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The mechanisne in the ribs which lewds to the earling up of the vorofly of Fpoioca teieolor was
aestigated, It seems that two processes are involved in this movement. Due to differential tureor
snges the ribs start to roll up. At the same time extracellular enzymes cause aoredoction of the
agsions inthe structure of the coll walls. This madification enables the vibs to continne the curlings

P pprocess. | .

3 Introduction r
Professor Mowies celebrating his jubilee may find it not too tactfnl that our con- , 1
Aution deals with the fading of a fHower. However, the morning elory can also he J ;
! aeeived as awomeaningful syibol;: Fading. seneseence and abscission of flowers is al- {
| avs the prelude to anthesis of a new set of blossoms, F
) .[':]J]ll'llli'l‘u'lf Mlowers are rewarding objects for the study ol developinental Processes 7 B
i dich normally are rather slow. Thev are particnlarly suitable for ivestisiating (e ‘ iy
y odons phenomena associated with fading and senescenece. : 5t |
,l The fading of the corolla of fpomoea tricolor starts in {he carly alternoon of the day ‘ )
' dlowering and is largely completed in the Lo evening. Externally visible svmptoms ! _‘
ading include the curling up ol the corolla (Fig. 1) and color chanves fram hlune 1o v g
aple. In-terms of physiological processes associated witl the strictly timed ageinge .
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1 dpumoca triealor: Evidently, the vibs are respousible for the euilig of th [divg vorolly,

i 1 Present address: Uni\'ersity of California, San Dicra, Dept. of Biolosy, "0 1D L Jallay
N . i

LT

- ”




e ! §
i i
i 13
B %
"
} V] 't,: I
i |
! ;
! i)
1 i
i i
it
i
i £
i
l._ %
b
i 1 1
K i i .|
b
i‘i % ]
1 Y i
i}l FTEAe
i K
i ot ".{_-
; [
lr* b
AR -
.' ' ‘T
5{” e |
EICEEEE 4 |
7 P | ki3
joad
i !
i
4 i
B _
4 i
kit . f
e - Ji
\\PH.” . _i
(HATEEISRE |
114 1y
i I
l ‘l‘
! i
A AR
B 4 |
':‘ ! ~
SRRl *
5
i I
IS
i: t e
?i‘ f|
Bl i
ﬁl 1
: 3
i ¥ i
b I

300 B, Bavmaawrser, J. Howrer and P, Mariee

the degradation of biopolymers present in the eytoplasm and in the cell walls as wel

as the export of the breakdown produets from the corolla have been studied (MaTiie |
and Winkennacn 1970, Wigskex-Grnria ef al. 1974). These processes appear to e
highly organized, as is convineingly demonstrated by the faet, that certain hydrolases |

such as RNase. f-glucosidase and g-galactosidase are synthesized de noro whilst the |
total protein content of the corolla is rapidly deelining (Wienkex and Wisskes -

Bavmcawrsenr et al, 1975). This illustrates the importance of cellular compartmel
talion of Ivtie processes,

The surprisingly striet timing of the development of the pomoet corolla points ¢
the existence of a controlling mechanisn. In Taet, Kexoe and Barsaawese (199
were able to demonstrate that the curling up of the ageing corolla is induced by exogent
ous ethylene: maoreover, the curling was shown to coincide with a hurst of endogenent
ethylene, The data available up to now indicates a rather complex effeet of ethylene

Not only the curling up of the corolla but alzo metabolie processes sneh as the synthest |

of RNase are controlled by ethylene.

Detailed work en the physiology of ageing is rendered more difficult by the heten
geneity of higher plant organs sueh as the corolla ol pomoea. Ater Haxsox and Kesvk
(1970) detected that isolated segments for ribs (the particular tissue \\'ili(']liSl'l'.\'lllll].\‘il)'V

for the curling up of the corolla) behave in vitro ag they do in vivo, work with a conr |

paratively simple svstem beeame possible. Tn the present paper we report on restlts
from experiments coneerning the mechanisne of curling up ol rib seoments.

Material and Methods

Plant material, Tpomoca fricolor (Cav,) was crown in the greenhouse on warden soil. 11

suntmer, the plants were kept under natural photoperiodic conditions, whereas in winter, suppht |

mentary ilhimination was provided in o photoperiod of 14 b,

Isolated seenments of ribs. Flowers were collected after anthesis and seements uf the
ribs, 10 mm in leneth, were exeised aecording to Hassox and hexpe (1975, A strip of inlvrl‘“‘T-“‘
tissue, oo in width, remained attached to caeh side of the eib,

Sets of exeised seements of ribs were Hogted an Soml of solution in 205 ml Erle ey [lasks stop
pered with rubhber Ci s, .\[I}II'ﬁllll'iilt(' valumes of cthvlene were il]jvl'll'd into the s ]|I1;|.\‘l- vin the
rubber capss The inenbations were performed ar 25 Cin the dark,

Measurement of the angles of curling. The desree of curline was determined B
measuring the angle as indicated in Fig, 2 CHassox and Kexoe 1900 The straicht ribs of the ops pied

corolln l‘lll'l'('.\']|||r|l| to iIH;,‘Il‘ \ IS0, Alter r'um}lh tion of the curling in vitro the isolated i

exhibit angles up to 100110 .

180°

o = 180°

Fiw, 20 Delermination u,f an,l!'r.-' uf .n-u,n[;',w (it ixoluled sequicids ;,,f rihs.
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On the Fading of an Bphemeral Flower 301

Results and Discussion

Isolated segments of ribs begin to eurl up at about the same time of day as the in-
tact corolla begins to fade. In addition, they ean be induced to curl up prematurely
if treated with 10 ppm ethylene. 1t appears from Fig. 3 that after the fissue is exposed
o ethylene about 90 min elapse before the angle of eurling starts (o inerease rapidly.
This corresponds exactly to the fading reaction induzed by ethylene in the intact corolla
(KENDE and Bavmaarryer 1974).
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Fig. & Deterniinadion of the optimal conceutration of eyeloherimide for odiabitiug the cthoglene-fud weed
curliiog of seqments of ribs,

In order to investigate a possible involvement of protein synthesis in the curling
paction trigeered by ethylene the effeet of eveloheximide was fested. Surprisingly.
this inhibitor of protein svathesis at the level of translation causes o complete inhibi-
don of the curling process if supplied to segments at a concentration of 10 e/ ind (I 3,

The sime effeet is obtained with a ten times lower coneentration. whilst at 0.3 e/ ml
of eveloheximide the response of the ribs to exogencons ethylene as well as the enrling
ap of the control segments are only partially inlibited (g, 4).

The inhibitory effect of eveloheximide is perfeetly reversible. 10 the seements are
qunsferved to distilled water alter various periods of treatment with eveloheximide
pormal ethylene induced curling reaction can he observed. The process of enrline seems
w depend apon acontinuous synthesis of protein, This ean he concluded Trom experi-
pents in which seements were transferred Trom water fo exvelolieximide at the onset

ad i the conrse of the curling process, respeetively (Fie, H). The vate of curlinge is re-
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dueed 16 zero within only 60 win if exeloheximide is @iven 30 min after the onset o ,

Cen
curling, 1T the hesinning of treatment coineides with the onset of curline the inhibitivl ‘ the
is complete, F St

The natuwre of the proteins which hive a Tuncetion in the process ol eneline i< qploowi: i tth

OF the enzymes known (o he svithesized de novo in the conrse of Fading of the corollt. |

“the gyeosidases (Wisnkes and Wikvkes 1975) whicl are possibly involved in el |
wall Ivtic processes deserve partieular attention, Observations reported by 1 xsod | ;

and WeExor (1979) on the effeet of pHEupon the earling of sewments sueest that, indeed: [ enle

the action ol wmural enzvmes could he an important factor in the curling reaction. Like | oy,
. T |
wise. the dependence of the rate of curling on temperature points tp the fuvolvepent of

i tha
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FTects of gl amd ethylene on the curling of seaments e hownin Fie, 6. 1 appears dlii
that the exposure of the vibs (o citrate-phosphate huffor, 2R, has alimost the san Citp:
effect as has the treatment with ethylene. Xt pll 55 the onset of curling is marked! ide;
delaved with regard to the ethylene-treated contral, but =il prenature as coppare the
with the wntreated confrol, \ conspicuons effeet of s on the rate of enrline aper g
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O the Fading of an Ephemeral Flower S5

entration in addition to P the presence of 0.00 M bulfer the ¢ nrline lll'iil'l'l'(f{ {0
e normal final angle of 400 —440° only at the optimal pll ol Lo, A s G aad 7

fhe curling is incomplete in the presence. and does not even besin in the ihsene n!'
ahylene. 4 however, the huffer coneentration is redueed 1o
an be observed over the entire range of pll valnes tested (l"i-_-. T

M complete cuplines
Lo Under these copdi-
ons the pIE determines only the onset and (pH 5.5 and 6.5) the initial rafe of curling,

HaxsoN and Kexoi (1973) investicated the ethylenesinduced efflux of micromaoloe-
ades andl fons Trom isoliated segments of ribs. Sinee acid hoflor solutions have similar
dffects on the curling process as has the treatient with ethylenec it may he conehnded
that this ethylene-indueed effnx results in chanees of AT the murad space whiel i turn.
auses the change of activities of mural o nzymes, In the presence of hutfer solutions (e
changes of the actual mural pIl and the curling reaction should depend on the barfor
apacity. Our results obtained with two bulfer concentrations e compatible with this
idea. Morcover, reeent vesults obtained by Litscing (unpublishied) demonstrate thap
the sements are capable of adjusting the g1 of the solution on which 1he N are Hoatin,

The ethylene-indueible efflux of micromolecules was inie rpreted by Haxsox aml
Rexoe (1975) in terms of tureor chanees which are altinnrely n\lmmrhh far the
airving and curling of the corolla ribs. In aet. turgor chanees are involved in s

o i
o—C contr%i & [ i
o—¢ pH 4 :
S gH 55 Yl control :
=0 pH £5 g and
7 pH 75 X 001 M |
o 380 i
bufter conc. X :
0001 M 3 f ;
o L 3a0r i
(Jl
(= b
(=] .
. o :
‘*, r |
s 260
. 220+
|
:' |
4 1B80F  +—— - e [
| I 1 L L 1 i L 5 P L : g 3
1500 1neo 1300 1500 0300 100 1300 it
time of day tine of doy
Fis, o Ih’m peleic u! 1 ol g ol soaparepls -.',’ rihs o Uy ’,.H of Hie ! e il Wity
Lotdi ) tike wlieel VRG] I,"r.n.’h-n.’_
s, Effeer af Neat'low the eniling of scpmcids uf vibs,
P solutioas Tor foating the tissue contained eitrate-phosphate holfor onong A LS N i

weontrations of Nat'l as indies g,




i
| st
|
i i

it

(i |
i
A

¥ ¥
,’{.‘

i g

i
1
%
b

1 )
; i
. 4
o "N
i ‘
4
*

304 B Bavscawesee, o Heerer and P Marine

process. A strong inhibition and delay of curling oceurs if T mM buffer pll 45 is s

plemented with 0.1 m NaClL A tenfold Tower coneentration of NaCl has only a s
effeet, whereas in the presence of 1M NaCl the enrling is completely bloekéd (Fi

o 8L

Experiments in which the involvement of turgor changes and cell wall maodificatio® |
in the enrling reaction were further investigated were performed with osmotica such® |
glucose and sorbitol. IF curled up segments (v 360°) are exposed to 1M glucose t

resulting reduetion of turgor canses the reversion of curling (Ifig. 9). However, the ™

L.l - LMighicoss . i

10ppm CH,
H,0 a 1M glucose N
10 ppm CzHa
¢ HZU OQS M sorbitol N HZO =. a
10ppm CoH,, 1hr 15 hr
HZO OZ.U M s:xbltolv H£ a
10ppm CoH, 1hr 15 hr

Fise. 0 Effect of glucose on cirled wp seqinents of ribs.
Eifect of a temporiary exposure to sorbitol of curled up segments of ribs showing the complete i
versibility of the osmotic effect on eurling,

version is incompletes it proceeds only to ap angle of about 250° and then comes @
a stop. Even in the presence of 2 M sorbitol the probably complete compensation o

|

!

turgor does not result in acomplete reversion of curving of the segments. This finding |

demonstrates that the curling is associated with changes in the physieal properties of |

the eell wall skeleton of the tissue. These changes are responsible for the shape of the
tissue in the absence of turgor. Another means of demonstrating the ocenrrenee of el
wall changes is the killing of the cells. This was done by extracting segments at varios
stages of curling with hot 80 ethanal, The result is presented i Fig, 10, [0 appears
that extraction has scsimilar effect as has the exposure to osmotically active solutions
[nall cases a reversion of curling for about 20 607 was ohserved. Obviously, this limit

H,0 10ppm C.H,
2 274

|

L 1 L L
30 sec B0% ethanol

Ll [l
e e SR T

Fige, 10, Chinnges of e dhegre of curvalure wpon the cotraclion af scypents of vobs with hot soe etfinel

i e —_—

S0min N 30 min “30min : 60 min

The extraction was pesformed b various stages of enrling as indicated,

e dew:
Mireay ]
ment «f
to doete
Crling

Chai
dedinees
depend.:
conditin
Periods
demops
Ments ¢
Ponent
has b

Fig, 11, .
l.IIL‘ [-i.‘i.«ii

Lo HEITT

Rees
tissue .
of the i
With wy
show 5
be the o
the i
tirgor o
side of +i
plasticii«
jllHll!ll'i-'

9 %
=0 Rineli



eropll 4.5 s Sup-
has only a small
blocked (Fig. 8).
Al modificationg
ssmotica sueh ag
1 M elucose the
dowever, the re-

i the complete rp.

il then comes (g
compensiation of
nis This l'iuding
il properties of
the shape of the
wenrrenee of e
nlents il varioyg
v T T appears
active solutiong,

onElv, this |illli[~

A et SO0 rﬂlmml_

On the Fading of an Ephemeral Flower 305

ed degree of reversion represents the elastic component of the coll wall strueture which
turgor pressure transposes into curving. Another means of demonstrating the involve-
ment of turgor is the cancelling of membrane semipermeability by exposing (he seements
to detergents. In the presence of Triton-<-100 or sodinm dodeeylsulfate (0.190) the
eurling is completely inhibited.

Changes in the physical properties of cell walls in the course of curling can also he
deduced from the following experiments. The successiul osmotic reversion of curling
depends on the period during which the segments are allowed to stay in the rolled np
condition. Fully curled up segments (& == 400—440°) were ineubated in witer for
periods up to 2 h and then transferred to 1 M glucose. The results depicted in Ifig. 11
demonstrate that the degree of osmotic reversion is markedly redueed when the seg-
ments remain in the fully eurled state for 1 hor longer. In other words. the clastic com-
ponent of cell wall structure disappears gradually when the movement of the tissue
has been completed,

[ 1M glucose

- THmin By

5min

H0 1M glucose O

30 min 5min 90 min

H:O 35hr a : a “.ZD_.. e a?h‘!&_:llnn—mo - ) n 0
10ppm CZHA 60 min 5min 60 min
SR plede e
90 min 5 min 30 tnin

G LA s e =) glucose
120 min 5 min

Fie 11o Stabilizalivn of e fival shape of cnrled np sequeents of pibs,
fhe tissue was allowed 1o stav in the curld up state for various pettods of time amd then sithjected
o an osmotic treatment.,

Recent work done by Riensig (npublished) sugeests (hat only a fraction of the
dssie used in the above experinents is responsible for the curling. Fxeised seements
of the ridges to half the depth of the leaf exhibit the samc curling reaction as observed
gith whole ribs, The histological examination of longitudinal seetions of these ridges
dow @ compact tissue composed of long, spindle shaped cells. Curling must, therefore,
ge the consequence of differential growth of these colls on (he ter and outer side of
de ridges. We postulate that the initial curving of the tis<ue is cansed by differential
argor changes which result in the elastic extension of cells on (he outer side (ventral
,idrrﬂf the feaf) of the ridees. Further extension requires the enhancentent of cell wall
Jastieity whicl possibly involves the aetion of coll wall Ivtie enzymes, Continuous -
j‘l_:lnu'nt ol the tureor and of coll wall modilications seem (o he neeessary for the com-

o Bocheme Phvsiol Pllaneen, B, 168
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plete curling. At the end of this process the clasticity of the eell walls is redueed
that the Tinal shape of the tissue is stabilized.

Isthylene appears to induee a complex of metabolic processes associated with fadiv
of the Ipomoea corolla. Apart from turgor changes which are possibly associated with
changes of permeability propertics of the tonoplasts (Haxsox and Kexpe, 1975) th
synthesis of enzymes is controlled by this hormone. 1t is likely that the postulated el
wall maodilications involved in the curling of vibs comprehend both degradation ant
synthesis of cell wall constituents. In any case the Tading of the ephemeral fpon
appears to be far from heing the uncontrolled decay of an organ, It appears as the fi
phase of development which is as highly organized wd strietly controlled as is the de
velopment of the flower primordia leading to the beautiful fower,
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