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Abstract: In the present research, effect of caffeine on structure and ultrastructure of shoot apical meristem
of Phaseolus vulgaris 1.. was investigated. The present study showed that low concentrations of caffeine
(<22.5 ppm) had no pronounced effect on the growth of bean seedlings and structure of shoot apical meristem,
but higher concentrations of caffeine (40-60 ppm) had severe inhibitory effects. Electron microscopy (TEM and
SEM) studies showed that apical meristem size and number of leaf primordia was decreased under caffeine
treatment. Also in some meristem cells, formation of cell wall was incomplete. Present findings show that a lack
of division in strategically located cells in primordia and during organogenesis could produce the organ
abnormalities described. The observation that cytokinesis defects can be observed in developing primordial

and meristems supports this.
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INTRODUCTION

Plant morphogenesis is controlled by the rate and
orientation of cell division and cell expansion. Cytokinesis
1s mediated by the assembly of the cell plate, an organelle
whose position 18 governed by developmental cues.
Morphological studies have elucidated the dynamic
process of cell plate formation. The phragmoplast, a
specialized cytoskeletal structure composed  of
microtubules and microfilaments, forms at the end of
anaphase to guide cell plate assembly and expansion.
During cytokinesis secretory vesicles carrying membrane
and cell wall components are guided along the
phragmoplast toward its center, where they fuse to form
a membranous  Tubulo-Vesicular Network (TVN)
(Samuels and Steahlin, 1996). As additional vesicles are
added, the TVN gradually develops into a smoother more
plate-like structure that expands outward toward the
margin of the cell, until it ultimately fuses with the parental
plasma membrane yielding two individual cells separated
by a new cell wall. The development of the phragmoplast
15 thought to be caused by the depolimerization of
microtubules at the central region or the inner margin of
the phragmoplast and the polymerization of microtubules
at the outer margin (Gunning, 1982). In fact, the
occurrence of rapid microtubule turnover in the
phragmoplast has been demonstrated using florescence
recovery after a photobleaching technique in cells

microijected  with  fluorescently labeled tubulin
(Hush and Wadsworth, 1994). The arrested redistribution
of phragmoplast microtubules similar to that observed in
brefeldin A (BFA )-treated BY-2 cells, has been shown in
Tradescantia stamen hair cells treated with caffeine, a
well known mhibitor of plant cytokinesis (Valets and
Hepler, 1997). Samuels and Stachelin (1996) reported that
treatment of BY-2 cells with caffeine applied at metaphase
mhibited the deposition of callose i the cell plate and the
conversion of the fragile, thin, Fusion Tube-generated
Membrant Network (FTN) into the more stable Tubulo-
Vesicular Network (TVN) which normally occurs in
forming cell plates. However, they did not mention the
effects of caffeine on the redistribution of plragmoplast
microtubules.

DNA and chromosomal damage effect of caffeine has
also been reported by Paulovich (1997), Blasina and
Brendan (1999), Sarkaria and Busby (1999) and Melo
(2002) who observed chromosomal breakage as chromatin
pieces in plant cells treated with caffeine.

A comparative study of the effect of 2, 6-
dichlorobenzonitril and Caffemne on cytokinesis, was made
by Buron and Hevdugo (1983). Dichlobenil had temporary
inhibitory effect on cytokinesis metabolic pathway while
caffemne had permanent effect. In another mvestigation
caffeine caused rapid enhancement of cytosolic Ca’+ and
alchohol dehydrogenase activity in cultured cells of
Zea mays (Baxter and Ghang, 2003).
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Several genes involved in plant cyotkinesis have
been reveaded recently through the characterization of
mutant plards that either display defects in the
determinati on of the dvision plane o that show dberrant
cell plate formation Dlutants that fall irdo the first class
such as tonfass show defects in the proper aligram ent of
the division machinety atd thos have misoriented cell
walls (Bmdth, 20017, In cordrast, mostats that are defective
ins the constroction of the cell plate have mudtinacleated
cells with incomplete o missing cell walls (Naety o
2000; Bollner and Glasser, 20020, The identifi cation of
these genes has wielded insight into  molecular
mechanisms that govern plant cytolinesis. Howewet,
givenn the complexity of this process it iz clear that
getetic soreens for other componenets of the ortokinetic
machinery are not yet saturated.

The am of the presert research was to itvvestigate
effect of different concertrations of caffeine on the
growth and bictmass of Fhaseoles vulgads L oas an
importard crop plant and also to study ultrastooactural
featuwes of apical meristem cells treated with caffeine
using plart tissue culture and electron microscopy (TEL
atd SEM) technigues.

MATERIALS AND METHOD 5

The expetiment was cotuducted in Beietice Faculty,
Ferdows University, Dlashad, Iren (20051, Seeds of
Fhaseolus wilgaris were germinated in seed getminator at
200C. Mine day old seedlings were transferred to
Hooagland matri ent solution contatring 5, 10, 15, 17 .5, 20,
27.5, 30,40, 50 and 60 ppm caffeine. Zeedlings were grown
in growth chamber in hydroponic condition at 23°C
{during 16 hlight period) and 17°C (duting 8 h datkness).
Hydroponic  solutions  were frequently aerded and
changed every weel:. Plants were harvested after 5 weeks
and hicmass and length of roots and shoots were
measwed and compared with the controls. Shoot apical
merigtem tissue explants were transferred onto solid M3
culture medivm cortairing ©affeine. Callus formation
occutred after 15 days VWariations of callus formation in
relation to different lewvels of added caffeine was studied

Electron microscopy stadies was carried ot using
TEM and SELI(LEQ 914 AR, LEO1450 wp, respectively).

Apical meristem tssues from the origina bean plants
as well as callusmasses were passed through TERD and
SEM preparation procedires. SEM tissue preparation
procedure induding tissue dehyrdration ueing different
coticerdrations of acetore (25, 30, 70, 95 and 100%),
coating by thin layer of AuPd was carried ot Tizssue
satmples were placed on stubsz and observed by SEML
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For TEML apical meristem pieces were fixedin 3%
ghtaraldelnrde in 75 mM potassiumSzodivm phosphate
buffer, post-fixed in 2% oamium tetroxide, debydrated in
aty acetotie series and infiltrated with Sporr's epoxy resin,
Sections were staned withurans] acetate andlead acetate
and examinedwith a LTEO 914 AR TERL

RESULTS AND DISCU SSI0N

Resultz of our experiments showed that increasing
cotwcentrations  of caffeine (more than 20 ppm)
significantly teduced wvegetative growth of bean
seedlings. Other growth factors including length of roots
and shoots, lateral roots extension, mumber of leaves and
leaf area index also s gnificantly decreased in comparison
with the contral (Fig 1) Toxic caffeine symptoms
(marginal chlotosis and nectrotic spots of leaves) were
more chvious at higher concentrations (30, 40, 30 and
60 ).

Greatest rediction in root and shoot length of the
seedlings ocourred at 60 ppm caffeite treatment. The same
was trae for both dey and fresh bWomass of roots and
shoots(Takle 1),

Resuts of tissue cutwe experiment showed that
fresh and dy weight of callus tissues obtaned from
ghoot apical moeristem culbwed on M3 oudbtare medim
dect eased withiteteasing concentrati ons of caffeine. The
greatest reduction ocoutred at 60 ppen e atmert, 653% for
fresh weight and 789 for diy weight compared to the
cottrols (T able 17,

Fig. 1:FHoot and shoot extension of bean seedlings
[caffeine-treated plant and cortrol)



Int. J. Bot., 3(4): 379-384, 2007

Table 1: Effect of differert concentration of caffeine on seeding growth and callus wei ght of Phasaolis welgaris Gralues are meanstSE)

Caffeine Root fresh wi. Root dry wi. Shoot fresh wi Shoot dry wt. Callug fresh wit
concertration (ppmy oo ) oo o
0 1 80+7 428 (.08 025 2.30+20 451 02543048 42401

5 12047 131 0.00+1 019 1.80+20128 0.19+3 044 30403
10 1 80+7 042 008+ 019 29019 667 05043042 35461

15 04047 035 0.0340 926 142410140 02242 982 4 1460
17.5 09845 850 0.03+0 920 1.30+17 754 D.15+2873 26402
20 07845 231 0.0140 881 1.20417 334 0302 873 22450
225 05045 053 0.0340 761 00517 228 02642 854 31480
25 09645 983 0.0140 624 1.80+17 043 03542 831 PAEST
275 1 30+5125% 0.07+5310%* 1.40+15 851 * 07242735 32458
30 04544701 0.014+) 407 * 0.94+15445* 0672730 1 448
40 08044 536 0.0240 423+ 1.304+14 502% 03242 715% 1 7446

a0 07844 512 0.0140 394+ 120414 157# 02422 710* 1 2435%
&0 00544 342 0.024) 373* 0.78+13 381 * 02642 703* 1.5+2] 1*

*: Based on Duncan's test, values are differ significartly p<0.05

Sy A= SR |
Peewmo S 5517 Tiems 112025

Ooim 17 Jor 7008

BT = 208 &V Wi= Frm

i AW SET Dt 7 da 2000
ook e 5 BES Tnm 152821

Fig. 2: Scanning electron microgcopy images of shoot apical meristemn of seedlings. (2) Control plant and (b) Treated
with 60 ppm caffeine showing reduction of meristemn size and number of leaf primordia. SAM: Shoct Apical

Ieristern; LF: Leaf Primordium

SEM studies on shoot apical meristem showed that
apical meristern size and number of leaf primordia
decreased in caffeine-treated plants treatments, especially
at 60 ppm caffeine (Fig 2a and b)),

TEWM studies of shoct apical merisgtemn of caffeine-
treated plants revealed that cell wall formation of some
meristematic cells was incomplete and only some parts of
the wall was formed. Also wacuolar systemn of the treated
meristematic cells was more extended compared to the
controls (Fig. 3-5).

This study, showed that low concentrations of
caffeine (<22.5 pprn) had no pronounced effect on the
growth of bean seedlings and structure of shoct apical
meristern, but  higher concentrations of caffeine
(40-60 ppm) had szevere inhibitory effects This i
congistent with the previous reports that caffeine results
inreducing of cell divizion and cell number of shoot apical
meristern (Liu ef al., 1995; Hepler and Bonsignore, 1990,
Galatis and  Apostclakes, 1991, Terryn ef al., 1993}
Caffeine, which alzo caused wall stubs, may guide
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Fig. 3: Transmission electron microscopy images of bean
shoot apical meristemn (untreated plant) showing
nuclens, bulky nucleclus and  mitochondria,
Cytoplasm background is densed and csmiophyll
due to abundance of ribosomes (& 31507
M Mucleus, NUT; Nucleclus; M; Mitochondrium
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Fig 4: (eandb) Transmission electron microscopy images of bean shoot apical menstem chloroplasts (23150). (untreated
plant) showing a large mumber of mitochondria in cytoplasm, abundance of ribosomes, golgi body and
di fferentiation some of proplastids to chl oroplasts (=<31507. L Mite chondriwm; ch: Chloroplast; rib: Fibosome,

GB: Golgi body

Fig 5: (2 and b) Transmission electron tmicroscopy images of bean shoot apical meristem (treated plant) showing
incomplete cell wall (small arrow) (2 16000 W Vacuele, CW: Cell Wall

vesicle fusion to the cell plate or  block plate
stabilization (Hepler and Bonsgnore, 1990; Liv et &l
1995, Valets and Hepler, 1997). Caffeine acts at an eatly
stage of yiokiness, just after the Golgi-derived vesicles
hawve arrived at the cell equator and begun to use with
each other wia thin (20 nm) membrane tubules. This initial
round of fusions produces a delicate membrane network
which in control cells is rapidly converted in a more
substantial tubulo-wescular network covered by a thick,
fuzzy coat on ity cytoplasmic surface Caffeine distupts

the conversion of the fragile, thin, fuson tube-generated
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membrane network into the more stable tubulo-vedcular
network, the assembly of its fuzzy coat and the budding
of clathrin-coated wesicles from its surface (Sammels and
Staehelin, 1996). Cutrent theories of the mechanism of
action of caffeine are about its ability to disupt local
calcivm gradients.

B ons gnore and Hepler (1985 showed that caffeine
easily reaches the target site and dismpts nonmal plate
formation in Fradescontio stamen hair cells. In their
experiments, treatiment with caffeine that started 10 min
before the onset of cell plate formation inhibited
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cytokinesis in all the cells examined. Caffeine inhibits
and the
depolymerization of microtubules in the central region of
the phragmoplast (Yasuhara, 2005). The following three
possible mechanisms can be postulated to account for the
concomitant inhibition of callose deposition and the
Furst,
caffeine inhibits callose deposition that might trigger the
depolymerization of phragmoplast
Secondly, caffeine mhibits the depolymerization of
phragmoplast that might trigger the callose deposition.

callose deposition in the cell plate

phragmoplast microtubule  depolymerization.

microtubules.

Thirdly, caffeine might inhibit some signaling steps that
trigger both the callose deposition and the microtubule
depolymerization. The second possibility seems to be
untenable because callose has already been deposited at
the equatorial region of the phragmoplast at early
developmental stages where the depolymerization of
microtubules has not yet occurred (Samuels and
Staehelin, 1996, Yasuhara and Shibaoka, 2000). Yang et al.
(1999) showed the cvd! mutant of Arabidopsis 1dentifies
a new locus affecting cytokinesis. The presence of wall
protrusions, than central i1sland, in both
cytokinesis mutants and in caffeine-treated plants could

rather

unply that cell plates are more stable where they join
the parent wall than in the cell center. FEvidence
suggests that wall maturation and insertion factors
originate from the parent wall and spread into the new
wall to stabilize it (Mineyuki and Gunning, 1990).
Present findings show that a lack of division n
strategically located cells in primordial and during
organogenesis could produce the organ abnormalities
described. The observation that cytokinesis defects
can be observed m developing primordial and
meristems supports this hypothesis. Defects during
emberyonic development may be of more consequence
and more deleterious than those that occur after

germination.
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