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Abstract. A specific, high affinity, IAA binding site was demonstrated in both a ey~osolie 
fraction, and in isolated nuclei, from Nicotiana tabacum ev. Wisconsin No. 38 cells grown in 
suspension culture. The amount of the binding site detected in both these fractions changed 
during the culture cycle according to a strict pattern. The molecular mass of the binding siT.e was 
estimated by gel filtration to be approximately 175 000 and it appears to be a protein. When 
partially purified by affinity chromatography and allowed to pre-ineubate with IAA, the site 
had a significant stimulatory effect on total RNA synthesis, as measured by a cell-free assay 
system. Unpurified extracts had no such effects. The system behaves rather like the ~eroid 
hormone-receptor system in animals. 

I n  order  for  a p h y t o h o r m o n e  to  exe r t  i ts  specific phys io logica l  and  bio- 
chemica l  effects  i t  m u s t  first  be recognized  b y  the  respons ive  cells. This  has  
been  t a k e n  to  i m p l y  t h a t  recogni t ion  and  t r a n s d u e t i o n  of  the  chemica l  
( p h y t o h o r m o n e )  s ignal  can be ach i eved  on ly  i f  the  cell conta ins  a t  leas t  one 
cons t i t uen t  t h a t  is able to  b ind  the  ho rmone .  P h y t o h o r m o n e s  have  charac-  
te r i s t ic  s t r u c t u r e / a c t i v i t y  re la t ionsh ips  (FARRI~OND et al.  1981) and  t h e y  
are p resen t  a n d  ac t ive  in the  cell a t  v e r y  low concen t ra t ions .  P ro te ins  are the  
on ly  cellular cons t i t uen t s  which  seem l ikely  to  be  able to  sa t i s fy  the  .~t,rict 
d e m a n d s  of  a f f in i ty  for and  specif ic i ty  t o w a r d s  the  p h y t o h o r m o n e  impl ied  
b y  these  obse rva t ions .  The  p ro te ins  which  b ind  the  h o r m o n e s  wi th  high speci-  
f ici ty and  af f in i ty  h a v e  been  t r a d i t i o n a l l y  called r ecep to r s  a n d  i t  is a s sumed  
t h a t  b ind ing  of  the  h o r m o n e  a c t i v a t e s  the  r ecep to r  in a m a n n e r  such as to  
t r ansduce  the  h o r m o n a l  signal.  

LIBBENGA (1978), in rev iewing  progress  in p h y t o h o r m o n e  r ecep to r  research  
to  t h a t  da te ,  d rew a t t e n t i o n  to  the  ex is tence  of  a t y p e  of aux in  r ecep to r  ~vhich 
was  no t  m e m b r a n e  bour~d (the soluble recep to r )  and  which  m i g h t  func t ion  in 
a s imilar  m a n n e r  to  ce r ta in  a n i m a l  s te ro id  h o r m o n e  recep to r s  (O'MALLEY 
and  SCrmA~)ER 1976). The  Le iden  G r o u p ' s  work ing  hypo thes i s  was  t h a t  aux in  
molecules  b o u n d  to  a soluble (cytosolic or nuc leop lasmic)  r ecep to r  ( L I B r ~ G A  
1978), t h a t  the  h o r m o n e / r e c e p t o r  complex  becomes  assoc ia ted  wi th  chromoso-  
ma l  accep t e r s  a n d  t h a t  th is  assoc ia t ion  resu l ted  in enhanced  t r ansc r ip t ion .  
The  a p p r o a c h  was  d i rec ted  a t :  

1. the  isolat ion,  pur i f ica t ion  a n d  cha rac t e r i za t ion  of  specific, h igh affi,~ity, 
low c a p a c i t y  aux in  b ind ing  pro te ins ;  
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2. the isolation~ purification and characterization of the effector system 
i.e. tha t  system whose act ivi ty is modulated by  receptor activation; 

3. the reconstitution of an auxin-sensitive in  vitro system by  put t ing recep- 
tors and effectors together in an appropriate (artificial) environment.  

The progress of the Leiden group's work towards satisfying the objectives 
has been described in a series of papers published since tha t  review (BoG~gs 
et aI. 1980, BOVlU_AX et al. 1979, ME~r?cES et al. 1978, OOSTRO~ et al. 1980, 
VAiN DEI% L I l t ' D E  et al. 1 9 8 4 ) .  

The interests of the Leiden and Leicester groups complemented each other 
precisely and it seemed sensible to set up the collaborative programme 
which yielded the results outlined in this paper. In an area of endeavour  
where results described in one laboratory have not  always been experiment- 
ally confirmed in others, it was also at t ract ive to have the oppor tuni ty  for 
independent  confirmation of data. 

M A T E R I A L S  A N D  M E T H O D S  

Cel l  Cultures  

Nicot iana  tabacum cv. Wisconsin No. 38 cell suspension cultures were 
produced from tobacco leaf callus initiated in Leicester. The cell cultures were 
maintained on LINS~AIE~ and SKOOO (1965) medium. 

In this brief overview it is not  appropriate to give full details of the tech- 
niques used. These have either been described in the papers cited earlier or 
by  BAILEY (1983). Certain parts of this work willlbe described in more de~ail 

elsewhere. 

R E S U L T S  A N D  D I S C U S S I O N '  

The soluble binding site isolated from the tobacco cells was found to have 
very similar characteristics (Table 1) whether it was isolated from the cyto- 
solic hac t i cn  or from nuclei. The Fa~ameters for the site were calculated in 
the usual way  through a ScatchaId analysis (ScATCmtRD 1949) and routinely 
a K~ for IAA of approximately 1 X 108 M -1 was fo~md. The number  of 
binding sites varied dramatically according to the culture growth stage. 
The pH curves for the site showed maximal binding at  pH 7.5--8.0 irrespect- 
ive of locaticn within the cell. The site(s) was sensitive to both t rypsin and 

TABLE 1 

Propert ies  of a non -membrane -bound  IAA binding prote in  t'rom suspension cul tured tobacco 
ceils 

Source of bimting prote in  
Cyt osol Nuclei 

Ka l0 s3[  t l0 s3 [  1 

No. of binding sites I)-- 500 flnol mg 1 0 250 f}nol mg 1 
of prote in  of protein  

p H  o p t i m u m  7.5-- 8.0 7.5-- 8.0 

Molecular mass  176 000 • 10 000 176 000 -- 10 000 
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TABLE 2 

Compe t i t i on  a s s a y s  

C o m p o u n d  A p p a r e n t  Ka [M -z] 
Cytosolic  s i te  Nuc lea r  si te  

I A A  1 • 10 ~ 1 • 10~ 
~ N A A  8 • l0  ~ 7 • 107 
~ N A A  9 • 10 ~ 
2,4-D 5 • 107 3 • 107 
P C I B  7 • 105 * 
Indo ly l  ace toni t r i le  no  c o m p e t i t i o n  no  compe t i t i on  
3,5-D no  c o m p e t i t i o n  no  compe t i t i on  
D,  L - T r y p t o p h a n  no  c o m p e t i t i o n  * 
Indo ly l  a c e t a l d e h y d e  no compe t i t i on  * 
I n d o l y l  acet ic  ac id  no compe t i t i on  * 

* signifies n o t  de t e rmined .  

Compe t i t i on  a s s a y s  were car r ied  ou t  u s i ng  radiolabel led  I A A  (2.5 n m o l  d m  -3) c o m p e t e ~  
inc reas ing  c o n c e n t r a t i o n s  of  un labe l led  c o m p e t i t o r  (2.5 • 10-1- -  10 -6 reel  din-3).  All resu l t s  were 
ca l cu la t ed  f rom a t  leas t  four  e x p e r i m e n t s .  

chymotrypsin which completely removed binding activity and thus appeared 
to be proteinaceons. Estimates of molecular mass based on Sephadex G-200 
column chromatography s~ggestcd that the sites isolated from c vtosol and 
nuclei were similar also in this iespec*. 

Competition assays (Table 2) reve~led *hat the si*e(s) w~s highly specific 
and again the chai'acteristics of cy*osolic ~nd nuclear" sites were similar. 
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Fig.  1. Modul~ t ion  of  the  a m o u n t  of  the  cytosol ic  I A A  b ind ing  si te  f r om iVicotia~a wi th  t ime  af te r  
t r an s f e r  o f  t h e  cells to f resh  cu l tu re  m e d i u m .  R e s u l t s  are  t h e  m e a n  of  10 e x p e r i m e n t s  a n d  t he  
error  ba r s  show the  s t a n d a r d  dev ia t i on  of  t he  m e a n .  P r o t e i n  15 - -20  nag cm-3.  Cell n u m b e r s  are  
t he  m e a n  of  l0  e x p e r i m e n t s  a n d  t he  error  ba r s  show the  s t a n d a r d  dev ia t i on  o f  t he  m e a n ,  
Fig.  2. Modu la t i on  of  t he  a m o u n t  of  t he  nuc lea r  I A A  b ind ing  si te  f rom Nicotiana cells wi th  t ime  
a f te r  t r ans fe r  of  t he  cells to f resh  cu l tu re  m e d i u m .  T he  resu l t s  are  t he  m e a n  of  5 e x p e r i m e n t s  a n d  
t h e  error  ba r s  show  t he  s t a n d a r d  dev i a t i on  of  the  m ean .  P ro t e in  10--  14 m g  cm -3. Cell n u m b e r s  
a re  t he  m e a n  of  10 e x p e r i m e n t s  a n d  t he  error  bars  show the  s t a n d a r d  dev ia t i on  of  the  m e a n .  
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TABLE 3 

Influence of the partially purified soluble receptor on UTP incorporation by isolated nuclei 

A B C D 

:Nuclei :Nuclei -~- IAA :Nuclei + receptor :Nuclei + re- 
ceptor + IAA 

100.0~ 99.5% 100.0% 124.3% 

The data represent a typical experiment and are presented as percentages of the value for nuclei 
alone. 

The assays of the cytosolic receptor which were carried out first (Fig. 1) 
provided the somewhat surprising (at the time) information that  the site 
was detectable only during the lag and stationary phases of culture growth. 
The absence of the site from the cytosol at the time of most active metabolism 
led naturally to the suspicion that  a binding site might be found in the nucleus 
at this time. Considerable difficulty was, at first, encountered in isolating 
relatively pure nuclei but it was possible, ultimately, to identify a reproducible 
pattern of changes in the nuclear site numbers (Fig. 2) which interdigitated 
almost perfectly with the changes in the cytosol. I t  was difficult to avoid 
the conclusion that the site was cycling between the cytosol and the nucleus. 

Recently, relatively short response times (15 min to 2 h) have been de- 
monstrated for auxin stimulated RNA transcription (BEVA51 and NORTH- 
COTE 1981, THEOLOGIS and RAY 1982, ZURFLU~! and GUILFOYLE 1982). Such 
rapid responses in gene expression indicate that  the responses are closely 
related to primary auxin effects. Clearly the nuclear binding site identified 
in the present studies would be ideally situated to act in this way. Affinity 
column chromatography was used to give a 50 to 60 fold purification of 
the binding site. The site was eluted from the column by an IAA-containing 
buffer which was subsequently removed by use of a Sephadex G-50 column; 
high affinity binding of IAA was demonstrated with this purified material. 

The purified (IAA free) binding site had no influence on the in vitro incor- 
poration of UTP by nuclei into TCA insoluble material (Table 3) but in the 
presence of IAA and the receptor incorporation was routinely stimulated. 

We believe that  this work has gone some way towards satisfying the ob- 
jectives defined in the Introduction. It is particularly interesting to speculate 
on the similarities which may exist between the system here defined and the 
animal steroid/receptor system discussed by O'MALLEu and SCHRADER (1976) .  

One speculates that when the hormone is bound a transfcrmation of the 
receptor occurs and the complex formed enters the nucleus where it can bind 
to a chromatin-bound protein and affect RNA synthesis. 
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