September 2009

Trade Science Ine.

Volume 3 Issue 2-3

Reseanch & Reviewsd cn

BioSciences

>, REGGWlOr Peper

RRBS, 3(2-3), 2009 [133-140]

On the nature and distribution of sclereids in sugarcane leaves

Rocio Santiago, Eva-Maria Diaz, Julia Quintana, Susana Rodriguez, Blanca Fontaniella,
Carlos Vicente*, Maria-Estrella Legaz
Laboratory of Plant Physiology, Faculty of Biology, ComplutenseUniver Sity, 2, José Antonio Novais Av.,
28040 M adrid, (SPAIN)
E-mail : cvicente@bio.ucm.es
Received: 2" July, 2009 ; Accepted: 12" July, 2009

ABSTRACT

Sugarcane leaf showsthe classical arrangement of cellswhich definesaC4
species. The vascular bundle includes xylem, phloem and fibers. These
fibers consist of outer sclereids surrounding the vascular bundle and an
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inner ring of stone cells involving the phloem. Some sclereids behave as
docking cellssince they are located below and above the vascular bundle,
connecting it to the internal surface of the epidermal upper and lower
layers. A compact mass of sclereids occupies the total internal volume of
theleaf edge. Neither docking cells nor the more internal mass of sclereids
in the edge were significantly coloured by phloroglucinol, indicating this
the absence of lignin in their cell walls, whereas fibers of the vascular
bundle and the most external layer of edge sclereids are strongly lignified.
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INTRODUCTION

Sugarcane, SaccharumofficinarumL.,isaC4
plant, their leaves showing atypica Kranz anatomy.™™
2 Theblade of sugarcaneleaf isalong, thin, and flat
structure, which gradual ly tapers from the baseto
the tip and is supported by a midrib extending
practically itsfull length. Leading off at acute angles
from themidrib are numerousparallel veins, each of
which containsavascular bundle. On the upper and
lower leaf surfacesare found anumber of one- and
two-celled trichomes, which develop from the
epidermal cells lying between the veins. Abaxial
epidermis showed well-defined stomata and many
regular granules or ribbons that characterised
epicuticular waxes of n-aldehyde nature®. Stomata

are more numerous on the lower than on the upper
surface of theleaf.

A cross section of asugarcane leaf showsasys-
tematic arrangement of cells. Thelower and upper epi-
dermal layersaremade up of brick-shaped cellswith
their long axesparallel to theleaf and with their cell
wallsthick andlignified. Bulliform cells, located above
or to oneside of small vascular bundles, often extend
totheupper epidermis, thusmaking theepidermd layer
very thin at thispoint. The conducting tissuesor vascu-
lar bundlesarefound within circular- to oval-shaped
groups of cells. Thevascular bundleincludes xylem,
phloem and phloem fibers, al of which surrounded by
aring of largecdlsknown asbundlesheath cdls. These,
and thoseimmedi ately adj oi ning them on the outside of
thebundles (mesophyl| tissue), form the photosynthetic
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tissues. Situated above and bel ow eachlarge- and me-
dium-sized vascular bundleisasmall group of long,
dender but very thick-walled celsknown asfiber cdls.
Thesed so occur at the base of each small bundleand a
few aresometimesfound lying abovethe bundle.*®l
Many authorsclaim about therole of the mechani-
ca resistance of plant tissuesto pathogen invasion by
producing biopolymersthat restrict the Soread of patho-
genssuch ashydroxyproline-rich glycoproteins, lignin
and callose*@ mainly consisting of suberized or ligni-
fied periderm, sclereids, xylem, and phenolic phloem
parenchymacels. Transgeni ¢ tobacco plantswith sup-
pressed level s of the phenyl propanoid biosynthetic en-
zymeL-phenyldanineammonia-lyaseand correspond-
ingly low levelsof chlorogenic acid, themagjor soluble
leaf phenylpropanoid product, exhibit morerapid and
extensivelesion devel opment thanwil d-type plantsaf-
ter infection by thevirulent funga pathogen Cercospora
nicotianae.* An appropriate mechanical stimulation
of cucumber leavessignificantly improvesplant resis-
tanceand dterstheactivity of phenyldanineammonia-
lyaseleading to synthesisof lignin. Theeffectsof the
stresson these cellular fundamenta eventsare elimi-
nated when the adhesi on between plasmamembrane
and cell wall isdisrupted.[! Microarray gene expres-
sion profiling of Sitkaspruce (Picea sitchensis) bark
attacked by stem-boring weevils (Pissodes strobi) or
through mechani ca wounding demongrated significant
accumulation of transcriptsresembling dirigent protein
(DIR) genes, asubfamily direct stereosel ective phe-
nolic coupling reactionsintheformation of lignansand
lignins.*® Manipulation of the CAD (cinnamyl a cohol
dehydrogenase) gene causes changesin enzymeactiv-
ity, lignin content and in the composition of thecdll wall
inthetransgenic plants of Linumusitatissimum, con-
sisting of areductionintheligninlevel inthe CAD-
deficient plants. However, the resistance of the
transgenic linesto Fusariumoxysporumwasover two-
foldlower than for the non-transformed plants.®
Concerning sugarcane plants, de Armas et al.®
foundthat thecultivar Mayari 55—14, highly resistant to
smut, strongly increases phenyla anineammonia-lyase
activity after incubation of leavesonasmut dicitor with-
out accumulation of free hydroxycinnamicacids. This
hasbeen interpreted asapolarization of theuse of these
phenolicstowardslignin synthesisin order to avoid smut
penetration. Thus, abetter knowledgeof lignifiedtis-

sues of sugarcaneleavesisprevioudy required to the
elucidation of amechanism of mechanicd resistanceto

the pathogen.
MATERIAL AND METHODS

Plant material

S. officinarum (L.), cv. Barbados 42231, six
months-old, field grown, wasused throughout thiswork.
Pantswere devel oped from agamic seedsand cultured
on soil in the Real Jardin Botanico Alfonso XIII
(Complutense University, Madrid). Seedswereplanted
in April on clay soil mixed with 25% sand (w/w),
fertilised with nitrogen (150 kg ha?), phosphorus (75
kg ha?) and potassium (120 kg ha?) at the moment of
planting. Plantswerecultured inisolated greenhouses,
under amean of 250 umol m? s flux dengity of white
light for 14 h per day, 35°C of mean temperature and
90% of relative humidity from April to October, and
dalyirrigated.'

Light microscopy

For structural studies, leaves 3 and 4 from the bot-
tom of six different plants, at amiddieposition onthe
stalks, were aways chosen. The central zone of the
leaf bladewascut into 1.0 cm portions, which were cut
in 10 um-thick sections with a freezer microtome. Leaf
cutswere stained with 0.5% (v/v) toluidin bluein 70%
(v/v) ethanal™ or dternatively in 1.5 % (w/v) saphranin
in 50% (v/v) ethanol and 0.5 % (w/v) alcian bluein
90% (v/v) ethanol for 2min.™ Lignified structureswere
visudized usngthephloroglucinol/HCl (PGH) test. Leef
cutswereincubated in asolution of 1% (w/v) phloro-
glucinol in 100% methanol overnight. Following further
incubation of clearedtissuesin chlora hydrate, they were
subsequently mounted on dlides, afew drops of con-
centrated hydrochl oric acid were added and findly the
tissueswere covered with acoverdlipi?Y. Tissueswere
viewed immediately. After 10 min, lignified structures
appeared cherry red-orange, but colour faded within
24 h.[?2 The stained sectionswere observed using a
Zeiss 60 invertoscope adapted with a CCD camera
capturingimagesby usngaViewfinder Liteprogram.

Transmission electron microscopy

Themicrostructure of sugarcaneleaveswasexam-
ined by conventional TEM.'¥ Sampleswerefixedin
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2% glutard dehyde (v/v) in 0.1 M phosphate buffer, pH
7.2, post-fixed with osmium tetroxide, washed, dehy-
drated in acetone and finally embedded in Epon. Thin
sectionswere counter stained with uranyl acetateand
lead citrate. Electronic micrographswere produced at
80kV by TEM (Carl ZeisseEM 902). Image analysis
was achieved by using the Image Tool 2.00 program.

Scanning electr on micr oscopy

For ultrastructurd studies, leaves3and 4 fromthe
bottom of six different plants, at amiddle position on
the stalks, were always chosen. The ultrastructure of
sugarcaneleaveswas examined by conventional scan-
ning el ectron microscopy (SEM). Sampleswerefixed
in 2% glutaraldehyde (v/v) in 0.1 M phosphate buffer,
pH 7.2, post-fixed with osmium tetroxide, washed,
dehydrated in acetone, critical-point dried, sputter-
coated with gold/palladium and scanned at 20 kV by
SEM™ usingaJEOL JSM 6400 (Japan). Digital im-
ageswere obtained by using an INCA (Oxford) pro-
gram incorporated to the equipment.*4

RESULTS

A crosssection of asugarcaneleaf showstheclas-
sical arrangement of cells, which definesaC4 species
(Figure 1A). Onthe upper and lower |eaf surfacesare
found a number of one- and two-celled trichomes,
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which devel opfrom the epidermal cellslying between
theveins. Inddetheedgesof |eaves, having sharp mar-
gind teethesinclined toward theapex of theleaf, adense
meassof sclereidsoccursbe ow theepidermd layer (Fig-
ure 1B). Bulliform cells occur in the lamina of S.
officinarum. Thesethin-walled cells of thismonocoty-
ledon, thesizeof whichissimilar tothat of brick-shaped
epidermal cells, are confined to the adaxial epidermis
(Figures 1A and B). The conductingtissuesarefound
withinthecircular to oval-shaped groupsof cells. The
bundles are composed of three-sized classesof cells:
large, mediumand small, thefirst two being rhomboid
toova inshape, whileasarule, thesmal typeisrather
circular. Asmadl, round bundleawayslay nexttoalarge
vascular bundle, which usualy extend from the upper
tothelower epidermisof theleaf (Figure1A). Thexy-
lem is made up of open tubes or vessels associated
with smaller and thicker walled el ements. Thelarge
bundlesof theleaf are usually two large vessel s con-
nected with smaller vessds. Thexylemof smal bundles
consistsof only afew large pitted vessels.[! Thelarge
vessaswereirregular in shape, having comparatively
thick walls (Figure 1A) and many sides, each of which,
when viewed in cross section, appear moreor lessasa
sraight line. Eachvessd isformed not fromasinglecdl
but from a series of elongated cells, whose contents
and end wallshave disappeared.

Figurel: A) Crosssection of aleaf bladeof sugar cane showing bulliform cells(BC) in theadaxial epider mis, bundle-sheath
cells (BSC) surrounding the vascular bundle (VB) and the mesophyll. B) Cross section of the edge of a sugar cane |eaf
showinglateral trichomes(TC) and scler eids(SC) filling the blade edge. Sectionswer e stained with toluidin blue.

According to the literaturel’®, the vascular
bundleincludes phloem fibers, thefunction of which,
dueto their structure and arrangement, ismainly to
givestrengthtotheleaf. They arelong, slender, pit-
ted cells with pointed ends and with thick walls
whicharelignified. Their cell cavitiesareextremely
small. Thesefiber cells may occur singly but they

areusually in groupsforming strands, which extend
longitudinally. Sclereids also arelocated below and
abovethe vascular bundle, connecting it to thein-
ternal surface of the epidermal, upper and lower
layers. They are docking cellsthat immobilized and
ensured thetotal vascular bundleinsidethe spatial
structure of the leaf. The distribution and nature of
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Figure2:A) Crosssection dyed with saphranin-alcian blueof theedge of a sugar caneleaf showingtwo lateral teeth and some
sclereidsjust below theepider mis. B) Thearrangement of xylem vessels(XY) and phloem elements(PH) surrounded by
bundle-sheath cells(BSC) in a crosssection of a sugar caneleaf dyed with saphranin-alcian blue. Some sclereids(SC) can be
observed below thephloem and connecting thevascular bundletotheinternal surface of both upper and lower epider mis. C)
M agnification of avascular bundledyed with saphranin-alcian blue showing lar ge, mid and small xylem vessels, aring of
sclereidssurroundingthevascular bundleand aninternal ring of sclereidssurrounding the phloem. D) Crosssection of the
edgeof asugar caneleaf dyed with phlor oglucinol showing adensemassof scler eidsoccupying thetotal inter nal volumeof the
edge. E) Thearrangement of xylem and phloem surrounded by bundle-sheath cellsin a crosssection of asugar caneleaf dyed
with phloroglucinol. Only sclereidssurrounding thevascular bundlearestained in red by thedye. C) M agnification of a
vascular bundle dyed with phloroglucinol showing large, mid and small xylem vessels, aring of sclereidssurroundingthe
vascular bundleand an inter nal ring of sclereids surrounding thephloem. Only sclereidsand thecell wall of xylem vessels
arestained inred by thedye.
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these sclereids has been herein studied by used two
different staining methods. saphranin-alcian blueand
phloroglucinol. The cytoplasmis stained by alcian
bluewhereasthe cell wall wasrevealed by thered
colour of saphranin. Observation of stained cross-
section of sugarcane leaves by light microscope
reveal ed trichomes on the external surface of the
leaf edge as well as acompact mass of sclereids
occupying the total internal volume of the edge,
strongly stained in red colour (Figure 2A). Also the
cell wall of epidermis, bulliform cells, xylem ves-
sels, stone cells surrounding phloem, and docking
cells connecting the vascul ar bundle to both epi-
dermal layers appeared strongly coloured in red
whereas bundle-sheath cellsretained saphraninin
less extent (Figure 2B and C). However, only those
outer sclereids surrounding the vascular bundle, the
inner ring of stone cellsinvolving the phloem, and
the more external cellsfilling theleaf edge were
stained by phloroglucinol, specific for lignins. Nei-
ther docking cells nor the more internal mass of
sclereidsinthe edge were significantly coloured by
the phenol (Figure 2D, E and F). Both epidermal
and bundle-sheath cells clearly showed the green
colour of chlorophylls (Figure 2F).

The study by TEM of the cross-section of sug-
arcaneleavesrevea ed that docking, subepidermical
and stone cellsinthe vascular bundle had very thick
cell wall traversed by abundant pitsand avery small
lumen (Figure 3A). Image analysisrevealed that the
most thick cell walls, and so thesmallest lumen, cor-
responded to the docking cellsbelow the abaxial epi-
dermiswhereasthe largest internal space was ex-
hibit by the stone cells (Figure 3B, C and D, and
TABLE 1). Bundle-sheath cells had large, agranal
chloroplastswith abundant starch bodies (Figure 4A)
whereas mesophyl| chloroplasts differentiated acom-
plex system of grana, did not accumulate starch but
adiscreet number of lipidic drops could be seen (Fig-
ure4B). Plasmodesmata connected bundle-sheath
cellsto the phloem (Figure 4C) and thelumen of the
stone cellsto the cytoplasm of phloem elements (Fig-
ure4D). Inthefirst case, an incipient desmotubule
from the stone cell contacted to the external surface
of the phloem cell wall just in the zone of abundant
pits neighbouring theresidual endoplasmic reticulum
(Figure4C).
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Figure3: A) TEM micrograph of a crosssection of a sugar-
caneleaf where UE = upper (adaxial) epider mis, LE =lower
(abaxial) epider mis, SC = sclereids, M C = mesophyll cells,
occurring between two vascular bundles, BSC =bundlesheath
cellssurroundingthevascular bundle, XY =xylem composed
by large, middleand small vessdls, and PH = phloem. B) M ag-
nification of sclereidslocated just below theadaxial epider-
mal layer. C) M agnification of sclereidssurrounding theph-
loem. D) M agnification of sclereidslocated just below the
abaxial epidermal layer. These, and similar views, wereused
for imageanalysis.

TABLE 1: Quantification by imageanalysisapplied on TEM
preparationsof thecell wall area of sclereidsassociated to
thevascular bundleof sugar caneleaves. Valuesarethemean
of 20replicatesand they aregiven asareaunitsfrom Image
Tool + standard error. Numbersin bracketsrepresent the
per cent value of area considering as 100 per cent of total
areaof thecell.

Parameter  Adaxial face Vascular bundle Abaxial face

Cellarea  3,624+383  2111+284  4,154+397
(100%) (100%) (100%)
Lumenarea 1,377+ 95 940 98 958 + 96
(38%) (44.5%) (23.1%)
Cell wall area 2,247+223  1171+111 3,196+ 298
(62%) (55.5%) (76.9%)
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Figure4: A) A bundle-sheath cell showing lar gechloroplastswithout grana, containing numerousstarchinclusons. B) The
chloroplast of mesophyll cellsshowing numer ousgranal membranes. C) M agnification of plasmodesmata (PD) in thecell wall
(CW) of asclereid connectingtoasieveplate (PH). DT =desmotubule, and ER =endoplasmicr eticulum. D) M agnification of
plasmodesmata (PD) between abundle-sheath cell (BSC) and asieveplate(PH). CW =cdll wall, CH =chloroplast,and ER =

endoplasmicreticulum.

DISCUSSION

In the microscopic study of plants, saphraninis
used to stain the cell wall.[?s! Even in some cases,
these staining properties have been attributed to the
ability of saphranin to combine with polyphenolic
lignins.21% [nthisway, epidermal and bundle-sheath
cellsof sugarcaneleaves, in additionto sclereidsand

xylem vessdls, would havelignified cell walls, asitis
shown in Figure 2A, B and C. However, Musil™*"
claimsabout the capability of saphraninto stainacidic
macromol ecul es, such as collagen, whereas pectic
materia of theplant cell wall would aso stained with
the same chromophore.!?s! Probably, this property
of saphraninto react with amino acidsin aprotein,
or with galacturonic unitsin pectins, could be ex-
plained by the presence of two amino groupsinthe
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Figure5: Sructural formulae of saphranin and phlorogluci-
nol, dyesused toreveal cell wall and lignins, respectively.

molecule (Figure 5), able to form a pseudopeptic
bond with free carboxyl groupsin these macromol-
ecules. Nevertheless, carboxyl functions of thecin-
namic acids, precursors of lignols, are reduced to
hydroxy groupsbeforelignin polymerization.” This
reduction might impede the binding of saphraninto
polyphenols but the production of an oxygen bond
between hydroxy groupsof phloroglucinol andlignin
does not. According to this, phloroglucinol is con-
sidered asaspecific reagent for lignin staining.® This
isin agreement with that observed herein, where
cross-sections of sugarcane leaf are stainedin red
by using phloroglucinol asachromophore only at
thelevel of thering of sclereidssurrounding thevas-
cular bundle, stone cellsrelated to phloem, and the
most external sclereidsin theleaf edge. In contrast,
epidermis, thecell wal of thebundle-sheath cellsand
the most internal sclereidsin theleaf edge appear
unstai ned by phloroglucinol (Figure 2D, E and F),
probably becausethese cellsalive at maturity. Then,
two classes of sclereids can be defined for sugar-
caneleaves, each onewith apreciselocaization: one
of them, with very strongly lignified cell walls, is
mainly located inthe vascular bundleand in the most
external zoneof theleaf edge, bel ow the epidermis,
and the second one, composed by living cells poorly
or not lignified, located below both adaxial and
abaxial epidermis, and connecting theseto the vas-
cular bundle. Probably, these cells act as absorbers
to attenuate possible contractions of the vascular
bundle when |eaves double by action of the wind.
Living sclereids have a so been found in bundles as-
sociated with long distancein the central region of
sugarcane stalks.? Thecell wall waslignified or not,
thisaways appearsas avery thick structure. On the
contrary, bulliforms cellsaswell as bundle-sheath
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cellshavenon-lignified cell walls, sincethey are not
stained by phloroglucinol.

Many phloem vesselsdirectly contact to bundle-
sheath cell sconnecting through plasmodesmata. This
fact justifiesthedirect transport of sugarsfrom the
photosynthetic towards conducting cells. In other
cases, sclereidsintervene among bundle-sheath cells
and phloem but abundant pitsin sclereid cell wall
(Figure 3) can be used to transport sugars towards
the vascul ar elements. In sugarcane stalks, asheath
of fibresisolates the phloem apoplast from that of
the storage parenchyma. Thisfibre sheathisnarrowest
to either side of the phloem fibre cap, and consists
of living cellswith plasmodesmatawithin pitsinthe
secondary wall (Figure4). Plasmodesmatawere aso
arranged into pit fields between cells of the storage
parenchyma. Since thevascular apoplast isisolated
from the apoplast of the storage parenchyma, su-
crose must move through the symplast of thefibre
sheath.[?

Moreover, sclereids of xeromorphic leaves of
many plant species, such as Hakea suaveolens, are
involved in the conduction of water to the epider-
mis and directly to palisade layers.®! Therole of
sclereidsin water movement insidetheleaf hasalso
been suggested by Gratani and Bombellit® for sev-
eral evergreen shrubs of the Mediterranean maguis.
Onthe other hand, the situation of sugarcane sclere-
ids above and bel ow the conducting vascular bundle
surrounded by bundle-sheath cells suggest that fi-
bers behave as docking cellsto mechanically rein-
forcethe central position of conducting tissuesand,
inaddition, they are suitablefor alight-guiding func-
tion, asit has been found for sclereids of Phillyrea
latifolia. Inleaves of this plant species, the amount
of light transmitted through sclereids wasto be up
to 30-fold higher than that transmitted through the
nei ghbouring mesophyl| cells.*2 However, asimi-
lar role in sugarcane leaves deserves greater ex-
periment and testing.
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