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Summary. The opening of the hypocotyI hook in bean seedlings is due to a 
rapid elongation of cells on the inner side of the hook elbow. Red light promotes 
hook opening by inducing this ceil elongation. 

Opening is inhibited by low concentrations of indoleaeetie acid (IAA) and 
2,4-dichlorophenoxyacetic acid (2,4-D), and higher concentrations of these auxins 
cause a closure of the hook. In darkness, opening is induced slightly by p-chlorophen- 
oxyisobutyric acid (PCIB), whereas in red light this auxin antagonist promotes 
opening only when IAA is added simultaneously to inhibit opening. 

The amount of diffusible auxin released by the hook tissue is not affected by red 
illumination that is sufficient to induce maximal hook opening. 

Gibberellic acid (GA) promotes the hook opening. The magnitude of its effect 
is, however, rather small, especially in darkness. (2-Chloroethyl)-trimethylammo- 
nium chloride (CCC) and 2'-isopropyl-4'-(trimethylammonium-chloride)-5'-methyl- 
phenyl piperidine-l-carboxylate (Amo-1618) inhibit hook opening in red light, and 
this inhibition is completely overcome by addition of GA. 

Cytokinlns and abscisie acid at rather high concentrations inhibit hook opening 
in light but produce no significant effect in darkness. 

Hook opening is promoted by Ca ++ and K +, and notably by Co ++ and Ni ++. 
I t  is concluded that 1. endogenous gibberellin assists in hook opening, but light 

does not act by changing the gibberellin level; 2. light does not act by decreasing 
the endogenous auxin level; and 3. cytokinins or abscisic acid do not seem to have 
a special role in the response. 

Introduction 

The terminal port ion of the shoot axis of dark-grown seedlings in 
m a n y  dicotyledonous plants is shaped as a hook. I n  the hypocoty l  of 
bean seedlings, opening of the hook is mediated by  phy tochrome (KLEIN 
et al., 1956; WIw~gow et al., 1957), exposure of the hook to red light 
bringing about  opening, this effect being reversible by  far-red light. 

The light-induced hook opening is inhibited by  both the presence of 
the terminal  organs (i.e., in tact  hooks) and the addit ion of 3-indoleaeetie 
acid (IAA) to excised hook segments. These observations led to the 
speculation tha t  the terminal organs supply a diffusible auxin to the 
hook (KL~rtr et al., 1956), and tha t  this auxin prevents  opening. Fur-  
thermore,  the observation tha t  an ant iauxin induced hook opening in 
the absence of red light led to the hypothesis  t ha t  red light acts by  
reducing the level of auxin in the hook (KLEIN, 1965). 
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Th i s  p a p e r  p r e s e n t s  r e su l t s  of a n  i n v e s t i g a t i o n  of t h e  h y p o t h e s i s  t h a t  

l i gh t  i nduces  h o o k  open ing  b y  in f luenc ing  t h e  h o r m o n a l  b a l a n c e  of t h e  

h o o k  t i ssue .  

Materials and Methods 
Plant Material?. 6-day-old dark-grown seedlings of Phaseolus vulgaris L., cv. 

Black Valentine, were used. The seeds were planted in vermiculite in a plastic 
t ray and germinated in complete darkness at 26 • 1 ~ and 70 • 2 % relative humidity. 
Under  a dim, green safelight the terminal organs were removed and the hook was 
cut at its apical end in such a way the initial angle of the hook was 0 ~ meaning that  
the hook was curved through an angle of 180 ~ from the direction of the straight 
portion of the hypocotyl. 

Two principal methods were employed to incubate hooks for the experimental 
period, usually 24 hr, or 20 hr in the case of continuous red illumination: a) 10 hooks 
with approximately 2-era shanks (basal ends) attached were placed on a double layer 
of filter paper in a 10 cm Petri  dish containing 20 ml of distilled water or test solu- 
tion; b) 10 hooks with approximately 4-cm shanks attached were placed vertically 
with their basal ends inserted in 1% agar in a dish. In  the latter case, test substances 
were applied in an agar block which was placed on the apical cut surface of the hook. 
The set of hooks was then kept in a glass chamber (volume about 10 liters) to 
prevent the agar block from drying out but  not  interfere with red illumination. The 
hooks were shadowgraphed at  the end of the test period, and the angle of opening 
was measured on the shadowgraphs, l~esults are given as mean angle of opening • 
standard error of the mean. 

Illumination. The red-light source was a pair of 4-watt fluorescent lamps 
covered with 6 layers of red cellophane (nu PONT) which transmitted light above 
600 nm. The light intensity was 375 erg cm -~ sec -1. All manipulations were carried 
out in a dim green s~felight (WITH~OW and P~ICE, 1957). They were usually com- 
pleted within 30 rain. Such exposure did not  significantly affect subsequent 
hook opening. 

Bioassay o] Di]]usible Auxin. Diffusible auxin from the hook was assayed by 
the Arena curvature test (WENT and T ~ A N N ,  1937). In  order to obtain appre- 
ciable, reproducible yields of diffusible auxin from the tissue, it was necessary to 
prevent enzynmtic inactivation of auxin at the cut surface by using 0.005 M KCN 
(STEEVES et al., 1953). An agar block (2.7 • 2.7 • 1.5 ram) was attached to the basal 
cut surface of each hook for a 2-hour diffusion period in a water-vapor-saturated 
Petri  dish in complete darkness and used for the test immediately ~fter the diffusion 
period. 

The distribution of elongation along the inner and outer surfaces of the hook 
(Fig. 1) was measured by applying a series of fine projecting lanolin "hairs" spaced 
about 2 mm apart along the two sides of an isolated hook standing with its base in 
agar. IAA, where administered, was applied in an agar block to the apical end. The 
marked hooks were shadowgraphed at the beginning and end of the 24-hr growth 
period, and the fractional change in distance between each of the marks was 
determined by measurements upon the shadowgraphs. 

Results 
EHects o/Light and Aux in  on Elongation. T h e  d i s t r i b u t i o n  of e longa-  

t i o n  a c t i v i t y  a long  t h e  l e n g t h  of i so l a t ed  h o o k  segmen t s ,  m e a s u r e d  as 
d e s c r i b e d  a b o v e ,  is i l l u s t r a t e d  in  F ig .  1. L i g h t  i nduces  a s p e c t a c u l a r  
e l o n g a t i o n  on  t h e  i n n e r  s ide of t h e  hook ,  a n d  I A A  inh ib i t s  th i s  e longa t ion .  
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Fig. 1 A--D.  Distribution of elongation along the inner and outer sides of isolated 
hypocotyl hooks and the subjacent shank under treatment with darkness (A), red 
light (B), IAA (0.5 tzg/ml) in darkness (C), and IAA plus red light (D). Abscissa; 
distance from apical end of the hypocotyl expressed in terms of degrees in hook 
portion considered as a semicircle (0 ~ meaning apical end, 90 ~ meaning vertical 
peak, and 180 ~ meaning basal end of the semicircle), and expressed in terms of 

length of the shank starting from the basal end of the hook 

Pho tomic rographs  were made  f rom micro tome sections cut  f rom 
pa ra f f in -embedded  specimens of hook  t issue t h a t  h a d  been f ixed  a t  zero 
t ime  and  af te r  20 h r  in  red  l ight .  B y  measurements  on these  pho tog raphs  
the  mean  lengths  of cor t ical  cells on the  inside of the  hook e lbow region 
was es t imated ,  and  was found  to be a p p r o x i m a t e l y  2.5 t imes  grea te r  
a f te r  the  l igh t - induced  per iod  of hook opening. The  agreement  be tween  
th is  f igure and  the  d i rec t ly  measured  e longat ion on the  inside surface 
of the  hook  e lbow (Fig. 1) suppor t s  the  s t a t e m e n t  of KLEIN (1959) t h a t  
this  g rowth  response involves  cell en la rgement  no t  accompan ied  b y  a n y  
apprec iab le  cell division.  

Resul t s  of t r e a t m e n t  wi th  different  I A A  concent ra t ions  are col lected 
in Fig.  2. They  show t h a t  I A A  app l i ca t ion  specif ical ly inh ib i t s  e longat ion 

13" 
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Fig. 2. Effect of IAA on elongation of the inner and outer sides of isolated segments 
of hook elbow and straight sections of the hypocotyl shank in red light for 24 hr 

on the inner side of the hook and has little or no effect on elongation in 
the straight par t  of the hypoeotyl  or on the (slight) elongation of the 
outer side of the hook. 

Fig. 3 shows dependence of opening angles on concentrations of IAA 
and 2,4-diehlorophenoxyacetic acid (2,4-D). Both these auxins strongly 
inhibit hook opening in red light and in darkness. The small discrepancy 
between the growth curve (Fig. 2) and the opening curve in terms of IAA 
concentrations is probably because of the different method employed in 
the lat ter  ease where hooks were placed in IAA solution in a Petri  dish. 
Auxin concentrations above 1 rag/1 induce a negative curvature, meaning 
tha t  the hook becomes curved in the reverse of the normal direction of 
opening. 

Fig. 4 shows tha t  p-chlorophenoxyisobutyrie acid (PCIB), an auxin 
antagonist, induces hook opening in darkness to a certain extent, but  
has no such effect in red light. KLEIN (1965) reported a similar effect of 
naphthylmethylsnifide acetate. When IAA was added in the medium 
in red light, PCIB partially reversed the IAA inhibition, the magnitude 
of its effect being somewhat greater than  tha t  in darkness without IAA 
(Fig. 4). 

EHect o] Light on the Yield o] Dil]usible Auxin. Results of bioassays 
of the diffusible auxin from the hook are summarized in Table 1. Red 
light had no significant effect on the amount  of diffusible auxin released 
by  the hooks. Neither pre t rea tment  with red light from 1 Jar up to 16 hr 
nor t rea tment  with red light during the 2-hr diffusion period caused any 
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Fig. 3. Effects of concentrations of IAA and 2,4-D on hook opening. Vertical bars 
represent the range of standard errors 

Fig. 4. Effect of PCIB on hook opening in dark, red light, and red light plus IAA 
(0.] nag/]) 

appreciable difference in the yield of diffusible auxin compared with that  
from the dark control. The amount  of diffusible auxin from excised 
hooks actually declines rapidly with time; 4 hr after the excision the 
amount  of diffusible auxin is almost nil in both red light and dark. When 
the terminal organs (cotyledons and shoot apex) were not removed, 
diffusible auxin could still be collected after 16 hr of red light or dark 
t reatment ,  indicating tha t  the terminal organs are supplying auxin to 
the hypocotyl.  The red-illuminated hooks opened about  45 ~ a t  16 hr, 
whereas the dark hooks remained closed. 

Involvement o[ Gibberellic Acid. As shown in Fig. 5, gibberellie acid 
(GA) promotes hook opening in red light but  has little effect in darkness. 
We were completely unable to confirm the substantial induction of hook 
opening in the dark by very high concentrations (10 -3 M) of gJbberellin 
tha t  was reported by  KLEIN (1965). However, we found, as Table 2 
indicates, tha t  an effect of GA in darkness can be brought on byt rea t -  
ment  with PCIB. 

KLEIN (1965) reported tha t  the degree of hook opening is a function 
of shank length, and suggested tha t  GA is transported acropetally and 
red fight causes the GA transport.  The data presented in Table 3 confirm 
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Table 1. E]lect o/red light on the dl]/usible auxin yield o/the hook tissue 

Exp't. Experimental 
No. conditiona 

Degrees of Avena curvature b 
(mean • standard error) 

Dark control Red light 

1 Excised hook. 1 hr light treatment 
followed by 2 hr diffusion in dark 15.0 • 0.82 13.4 :k 0.92 

2 Excised hook. 4 hr light treatment 
followed by 2 hr diffusion in dark 2.1 • 1.11 0.9 q- 0.66 

3 Excised hook. 2 hr light treatment 
during diffusion period 14.2 :k 0.54 14.2 :L 0.73 

4 Intact hook with terminal organs. 
16 hr light treatment followed 
by 2 hr diffusion in darkc 

Excised hook. 4 hr light treatment 
with IAA (10 rag/l) in agar block. 
Agar block removed at end of the 
4 hr. Diffusion in dark for sub- 
sequent 2 hr 

17.0~1.11 15.9~ 1.01 

18.3 :j: 0.28 18.3 -V 1.26 

a Red light intensity, 9400 erg cm -2 see -i. 
b 0.05 mgI1 IAA in ag~r block yielded curvature of 16.7 • 1.04, and 0.25 rag/1 

IAA yielded 26.6-4- 2.12. 
c Red light treated hook opened about 45 ~ at 16 hr. 
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Fig. 5. Time course of opening in red light and dark, with and without GA 
(0.055 Izg per hook) 

his observat ions t h a t  hook sections with longer shanks  opened to a 
greater ex ten t  t h a n  those with shorter shanks.  However,  the Table  also 
shows tha t  a sa tu ra t ing  concent ra t ion  of GA (el. Fig. 6) causes equal  
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Table 2. Enhancement o/GA re@once by PCI B 
Hook opening, degrees. 

199 

Condition tt~O GA FCIB GA (t0 rag/l) 
(t0 rag/l) (i00 rag/I) + PCIB (t00 rag/l) 

Dark 16=1=2.9 24~:3.5 36=]=2.5 67=]-2.5 
Red light 120 :~ 2.9 143• 94•  123 ~: 3,0 

Table 3. E/]ects of the shank length and GA on hook opening in red light 
Figures show hook opening in degrees • standard error of the mean. 

Shank GA (rag/l) 
length 
(cm) 0 20 

3 91 • 1.6 121 • 2.3 
8 121• 166~= 1.7 

180 F ~ ~  

' Control j ~,~,r--r 

~, 18o V 

"~ [ Contro[ j ~  / t  
%ob . - { / i /  

~ f  ,,{ A'~NO-1518 12o?F" 
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0.01 0.1 t 10 
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Fig. 6. Reversal of COO and Amo-1618 inhibitions of hook opening by GA in red 
light. CCC (10 -2 M) and GA were applied in solution simultaneously to the hooks. 
Plants were pretreated on the 3rd day of germination with Amo-1618 (200 mg]l) 

in a soil drench and GA was later applied to the hooks 

p romot ions  of opening when given to  hooks  wi th  shor t  a n d  long shanks ,  
ind ica t ing  t h a t  the  effect of the  shank  cannot  be ascr ibed  to  i ts  p rov id ing  
a source of GA. 
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Fig. 7A and B. Effects of cytokinins (A) and abscisic acid (B) on hook opening 
o Benzyladenine; A Pyranosylated Benzyladenine; [] 6-Furfurylaminopurine 

The growth retardants (2-chloroethyl)trimethylammonium chloride 
(CCC) and 2'-isopropyl-4'-(trimethylammonium chloride)-5'-methyl- 
phenyl piperidine-l-carboxylate (Amo-1618), which inhibit GA synthesis 
(H~ADA and LA~r 1965; D~N~Is et al., 1965), reduce hook opening in 
red light. This inhibition can be completely overcome by addition of GA 
in the medium (Fig. 6). 

E/leers o/ Other Growth Regulators. 6-furfurylaminopurine (kinetin), 
benzyladenine, and pyranosylated benzyladenine have inhibitory effects 
on hook opening in red light, but  very slight effects in darkness (Fig. 7A). 
Cytokinin t reatment  did not  relieve the inhibition of hook opening by 
auxins. 

Abscisic acid inhibited hook opening at fairly high concentrations 
(Fig. 7B). Tested at 10 rag/1 abscisie acid did not reduce the promotive 
effect of 10 mg/1 GA nor the inhibitory effect of 0.1 mg/1 IAA. 

E]]eet o] Cations. Co ++, as found previously by KL~Izr (1959), and 
Ni ++ promote hook opening both in red light and in darkness (Fig. 8). 
At 10 -3 M these cations induce hook opening in darkness quite dra- 
matically. Higher concentrations are inhibitory in both light and darkness. 

Time-course measurements (Fig. 9) showed that  the promotive effect 
of Co ++ is exerted on the initial phase of the response and that  even at 
the optimally promotive concentration Co ++ gradually becomes inhibitory 
and prevents at ta inment  of complete straightening of the hook. However, 
10 -3 M CoCI 2 in darkness cause initially as rapid a rate of hook opening 
as can be induced by  t reatment  with red light. Even so, the Co++-induced 
hook opening can initially be further promoted substantially by red 
light (see Fig. 9), and it  appears from these data tha t  the reduced red- 
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Fig. 8. Effects of some cations on hook opening 
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Fig. 9. Time course of hook opening under a combination of 10 -3 M COC12 and 
2 mg/1 IAA 

l ight  response recorded  a t  the  op t ima l  Co ++ concen t ra t ion  in  Fig.  8 is 
ac tua l ly  due to  the  la ter ,  i nh ib i to ry  effect of Co ++ on hook opening. These 
observa t ions  supp lemen t  the  f inding of KLwIN (1959) t h a t  Co++ in t e rac t s  
synergis t ica l ly  wi th  red  l ight  in  th is  response.  

Ca++ and  K+ exer t  a smal l  b u t  consis tent  s t imula t ion  of hook  opening 
in l ight ,  b u t  unl ike  Co ++ and  Ni++ they  do no t  induce opening in  darkness  



202 B.G. Kx~G and P. M. RAY: 

Table 4. E[/ects o/salts on hook opening responses to GA and I A A  
Figures given in the first two horizontal rows are the average results from three 

separate experiments, all of which showed comparable promotions by Ca++ and GA 
and a comparable arrest of these promotions under the combination (Ca+++ GA). 
Results in the remaining rows are from single experiments. 

Treatment Control Hook opening, degrees 

GA IAA 
(10 mg/1) (0.1 rag/l) 

Red light 126 154 45 
Red light, 0.03 M CaClz 140 119 83 
Red light, 0.01 MnC12 89 143 34 
Red light, 0.01 M LiC1 49 87 21 
Dark 30 33 --3 
CoC12 0.001 M in dark 90 92 92 
NiS04 0.001 M in dark 95 103 59 

(Fig. 8). Na+, Li+, Mn++ and Mg++ had no appreciable effect on hook 
opening in fight or dark at concentrations up to 10 -3 M; Li+ and Mn++ 
were inhibitory at 10 -3 M (el. Table 4) whereas Na+ and Mg++ were not. 

When the effects of these cations upon the response to growth regu- 
lators were tested some striking results were obtained, as illustrated in 
Table 4 which summarizes data from a number of experiments. Ca ++, 
at a concentration optimally promotive of hook opening, completely 
suppressed the promotive effect of GA on the process, and indeed in the 
presence of Ca++, GA became somewhat inhibitory. The data can also 
be viewed as saying that  GA prevents the promotive effect of Ca ++. Mn++ 
and Li ++, on the other hand, did not prevent the promotive effect of GA, 
and it even appeared that  GA essentially reversed the inhibitory effect 
of Mn++. None of these ions prevented the inhibitory effect of IAA, but 
Co ++ completely blocked and Ni ++ greatly reduced the effect of IAA. 
This effect of Co ++ was seen both in darkness (Table 4) and in red fight 
(Fig. 9). 

Inhibi t ion by Mannitol .  The effect of mannitol on hook opening in 
red light is shown in Fig. 10. Inhibition occurs in the osmotic concentra- 
tion range and the inhibition curve resembles rather closely that  for 
growth of pea stem segments (THIMANN et al., 1950). In  view of Fig. 10 
it is remarkable that  0.2 osmolar (0.1 M) KC1 and 0.1 osmolar (0.03 M) 
CaC12 promoted rather than inhibited hook opening (Fig. 8). Galaetose 
and mannose, at  0.03 M, inhibited hook opening only to about the same 
extent (10--25 % ) as an equal concentration of mannitol. 

Discussion 

The responses to IAA, GA and kinetin of the bean hypocotyl hook are, 
in general, similar to those of the etiolated pea epicotyl hook (NAKAMUI~X 
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Fig. 10. Inhibi t ion of hook opening in red l ight by manrdto] 

et al., 1966), except that auxin-treated bean hooks do not noticeably 
enlarge in the transverse direction. Also, NAKAMUI~A and TAKA~ASm 
(1968) reported that PCIB inhibits pea hook elongation, whereas this 
auxin antagonist promotes bean hook opening and reduces the inhibition 
thereof by IAA. 

Any hypothesis that increase in gibberellin content is the factor 
responsible for light-induced opening of hooks can be ruled out by the 
sma]l effect of GA applied in the darkness. However, the inhibitory 
effects of CCC and Amo-1618 and their reversal by GA suggest that 
gibbercllin is required for the growth that is involved in light-induced 
hook opening. Similar results with CCC were obtained for pea epicotyl 
hooks by NAKAMV~A and TAKAHASHI (1968). 

There are some indications that seem to support the hypothesis that 
red light acts on opening by reducing the level of endogenous auxin. 
These include a) the opposing effect of auxin and red light on hook 
opening; b) the promotion of hook opening by removing cotyledons and 
plumule (KLv, IN et al., 1956), which as shown here are the major source 
of auxin for hook tissue ; c) the induction of opening by PCIB in darkness; 
d) the enhancement of the GA effect by PCIB in darkness, and by red 
light, but not by PCIB in red light; e) the promotion of hook opening 
by longer shanks which might use up or draw more of the endogenous 
auxin from the hook, and f) the reduction of the auxin level by red 
irradiation in bean seedlings reported by F L ] ~ c ~  and ZALrK (1964). 

However, it seems quite clear from the results of the assays for 
diffusible auxin that there is no direct correlation between red light and 
yields of diffusible auxin from the hook tissue. Red light treatment that 
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is sufficient to induce substantial  opening of hooks did not  significantly 
change the amount  of diffusible auMn collected from the hook elbow 
tissue. The dramatic  promotive effect of light on opening of excised 
hooks extends over a period of 24 hr or more even though the yield of 
diffusible auxin of such hooks has fallen to nil after about  4 hr; whereas 
light induces opening of intact  hooks bearing cotyledons and plumule 
even though their yield of diffusible auxin remains substantial after many  
hours and is still unaffected by  light. I t  seems certain, therefore, tha t  the 
opening behavior of the hook is not determined simply by  its level of 
diffusible auxin, and tha t  fight does not induce hook opening by causing 
a decrease in this level. I t  can be asked, of course, whether red light 
affects a kind of auxin other than  the diffusible form. The depression 
of auxin content tha t  was reported by  FL~WCH~g and ZALIK (1964) in 
bean seedlings after red irradiation, was measured in terms of total  
methanol extractable IAA. The prevalent view today, however, is tha t  
diffusible auxin is the physiologically active hormone (G:LL~sPI~ and 
THI~A~N, 1963; PICa;Am) and Tm~A~N, 1964). 

I t  may  be surmised, however, tha t  the eventual slow opening of 
excised hooks in darkness results from depletion of their endogenous 
auxin whereas the rapid opening in red light is at tr ibutable to some 
other mechanism. Opening of excised hooks in darkness is not due merely 
to a loss of responsivity to auxin. This is shown by  the observation tha t  
when IAA was applied to hooks in the dark 24 hr after excision, it still 
prevented opening. 

The various lines of evidence about  the relation between auxin and 
the red light response might  be reconciled a t  least in par t  by  the hypo- 
thesis tha t  hght decreases the sensitivity of hook cells towards inhibition 
of growth by  auxin. Such a hypothesis was advanced by BgAU_~V,R (1966) 
in an effort to explain the effect of gravi ty  in geotropism. This kind of 
hypothesis, which is difficult to test  directly, seems to be needed as a 
result of findings regarding the involvement of ethylene in the response 
(see KANG and R a t ,  1969a). The participation of ethylene also affords 
an explanation for the remarkable effects of Co ++ and Ni++ on hook 
opening and on its response to IAA. 

The curious effects of Ca++ and Mn ++ tha t  were observed on the 
response to GA suggests tha t  the effect of GA on this system may  
involve ion relations of the growing cells. Aspects of the response to GA 
arc considered further by KA~G and I~Au (1969b). 
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