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Application of x-ray microanalysis, diffraction and cytochemical 
techniques in the study of the structure and chemical composition of 
inclusions in Oba europaea leaves 
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Profesor Albareda 1. E-18008. Granada. Spain. 

ABSTRACT: Two types of inclusions have been found in mesophyll cells oÍ leaves of 
Olea eurooaea. The first type is located in the vacuole, and the application of 
X-Ray microanalysis, X-Ray diffraction and cytochemical techniques shown that 
these inclusions are composed of calcium oxalate. The second type of inclusion is 
intranuclear and its proteic nature is demonstrated by means of light microscopy 
stains. These crystal structures are probably well ordered in three dimensions. 

1 INTRODUCTION 

Calcium oxalate crystals are the most common form of calcium salts found in 
plants, and their presence has been widely documented in many different species (see 
review of Franceschi & Horner 1980). However, in some instences the composition of 
certain inclusions has been assumed to be calcium osalate without proper 
investígation. The presence o€ calcium in these crystals can be S!IOWTI by means of 
cytochemical techniques (Von Rossa 1901, Yasue 1969) as well as by more accurate 
methods such as X-Ray microanalysis, X-Ray diffraction, Ramzn analysis or infrared 
spectroscopy. These latter methods generally require that the crystals be isolated 
and in a fairly pure form. The function that they play in the plant is not clearly 
knew although it may be connected with the establishment of an adequatL. ionic balance 
in the plant. 

The presence of intranuclear inclusions has been demonstrated in different 
species of Angiosperins (Fabbri & Menicanti 1970, Perrin 1970. Weintraub et al. 1971, 
Unzelman & Healey 1972, Viritejoux 1984, Alche & ~odriguez-~atCia 1988). The variation 
in their morphology and structure, as well as their constant prec-?ce in several 
families of Angiosperms make them useful for taxonomic purposes (Speta 1479, Bigazzi 
1984). However details of their structure, chemical composition and localization in 
different tissues are still unclear, as is their possible functional significance in 
the plant. 

2 MATERIAL AND METHODS 

a) Conventional light and transmission electron microscopy (LH and TEM) 
Small squares of about 1 m. were sliced from the Olea euroDaea leaves nearest 

rhe olives. These squares were fixed in 3% glutaraldehyde in 25 mM cacodylare buffer, 
pH 7.2 for. 2 hours washed three times with buffer, and them placed in 2% osmium 
tetroxide for 2 hours. They were then rinsed and dehydrated through an ethanol series 
and embedded in EPON (TEM with an intermediate step in propylene oxide) or LRWhite 
( M ) .  Sections for TEM were coritrnsted with uranyl acetate and lead citrate. 
b) Cytochemycal techniquea 

The Von Kossa technique (1901) to detect the presence of calcium and the 
Cloramine T-Schiff technique to detect proteins were carried out on thin sections at 
LM level. Potassium pyroanti.;oniate (4 % )  was added to the osmium tetroxide solution 
during post-fixation to detectrhe presence of divalent cations at TEM level, and the 
Tandler & Pellegrino de Iraldi procedure (in press) was carried rlit "in block" prior 
to embedding at both LM and TEM lavels tc. show the presence of material with silver 
binding characteristics. 
c) optical diffraction 

Several high-magnification TEM micrographs of intranuclear inclusions were 
examined using an optical diffractometer in order to determine the degree of qualicy 
'of the crystals and their periodicity. This is inmediately clear from the number of 
dipfraction points or spots in the back foca1 plane of a positive lens placed in 
front of or behind the micrograph. 
d) X-Ray microanalysis 

Sections were exainined with a Ph420 transmission electron microscope equipped 
with an EDAX energy dispersive X-Ray spectrometer which is capable of analysing 
elements with an atomic number equal to or more than that oi sodium (Zll). Elemental 
chemical analysis of vacuolar inclusions was performed at 120 KV. 

O 1990 IOP Publishing Ltd 



e,ro uorteutroJ aqf qtra ,Tefs,(f,J eql u¡ ra^TTs dq unrclea Jo uo1tnsTfsqns E uo pesEq
are (ssard u-! '-!pIErI ap ou1:?a11a¿ ! faTpuEI ,6961 ,."r¡ ,1g61 esso¡ uo¡) stlps fa^trs asn qclqn sanb-¡uqca¿ .luasard afe suorfpr fo pu-!{ t"q^ ft1".13rcads aulu,rajep
rou saop fnq suorrec Jo ac.esa-rd aq:¡ sdoqs suoJsnrcuJ leron?e^ aql uo afeTuour:lueo¡dd
unTssetod Jo uoJte:]ldrcard aqJ 'aTonap^ aqt ur palpaoT saTpoq uoTSnIcuT
30 uoTl1soduoc rec]uaq" aq1 Sulpuelsrapun of q"eolddr e^Tssef,8ora e seolTe s".bluqrai
uoTtsefJf-lp pue srs,{leueotcTu .{eU-X qf]ó spor{fau 1ec-¡uaqcoldc ¡,o ,o¡e"*iq.o, .q¡

NOISSnCSIC t

O9T-OET uJ pafeTncTec set alqrsa^ dlrealc lsou d1-¡c1po1:ad eq¿ .(woqs 
=o, 

,r-."".f
lseal fE suolf"atrTp oAf J! pafapro sT Tets_,{fc aql ]eql Surto:d ,sloTtrJafTp tuafaJ]-lp
uT suo-!lceTJaf Jo sfTed oAf,:rsEaT fE doqs f,afeu,)]cpf,JJTp1ecl1do uB rif-rÁ spfoIIelsT:3
aseqf. Jo sqdef,Sofc-lu cTuo:?.caTa uo suorfÉAfasqo &eu-¡u11ard .(OT BrJ) suo-!snlcu-f
éqf punotp fltuanba:3 s¡eadde a:]etTd-!cafd aleruourlueo:dd q8noqllr , (ff
pue 0T s8-!J) (arnpaco:d lpTpfl ap ourr8alla¿ t ¡aTpupJ pu€ ofr-luouTtueo¡_Kd mTsselod)
sanbruqcal aallcadsa: eqf Jo sueau dq pa?ef,lsuouaD e:éA spToTTe?.sdrc eql aplsur
s1¡o-tfec Jo acuasefd aqf rou 1p-faafEu crulSetuaS:e Jo funoue q8-Iq E faqlTaN .(6 sTJ)
anbTuqcaf ff-lqcs-I euruefolC aq? SuTsn uTESs a^-!t-!ssd e dq uoqs sr a:n1eu c1a1o:d
s,tI '(B 3r¡) uorleclS-¡u?eu 1eat3 fapun saurl IeTlEf,Ed Jo las e Jo afnlcnf,lsqns
c'gpo-¡:ad realc e sóoqs pue 'snToaTcnu aqf 01 az-ls ur frTruls ,adeqs u¡ 1e:paq(1od
ssaT fo afou sT 1I (f 3¡¡) f,eaTanupffur sT uo1SnIcuT ¡o addl puo"as aq¿

oz 91 0T 9r

€s sl rs El
L9e 99€
962 Z6Z
6tz Lfz

8c',r t6 I
t6r 16T

16 1

h';
IlZ602

602
f6 r

269

lLe
96¿
o|z
602
16 1 E

¿6'1 uef,3€lc

g8 r
L9t
962
t9z
zz'7,

r8s
99t
e0z
t9z
9ZZ

90+Z6S
lL t
t6z
,9¿ ,
,Z.Z uErS¿IO

c0€
0ez

¿s ;

€

::t::l:
z

wiBer(

t0t

z|z
,zz
I8'T

l'. I

zzz
. .9: 1.

e8z
,9¿
tfz

LE Z - Ír'Z

1:.1 ., . .::.t"
¿62
€8 ¿

t9z
9r'z

L8Z
L8Z
ot!

€0€
,r'l

16z
L8Z
99¿ T

ZyZ ue:3er6

a>
5¡ETffirc1{-

p lo sanlBA
E3 tO0T olruo8prv at]3le3 lEtuaur¡adx3

f,aaAraq acuErsrp:p sa^€ar u_ffiffi--Io ". "rt"".t""ff.'"'1t 
j:'"""t".J.T"t;::l:]i:

?soql rl¡!ó perredEoo ,pesn spunoduoc-mr3le¡ ¿I 3qt Jo tE¡a^as Jo ErEp HJSV :f 
"Iq€f

alqe¡) spunoduoc m.lcTer prEpuÉrs 
"rro 

,."rlll^l'j ;;''":;?:'iJ:lj:?:ii'",i:';:ü:l;X;jl uoqA a?el€xo mrcI"c ¡:o -pesoduoc a:e daqf fE¡{f safecrpuT (¿ glJ) s1e1sd:a asaqf
¡o srs,{1eue uol:}""fJ:Jrp.,(e¡-¡ uo:-r paurÉtqo etÉo .palJatap aq lou urJ ua^aTa u'ql ssal :aqmu :,Iuots r{lTA slueuaTe go acuesa:d aql tÉqt pazlseqdua aq pTnoqs fr lnq 'mrcler se pafJTfuapT ¡ead e snoqs (9 grJ) sTetsdf3 aql Jo "rerra" "i"d1eu"o:cru d"¡ -x ( E?lJ aSelrdrca:d ¡"^TTs) rp-!fa:]pu crurJelua8:e ¡o .l"r":d 

"qa "" 11.^ se ,uaqf
punofe pue ur (,2 ?f¡) alPTuou-lfueof,rd m¡sse1od. ¡o uo-¡lelld¡c.:d,.oq" pr" (g
?r¡; anbruqoal esso) uo^ aqf ol .Klalrlrsod lcea: s1elsÁ:c- 

"""q¿ 
.r"^l"ruaqf sufa^ eqf ul pa^:asqo eq,tltuanbat¡ der: daqf pue ,11dqdosa.l Jo seaf,p farifo uT uÉqf su-la^ oqf punore sl1ao u;:aq?rq sr suorsnlcur asaqf Jo f,aqmu aq¡ .suoflcala o1 i11""áo qaiu sAoqs f! pue (¿ 3r¡) adeqs ur:e1n3ue1ca: pue pa3e8uola ssal tro "ro, "¡ f,I .a?euÉp

ueaq Jo fInsaf, E sB fo (I 8ld) ?uruuoTtcas Bur:np ?soT uafJo s-! tI .sTTa" asaql
Jo elon"e^ lPl?ual a3:e1 aql uT pafpsoT s-¡ dpoq uorsnlcur 1o addt 1"r-¡.q¿

'(I ?TJ) uorfÉzrlucoT f,EInTTac pue d8oloqd:ou
t1aqf ur fuaraJJrp.tlrealc afe qcTqn suoTsnT3ur 3o saddl oúa Jo;3uasa:d aql noqs

saneal eaedolne paIO Jo s11ac lldqdosau.{Buods pue apesrled €ql qtog

srlosru €

68 OtrJIW*9VWg 091



u! u/OT) yli..V:::¡9¿ar srps (1,¡f ). suoTsnlcur .re"if,nuprruJ.uo 1ou ."0 i[U,.rOH|.l"i.:': uo LTrprncJffPd'sña1f,nu aqf uo,(T?uolfs sf,eadde atetrdrcefd ta^lrS antriuqcal:p¡:--
ap ou_rrlaITad.,pue léIpue¿ : IT UT.4^ sproTl€]s^lc fealcnuef-tur punoJE uorte,]tdlje:l ateLuoulfuEo-rÁo mrssefod :OT XIJ anbruqf,al JJIrtoS-l eurueloTj éut ui:: ureas alrt-!sod noqs suorsnlcui-:e^alcnue:ru-9 ; s11ac fffqdosu apeirled''1o qaE:?oliia
qzl.I :6 z-!J 'acTtfeT crporfad tuTAoqs uolsnlcuJ f?aIcnueJfuJ e ¡o ná-¡r :anóci
qSlH:g 3¡¡ s1ets,(:c relonce^;o ue:3erp uor'lcpr;lrp,{e¡-¡:7 91¡ 1e-r:a:eu p1-r?,(o.
palEuTBTfo sT mTuet!t Jo {ead puoc?s rad sfunoc:}uasafdaf alecs TecTtfe^ arJJ, Aay
u1 Á8:aua paf,uasa:da: _sT assT"sq" aqt uO sanpal Eé-edofñá--paT6 u-¡ 1e3s,(rc :eloncen
lo ef,?f,ads ÁeN-X :9 UTJ (sÁolf,e) aTonce^ aqt uT sTptsAlc uo ,(T8uolas sfpaddE
árer¡{rca:d:an115 anb-¡uqcaj-¡p1e:t ap _ou1:3a11a¿ pue raTpueJ :E ?y¡ _aloncel aqt uT
s¡etsÁrc aprsur pue punolE uorlEtrdrcafd eleruourtueof,{d mtssefo¿ :7 Sr3 enbruuca¡
edso¡1 uo¡ aqt qtl¡ pauTef s 's¡1ác'-11,{qdosáu ,(3uods _¡o ü,de_:Soicrri iq31,a :i 3r¡
'uolsnTcu! feToncp^ por\oual .(TIplff,ed e jo flar^ f,aAod qtsfH :Z zll ' ssacofd luruolfcas
aq:-.8ur:np uoll3c3 aqt fTa auec (cs'!fa3sP) suoTsnTcuT reT'.:.cp^ leqi ofoN 'suorsr.TcuJ
:eloncen pup (AorJe) reaTcnuErtur qfoq BurAoqs sTIa" TI.Áqdoset *--*?*J]j

06-¿BT Bq los | '"1'i!8-t'* Y3;t3?ii3 oH3q;'l''l{':a3x li6l"*{;li:A
o 

_ 
roeEiE0(,3s" ti]Ín ?..*, ; ¿ir., j,l, ,g:X Bggr"rr.lgii::IA

90¿-S6I BZ 'TiáC 'io!S ¿¿6T H l{sr. -qorn pue^I uotuernoC '0 seuoqJ
(ssard u-!) ual{colsTH 686t V !ptPrt "p 

ouTróeTlad put I 3 raTpuqJ,

¿oz t e t',:' .::n' i!"I" I +ii'+*I 
g táÍl"i"il iii

- ,t-EI€ dd(f ¡ '{rral{3 Pue I 3 ueHeu:uopuol)
su!a1ofd auuf,quau Jo srs^Teue aq-l foJ sanolur{tal 986T S laTTPuoH

B-01 ITl óorof¿ q¿861 S {u?fJ-raTpuTz pue J H fauroH

lil9ll ro 7r>' 3X 
: 
l"o": 3 

"E' 
33 á."rofi"l*;13*og¿3 i"i tq5":3$ ;!

19-6ZL tZ HoToAreJ 0¿61 I TluecTuel^l pue J lrqqEJ
9g-LL, SOI'TorÁqd 6eN ¿86T ( 3 f,a¡Iefl p*e S-O qrTus 'l 3 ¡reTO

e-Ee (€) €6 r"s 3uo3 sr:¡¿ lsur 886T 16^621'19""'3*3tfi3"tgg} [ ¡':i:i$
srSNs¡ruJs¿I

pue r'ron"B^) suo'!snr"uT fo spu'l qroq uaéAraq ,:i1::l"Tl.unXT*':1r1fi:1":;"""t 'snalcnu aqt q'!qf -!A suo-!sn{cu'! aq:r dq pa1dncco eare a8rel
ar{f Jo asnec¿q 'E-áE-dófñaiaTO- uT padasqo uaeq spq flrurxo:C lelteds dluo ':alanog
.sr,.Lo"T"nu aqt pua suolsnTcuJ rÉaTcnuprtuJ "ieqa 

uaaAfeq (¡961 lzzeB-¡g'6961 lzze?lg
g lsspf,oJ^l) saTcr¡,;i aaqfo u-! pa^lasqo uaaq slii d¡qsuo¡le1a: v 'sneTonu oqf spreóof
a1e:31u dlfuanbasqns .{aq1 3Pq1 puB 'Esi ¡do1dc aqe u1 paz-¡seqeu,(s a;r su1a1o:d dpoq
p1o¡1e]sf:c aqf teqf eapf eqr tfoddns (LL6l) P fa sEuor{J'TTec aqf uT sacuersqns
a¡\fasaf 3u1:o1s:o¡ aceld B palapTsuof, uaaq -(1sno¡aafd lou sEq snaTcnu 

"qf lnq
'a?erols uTa:lofd fo] pasn are suoTsn'L3uT feelcnuallur aseql 3eq1 a1q-¡ssod s1 l1

'(996T raTT.qMoH) paul?lqo aq uec uTalord aqr ¡o
tq8Tao :alncaTou a¡{t Jc uoTt€uTxofdde poo? e pue amlo^ ITa" fJun aql uÉc sE 'dllcexa
pauJuf,alap aq uec saT.rf.aw-{s s11 leql suPéE srqJ suoTsuaurp aaf,q:} 8uole ,{1qeqo:d
'afnlcnffs paf,ap:o 11au d:al E salecJpuI d1:ea1c 1elsd:l aql uI suoTfcaf,'lp oA--)

tseal tB u1 drtrauufs 3:o acuasald aqf uér{l u-¡ql-¡o 3u1::ncao sassacof,d uo¡1esd11qels
:o uo-¡tepe:3ap 's'¡saqluds qf,TA p"fcouuoc -Álrn¡1ce c-!ToqEfau 3o aa:8ap q8rq e s1ca1¡e:
dlqeqord sp1o11elsd:a eqf puno.lp aqeruourlueo¡dd pa:rldrcard 3o acuasa:d leraqdlred

"q+ 
ir^"^og'sanb'guqca3 rplefl ap ou¡:3411e¿ ! larpueJ aq1 pue 3sa1 aleluouTlueo:dd

m1sse3od ar{1 of asuodsa: aalfeBau .(11ec-¡3ce:d :-¡aqr dq PalecTpur s1 s1elsd:c
aqt apTsu-f suoTlÉt faqlo pue m1cTE" Jo funoue lTeus " dlug '1cnpo'rd-pua Paf,nolot
par e 3u1a13 'lua8ea:.+fTqcs e r{1-fn uo1fcear -{q a1q-¡s1n ap€u uaql afe qcTqd 'sdnol?
apÁqep1e ot sdno¡?ou'lue aa.IJ Jo uoJfezTpTxo ue Jo suPeu dq suo-¡sn1cu-¡ fealcnu€rfuJ
aqt Jo afnleu r'¡a1o:d aql d1:ea1c sale.ff.suouaP uoTlcear JJlr{cs-J auTueroT9 aqJ,

'p.p""t 
"1 et"1a aql u¡ saSueqc cJloqefau 01 lloT3e1ar u1 s1e1sd:c

aseqt uT uoTf¿Tfp^ a1q"¡ssod aql 3o uo-¡le?Ilsa^uT uE 'dTlEaTS ?¡oddns TÉInf"nf,1s roJ

d1a:au:o suo-lfTpuoc ssa:fs-mJcTPc fsu-¡e8e mrclec 3o a8erols aq:) 'afeTexo ss"cxa

3á 1"^o*., aql dq mrrqrl-¡nba cluor uP Jo acueurelulPu ar{l dT"ueu 'paedroJ uaaq a^eq

i"1:..q1 sno"!fe^ '¡a^adog (qZ86T ¡uelJ-faTPu"lz t ¡auf,oH '0861 fau:oH ! rqcsacu"rg
Jo AaT^.a¡ aas) trealcun ulPuaf, sfueTd u-! af"Texo mT"lEc Jo uorfcunJ aqJ:

'(¿861 'T€ fa {lelg '€¿86T ¡uelJ
-laTpu'!z s fau¡oH) d:essacau aq o1 sEaas s1e1sd:c aqf Jo uoTlÉ"1¡:¡:nd pue uo-!lPTosJ
.s-!qt au.luf,atap 01 faptro u1 's1e1s.(:c asaqS u-! luasa:d sT (u.IoJ alTTlappaA a1e:p,{q'¡p

ar{t fo ulo] at-lTTaóaqÁ afe:pdqouou aqr) slueld u] fuasa:d dllensn aleTExo mTclec

Jo süfoJ oA1 aql ]o qclqó tt."t1p o1 alqrsodur s-! lT pau-lefqo el?p aqf- q11n':araaog
:r1"p rá-¡1"rtJlTp,(pu-x'¡:o uosl:edoc pue trsdl"ue aql f,alJP pauT'fqo '{1uo s; af,ET€xo

un'!cTec 3o pasoduoc arE suoTSnlcur feToncE^ asaql ler{? uo'!snIsuoc aqf 's ao d a{lT

sfuauaTa sraqfo Jo acuasa.:d 
"qr 

.r""tt: qcrqn 'slsdleueorclu de¡-¡ dq paleflsuouap

osle sJ suoasnTcur relonc€^ ul mJoTec ¡o acuasa:d aq¡ mrcTec Jo acuasqe lo
acuasa:d eqt lnoqe uoTtÉufo;u'! 3urr13 snc¡t '1eu-¡?-'-ro aql ueqf éTqn'Tos ssaT fTes óau

suotlnllddo {docsotcttu ln8optg 19L



I /L'

-----: F< i/
,-t"" /'

68 OüJrkr-)vwg


