Oct-3 may act  t o  suppress t i s s u e  s p e c i f i c  gene 

expression (Shimazaki e t  a l . ,  1993).  Brn-2 i s  predominantly 

expressed i n  the nervous system, binds octamer s i t e s  and i s  

se l ec t i ve l y  induced upon P I 9  neuronal d i f f e r e n t i a t i o n  ( F u j i i  

and Harnada, 1993). Recently B r n - 2  has been impl icated i n  t h e  

development o f  the hypothalamus (Nakai e t  a 7 . ,  1 9 9 5 ) .  Some 

f l e x i b i l i t y  of  Brn-2 s i t e  recogn i t ion  has been prev ious ly  



reported ( L i ,  e t  a7, 1 9 9 3 ) .  However, even t a k i n g  t h i s  

flexibility i n t o  consideration it s t i l l  does not seem likely 

t h a t  Brn-2 is p a r t i c i p a t i n g  i n  binding t h e  400bp fragment that 

yields neuronal s p e c i f i c i t y .  

Another POU fami ly member has been described that is 

predominantly expressed in the cent ra l  nervous system 

(Okamoto, et a7,  1 9 9 3 ) .  It has been named Emb and it also 

recognizes the octamer sequence. Since there  are  no obvious 

octarner binding sites in the ATBFI A promoter sequences, the  

octamer binding proteins a re  not  likely t o  be involved in 

modulating the neuronal s p e c i f i c i t y  o f  t h i s  promoter. However, 

i t  is possible that they may p a r t i c i p a t e  i n  achieving the full 

expression leve l  detected i n  CAT assays wi th  the f u l l  5.5kb 

upstream promoter region.  Alternatively the members of the POU 

f a m i l y  may be operat ing upstream o f  the ATBFla gene i n  the 

modulation of i t s  neuronal s p e c i f i c  gene expression. 

Proposed Experiments and Strategy 

Previous experiments have imp 1 icated a 400bp fragment o f  

ATBF 1 sequences( F i  gures 1 and 2 ) as being s u f f i c i e n t  t o  endow 

a portion o f  neuronal specificity upon a CAT construct (Miura 

et a 7 .  , 1995) .  The 400 bp sequence contains approximate1 y 230 

bp o f  upstream promoter sequences and 170 bp of the 5' 

untranslated region(UTR1. (Lower case sequences i n  Figure 1 



i nd i ca te  5 '  UTR). I n i t i a l l y  this fragment was cloned i n t o  

B luesc r ip t  I1 KS+ i n  order  t o  be convenient ly prepared i n  

la rge  q u a n t i t i e s  f o r  e lec t rophore t i c  m o b i l i t y  shift assays 

(EMSA) and DNaseI f o o t p r i n t i n g .  

From an examination of the sequence o f  the  promoter 

region i n  this fragment it can be discerned t h a t  several  

matches t o  t r a n s c r i p t i o n  f a c t o r  b i n d i n g  s i t e s  are present 

(F igure  2 ) .  There are m u l t i p l e  s i t e s  which resemble the 

consensus sequence f o r  AP-2 which vary from a pe r fec t  match 

f o r  the AP-2 consensus (CCCCAGGC) t o  sites wi th  from one t o  

three mismatches. I n  t he  region o f  i n t e r e s t  there are a lso  

s i t e s  f o r  Spl and a s i t e  t h a t  resembles an egr-l/zif-268 

binding s i t e .  A s  ind ica ted i n  Figure 2 there i s  some over lap 

o f  b ind ing s i t e s  on t h i s  promoter fragment. Two adjacent 

sequences which resemble an AP-2 b ind ing s i t e  are t he  most 

upstream s i t e s  present on t h i s  fragment. The perfect consensus 

AP-2 s i t e  over laps the pu ta t i ve  zif-268/egr-1 s i t e .  

The gel  s h i f t  assays were performed w i t h  nuclear e x t r a c t s  

f r o m  induced and uninduced P I 9  c e l l s  and wi th  d i f f e r e n t  

po r t i ons  o f  the promoter region(Fi  1  led rectangles on Figure 

2 ) .  The S t y 1  restriction s i t e  coinc ides w i t h  one o f  the  AP-2 

s i t es (F igu re  1 ) .  Th is  o f f e r s  the oppor tun i ty  t o  assay the 

capaci ty  o f  the whole fragment as we1 1 as par ts  o f  it t o  bind 

PI  9 nuclear extracts. Further experiments such as compet i t ive 



Figure 2 Schematic representation o f  t h e  ATBF- I promoter 

fragment that  i s  s u f f i c i c i e n t  t o  confer  neuronal s c p e c i f i c i t y  

i n  P I 9  c e l l s .  The u n f i l l e d  rectangle represents the full 

fragment (Not drawn t o  s c a l e ) .  The hatched figures represent 

t h e  fragments used f o r  gel  s h i f t  assays and the  shapes 

represent  putative t ranscr ip t ion  fac tor  b ind ing  s i t e s .  The 

StuI s i t e  o f  the promoter reg ion  was cloned i n t o  the SmaI s i t e  

o f  B l u e s c r i p t  I1 K S *  A t  the other  end o f  the i n s e r t  the  BamHl 

s i t e  o f  the 5' UTR was cloned i n t o  the BamHl s i t e  o f  the 

vector .  The Sac1 s i t e  i s  indicated because it was used t o  

d i g e s t  the clone i n  order t o  y i e l d  fragments which could be 

uniquely end labelled. The sites of transcription f a c t o r  

binding are represented by c i r c l e s  and squares. 





gel s h i f t s  and comparisons w i t h  commercial ly ava i l ab l e  p r o t e i n  

were performed i n  o rder  t o  i d e n t i f y  t h e  t r a n s c r i p t i o n  f a c t o r  

t h a t  binds t o  t h e  ATBFI promoter fragments i n  neurona l ly  

d i f f e r e n t i a t i n g  P I 9  c e l l s .  D i f fe rences i n  m o b i l i t y  pa t te rns  

were noted and used i n  order t o  i d e n t i f y  candidate s i t e s  o f  

i n t e r a c t i o n  w i t h  t r a n s c r i p t i o n  f ac to r s .  

In order  t o  r e f i n e  the i d e n t i f i c a t i o n  o f  t r a n s c r i p t i o n  

f ac to r s  and the s i t e s  occupied ONase I f o o t p r i n t i n g  was used. 

The f o o t p r i n t i n g  was performed using t he  f u l  I length  promoter 

fragment and nuclear  ex t r ac t s  from induced and uninduced P I 9  

cel Is. Foo tp r i n t i ng  experiments were also performed on t h i s  

promoter us ing commercial AP-2 p ro te i n .  



D e f i n i t i o n s  o f  Abbreviat ions and Terms 

AP-2- t r a n s c r i p t i o n  f a c t o r  ( W i  11 iams et a 7. , 1988) 

ATBF-1- human homeodomain/zinc f i n g e r  t r a n s c r i p t i o n  f a t o r  

(Morinaga e t  a l . ,  1991, Ido  e t  a l . ,  1994, Miura e t  a7., 1995, 

Sawadaishi, e t  a ] . ,  1988 and Yasuda e t  a 7 . ,  1994) 

Brn-2- octamer fami l y t r a n s c r i p t i o n  f ac to r  imp1 i ca ted  i n  

neuronal development (Nakai e t  a7., 1995) 

F9- mouse embryonal c e l l  l i n e  ( P h i l l i p  el a 7 . ,  1994) 

Egr-I- t r a n s c r i p t i o n  f ac to r ,  homolog t o  zi f -268 

Emb- octamer fami l y  t r a n s c r i p t i o n  f a c t o r  

GATA-1- t r a n s c r i p t i o n  f a c t o r  involved i n  e r y t h r o i d  

d i f f e r e n t i a t i o n  (Ork in,  1990) 

HeLa- human ce rv i ca l  carcinoma c e l l  l i n e  

L I M -  s t r u c t u r a l  domai n  subf ami 1  y o f  homeodomai n t r a n s c r i  p t i  on 

f a c t o r s  

NRSE- neural r e s t r i c t i v e  s i l ence r  element ( L i  e t  a7., 1993, 

Mori e t  a 7 . ,  1990, Mori e t  a 7 . ,  1992 and Wuenschell e t  a7., 

1990)) 

NT2- human neuroblastoma c e l l  l i n e  

Oct-3- member o f  t h e  octamer fami l y  o f  t r ansc r i p t i on  f ac to r s  

known t o  i n h i b i t  neuronal d i f f e r e n t i a t i o n  

POU- s t r u c t u r a l  domain subfamily o f  homeodomain t r a n s c r i p t i o n  

f ac to r s  

P19- a mouse embryonal carcinoma c e l l  l i n e  (McBurney, 1993) 



SCG10- e a r l y  marker gene f o r  neuronal cells (Mor i  e t  a?., 

1990 and Mori e t  a l . ,  1992)  

S p l -  general t ranscr ip t ion  f a c t o r  (F isher  e t  a ] . ,  1993)  

RA- r e t i n o i c  a c i d ,  a morphogen 

RAR- r e t i n o i c  acid receptor (Mader e t  a 7 . ,  1993) 

RXR- r e t i n o i d  X receptor (Mader e t  a 7 . ,  1993) 

zfh-2- Drosophila homeodomain/zincfinger t ranscr ip t ion  f a c t o r  

( F o r t i n i  e t  a 7 . ,  1991) 

zif-268- t ranscr ip t ion  f a c t o r ,  homolog t o  egr-1 



Materi a1 s and Methods 

Media 

L u r i a  Broth- log  o f  Tryptone, 5g o f  Yeast E x t r a c t ,  and 10 g o f  

NaC7 were d issolved i n  water and 0.2rnL o f  5N NaOH was added 

and the media was autocl aved. 

SOB- Dissolve 209 t ryp tone ,  59 Yeast E x t r a c t ,  and 0 . 5 9  N a C l  i n  

950mL o f  water .  Add lOmL o f  250mM KC 1 , 0.2mL 5N NaOH volume up 

to I L and then autoclave.  Before use add 5mL of s t e r i  le 2M 

MgC1. 

SOC- SOC i s  the same as SOB except t h a t  it conta ins  i n  

add i ti on 20mM g 1 ucose. 

T e r r i f i c  Broth- 129 of Tryptone, 24 g o f  Yeast E x t r a c t  and 4 

mL o f  Glycerol  were mixed i n  900 mL o f  water and autoclaved. 

100 mL o f  T8 salts were added. 

TB Salts- 0 . 1 7 M  KHZP04, 0 .72M K2HP04 

LB Plates were prepared through the addition of 15 g/L o f  

Agar.  A n t i b i o t i c  was added a f t e r  t he  plates had cooled t o  55 

degrees Ce ls ius .  



A m p i c i l l i n  was prepared as a stock at 50 mg/mL and used at a 

f i n a l  concent ra t ion  o f  5 0  ug/mL. 

Alpha-MEM supplemented w i t h  10% F e t a l  C a l f  serum was used t o  

grow P I 9  c e l l s .  

S t r a i n s  and Plasmids 

P I 9  c e l l s  a r e  a mouse embryonic stem c e l l  line t h a t  has been 

descr ibed by McBurney (McBurney, 1 9 9 3 ) .  

B l u e s c r i p t  I1 KS+ as described by Stratagene was used f o r  

subcloning. 

PA5.5 was t h e  source plasmid f o r  the 400 bp fragment.  This  

plasmid contains 5.5 kb of the ATBFIA upstream promoter r e g i o n  

and was obta ined from Y .  Miura. 

OH5 a l p h a  was the E. c o f i  strain used f o r  maintenance and 

a m p l i f i c a t i o n  o f  plasmids. 

S o l u t i o n s  and Buf fe rs  

T r i s  containing solut ions were d i l u t e d  f rom a 1M pH 8 . 0  stock.  



EDTA containing so lut ions  were diluted f r o m  a 0 . 5 M  pH 8.0 

stock. 

TE was prepared as a IOmM T r i s  and 1mM EDTA solution. 

10% SDS was prepared i n  water solution as a 10% w/v solution. 

PAGE Elution Buffer IOmM T r i s  pH 8.0, 1mM EDTA pH 8 . 0 ,  1M NaCl 

TBE was prepared with 54 g o f  T r i s  Base, 27 .5  g of  bor ic  acid 

and 20 mL o f  0 . 5 M  EDTA in a total volume o f  1 L f o r  a 5 X  

stock. Gels were run a t  0 . 5 X  strength. 

Gel Shi f t /Compet i tor  Oligonucleotide Sequences 

The Z i f - 2 6 8  and AP-2 DNA ol igonucleot ides were synthesized a t  
8 

the U n i v e r s i t y  o f  Calgary core facility, 

Z i f - 2 6 8  

5 '  TGC CTT CGC CCC CGC CTG GCG G 3 '  

3 '  ACG GAA GCG GGG GCG GAC CGC C 5' 

AP-2 

5' GAT CGA ACT GAC CGC CCG CGG CCC GT 3 '  

3 '  CTA GCT TGA CTG GCG GGC GCC GGG CA 5 '  



The f o l  lowing competi tor  01 i gonucl e o t i d e s  were p a r t  o f  the  

S t ra tagene  G e l s h i f t  K i t .  

NF- 1 

5 '  ATT TTG GCT TGA AGC CAA TAT G 

3 "  TAA AAC CGA ACT TCG GTT ATA C 

S P ~  

5 '  GAT CGA TCG GGG CGG GGC GAT C 

3 '  CTA GCT AGC CCC GCC CCG CTA G 

AP-3 

5 '  CTA GTG GGA CTT TCC ACA GAT C 

3 '  GAT CAC CCT GAA AGG TGT CTA G 

Ligat ions  

Takara K i t  f o r  l i g a t i o n s  was used when available f o r  c loning.  

L i g a t i o n  reac t ions  were performed w i t h  2uL total o f  vector  and 

i n s e r t .  To t h i s  i s  added 16 uL o f  B u f f e r  A (Reaction B u f f e r )  

and 2 uL o f  Buf fer  8 (Takara enzyme). The react ion  was a1 lowed 

to proceed f o r  at least 30 minutes at 16 degrees Cels ius.  One- 

h a l f  o f  t h i s  react ion  was then used t o  transform competent 

b a c t e r i a .  The other h a l f  was f r o z e n  f o r  f u t u r e  use. 

T4 DNA Ligase f r o m  Pharmacia was used f o r  s t i c k y  end 1 iga t ions  

a t  14 degrees c e l s i u s  and f o r  blunt-end l i g a t i o n s  a t  room 

temperature. 



R e s t r i c t i o n  Enzyme D iges ts  

R e s t r i c t i o n  enzymes from Boehri nger-Mannheim, New England 

Bio labs,  and Pharmaci a were used. The reac t ion  condi t ions were 

set  up using the suppl ied b u f f e r s  and the  appropr iate 

temperature water bath. On those occasions t h a t  doubl e d iges ts  

were performed they were t y p i c a l l y  done i n  Pharmacia's One- 

Phor-All  Plus b u f f e r  unless the  enzymes d i d  no t  operate we l l  

i n  t h a t  bu f f e r .  

Preoarat ion o f  Plasmid DNA from Bac te r ia  

Wizard Mini-preps were performed as s p e c i f i e d  i n  t he  pro toco l  

provided w i t h  the k i t  f rom Promega. 

Maniatis protocol (Sambrook e t  a l . ,  1989) was t y p i c a l l y  used 

t o  screen clones a f t e r  a l i g a t i o n  and transformation. 

Large Scale Plasmid Preparat ion was performed as per  the 

A l ka l i ne  Lys is  p ro toco l  (Sambrook e t  a l . ,  1989) .  For 

f o o t p r i n t i n g  react ions the plasmid DNA was p u r i f i e d  twice on 

a cesium gradient,  f o r  other app l icat ions such as c lon ing  

plasmid DNA was only  run once on a cesium gradient.  

Asarose Gel Electroehoresis  of Nucleic Acids 

0.8%, 1 .5% and 2% gels were used depending on fragment s i z e .  



P r e ~ a r a t  ion  o f  DNA fragments 

DNACell apparatus from Takara was used on occasion t o  prepare 

la rge  fragments (>500bp) from agarose ge l  s l i c e s  f o r  c loning.  

E lec t roe lu t i on  f rom Agarose gels w i t h  d i a l y s i s  bags was 

performed t o  i s o l a t e  large fragments (>500bp)  f o r  c loning.  

Preparat ion o f  fragments f o r  Gel s h i f t s  and DNase I 

f o o t p r i n t i n g  was performed as f o l  lows t o  is01 a te  fragments 

less  than 500bp i nc lud ing  the  promoter fragments used f o r  gel 

s h i f t  and f o o t p r i n t i n g  experiments. 

B luesc r ip t  I1 DNA w i t h  the 400bp ATBF1A promoter fragment 

was d iges ted  as lOug i n  1 0 0 ~ 1  w i t h  H i n d I I I - S a d .  The labe l  led 

DNA was then Phenol :Chloroform ext rac ted and ethanol 

p rec ip i ta ted .  The digested plasmid was then label led w i t h  I2p- 

dCTP by t he  Klenow fragment as described below. A f t e r  

l abe l  1 i n g  t h e  ATBF1 promoter fragment i s  separated from the 

vec tor  on a 5% polyacrylamide gel. Once the gel has been run 

s u f f i c i e n t l y  (Xylene cyan01 th ree  quarters o f  t h e  way t o  the 

bottom) the gel and one glass p l a t e  a re  wrapped i n  p l a s t i c  

wrap and exposed t o  f i l m  f o r  one minute. The f i l m  i s  developed 

and then used t o  c u t  ou t  t he  appropr iate sect ion o f  the gel  

which i s  placed i n  500uL o f  h igh  salt e l u t i o n  buf fer  f o r  th ree  

hours a t  37 degrees Cels ius o r  overn ight  a t  room temperature 

(Ausubel, e t  a 7 . ,  1994). The eluted DNA i s  passed through a 



syringe f i l t e r  and ethanol p r e c i p i t a t e d  (no a d d i t i o n a l  s a l t  

r e q u i r e d ) .  The p e l l e t  i s  resuspended i n  1OOuL TE and luL i s  

counted in a s c i n t i l l a t i o n  counter i n  order  t o  determine t h e  

cpm/uL. 

Protei ns 

Human AP-2 pro te ins  was purchased from Fisher/Prornega as 

f o o t p r i  n t  opt imi  zed prepara t ion .  Recombi nant AP-2 was 

catalogue number E307 and was i n  a concentrat ion o f  1 

f o o t p r i n t i n g  unit per  uL. T h i s  u n i t  i s  de f ined  as being 

s u f f i c i e n t  t o  f o o t p r i n t  35 frnoles o f  a S V 4 0  promoter. 

HeLa nuclear extract was used f r om t h e  Stratagene Gel S h i f t  

K i t .  

Bovine Serum A 1  bumin was used f r o m  New England B i o l  abs 10mg/mL 

reagent which i s  suppl ied as a supplement f o r  r e s t r i c t i o n  

d igests .  

Antibodies t o  Egr-1 and AP-2 f o r  g e l  s u p e r s h i f t  assays were 

purchased from Santa Cruz Biochemicals. 

Preoara t ion  o f  Nuclear Extracts  

Nuclear extracts from P I 9  cells were prepared from 

uninduced and induced P I  9 cel Is as per the procedure found i n  



sec t ion  12.1 i n  Current  Protocols  i n  Molecular Bio logy 

(Ausubel e t  a l . ,  1994). The c e l l s  were i so la ted ,  washed and 

resuspended i n  hypotonic b u f f e r  (10 rnM HEPES, pH 7.9, 1.5 mM 

MgC12, 10 mM K C l ,  0.2 mM PMSF, 0 . 5  mM DTT) and then 

homogenized. The nuc le i  a re  then pe l le ted  and resuspended i n  

a low-sal t  b u f f e r  (20 mM HEPES, pH 7.9, 25% g lycero l ,  1.5 mM 

MgC12, 20 mM KC1, 0.2 mM EDTA, 0.2 mM PMSF, and 0 .5  mM DTT).  

H igh-sa l t  bu f f e r  ( 2 0  mM HEPES, pH 7.9, 25% g l yce ro l ,  1.5 mM 

MgC12, 1 .2  M KC1,  0.2 mM EDTA, 0.2 mM PMSF, and 0.5 mM DTT) i s  

added s lowly w i t h  constant  mixaing which releases so lub le  

p ro te i ns  f rom t h e  nuc le i  w i thout  lysis. The nuc le i  are then 

removed and the  nuclear e x t r a c t  i s  then d i a l  yzed and frozen i n  

a1 i quots .  A cockta i  1  o f  protease i n h i b i t o r s  i s  used i n  each 

b u f f e r  which i s  composed o f  f i n a l  concentrations as f o l l ows :  

1 mM AEBSF, 20 ug/mL a p r o t i n i n ,  5 ug/mL leupept in ,  25 ug/rnL 

an t i pa in ,  lug/mL peps ta t in  A and ImM benzamidine. 

Induc t ion  o f  P I 9  C e l l s  w i t h  Ret ino ic  Acid 

On the  f i r s t  day the  c e l l s  are removed from the p e t r i  

d i s h  w i t h  treatment w i t h  t r y p s i n  ( 0 . 2 5 % ) ,  EDTA f o r  2-3 minutes 

a t  room temperature. The c e l l s  are t rans fe r red  t o  b a c t e r i a l  

grade dishes w i t h  1 . 0 ~ 1 0 ~  c e l l s  t o  each 10 cm dish i n  alpha- 

MEM conta in ing  r e t i n o i c  acid a t  a concentrat ion o f  3.0 x 

M. The next day 5mL o f  rnedl'um conta in ing r e t i n o i c  ac id  i s  

added t o  each p la te .  O n  the  t h i  r d  day the medium i s  exchanged 



by a l l ow ing  the  c e l l s  t o  s e t t l e  i n  a 50 mL Falcon tube  by 

s tanding ( n o t  by c e n t r i f u g a t i o n )  and then exchanging t h e  

supernatant. O n  the f o u r t h  day 5mL o f  medium con ta in ing  

r e t i n o i c  a c i d  i s  added. On t h e  f i f t h  day t he  medium i s  again 

renewed and the c e l l s  a r e  p l a t e d  back on t o  c e l l  c u l t u r e  grade 

dishes. The c e l l s  a re  al lowed t o  adhere and d i f f e r e n t i a t e  f o r  

severa l  days (changing t h e  media every second day) and then 

harvested on day ten .  

Transformation o f  Corn~etent C e l l s  

Cells prepared by Hanahan (Hanahan, 1983) p ro toco l  and kept  

frozen a t  -80 degrees c e l s i u s .  The c e l  Is were thawed and then 

a1 iquoted i n  p rech i  1 l e d  tubes a t  100 uL per tube. E i t h e r  I OuL 

o f  a 1 i g a t i o n  r e a c t i o n  o r  long o f  plasmid DNA was added t o  

each tube. The m ix tu re  was incubated on i ce  f o r  20 minutes and 

then heat shocked f o r  one minute a t  42 degrees Cef sius.  The 

cells were incubated on i c e  f o r  one minute and then 1mL o f  SOC 

medium was added and the cells were incubated a t  37 degrees 

Ce ls ius  f o r  30 minutes. The cells were spun down and t h e  SOC 

was replaced by 150 uL o f  f r e s h  SOC medium. A l i q u o t s  o f  5uL, 

25 uL and 100 uL were p l  a ted on LB/Amp p la tes  and t h e  co lon ies  

were screened. 



DNA Se~uenc i nq 

The DNA Core Faci 1 i t y  a t  the Universi ty  o f  Calgary provided 

support f o r  DNA sequencing when necessary using an Appl i e d  

Biosystems automated sequencing apparatus, 

Maxam-Gilbert Sequencing ladders 

Were prepared as per the protocol i n  Maniatis (Sarnbrook e t  

a 7 . ,  1989) o r  as i n  the express protocol (Bel ikov and 

Wieslander, 1 9 9 5 ) .  

DNA Seauence Analysis 

The DNA Strider program f o r  the Macintosh was used t o  

construct r e s t r i c t i o n  maps and search f o r  t r a n s c r i p t i o n  f a c t o r  

binding s i t e s  i n  the ATBFlA promoter. 

Si te -d i rected  Mutagenesis using PCR 

The s t ra tegy  was based upon the methodology described i n  

sec t ion  8 . 5  o f  Current Protocols i n  Molecular 8 i o l o ~ y  

(Ausubel, et a ? .  1 9 9 4 ) .  

label  I i ng o f  DNA Probes 

Klenow Label 1 ing o f  the  fragments used f o r  gel shifts and 

f o o t p r i n t i  ng was performed using reagents from the Random 

Primer labe l  1 ing k i t  from Boehringer-Mannheim. The 

f o o t p r i n t i n g  probe was a HindI I I -Sac1 fragment. Since Sac1 has 



a 3 '  overhang and Hind111 has a 5 '  overhang the Klenow treated 

fragment is uniquely labelled a t  the Hind111 end of the 

fragment. 

The DNA size markers were labelled as foltows: A 

pE3luescript HpaII digest (50ng)  was mixed wi th  dNTP m i x  

(excluding dCTP),  5% b u f f e r ,  1mM DTT, 3uL alpha-labelled dCTP, 

and 1 unit o f  Klenow enzyme, The mix  i s  incubated at 30 

degrees Celsius f o r  30 minutes and then frozen a t  -20 degrees 

Celsius. Di lu t ions  are run adjacent t o  foo tpr in t ing  react ions 

as 1 / 2 5 0 ,  1 /25  and 1/10. 

Calf Intestinal Phosphatase was purchased f rom Pharmacia. The 

digests were performed a t  alkaline pH and at 42 degrees 

Celsius. 

Gel S h i f t  

Nuclear ex t racts  (0. B u g )  were incubated with 5 ,000 cpm o f  

l a b e l l e d  probe and 1 . 5  ug p o l y  dIdC as a nonspeci f ic  

competitor in 25mM HEPES pH?. 5, 10 mM KC1 , I m M  EDTA, 5mM 

MgCl), l m M  d i t h i o t h r e i t o l ,  lug BSA (Kozmik et a l . ,  1990) and 

10% glycerol at room temperature f o r  20 minutes. The reactions 

were then loaded onto a 5% polyacrylamide gel  t h a t  was run i n  

0.5xTBE. Gels were dried and autoradiographed overnight at -70 

degrees ce ls ius  w i t h  an in tens i fy ing  screen. Competitor 

ol igonucleotides were included i n  a molar excess as ind icated  



i n  t h e  appropr iate f i gu res  usua'l ly 10-fold, 100-fold and 250- 

f o l d .  In some cases the  incubat ion bu f f e r  was used from the 

Stratagene Gelshift K i t  as de ta i l ed  i n  t h e  i n s t r u c t i o n  manual 

(Stratagene pro toco l ,  1990) .  

DNase I Foo tp r i n t i ng  

Deoxyribonuclease I was purchased from Pharmacia and 

Promega. The Pharmacia enzyme (Catalog# 27-0512) provided 

opt imal  a c t i v i t y  under the assay condi t ions used. The a c t i v i t y  

was 2941 u/mg and was resuspended and stored i n  5mM sodium 

acetate(pH 4-5) ,  1mM CaCI2, 50% g lycero l  a t  -20  degrees 

Cels ius.  

The f o o t p r i n t i n g  react ion cond i t ions  were opt imized and 

the b u f f e r  cond i t ions  suggested i n  the AP-2 techn ica l  data 

sheet were used. The reac t ion  took place i n  a volume o f  200 uL 

and the f o l l ow ing  b u f f e r  25 mM Tris-HC1 (pH L O ) ,  0.5 mM EDTA, 

6.25 mM MgC12, 10% g lycero l ,  and 0.5 mM OTT. The react ions 

w i t h  nuclear e x t r a c t  include 1 . 5 ~ 9  pol  y dIdC as a non-specif i c  

compet i tor.  Immediately before d iges t ion  5 uL o f  Pharmacia 

DNase I i s  d i l u t e d  i n t o  I00 uL o f  10 mM Tris-HC1 (pH 8.0) and 

3 uL o f  t h i s  d i l u t i o n  i s  used i n  each reac t ion .  The l abe l l ed  

probe i s  added from 10,000 t o  50,000 counts f o r  each react ion.  

The reac t ions  are incubated w i t h  o r  wi thout  added p ro te i n  f o r  

20 minutes and then DNase I i s  added, Each reac t ion  i s  

incubated f o r  2 minutes w i t h  DNase 1 and then 25 ut o f  DNase 



I stop so lut ion  is added and followed by the addi t ion of an 

125 uL o f  phenol chloroform, The mixture i s  centr i fuged f o r  

four  minutes a t  6000 rpm and t h e  aqueous phase transferred to 

a new tube. The digested probe i s  p rec ip i ta ted  wi th 300 uL 95% 

ethanol and incubation a t  -80 ce ls ius  f o r  I5 minutes. 

Electrophoretic conditions: Denaturing pol yacrylamide gels 

were made w i th  the fo l lowing 3 1 . 5  g o f  urea, 9 mL of  SxTBE, 

7 . 5  o r  12 mL (5% or 7% respectively) o f  tong Ranger 

concentrated gel solut ion  from 3 .T .  Baker. Polymerization was 

cata lyzed w i th  3 7 . 5  uL o f  TEMEO and 375 uL of  10% Ammonium 

Persul f a te .  The gel was run un t  i 1 t h e  xyl ene cyan01 dye was 

halfway down the  ge l  ( 7 % )  o r  f i ve -s ix ths  o f  the way t o  the 

bottom ( 5 % ) .  



Results 

Gel m o b i l i t y  s h i f t  assays 

It has prev iously  been shown t h a t  the  400 bp BamHI-StuI 

fragment (Figures 1 and 2 )  o f  the ATBFt promoter i s  s u f f i c i e n t  

f o r  50% o f  the neuronal s p e c i f i c i t y  i n  CAT assays ( Y .  Miura, 

personal communication). T h i s  fragment was subcloned i n t o  t he  

SmaI and BamH1 s i t e s  o f  B luesc r ip t  11 KS+ f r o m  PA5.5 (from Y. 

Miura) i n  order t o  enable the  preparat ion and i s o l a t i o n  o f  

la rge quan t i t i es  o f  t h i s  fragment f o r  use i n  gel s h i f t  assays 

and DNase I f o o t p r i n t i n g  react ions.  Condit ions were 

establ ished f o r  ge l  s h i f t  reactions w i t h  respect  t o  the amount 

o f  nuclear ex t rac t  and probe requi red t o  obta in  s h i f t i n g  o f  

the  probe ( d a t a  not  shown). 

Reproducible d i f fe rences were observed between the 

s h i f t e d  bands from c e l l s  induced w i t h  r e t i n o i c  ac id  [ R A ( + ) ]  

and uninduced c e l l s  [ R A ( - ) ]  (Figure 3 ) .  The RA(+) induced 

s h i f t  was reproducible as a s i ng le  s h i f t e d  band. ( Ind ica ted by 

t h e  l e t t e r  A i n  Figure 3 and 4 )  The R A ( - )  induced s h i f t s  were 

l ess  cons is tent  i n  r e p r o d u c i b i l i t y  (Figures 3, 4, 5 and 7 ) .  

The bands formed by the uninduced P I 9  nuclear ex t rac ts  were 

heterogeneous i n  s i z e  and most o f  these bands were o f  a higher 

molecular weight than the R A ( + )  complexes (Indicated by l e t t e r  

B i n  Figures 3 and 4 and also observed i n  Figure 7 ) .  However. 

i n  some cases a band d i d  appear t h a t  was s i m i l a r  i n  m o b i l i t y  



Figure 3 Gel s h i f t  o f  NaeI-Sty1 fragment o f  the ATBFla 

promoter region.  The 1 anes are negative control  without 

p ro te in  ( I ) ,  P I 9  nuclear e x t r a c t  f rom cells induced w i t h  

r e t i n o i c  ac id  ( 2 1 ,  and P I 9  nuclear e x t r a c t  from uninduced 

c e l l s  ( 3 ) .  The s p e c i f i c  s h i f t  obtained with induced cell 

ex t rac ts  i s  c l e a r l y  v i s i b l e  i n  lane 2 a t  pos i t ion  A .  

Heterogenous s h i f t i n g  i s  observed wi th  R A ( - )  e x t r a c t s  as i s  

indicated by the  l e t t e r  B.  





t o  the s i n g l e  band observed i n  R A ( + )  nuclear ex t rac ts  (F igures  

4 ,  7 and 8 ) .  This band i s  observed when using a  longer 

fragment (HindIII-StyI) than i n  Figure 3 and may be due t o  

b ind ing  a t  a s i t e  o ther  than the ones contained w i t h i n  the  

smaller fragment (NaeI-StyI). This  complex appears to have a 

lesser mobi 1 i t y  s h i f t  than the s h i f t  der ived  from R A ( + )  

extracts (F igures 4 ,  7 and 8 ) .  

The R A ( - )  gel s h i f t  complexes appeared t o  be s e n s i t i v e  t o  

various fac tors  such as the number o f  freeze-thaw cycles 

undergone by the sample. The R A ( - )  s h i f t s  faded and eventual l y  

disappeared wi th  more than three freeze-thaw cycles o f  an 

a l iquot  (Figure 5 ,  lane 2 ) .  Other factors that a l t e r e d  t h e  

R A ( - )  s h i f t  were bu f fe r  conditions, amount of competitor 

present, which nuclear ex tac t  preparation was used and the 

number o f  b ind ing  s i t e s  on the fragment t h a t  was used f o r  the 

mobi l i ty  shift assays (data not shown). The R A ( + )  complexes 

did not vary w i t h  changes i n  t h e s e  condit ions.  These results 

ind icate  t h a t  the R A ( - 1  shift is l a b i l e .  This  may be due t o  

degradat ion o r  instability of the factors that b i n d  the 

promoter i n  R A ( - )  ex t racts .  

I n  f a c t ,  t h e  R A ( + )  nuclear extracts y i e l d e d  a single band 

w i t h  both the NaeI-Sty1 fragment, a H indI I I -S ty1  fragment and 

the full length HindII I -BarnH1 fragment (data not shown). It 

appears t h a t  there i s  a s ingle  specific protein binding site 

t h a t  is present even i n  the smal lest fragment . T h i  s fragment 



Figure 4 Gel s h i f t  o f  the HindIII-Sty1 fragment o f  the  ATBFla 

promoter. The lanes are  negative control without p r o t e i n  ( 1  ) ,  

P I 9  nuclear e x t r a c t  from ce l  Is induced wi th  r e t i n o i c  ac id  (2), 

and P I 9  nuclear ex t rac t  from uninduced c e l l s  (3). The s p e c i f i c  

s h i f t  obtained w i t h  induced c e l l  e x t r a c t s  is present  i n  lane 

2 a t  p o s i t i o n  A .  The heterogeneous shifting that is 

consistent ly  observed wi th  R A ( - )  extracts i s  ind icated  by the 

letter 0 .  An addi t iona l  band tha t  i s  observed i n  t h e  second 

preparation o f  R A ( - )  ex t rac ts  migrates closely to t h e  A band 

o f  R A ( + )  extracts but appears t o  have a slightly h i g h e r  

mobility, 





i nc ludes  t h r e e  p u t a t i v e  AP-2 s i t es ,  the Spl s i t e  and ttre 

j u x t a p o s i t i o n  o f  t h e  AP-2 and z i f -268/egr-1 s i t e s  (F igure  2 ) .  

M o b i l i t y  s h i f t s  w i t h  o l i g o n u c l e o t i d e  c o m ~ e t i t o r s  

Once i t had been es tab l i shed  t h a t  a d i f f e r e n c e  e x i s t e d  

between the m o b i l i t y  s h i f t s  o f  R A ( + )  and R A ( - )  nuc lear  

e x t r a c t s  i t was necessary t o  i d e n t i f y  t h e  p r o t e i n  responsib le  

f o r  t h e  RA(+) s h i f t .  Fu r the r  exper iments were performed t o  

i d e n t i f y  i t s  b ind ing  s i t e  and r e l a t e  occupat ion o f  t h a t  s i t e  

t o  the neuronal s p e c i f i c  express ion p a t t e r n  o f  t h e  ATBFIA 

promoter. 

A n  experiment t h a t  was performed i n  o rder  t o  i d e n t i f y  t h e  

p r o t e i n  causing t h e  R A ( + )  s h i f t  was the o l i g o n u c l e o t i d e  

compet i t ion  assay (F igures 5 ,  6 and 7 ) .  Separate compet i tor  

o l i gonuc leo t i des  were used c o n t a i n i n g  consensus b ind ing  s i t e s  

f o r  AP-2 (F igures 5 ,  6 and 71, S p l  ( d a t a  no t  shown) and egr-1 

(F igu re  7 ) .  Add i t i ona l  compet i t ions  were performed wi th t h e  

negat ive  c o n t r o l  o l i g o n u c l e o t i d e s  NF-1 (da ta  n o t  shown) and 

AP-3 (F igure  6 ) .  S i t e s  for t w o  these fac to rs  were n o t  p resent  

i n  t h e  ATBFIA promoter sequences and thus they can he lp  

determine whether an observed compe t i t i on  i s  s p e c i f i c .  It was 

found t h a t  t he  AP-2 o l i g o n u c l e o t i d e s  cou ld  success fu l l y  

compete w i t h  t h e  ATBFIA promoter fragment f o r  t he  R A ( + )  

s h i f t .  (F igures 5 ,  6 and 7 ) .  The R A ( + )  s h i f t  was s p e c i f i c a l l y  

competed w i t h  the  AP-2 01 i gonuc leo t i des  and d i d  n o t  respond t o  



Figure 5 Gel s h i f t  of  NaeI-Sty1 fragment. From left t o  r i g h t  

t he  lanes are no p r o t e i n  c o n t r o l  ( I ) ,  R A ( - )  P I 9  nuclear 

ext rac t  (2), R A ( + )  nuclear ex t rac t  (3), R A ( + )  w i t h  10-fold 

molar excess o f  AP-2 compet i tor  ( 4 ) ,  R A ( + )  w i t h  100-fold molar 

excess o f  AP-2 competitor (5) and R A ( + )  w i t h  250-fold molar 

excess o f  AP-2 competi tor  (6). 





Figure 6 Gel s h i f t  o f  NaeI-Sty  fragment. From left to right 

the lanes are no p r o t e i n  control ( I ) ,  R A ( + )  nuclear e x t r a c t  

(2). R A ( + )  w i t h  100-fold molar excess AP-2 competi tor  ( 3 ) ,  

R A ( + )  w i t h  100-fold Egr-1 competitor (4) and R A ( + )  w i t h  100- 

f o l d  AP-3 competi tor  ( 5 ) .  





any o f  t h e  o t h e r  compet i tors (F igure 7 and data not  shown). As 

the amount of AP-2 competitor o l i g o n u c l e o t i d e  was increased 

from 10- fo ld  molar excess t o  100- fo ld  t h e  amount o f  the 

sh i f ted  band decreased (F igures 5 ,  6 and 7 ) .  This evidence 

suppor ts  t he  hypothesis t h a t  AP-2 i s  the  f a c t o r  b ind ing  the  

A T B F 1 A  promoter fragment f r o m  R A ( + )  nuclear  e x t r a c t s .  

Therefore t h e  case f o r  AP-2 p lay ing  a r o l e  i n  t h e  r e g u l a t i o n  

o f  A f B F 1 A  expression i s  strengthened. 

It was a l s o  observed t h a t  one o f  the bands i n  the  R A ( - )  

s h i f t  was competed by AP-2 01 igonuc leot ide  (F igu re  7 ,  Lane 7 ,  

Arrow B ) .  A poss ib le  exp lanat ion f o r  t h i s  r e s u l t  i s  t h a t  t h e r e  

i s  some A P - 2  p r o t e i n  present i n  uninduced P I 9  cells. This  i s  

cons i s ten t  w i  t#h t he  f a c t  t ha t  AP-2 t r a n s c r i p t s  a re  de tec tab le  

p r i o r  t o  r e t i n o i c  a c i d  i nduc t i on  ( P h i l  1 i p p  e t  a 7 . ,  1994 ) .  This  

p r o t e i n  may be i n a c t i v e  o r  present i n  low q u a n t i t i e s  in v i v o  

but  may be a c t i v a t e d  o r  ex t rac ted  i n  s u f f i c i e n t  q u a n t i t i e s  t o  

be detected by the  ge l  m o b i l i t y  s h i f t  assay. In t h i s  case t h e  

l a r g e r  molecular wei gh t  complexes f rom uni nduced nuc lear  

e x t r a c t s  may con ta in  AP-2 as we1 l as conta in ing  other f a c t o r s  

which may prevent  AP-2 from a c t i v a t i n g  neuronal specific 

promoters l i k e  ATBFIA. It i s  i n t e r e s t i n g  t o  note that the  

complex formed by R A ( - )  e x t r a c t s  on t h e  longer fragment 

(HindIII-StyI) which migrates close t o  t h e  RA(+ )  shift was n o t  

competed by AP-2 o l i gonuc leo t i de ,  Th i s  suggests t h a t  t h i s  

complex i s  caused by t h e  b ind ing  o f  some f a c t o r  o ther  than  



Figure 7 Gel s h i f t  o f  HindIII-Sty1 fragmet. The lanes are no 

p r o t e i n  ( 1  ) ,  R A ( + )  nuclear e x t r a c t  (2), R A ( + )  nuc lear  e x t r a c t  

and 100-fold molar excess AP-2 competitor ( 3 ) ,  R A ( + )  and 100- 

fold molar excess o f  e g r - 1  competitor ( 4 ) ,  R A ( + )  nuclear 

ex t rac t  and 100- fo ld  molar excess o f  NF-1 competitor (5), R A ( -  

) nuclear e x t r a c t  ( 6 ) ,  R A ( - )  nuclear e x t r a c t  and 100- fo ld  

molar excess o f  AP-2 competitor ( 7 ) ,  and R A ( - )  extract  and 

100- fo ld  excess o f  e g r - 1  compet i tor(8) .  The arrow denoted by 

A i n d i c a t e s  the p u t a t i v e  AP-2 band and the spec i f i c  

competition that occurs in lane 3 .  Arrows 6 and C ind ica te  the 

heterogeneous bands t h a t  appear i n  the R A ( - )  s h i f t s .  The band 

denoted by B a lso appears t o  be competed by AP-2 

oligonucleotide i n  lane 7. 





A?-2 f rom the uninduced e x t r a c t s .  Th is  i n d i c a t e s  t h a t  the 

conformat ion o f  t h e  p r o m ~ t e r  i s  d i f f e r e n t  between uninduced 

and induced PI 9 c e l l  s. 

M o b i l i t y  S h i f t s  w i t h  Commercial AP-2  rotei in 

Another experiment that was performed and f u r t h e r  

supported t he  hypothes is  t h a t  t he  b ind ing  f a c t o r  i s  AP-2 was 

a comparison o f  t h e  R A ( + )  s h i f t e d  band w i t h  t h e  same promoter 

fragment s h i f t e d  w i t h  commercial ly a v a i l a b l e  AP-2 p r o t e i n  

(F igu re  8 ) .  The commercial AP-2 y i e l d e d  a s h i f t  t h a t  was 

s i m i l a r  b u t  n o t  completely i d e n t i c a l  t o  t h e  R A ( + )  produced 

s h i f t  (F igu re  8 ) .  A s i g n i f i c a n t  p o s s i b i l i t y  f o r  the  

d i f f e r e n c e s  i n  m o b i l i t y  may be t h a t  t he  major i so fo rm induced 

d u r i n g  P I 9  neuronal d i f f e r e n t i a t i o n  ( 4 7  kd)  i s  o f  a l esse r  

molecular weight than the  recombinant p r o t e i n  ( 5 2  k D a )  (Meier 

e t  a7., 1995 ) .  This corresponds w i t h  the  data which shows a 

s l i g h t l y  g rea te r  m o b i l i t y  s h i f t  for t h e  recombinant p r o t e i n  

complex versus the  R A ( + )  der ived f a c t o r  complex (F igure  8, 

Lanes 2 and 3 ) .  The s m a l l  d i f f e r e n c e  observed may a l so  be due 

t o  a v a r i a t i o n  i n  post t r a n s l a t i o n a l  mod i f i ca t i ons  between PI 9 

R A ( + )  der i ved  AP-2 and t h e  commercial product which i s  der ived  

from express ion i n  E. coli. I n  some experiments m u l t i p l e  bands 

were observed w i t h  t h e  commercial AP-2 preparat ion.  (F igure  8, 

lane 2 )  T h i s  may due t o  the p u r i f i e d  p r o t e i n  being present i n  

a much h ighe r  molar concentrat ion and thus occupying more than 



Figure 8 Gel shifts o f  the NaeI-Sty1 promoter fragment. The 

lanes are are R A ( - )  nuclear extracts ( 1  ) ,  AP-2 commercial 

protein ( 2 ) ,  and R A ( + )  nuclear ex t rac t .  





the s i n g l e  s i t e  occupied by t he  p r o t e i n  from R A ( + )  nuclear 

extracts. This may also be due t o  d i f f e r i n g  s p e c i f i c i t i e s  o f  

the  d i f f e r e n t  isoforms of AP-2. 

M o b i l i t y  s h i f t s  w i t h  Ant ibodies 

A t h i r d  set o f  experiments t h a t  were attempted i n  order 

t o  conf i rm the  hypothesis t h a t  AP-2 was t h e  f a c t o r  causing the  

s h i f t  i n  R A ( + )  nuclear  ex t rac ts .  These experiments involved 

the  use o f  ant ibodies i n  an attempt t o  "supersh i f t "  the band 

i n  order  t o  i d e n t i f y  the  bound p r o t e i n  d i r e c t l y  as AP-2 or  

egr-1 . Therefore commercial a n t i  bodies were obta ined t h a t  had 

been s p e c i f i c a l l y  prepared f o r  the supe rsh i f t  assay. However 

a supe rsh i f t  was n o t  observed i n  these experiments. The 

expected higher motecufar weight complexes were not observed 

i n  the  antibody conta in ing  lanes (F igure 9 ,  Lanes 5 through 

8) .  This  d i f f e r s  f rom the  expected r e s u l t  o f  super-shi f ted 

bands w i th  the  AP-2 ant ibody. However i t  was n o t  poss ib le  t o  

ob ta in  a supersh i f ted  band even w i t h  the  commercial AP-2 

p r o t e i n  s h i f t  (data not  shown) and the re fo re  these experiments 

are inconclusive. In a previous expermiment ( P h i l l i p p  e t  a l . ,  

1994) a gel s h i f t  w i t h  an AP-2 s p e c i f i c  o l i gonuc leo t ide  

produced a band t ha t  d i d  no t  supe rsh i f t  upon add i t i on  o f  

a n t i  body. I t  may be t h a t  the a n t i  body on1 y recognizes c e r t a i n  

isoforms o f  AP-2. Fu r the r  experiments a re  requi red t o  c l a r i f y  

t h i s  p o i n t .  



Figure 9 Supershift experiments with HindIII-Sty1 promoter 

fragment. No protein con t ro l  ( I ) ,  R A ( + )  nuclear e x t r a c t  ( 2 ) ,  

R A ( - )  nuclear ex t rac t  ( 3 ) ,  Commercial AP-2 protein ( 4 ) ,  R A ( + )  

wi th AP-2 antibody (5), R A ( + )  with egr-1 ant ibody ( 6 ) ,  R A ( - )  

wi th AP-2 antibody (7), and R A ( - )  w i t h  egr-1 ant ibody ( 8 ) .  





DNase I f o o t p r i n t i n g  

I n  order  t o  f u r t h e r  i d e n t i f y  and cha rac te r i ze  t h e  b ind ing  

o f  the  R A ( + )  der ived f a c t o r  t o  the ATBFIA promoter DNase I 

f o o t p r i  n t i n g  experiments were performed. I n  these experiments 

the pro tec t i on  p a t t e r n s  f rom R A ( + )  e x t r a c t s ,  R A ( - )  e x t r a c t s  

and commercial AP-2 p r o t e i n  were compared. The i n i t i a l  

experiments were performed using R A ( + )  and R A ( - )  nuclear  

e x t r a c t s  (F igure 0 )  The P I 9  r e t i n o i c  ac id induced nuc lear  

e x t r a c t  d isp lays  a p r o t e c t i o n  pa t te rn  d i s t i  n e t  f rom the  

nuclear e x t r a c t  from uninduced c e l l s .  Several areas o f  

p r e f e r e n t i  a1 p r o t e c t i o n  by t he  R A l + )  nuclear  e x t r a c t s  were 

detected (F igure  10 lanes  4 and 5 as i n d i c a t e d  by t h e  arrows 

and f i l l e d  bars) .  When a l i g n e d  t o  a DNA s i z e  standard,  t h e  

p e r f e c t  consensus AP-2 s i t e  (Figure 1 ,  AP-2[B] ) matches t h e  

p o s i t i o n  o f  t he  arrow adjacent t o  the  l e t t e r  A i n  F igure  10 

( s i z e  marker no t  shown). The downstream p r o t e c t i o n s  may be 

a t t r i b u t e d  t o  the prox imal  AP-2 s i t e s  (F igure  1 , L e t t e r s  C and 

D ) .  A t  the  h ighes t  concentrat ions o f  p r o t e i n  t h e  R A ( - )  

extracts complete1 y  p r o t e c t  the  ATBFl A promoter i n  what 

appears t o  be a  nonspec i f i c  manner wh i l e  t h e  r e t i n o i c  a c i d  

induced e x t r a c t s  show areas o f  increased p ro tec t ion  ( F igure  10 

1 e t t e r s  A-D ) . 
However upon i n c l u s i o n  o f  commercial AP-2 p r o t e i n  i n  a 

DNase I f o o t p r i n t  r e a c t i o n  a strong, d i s t i n c t  and reproduc ib le  

f o o t p r i n t  was obtained (F igure  1 1  as i nd i ca ted  by the l e t t e r  



Figure 10 DNaseI f o o t p r i  n t i n g  o f  HindIII-Sac1 f ragment o f  the  

ATBFIA promoter. The lanes a r e  as f o l l o w s  naked DNA digested 

w i t h  DNase I (I), 5ug o f  R A ( + )  P I 9  n u c l e a r  e x t r a c t  (2), 25 ug 

o f  R A ( + )  P I 9  nuclear e x t r a c t  ( 3 ) ,  100 ug o f  R A ( + )  P I 9  nuclear 

e x t r a c t  ( 4 ) ,  100 ug o f  a d i f f e r e n t  R A ( + )  P I 9  nuclear e x t r a c t  

than lanes 2-4 ( 5 ) ,  5 ug of R A ( - )  PI9 nuclear e x t r a c t  ( 6 ) ,  25 

ug o f  R A ( - )  P I 9  nuclear  e x t r a c t  (7), and 100 ug o f  R A ( - )  P I 9  

nuclear e x t r a c t .  The lower strand was label  led i n  these 

assays. 





A ) .  By a1 ign ing  molecular weight markers (data n o t  shown) t h a t  

were e l  ectrophoresed under identi ca1 cond i t ions  w i t h  the  

commerci a1 A?-2 f o o t p r i n t  the b ind ing s i t e  corresponds t o  the  

per fec t  consensus AP-2 s i t e  which i s  present on a l l  fragments 

which y i e l d  the  R A ( + )  spec i f i c  gel s h i f t  o f  the A T B F 1 A  

promoter (Schematic i n  F i g u r e  1 1 ) . Therefore the p e r f e c t  

consensus s i t e  [B]  e f f i c i e n t l y  binds AP-2 p ro te in ,  The same 

area displayed some p ro tec t ion  w i t h  a con t ro l  HeLa e x t r a c t  

which i s  known t o  conta in  AP-2. I n  f a c t  t h e  HeLa p ro tec t i on  

pa t t e rn  (F igure 11 , Lanes 9 and 1 0 )  more c l ose l y  resembled the 

P I 9  R A ( + )  p ro tec t i on  pa t t e rn  than t h a t  o f  the recombinant AP-2 

p ro te in .  This may be due t o  modi f i ca t ions  o f  the  AP-2 p r o t e i n  

o r  t o  i n t e rac t i ons  between the  upstream S p l  s i t e  and the  AP-2 

s i t e  which g ive  a d i f f e r e n t  pa t t e rn  than AP-2 alone. HeLa 

e x t r a c t  i s  known t o  conta in both o f  these fac to rs .  An 

add i t i ona l  experiment would be t o  compare and con t t as t  

f o o t p r i n t s  o f  recombinant Spl and AP-2 when they are 

simultaneously and separately added t o  the  ATBFlA promoter. 

There was a l so  an area t h a t  y ie lded  a p ro tec t ion  s p e c i f i c  

t o  the  r e t i n o i c  ac id  induced P I 9  cells which shows up as a 

strong band i n  the other  1  anes ( L e t t e r  C protected i n  1  ane 3 ) . 
There are some more sub t le  i nd i ca t i ons  o f  b inding s l i g h t l y  

downstream o f  t h i s  s i t e  i n  t he  RAW) nuclear 

ex t r ac t s ( i nd i ca ted  by l e t t e r s  B through E ) .  This would 

correspond t o  some of the  other AP-2 s i t e s  o f  the  ATBF1A 



Figure 1 1  DNase I foo tpr in t ing  o f  the HindIII-Sac1 fragment. 

The lanes are  as fo l lows:  lug R A ( + )  P I 9  nuclear ex t rac t  (I), 

5 ug R A ( + )  P I 9  nuclear e x t r a c t  ( 2 1 ,  25 ug R A ( + )  P I 9  nuclear 

ex t rac t  ( 3 ) ,  1 ug R A ( - )  P I 9  nuclear ex t rac t  ( 4 1 ,  5 ug R A ( - )  

P I 9  nuclear e x t r a c t  ( 5 ) ,  25 ug R A ( - )  P I9  nuclear e x t r a c t  (6), 

1 fpu  recombinant AP-2 (7), 5 f p u  recombinant AP-2 ( 8 ) ,  lug 

HeLa e x t r a c t  ( 9 ) ,  and 5ug HeLa e x t r a c t ( l 0 ) .  The lower st rand 

was labelled i n  these assays. 



Corn HeLa 
RA(+) RA(-) ~ p - 2  Extract -- -- 

1 ug 5ug 25ugl ug 5ug 25ug I f p u  5fpu l u g  5ug 



promoter. Therefore the d i f f e r e n c e s  w i t h  t h e  recombinant 

f o o t p r i n t  and the  nuc lear  e x t r a c t  may be due t o  the  b ind ing  o f  

a d d i t i o n a l  f a c t o r s  which i n  t h i s  case may be S p f .  Some o the r  

reasons t h a t  t he  f o o t p r i n t s  d i f f e r  between the  recombinant and 

t h e  crude e x t r a c t s  may be t h a t  t he  p r o t e i n  may n o t  be present  

i n  high enough concentrat ions t o  y i e l d  as obvious a p r o t e c t i o n  

pa t te rn .  A s  t he  commercial p repa ra t i on  i s  p u r i f i e d  and has 

been opt imized f o r  f o o t p r i n t i n g  i t  i s  n o t  s u r p r i s i n g  t h a t  i t  

y i e l d s  a c l e a r  c u t  p a t t e r n  i n  t h i s  assay. T h i s  i n d i c a t e s  that 

the s i t e  i s  capable o f  b ind ing  AP-2 and suggests t h a t  t h i s  

s i t e  p a r t i c i p a t e s  i n  the r e g u l a t i o n  o f  ATBFIA expression. 

There are some hypersens i t i ve  s i t e s  f u r t h e r  upstream o f  t he  

p e r f e c t  consensus AP-2 s i t e .  These may be due t o  b ind ing  o f  

the recombinant AP-2 p r o t e i n  a t  the less than p e r f e c t  

consensus sequences o r  a t  t he  Spl s i t e  i n  t he  ATBF1A promoter 

region. 



Discussion 

The r e s u l t s  t h a t  have been obtained by a  v a r i e t y  o f  

biochemical techniques i n  t h i s  study i nd i ca te  t h a t  AP-2 i s  

invo lved i n  regu la t ion  o f  t h e  ATBFlA promoter. However, the re  

i s  some p r i o r  data t h a t  suggests t h a t  AP-2 peaks a t  a l a t e r  

stage o f  PI9 development than ATBF1A ( P h i l l i p p  e t  a l . ,  1994). 

However, the induct ion o f  AP-2 i s  60- f o l d  ( P h i l l i p p  e t  a l . ,  

1994)  which ind ica tes  t h a t  AP-2 mRNA i s  p resen t  a t  low levels 

i n  uninduced P I 9  c e l l s  whereas ATBFIA t r a n s c r i p t s  are 

undetectable p r i o r  t o  i nduc t ion  w i t h  r e t i n o i c  a c i d  (Miura e t  

a7., 1995 ) .  There a l so  has been a repor t  i n  which AP-2 

a c t i v i t y  has been induced w i thout  an increase i n  mRNA 

expression (Andersson, e t  a 7. ,  1994). Therefore i t  remains 

poss ib le  that AP-2 may be involved i n  t h e  upstream regu la t i on  

o f  ATBFIA. The AP-2 p r o t e i n  t h a t  i s  present i n  t h e  P I 9  c e l l s  

p r i o r  t o  induct ion  may be i n a c t i v e  and then may be ac t i va ted  

and b ind t he  ATBFla promoter immediately upon i nduct ion .  I t  

may even be possib le t h a t  i t  i s  i n  an i nac t i ve  complex w i t h  

the  r e t i n o i c  ac id  receptor which has a precedent w i t h i n  the 

l i gand  dependent t r a n s c r i p t i o n  f a c t o r  superfamily (Blobel  e t  

a7., 1995)  

It has prev iously  been demonstrated t h a t  two t o  f o u r  

hours o f  RA induct ion i s  s u f f i c i e n t  f o r  commitment o f  P I 9  t o  

the neuronal d i f f e r e n t i a t i o n  pathway (McBurney, 1993 ) .  It i s  

i n t e r e s t i n g  t o  note t h a t  ATBFla mRNA i s  induced w i t h i n  t h i s  



t i m e  frame (Miura  e t  a 7 . ,  1995) .  Since the re  are no s i t e s  f o r  

the r e t i n o i c  ac id  receptor  fami l y  (o the r  than a poss ib le  ha l f  

s i t e  Figure 1 )  i n  the  ATBFIA promoter i t  i s  u n l i k e l y  t h a t  t h i s  

f a c t o r  ac ts  alone o r  i n  a d i r e c t  manner upon ATBFIA 

expression. I f  AP-2 i s  involved i n  ATBFIA i nduct ion  then t h i s  

evidence suggests t h a t  there may be m u l t i p l e  waves o f  AP-2 

a c t i v i t y .  

The f i r s t  wave o f  AP-2 a c t i v i t y  may be due t o  p ro te i n  

a c t i v a t i o n  v i a  some mechanism (eg.  phosphorylat ion o r  

d i ssoc ia t i on  from an i n h i b i t o r )  upon the  i n i t i a l  induct ion  

w i t h  r e t i n o i c  acid.  T h i s  ac t i va tes  ATBFI A expressior! and 

commits t h e  c e l l s  t o  t h e  neuronal pathway w i t h i n  three hours. 

It would be an i n t e r e s t i n g  future experiment t o  knock ou t  

ATSF1A i n  P I 9  c e l l s  t o  observe the  e f f e c t  upon neuronal 

d i f f e r e n t i a t i o n  o r  observe the  e f f e c t s  o f  an AP-2 knockout o r  

mutations t h a t  b lock the  neuronal d i f f e r e n t i a t i o n  pathway 

(McSurney, 1993)  on ATBF1A expression and neuronal c e l l  

development. The second wave o f  AP-2 induced e f f e c t s  occurs 

upon the accumulation o f  add i t i ona l  AP-2 p ro te i n  which 

presumably accompanies the  l a t e r  peaks o f  AP-2 l e v s l s  which 

produce s u f f i c i e n t  mRNA and p r o t e i n  t o  car ry  neuronal 

d i f f e r e n t i a t i o n  through i t s  course. 

One way t o  test t h i s  hypothesis would be t o  determine 

whether ATBF1 A expression dur ing  r e t i  no i  c  ac id  induct ion  

requi red new p ro te i n  synthesis .  Th is  could be attempted w i t h  



i nduc t ion  experiments c a r r i e d  ou t  i n  the presence of 

cycloheximide which i s  an i n h i b i t o r  o f  p ro te i n  synthesis .  I f  

ATBF1A RNA l e v e l s  increased i n  the presence o f  cycloheximide 

then t h a t  would i nd i ca te  t h a t  novel p ro te i n  synthesis  i s  not  

requi red.  This r e s u l t  would i nd i ca te  t h a t  the  low l e v e l s  o f  

AP-2 t h a t  are present i n  the c e l l  p r i o r  t o  i nduc t ion  w i th  

r e t i n o i c  ac id  may be involved i n  the i n i t i a l  a c t i v a t i o n  o f  

ATBFIA. These l e v e l s  may be s u f f i c i e n t  t o  d i r e c t  expression o f  

t he  ATBFIA ger;e, presumably upon ac t i va t i on  through post- 

t r a n s l a t i o n a l  mod i f i ca t ion .  This  i s  c o n s i s t m t  w i t h  the  

r e s u l t s  which i nd i ca te  t h a t  AP-2 mRNA i s  present  i n  uninduced 

P I 9  nuclear ex t r ac t s  ( P h i l l i p p  e t  a 7 . ,  1994 ) .  AP-2 may act as 

a f a c t o r  t h a t  po ten t ia tes  the assembly o f  other  f a c t o r s  onto 

t he  ATBF-1A promoter i n  a  s i m i l a r  fashion as the r e t i n o i c  a c i d  

receptor  has been reported t o  a c t  (Dey e t  a 7 . ,  1994) .  

From the gel s h i f t  data it appears t h a t  the R A ( - )  nuclear 

e x t r a c t  contains mu1 t i p l e  factors t h a t  b ind  the  ATBF1A 

promoter. These complexes are l a b i l e  and heterogeneous which 

may i nd i ca te  t h a t  the  s p e c i f i c i t y  o f  these i n t e rac t i ons  may 

n o t  be c r i t i c a l .  These f ac to r s  may serve t o  s i l ence  the 

promoter i n  uninduced c e l l s .  I n  cont ras t  the  R A ( + )  ex t rac t s  

form one s p e c i f i c  band on the ATBFIA promoter fragments which 

i s  not s i m i l a r l y  l a b i l e .  Since ATBF1A i s  expressed i n  RA(+)  

c e l l s  and n o t  i n  R A ( - )  i t could be hypothesized t h a t  the 

f a c t o r  t h a t  binds from RA(+ )  nuclear ex t rac ts  i s  a  s p e c i f i c  



a c t i v a t o r  o f  t h i s  promoter. The RA(+) band would be a p ro te i n  

which binds upon RA i nduc t ion  t o  a c t i v a t e  t h i s  promoter. The 

p ro te ins  observed i n  t he  R A ( - )  complex would be a l t e red  so 

t h a t  they would no longer  b ind the  ATBFlA promoter. 

A l t e r n a t i v e l y  the R A ( - )  s h i f t  could be an i n h i b i t o r y  

arrangement o f  the promoter. 

A se t  o f  experiments t h a t  could conf i rm t h i s  hypothesis 

would be t o  do a time course o f  nuclear ex t rac ts  dur ing P I 9  

r e t i n o i c  ac id  induced d i f f e r e n t i a t i o n .  These experiments would 

demonstrate the a l t e r a t i o n s  i n  b inding o f  the  A T B F l A  promoter 

dur ing  commitment t o  a d i f f e r e n t i a t i o n  pathway ra the r  than 

a f t e r  comrni tment has a1 ready occurred which i s  a 1 i m i t a t i o n  o f  

t he  cu r ren t  experiments. 

The r e s u l t s  t h a t  have been obtained dur ing the cur rent  

s tud ies  imp l ica te  AP-2 as a f ac to r  invo lved i n  the neuronal 

s p e c i f i c  expression o f  the ATBFlA promoter. In summary, the 

data  t h a t  support t h i s  asser t i on  are ge l  s h i f t  assays which 

inc lude o l igonuc leot ide  compet i t ions as we l l  as gel s h i f t s  

w i t h  commercial AP-2 p r o t e i n  and DNase I f o o t p r i n t s ,  

p a r t i c u l a r l y  the strong f o o t p r i  n t  obtained w i t h  the comrnerci a1 

AP-2 p ro te in .  

However, these assays prov ide on ly  i n d i r e c t  evidence t h a t  

t h e  f a c t o r  from P I 9  nuclear  ex t rac ts  which binds the ATBFlA 

promoter i s  AP-2. Some experiments t h a t  would provide more 

d i r e c t  evidence o f  t h i s  would be t he  antibody supersh i f ts ,  



sequence s p e c i f i c  compet i t ive f o o t p r i n t s  of t he  observed 

p ro tec t ion  pat terns,  d i  r e c t  a1 i gnment o f  sequencing reac t ions  

o f  the  promoter fragment w i t h  the f o o t p r i n t s ,  mutagenesis o f  

the AP-2 s i t e s  i n  the ATBFla promoter and subsequent CAT 

assays. 

The most obvious experiments t h a t  should be done i n  t he  

near term are CAT assays w i t h  mutated promoters. These will 

give more d i  r e c t  evidence o f  the importance o f  the AP-2 s i t e s  

i n  t h e  expression o f  the ATBF1A promoter in  vivo. I t  would be 

i n te res t i ng  t o  determine whether ATBFIA i s  induced i n  the P I  9 

c e l l  1 i ne  t h a t  possesses a mutated RARa gene and does no t  

d i f f e r e n t i a t e  i n t o  a neuronal cell line upon r e t i n o i c  a c i d  

induct ion  ( P r a t t  et a 7 . ,  1990) .  Another set o f  experiments 

t h a t  could be performed i f  t ime and resources were pe rm i t t i ng  

would be i n  v i v o  f o o t p r i n t i n g  o f  the ATBF1A gene dur ing  RA 

induct ion  (Dey e t  a 7 . ,  1 9 9 4 ) .  The pa t t e rn  changes observed 

upon induct ion  o f  P I 9  c e l l s  w i t h  r e t i n o i c  ac i d  would be q u i t e  

in format ive.  

As seems t o  be the case i n  research,  my e f f o r t s  have 

produced some t a n t a l  i z ing  h i n t s  as t o  the mechanisms 

underly ing the  modulation o f  t he  ATBFlA promoter, These 

experiments may serve as a compass t o  p o i n t  the way t o  f u r t h e r  

i nves t i ga t i on  o f  the  t r ansc r i p t i ona l  con t ro l  o f  t i s s u e  

s p e c i f i c  gene expression dur ing development. 
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