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Abstract. Evidence for the existence of a neutral inhibitor specific for auxin has been in the 
literature for 45 years. The inhibitor is demonstrable by its effect in causing positive curvature 
of the Avena coleoptile. The growth of the mesocotyl of oat and corn seedlings in darkness and 
its inhibition by light are determined by the neutral inhibitor as is the phototropie response of 
the sunflower stem. Production of the inhibitor is promoted by red and fluorescent light. Irradiance 
at 730 nm promotes auxin production while irradiance at 660 nm promotes production of the 
inhibitor. The positive curvature induced by 2,3,5-triiodobenzoie acid can be used to quantify 
the neutral inhibitor. Since the benzoic acid is more effective than iodoacetate in reacting with 
the sulfhydryl of eysteine, a sulfhydryl group is indicated to be one reaction site for auxin and 
to be the basis of polar transport. 

Two  aspec ts  of  p l a n t  g r o w t h  t h a t  h a v e  been i n v e s t i g a t e d  ex t ens ive ly  
w i t h o u t  s a t i s f ac to ry  reso lu t ion  are the  g r o w t h  of  the  mesoco ty l  of  grasses  a n d  
the  p h o t o t r o p i c  response  of  p lan t s  to light.  The  m e a s u r e m e n t s  of  aux in  in 
the  control  of  g r o w t h  have  e m p l o y e d  the  Arena  c u r v a t u r e  b ioas say  for  
aux in  in the  diffusates  f r o m  p l a n t  t issues wi th  the  a s s u m p t i o n  t h a t  on ly  
a p r o m o t i v e  subs t ance  is p r e sen t  when,  in fact ,  an  inh ib i to r  specific for  
indol -3-y lace t ie  acid (IAA) is also presen t .  Such an  u n k n o w n  inh ib i to r  would  
obscure  the  resul ts  of  o the r  m e t h o d s  of  de t e rmin ing  I A A  con ten t  a n d  d is t r ibu-  
t ion  as well. 

GROWTH OF THE MESOCOTYL 

WENT (1928) p ropos ed  t h a t  the  g r o w t h  of  the  mesoco ty l  is l imi ted  b y  the  
a m o u n t  of  g r o w t h  h o r m o n e  t h a t  is rece ived  f r o m  the  apical  po r t i on  of  the  
coleoptile.  VaN 0VERnE~K (1936) f r o m  his e x p e r i m e n t s  also concluded  t h a t  
t he  r educ t ion  of mesoco ty l  g r o w t h  is due  to  a decreased  a m o u n t  of  aux in  
p roduced  b y  the  t ip  of  the  coleopti le  of  the  corn seedling. More r ecen t l y  the  
inves t iga t ions  of  I INo a n d  CARE (1982) h a v e  caused  t h e m  to  conclude t h a t  
the  g rowth  of  the  apica l  growing region of  the  mesoco ty l  depends  on the  
a m o u n t  of  I A A  f r o m  the  coleopti le  t ip.  

Opposed  to this  v iew of  the  contro l  of  mesoco ty l  g r o w t h  b y  the  coleopt i le  
is the  f inding b y  SCHNEIDER (1941) t h a t  the  effect  of  l ight  in inh ib i t ing  the  
g r o w t h  of  the  mcsoco ty l  is a d i rect  response  of  the  mesoco ty l  a n d  no t  depen-  
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dent on the coleoptile. The independence of mesocotyl growth from auxin 
production in the coleoptile tip was also demonstrated in the difficult expe- 
riments of MER (1951), performed in darkness, in which the removal of the 
eoleoptile tip did not affect the growth of the mesocotyl of Avena seedlings. 
However, II~o and CARR (1982) have reported tha t  removal of the coleoptile 
tip of Lea seedlings under infra-red radiation caused a slight reduction of 
mesocotyl growth in their experiment. 

Earlier measurements of diffusible auxin in coleoptiles have shown decreas- 
ing amounts of auxin below the coleoptile tip. I f  the diffusates are collected 
in agar blocks buffered at pH 3.5, the amount  of auxin collected at the base 
of the entire coleoptile is the same as tha t  collected from the tip in Avena 
seedlings grown in darkness for four days, and the amount  collected from the 
entire coleoptile and mesocotyl of similar Lea seedlings is greater than the 
amount  from the eoleoptile tip (KEssLER 1981). After five days in darkness 
the mesocotyl of the Arena seedling ceases growth even though more than 
half of the maximum level of auxin is present at the base of the eoleoptile. 
At this t ime positive curvatures of the test coleoptiles are obtained with agar 
blocks containing the diffusates from the mesocotyl indicating tha t  the auxin 
content  is counteracted by an inhibitor present in the diffusate. When Lea 
seedlings are exposed to red light 12 hours before the measurement  of diffus- 
ible auxin, the growth of the mesocotyl is reduced and positive curvatures of 
the test coleoptiles are induced by the agar blocks containing the diffusates. 

Positive curvatures of the Avena eoleoptile caused by extracts and diffu- 
sates from plant tissue have been reported several times in the literature 
(Snow 1939, STEWART et al. 1939, SHIBAOKA 1961, BRUINSMA et al. 1975). 
Whereas the negative curvature of the coleoptile in the bioassay represents 
a preponderance of a promotive substance in the agar block on the growth 
of the tissue which has been depleted of endogenous hormone by prior removal 
of the tip, the positive curvature results from lesser growth on the side to 
which the block is applied and represents a preponderance of an inhibitory 
substance in the block on the endogenous hormone tha t  is present in the 
tissue. For curvature to occur the inhibitor must also have the unique prop- 
er ty  of the hormone, polar transport.  

s s tandard Avena curvature bioassay for auxin which employs two 
successive decapitations of the coleoptile to deplete the endogenous hormone 
and reduce the growth of the coleoptile is obviously not suitable for the 
measurement  of an inhibitor of auxin4nduced growth. After one decapitation 
a new site of synthesis of auxin is regenerated and 6 hours later the growth 
rate of the coleoptile is about 65 ~ of tha t  of an intact  coleoptilc (vA~ OVER- 
BEEK 1941). With Avena seedlings t reated in this way the bioassay of the 
inhibitor becomes possible (KESSLER 1981). I f  the diffusate from the plant 
tissue is collected in agar blocks buffered at pH 8.5, the IAA in the diffusate 
is almost totally dissociated and does not  enter the coleoptile tissue so tha t  
the maximum effect of the inhibitor is obtained. Since 2,3, 5-triiodobenzoic 
acid (TIBA) was found to reduce the effect of IAA in causing negative 
curvature of coleoptiles (FERGUSON 1971), it V,-~S examined for an effect in 
positive curvature and gave curvature tha t  was proportional to the logarithm 
of the concentration at 10-TM to 5 • 10-5 ( K E S S L E R  1981). Thus it is possible 
to relate the amount  of the inhibitor to quantities of TIBA causing the same 
amount  of positive curvature. 
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The positive curvature bioassay for the inhibitor of auxin-induced growth 
has been used to determine the relationship of the inhibitor and the growth 
of the Avena mesocotyl in darkness. The inhibitor is detected in the agar 
blocks receiving the diffusate from two mesocotyls at  the third day of growth 
and increases to a maximum on the fourth day after which it diminishes 
(KESSLER 1981). The mesocotyl increases in length until the fifth day and 
then ceases growth even though a considerable quant i ty  of auxin is present 
at the base of the coleoptile. I t  is evident tha t  the control of growth in the 
mesocotyl is not dependent  on auxin from the coleoptile but  is determined by  
the inhibitor formed during its development.  

PHOTOTROPIC GROWTH 

WE~T (1928) proposed that  the growth response due to unilateral light was 
the result of lateral movement  of the growth hormone to the shaded side of 
the tissue causing greater growth on that  side and curvature toward the 
source of light. Alternative explanations have involved light destruction of 
auxin or of the enzyme system forming auxin but  studies of the phototropic 
response of the sunflower plant have implicated an inhibitor of auxin-induced 
growth rather than a}l unequal lateral distribution of auxin. SmBAOKA (1961) 
discovered a neutral inhibitor in extracts and diffusates fi'om sunflower 
leaves which suppressed IAA-induced Avena curvature and epicotyl growth 
of the sunflower. A neutral inhibitor also was obtained by LAM and LEOPOLD 
(1966) from sunflower stems in their experiments on the effects of light on 
curvatures of the hypocotyl.  BRUIZ~SMA et al. (1975) did not find an effect of 
unilateral light on the lateral distribution of endogenous IAA in sunflower 
hypocotyls and suggested that  it is an inhibitor that  is unevenly distributed 
due to unilateral light. 

Sunflower plants grown in light and similar to those employed by  LAW 
and LEOrOLD have been examined for auxin and the inhibitor in diffusates 
by  means of the negative curvature and positive curvature of the Avena 
coleoptile (MUIR and ZHU 1983). Diffusates were collected at the base of the 
hypocotyl  for plants that  had the apex and one cotyledon removed before 
being given various light treatments.  Both auxin and its inhibitor were pre- 
sent in diffusates from plants placed in darkness for 4 and 3 hours. The 
inhibitor content of diffusates from plants under fluorescent light or irradiance 
at 660 nm was increased over the amount  in the diffusates from plants in 
darkness. The auxin content of the diffusates from plants given irradiance 
at 730 nm was increased. Similar results were obtained for diffusates from 
the hypocotyl  and a leaf of plants that  had the apex and cotyledons removed 
before being given the light t reatments  and for diffusates from the half-ex- 
panded leaves of intact plants 21 days old. 

The auxin of the sunflower plant is IAA but  the identi ty of the inhibitor 
is unknown. SmBAOKA (1961), LA~I and LEOPOLD (1966) and THOMSSO~ and 
BRUINSMA (1977) all agree tha t  the inhibitor is a neutral substance and the 
positive curvature bioassay is based on the non-acidic nature of the compound. 
Xanthoxin has been identified as an inhibitor in the sunflower seedling 
(THoMPsoZ~ and BRUIZ*SMA 1977, FRAZ~SSEN and BmT~SMA 1981) but  it does 
not cause positive curvature of the Avena coleoptile. 
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M E C H A N I S M  O F  A C T I O N  

At a concentration of 7 • 10 -6 M, TIBA is a competitive inhibitor of the 
negative curvature of Avena coleoptiles induced by IAA, and IAA at a 
concentration of 1.55 • 10-7 M is a competitive inhibitor of the positive 
curvature induced by TIBA. This evidence that the molecules are acting at 
a common site corresponds with the auxin activity of TIBA in promoting 
the straight growth of coleoptile segments (MUIR and HANSCH 1961). The 
TIBA also apparently has the optimal value for the approximate superde- 
localizability at the ortho position for a reaction with a nucleophilic reagent 
( - -SH)  as calculated by FUKUI et al. (1958) for a series of substituted benzoic 
acids. 

The observation by LEOPOLD and PRICE (1956) that TIBA is ten-fold more 
reactive with cysteine than is iodoacetate indicates a specific activity of 
TIBA for the sulfhydryl group and would involve the displacement of the 
iodine at the ortho position forming a thio-ether bond at the reaction site as 
demonstrated for the reaction of iodoacetate with cysteine by DICKENS 
(1933). These findings corroborate the hypothesis of a two-point reaction of 
the auxin molecule involving the carboxyl group and a position on the aro- 
matic ring (MUIR and HA~sc~  1951). Furthermore, polarity of transport 
appears to be a matter of su|fhydryl gradient in the tissue. These conclusions 
are the same as those of Shibaoka 23 years ago. 
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BRIGGS, W. R., JONES, I~. L., WALBO~, V. (ed.): A~-,xI:AL REVIEW OF PLANT PHYSIOLOGY. VOL. 35, 
1984. -- Annual  Reviews Inc., Pale Alto, Cal., U.S.A. 736 pp., U.S. $ 27.00 {U.S.A.), 30.00 
(elsewhere). 

The yearly volumes containing review papers in various fields of p lant  physiology belong to 
the  mos t  popular  literature at  universities and in research inst i tutes  all-over the world. The rate  
of citation of these reviews is extremely high and thus  they control the level of knowlc, dge in 
p lant  physiology. Of course, the responsibility of their authors  is high: any  error in the text  m a y  
be introduced into science as a respected fact. 

The 35th volume brings 22 reviews writ ten by 29 authors  from the U.S.A. (17 authors) ,  the 
F.R.G. (5), Austral ia  (4), Israel (2), and J apan  (1). In  addition, a prefatory chapter  was prepared 
this t ime hy C.R. Stocking of the Univers i ty  of California. I t  deals with the life experience of this  
ou ts tanding  plant  physiologist in the field of research (chloroplast-cytoplasmic interactions,  
food chemistry),  research planning (on duplication of projects), publishing, and developing a bo- 
t an y  depar tment ,  as well as his thoughts  on the past  and future research in photosynthesis .  

According to the Editors of the volmne, ~hc revmws ma y  be divided according to the level of  
organization of the objects. The range "Molecules and Metabolism" contains eight reviews: on 
immunoassays  of p lant  growth regulators, oil s tructure,  synthesis,  function, and  regulation of 
chloroplast ATPase,  excess sulphur,  ethylene, and seed proteins (four reviews), on leghemoglobm 
and Rhizobium respiration, and on photorespirat ion and  photosynthet ic  electron t ranspor t  
pa thways  and mechanisms (two reviews). The range "Organelles and  Cells" contains the topics: 
t ranspor t  of sugars,  amino acids and filrther compounds (two reviews), biogenesis of glyoxysomes,  
use of N.3Ilg spectroscopy for metabolic studies, and expansion of plant  cells. Five reviews in the  
range "Tissues, Organs, and Whole P lan t s"  deal with: root development  regulation, role of 
phytoalexins  and  their elicitors in defense against  microbes, osmoregulation and  water  stress, 
cell division pat terns ,  and  quant i ta t ive  description of development.  The last range "Popula t ion  
and  En v i ro n m en t "  contains four topics: photoinhibit ion of photosynthesis ,  crown galls, isolation 
and  characterization of m u t a n t s  in cell cultures, and freezing injury and cold acclimation. 

The sequence of reviews in the volume is different: I was not  able to find the logic. Of course, 
all the ment ioned topics also contain related seeondary problems, e.g., photoinhibit ion of photo- 
synthesis  also includes the interaction of light and  (high or low) tempera ture  stresses or herbicide 
and water  stresses; water  relations of p lants  are also dealt with in reviews on the description of 
development,  isolation of mu tan t s ,  ti'eezing injury, plant  cell expansion,  and photoinhibit ion of 
i.!~o+osvnthe~is. 

fh~, rcv~,~,ws :~ 'e tradit ionally aceompanied by no or only a few figures -- in this volume the 
mos t  richly it:u.orated (10 figures) is the rewew on quant i ta t ive  descriptions of development.  
I do not know what  the reason is - to spare space, the copyright problems ? In  some of the present  
reviews figures would help in unders tanding  the ra ther  complicated text.  The supplemented 
Author  Index  shows the places in the text  where the au thor  is cited only by a number :  addi t ion 
of this number  in italics in the Index  would much  help in its use. The Subject Index is very good. 

In  general, the reviewed volume belongs to those which m u s t  be in every plant  physiological 
hbrary.  

Z. ~ESTXK (Praha) 


