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Summary. 1. Closing movements of Mimosa pudica pinnae, upon change from 
light to darkness, depend upon the presence ot phytoehrome in the far-red-absorb- 
ing form. 

2. The potentiated control of closing movements by phytochrome can be 
repeatedly established and reversed by repeated alternations of red and far-red 
radiation, respectively. 

3. Action spectra were measured for the potentiation of closure and for its 
reversal. 

4. The response to phytochrome action is evident in 5 minutes and is fully 
expressed in 30 minutes. 

5. This rapid response and the more rapid potentiation with half times of less 
than 1 minute for several other responses to phytochrome action indicate that 
the primary action of phytochrome ist not gene activation, but rather metabolic 
control at the substrate level. 

Introduction 
Movements  about  pulvini of the leaves, pinnae and pinnules of the 

sensitive plant,  Mimosa pudica, in response to touch and variations in 
regimens of light and darkness, have long a t t rac ted  a t tent ion (note ref. 
[5] for l i terature survey). The movements  were thoroughly  described by  
BE~T in 1866/70 [1] and by  P~E~FnR in 1873 [15]. Significant findings 
on the responses upon changing from darkness to light were fur ther  
reported by  BtrR~gOJ, D]~n and PRATT in 1936 [2]. We now find tha t  the 
photoconversion of phytochrome,  the pigment  controlling photomorpho-  
genesis in plants  [9], plays a determinat ive role in the photonast ic  or 
closing response of M. pudica pinnules upon changing from light to 
darkness. The rapidi ty  of the response, moreover,  indicates tha t  gene 
activation,  as current ly  suggested for phy tochrome action by  H. MoHn 
and his coworkers [10, 12, 13] is not  involved. 

A Simple Experiment 

Tile essential finding of this work can readily be seen and repeated. 
The pinnae (leaflets) of young  M. pudica plants grown on natural  days. 
which are open or expanded in light, close in darkness by  the pinnules 
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folding toge the r  abou t  the  t e r t i a r y  pulvini .  This response, ev ident  in 
5 minutes  af ter  the  beginning of darkness  is ful ly  expressed in 30 minutes ,  
depends  somewhat  on the  pa r t i cu la r  p innae  and  the  previous  t r e a t m e n t  of 
the  plants .  I f  the  p lan t s  are i r r ad i a t ed  in the  far - red  region of the  
spec t rum,  ~ 7 0 0  m#, wi th  the  usual  simple incandescent - l ight  colored- 
p las t ic  sources at  the  s t a r t  of the  d a r k  period,  the  leaflets  r ema in  open 
for m a n y  hours  when ma in t a ined  in darkness .  I f  the  far - red  r ad ia t ion  is 
followed b y  the  red  r ad ia t ion  (fluorescent light),  the  leaves of the  

Fig. 1. M. $udica pinnae 30 minutes after transition from high-intensity fluorescent light to darkness. 
At the time of transition they were irradiated in succession for 2 minutes with red (R) or far-red (FI~) 
radiation tO establish phytochrome predominantly in the Prr or Pr form. The pinnae remained open 

if exposure to far red was last, top row, and closed if red radiation was last, bottom row 

d a r k e n e d  p lan t s  close wi th in  30 minutes .  The responses of de t ached  
pinnae,  f loat ing on water ,  to  several  a l te rna t ions  of far - red  and red  
rad ia t ions  are shown in Fig.  1. Such an  a l t e rna t ing  change of response 
is known, in m a n y  eases, to  arise f rom photorevers ib i l i ty  of phy to -  
chrome [9]. 

Materials and Methods 
M. ~udica plants were grown in soil until about six leaves had developed. The 

intermediately developed pinnae were cut from the plants and floated on water 
under fluorescent illumination (5000 lux) on a 14-hour light - -  10-hour dark 
cycle. They were tested at intervals for sensitivity to touch. Those showing a 
uniform response were selected and mounted by the base of the petiole as shown 
in Fig. 1. The mounted pinnae were transferred to the spectrograph or ~ light 
interference-filter source and were maintained under fluorescent light until the 
fully open position was reestablished. They were then either darkened for 30 
minutes, after which time the positions of the pinnules were noted under fluorescent 
light, or they were subjected to far-red radiation for 2 minutes and then darkened. 
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A dim-green safelight (flashlight) was used in examining the course of movement 
if desired. 

Variability in the movement of the pinnnles along the same pinnae and among 
different pinnae did not justify greater precision than was afforded by an estimate 
of the degree of opening. We felt that while a more quantitative estimate could 
probably be worked out, perhaps after the manner of BtII~KI~OLnEI~ and Pt~ATT [2] 
involving the time required for a certain degree of opening, it was not needed 
for the present work. 

Spectral radiation in the regions from 500 m~x to i tz was provided by a prism 
spectrograph [14] having a dispersion of 0.8 m~z/mm at 700 mix and a spectrum 
height of 8 cm. The intensity at 700 mix, with a carbon-arc radiation source, was 
0.203 row/era 2. Exposures to constant quanta at various wavelengths were made 
by varying times of exposure from 24 to 256 seconds between 850 and 550 m~. 

Interference filters (Sehott, double-band pass) with a carbon-arc source and 
a 50 em length of 0.2 M CuSOa solution in the light path were used in the region 
of 400 to 500 m~z. These had band-pass widths of about 20 mtz and irradiated an 
area of 10 • 10 cm at an intensity of 0.33 mw/em 2. 

Results 

Responses were measured in various wavelength regions on the 
spectrograph, both  for maintaining open pinnae following fluorescent 
radiation, which established phy tochrome (P) predominant ly  in the Ptr 
form (Table 1), and for causing closure after far-red radiation, which 
established P predominant ly  in the Pr form (Table 2). Only radiat ion in 
the region of 680 to 750 m~  is effective in maintaining open (0) pinnae. 
The results show tha t  the max immn of act ion is in the regionof 720 to 
750 m~, with an irradiance of 0.25 • 3.75 • 10 -s Einsteins/cm 2. Closure 
of pinnae for wavelengths > 8 0 0  m~  results f rom the ineffectiveness of 
such radiation, as can be seen by  comparing the results in Tables 1 and 2. 

The wavelength m a x i m um  for the closing response (e) following far- 
red radiat ion (Table 2) is near 660 m ~  where closure is displayed after 
an irradiance of 0.50 • 3.75 • 10 -s Einsteins/cm 2. As the irradiance is 
increased four-fold ( n = 2 ,  Table 2), the effective region for closure 
broadens to 570 to 680 m~z. 

I rradiat ions in four wavelength bands between 405 and 485 m ~  were 
made with the interference-filter sources to obtain high h-radiances. I n  
these regions Pfr and Pr have similar absorbancies, which are low, how- 
ever, compared with their m a x i m um  values in the red and far-red 
regions [3]. Wi th  increase in irradiance, the phy tochrome in the pinnules 
is driven to an equilibrium between the two forms [3]. This equilibrium 
was closely approached by  exposures of pinnae to 128 • 3.75 • 10 s Ein- 
steins/era 2, which required 30 minutes. The same final degree of closure 
was displayed by  pinnae having initially predominant  Pfr (Table 1) or Pr 
(Table 2). The pinnae remained open under  425-, 440-, and 485-m~ 
filters with n - 1 2 8  and closed under  the 405-m~ filter. An  irradiance 
of 8 • 3.75 • ]0 -s Einsteins/cm 2, which required 4 minutes, was close 
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Table 1. Closing Responses o/Excised M. pudica pinnae to Irradiation in Various 
Wavelength Bands Following High-Intensity Fluorescent Light (>  5000 lux) which 
had Established 80% o/ the Phytochrome in the Pfr Form. After Irradiation the 
Pinnae were Held in Darkness until Examined for Closure. Pinnae Initially Open 

and 80 % Phytochrome in Pfr Form 

Wavelength  Response * to 3.75 x 10 -s x n Einste ins/cm 2 § 
m~ • i0 

n=0.25  n = l  n = 2  
850 c c 
820 c 
800 e c 
750 O-- O-4- 0-? 
720 0~- 
700 c** 0--** 0--*** 
680 O -  0 - -  
660 c c e 
640 c 
625 c e 
610 c e 
595 c c 
570 c e 
550 c e 

n ~ 2  n ~ 8  n ~ 3 2  
485 e e 0 
440 c c 0 
425 c 0 -- 0 
405 c c-- c 

n : 128 
0 
0 
0 
r 

* 0 ~ open, c = closed. ** 32-second exposure. *** 64-second exposure. -~ Ein- 
steins/era 2 required for half conversion of isolated Fir to ])r at 730 m~ = 4.3 • 10 -s 
or n = 1.15. 

to the threshold value for prevent ing  closure at 425 m ~  when the phyto-  
chrome was ini t ia l ly  in  the Pfr form (Table 1). 

Discussion 
Spectral dependencies for pinnae-elosure responses of M. pudica 

shown in  Tables 1 and  2 are the expected ones for phytochrome action. 
The wavelength positions for m a x i m u m  response, namely,  720 to 750 m ~  
(Table 1) and  660 m ~  (Table 2), are at  the  absorbancy maxima of Pfr 
(725 m~) and  P~ (664 mtz), respectively. The approximate ly  eight-fold 
lower sensi t ivi ty  at  425 m ~  is in agreement  with the in  vitro photo- 
conversion efficieneies for phytoehrome [3]. Ready  reversibil i ty,  as 
shown in Fig. 1 is also indicat ive of phytochrome action. 

Results  of i r radiat ion at  405 and  4 2 5 m ~  at  adequate  energies 
(n = 128) to a t t a in  photoequi l ibr ium between P~ and  Pfr show tha t  the 
p innae  are open when 40% of the phytoehrome is in  the Pfr form bu t  are 
closed with 46 % Pf~. These par t icular  values are t aken  from the work on 
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Table 2. Spectral Closing t~esponse o/ Detached M. pudica pinnae Following Far- 
Red Badiation after High-Intensity Fluorescent Light ( ~  5000 lux) Pinnae Initially 

Open be/ore Spectral Irradiation and > 99 % Phytochrome in Pr Form 

W a v e l e n g t h  R e s p o n s e  * to  3 . 7 5  • 10 -8 • n E i n s t e i n s l c m  2 + 
m ~  • 10 

n--0.50 n ~ l  n = 2  
800 O 0 0 
750 0 O 0 
700 0 0 0 
680 O 0 c-- 
660 e ** c ** c *** 
625 e-- c e 
610 0 c-- c--  
595 0 c-- -- c -- -- 
570 0 e - - - -  e-- 
55O O 0 0 

n = 8  n ~ 1 2 8  
485 0 0 
440 0 0 
425 0 O 
405 0 c 

* O = open, c = closed. ** 32-secondexposure. *** 64-secondexposure. ~ Ein- 
steins/cm 2 required for half conversion of isolated Pr to P~r at 660 m~ =1.6•  10 -s 
n = 0.43. 

the  p igmen t  in vitro [3], because  a t  equi l ibr ium with  a pa r t i cu la r  wave- 
length  in vivo screening b y  o ther  p igments  or reference to  a pa r t i cu la r  
inc ident  energy is not  involved.  Inc iden t  energies of 4.3 • 10 -s and  1.5 
• 10 -s Eins te ins /cm 2 are  requi red  a t  725 and  660 m~,  respect ively,  for 
half  conversion of Pfr to  Pr or P1. to  Pfr in vitro [3]. The energies requi red  
in vivo for half  conversion would be g rea te r  t han  these  values  because 
of screening b y  o ther  p igments  and  scat ter ing.  The inc ident  energies for 
min ima l  response a t  m a x i m u m  absorp t ions  shown in Tables  1 and  2, 
namely ,  1 • 10 -s ( n =  0.25) and  2 x 10 -s ( n =  0.50) Eins te ins /cm 2, are  
in a p p r o x i m a t e  agreement  wi th  the  f indings for P f r ~ P r  equi l ib r ium 
contents  a t  405 and  425 mg.  

The  r a p i d  response of M. pudica to  phy toeh rome  ac t ion  is a second 
example  of such a r a p i d  d i sp lay  among the  m a n y  d isp lays  associa ted  with  
phy~ochrome. The o ther  example  is the  control  of p las t id  o r ien ta t ion  in 
the  algae Mougeotia sp. ; HAvP~ [8] found  t h a t  the  change in p las t id  
o r ien ta t ion  is ev ident  in less t h a n  10 minu tes  and  is fu l ly  d i sp layed  in 
30 minutes .  The po t en t i a t i on  of the  or ien ta t ion  can be fu l ly  reversed  b y  
far - red  r ad ia t ion  only  dur ing  the  f irst  minu te  af ter  red  i r r ad ia t ion  [8J. 

Po t en t i a t i on  of leaf unrol l ing in e t io la ted  grasses, associa ted  with  
p h y t o c h r o m e  conversion to  Pt~., is comple te  in the  order  of 60 seconds 
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as shown by transport of the stimulus for unrolling from the irradiated 
region [16]. Potention of flowering responses as shown by ineffectiveness 
of photoreversibility is complete in less than 60 seconds for varieties of 
Pharbitis nil [6] and Kalanchoe bloss/eldiana [7]. Expressions of the 
several responses, however, requires periods of a day or days. The slowness 
of the expression has possibly detracted from an appreciation of the 
rapidity of the potentiation for which the far-red-absorbing form of 
phytochrome is essential. 

Such striking effects as control of flowering, seed germination, 
stem lenghtening, and anthocyanin formation accompanying changes in 
form of phytochrome have invited speculation as to the nature of phyto- 
chrome action. These speculations are of two main types. One to which 
we have held [9] is that  control of such diverse expressions implies 
metabolic control through some very basic reaction involved in several 
metabolic reaction systems or cell permeability. Another advanced by 
H. MOH~ and co-workers [10, 12, 13], on the basis of changes in 
nucleic acid contents and effects of inhibitors of protein synthesis in 
experimental plants, is that  phytochrome action might involve gene 
activation. 

The rapidity (minutes) of the M. pudica and Mougeotia responses and 
of the leaf unrolling, flowering, and orientation potentiations (seconds) 
eliminates gene activation as the primary action of phytochrome. In 
the case of M. pudica, and possibly in the other responses, both Pf and 
Pf~. were present during the light period preceding darkness. Any phyto- 
chrome action accordingly has been going on during the light period, 
even though the pinnae were open. Upon darkening, according to a 
concept dependent on change in protein synthesis related to gene action, 
the mechanism for protein synthesis would have to be quickly destroyed. 
Gene activation as a control of display involves time not only for de- 
suppression of the gene but also for eventual synthesis of appreciable 
amounts of protein and theh" entry into metabolic patterns. Times of 
the order of hours are expected for expression of such gene-eontrol]ed 
responses in seed plants. Controls of major metabolic pathways, on the 
other hand, can have time constants of the order of seconds or a few 

minutes and changes in cell permeabilities can be even faster. 
While the primary action of phytochrome is rapid in the several 

instances noted, the slowness (days) of its expression in many cases is 
adequate, and probably necessary, for gene activation eventually to be 
involved. In fact, the early recognition of phytochrome as a non- 
diffusable factor (protein) capable of changing plants from vegetative 
to reproductive growth implied that  phytochrome controlled a diffusable 
material playing a part in meristematic differentiation. This duffusab]e 
material, or materials, which could well be the postulated florigen, is, 
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however, a secondary product derived from the pr imary action of 
phytochrome. 

Other results from the literature are significant in the present con- 
text.  L6~C~ER [11] found tha t  the endogenous rhy thm of Vicia /aba 
leaf movement  was displayed only when phytoehrome was in the Pfr 
form at  the s tar t  of a long dark period. Presence of Pfr was also required 
for display of a rhythmic flowering response of Chenopodium rubrum [4]. 
Pfr action in these several responses, as well as for pinnae movement  of 
M. pudica and for anthocyanin synthesis in various plants [9], can be 
considered as permissive for display. 

A rapid protein synthesis in response to light has been found for 
the enzyme NaDP+-dependent-Glyceraldehyde-3-phosphate dehydro- 
genase in leaves of several angiosperms [18]. Blocking of this synthesis 
by  ehloramphenieol, and absence of inhibition by aetinomyein-C, led 
ZI~GL~ and ZI~GLER [18] to conclude that  the light effect was on 
substrate production for enzyme synthesis rather than on gene acti- 
vation. In  this ease, a new level of activity was attained in about 
20 minutes with an illumination of 10,000 lux. 

The photoresponse under consideration here is one of several dis- 
played by  M. pudica leaf movements.  This particular phytoehrome- 
mediated response is closely associated ~dth another response tha t  
maintains open pinnules under high-intensity radiation even though 
phytoehrome is predominantly in the Pfr form. Thus, the pinnules held 
in fluorescent light just prior to use in the several experiments were 
open. A photoreaetion must  be counteracting the dosing permit ted by 
Pfr, which is displayed if the pinnules are darkened without intervening 
far-red irradiation. We have not studied this photoreaetion, which could 
well be involved in photosynthesis. Also, the pinnae display a photo- 
response upon transition from the usual night to light, which was the 
response studied in detail by BVRK~OLDER and PRATT [2]. I t  is probable 
tha t  more than one photoreaetion was involved in the work of BVRK- 
HOLDER and PRATT. At this transition, other responses are also dis- 
played, including leaf movements  about the pr imary pulvini. 

Literature 
[1] BERT, ]3. : Recherches sur les mouvements de la sensitive (Mimosa pudica, 

Linn.). Mere. Soc. Sci. Phys. Nat. ]3ordeaux 4, 1-40 (1866) ; 41--98 (1870). 
[2] ]31JI~KttOLDER, P.R., and R. PRATT: Leaf movement of Mimosa pudica in 

relation to the intensity and wave length of the incident radiation. Am. 
J. ]3ot. 211, 46--52; 212--220 (1936). 

[3] BUTLEr, W. L., S. ]3. H~NDRIeKS, and H. W. SIEGELMAX: Action spectra of 
phytoehrome in vitro. Photochem. and Photobiol. 11, 521--528 (1964). 

[d] CUM~G, ]3. G., S.B. HE~DRICKS, and tt.A. ]3ORT~WIC~:: Rhythmic 
flowering responses and phytochrome changes in a selection of Cheno- 
podium rubrum. Canad. J. ]3ot. 411, 825--853 (1965). 

25a P lan ta  (Berl.), Bd. 69 



364 J.C. FONDEVILLE et al. : Leaflet Movement of Mimosa pudica L. 

[5] FONDEVILLE, J. C. : Recherches sur la sensibilitY, la motricit~ et les rythmes 
endogenes chez Mimosa pudica L. These. Poitiers (1965). 

[6] FR~D~ICq, H. : Conditions determining effects of far-red and red irradiations 
on flowering response of Pharbitis nil. Plant Physiol. 89, 812--816 (1964). 

[ 7 ] -  Action of red and far-red light at the end of the short day and in the 
middle of the night on flower induction in Kalanchoe bloss/eldiana. Biol. 
Jaarboek 2~, 66~9[ (1965). 

[8] tIAu~% W.: Die Choroplastendrehung bei Mougeotia. I. Uber den quanti- 
t~tiven und qualita~iven Lichtbedarf bei Sehwachliehtbewcgung. Planta 
(BEE.) 58, 484--502 (1959). 

[9] HENDRIOKS, S.B., and H.A. Bo~T~wIc~:: The physiological functions of 
phytochrome. In- Chemistry and biochemistry of plant pigments (T. W. 
GOODWI~, edit.). New York: Academic Press 1965. 

[10] tIocK, B., u. H. Mom~: Regulation der O~-Aufnahme yon Senfkeimlingen 
(Synapsis alba L.) durch Licht. P]anta (Berl.) 61, 209--~228 (1964). 

[11] L6RCHE~, L. : Die Wirkung verschiedener Lichtqualit~ten auf die endogene 
Tagesrhythmik yon Phaseolus. Z. Bot. 46, 209--241 (1958). 

[12] MOHR, H. : Steuerung der pflanzlichen Entwicklung durch Licht. Naturw. 
Rdsch. 18, 87--112 (1964). 

[13]-- ,  u. H. LA~(~E: Die Hemmung der lichtinduzierten Anthocyansynthese 
dutch Actinomycin D. Naturwissenschaften 52, 261 (1965). 

[14] PARKER, M.W., S.B. HENDRICKS, H.A. BORTI:IWICK, and N.J .  ScvLLY: 
Action spectrum for the photopcriodic induction of short-day plants. Bot. 
Gaz. 108, 1--26 (1946). 

[15] P~FF~,~, W. : Physiologische Untersuchungen. Leipzig 1873. 
[16] WxGN~, C.: The distribution of the light effect from irradiated to non- 

irradiated parts of grass leaves. Physiol. Plant. 18, 1000--1006 (1965). 
[17] ZrEGLER, H., u. I. ZIEQLER: Der EinfluB der Bclichtung auf die NADPH-ab- 

hangige Glycerinaldehyd-3-Phosphat-Dehydrogenase. Planta (Berl.) 65, 
369--380 (1965). 

Dr. S. B. H~NDRICKS 
United States Department of Agriculture 
Agricultural Research Service 
Beltsville, Maryland 20705, USA 


