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ABSTRACT

The stwly of parasitc protoza plays a mgor role in cell
biology, biochemistry and moleaular biology. Numerous
cytochemicd techniques have been developé in orde to
uneguivocally identify the natue of subcellula compartments.
Enzyme and immuno-cytochenistry allow the detectbn of,
respective}, enzymatic activity producs and antigens in
particula sites within the cell. Enegy-filtering transnisson
electran microscqy permits the detecton of specifc elements
within such compartments Thes approachs are particularly
uselul for studies employing antimicrobid agents where
cellular compartments may be destoyed or remarkably altered
and thus hardly identified by standard methods of obsewation.
In this regad cytochemicd and spectroscopi techngues
provide valuabke dat allowing the detemination of the
mechanisms of action of such compounds.

INTRODUCTION

Parasitc protoza comprise valuabk tools in cel biology,
providing excellert ard often unique expermentd modek (e.g.
1, 2). The use of microbid pahogens to approat basic
questios in cel biology is considerd a new science termed
‘cellular microbiology’ (3, 4). The first living cells obseved
unde a microscog were mos probaby parasitc protozoa
(Giardia lamblia, Opalina, Nyctotherus ard coccd parasits of

rabbit9 as well as bactera collectal by Antoni van
Leewenrhoek. Knowledge abaut cell functioning and structure
relied largely on the develgment of microscopt approaches
and the protozoolay of parasits plays a pivotd role in the
advancemert not only of parasitolog, but also of cel biology,
biochemistry and molecula biology.

Ultrastructura | and cytochemical study of
parasitic protozoa

The stwly of parasitc protoza udng light ard transmission
electran microscqy has often been faced with difficulties in
subcelular compatment identfication. Organdles with similar
structurd featurs but rathe distind compositiors were
frequently subsumed under the same desgnation and vice
versa. Therefoe the idenification of a compatment by routine
TEM may be considerd purely arbitray (5). We have
previoudy studied the effects of the putresine analogue 2,4-
diamino butanore on the trichomonad parasié Tritrichomonas
foetus. The drug remarkably reducel protozoa proliferatian in
vitro ard led to profourd alteratiors in the redok organelles
termed hydrogenosomes The< organelles are important in the
chemotherapy of trichomoniads since the drugs of choice, the
5-nitroimidazoles such as metronidazoe (flagyl”) are activated
by reduction within these compartments. The TEM of the drug-
treatal parasite strondy suggested tha the organelles were
drasticaly altered and destoyed after prolonged incubations.
We were only able to corfirm the hydrogenosomal destuction
by the putresche analogue by the use of immunogold
cytochemistry employing a monocloral antibaly to a marker
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erzymei.e. 3-succinyl-CoA syntheta® (6).

Sterd biosynthess inhibitors (SBI) are potent antifungal
compounds tha comprise importart candidats for the
chemothergpy of Chagas diseas and leishmaniasis (7-10). We
hawe previously noticed that SBI suwch as ketoconaza and
terbindine induced uncontrollel autoplagy in Leishmania
amazonensis parasite (8). The cytochemicd detectio of acid
phosphatag was employed to confirm the autophagic nature of
multivesicula bodies observe in SBI-treatel parasitesMore
recenty we useal cytochemistry ard electr;n energy-loss
spectroscop (EELS) to furthe addres the SBI effects on
Leishmania (11). In this report we demonstraé that
cytochemistry and energy-los spectroscop are valuabk tools
in protozoolay.

Energy-filterin g transmission electron
micr oscopy

Energy-filteing transmissia electran microscgy has become
a powerful tool to study the elemert distribution in celular

compartnents This technique allows the calculation of

element distribution images in a sample with high spatél

resolutian and sensitvity (12). The undetying principle of this

techniqe is the fad that beam electrors in a transmission
electrsn microscoe lose characterist or element-specific
energes during inelagic collisions with the sample atoms The
electron energy-los spectrun shows the featurs of this

interaction with the speémen.

The excitatian events of inna-shel electrors of a certan atom
tha compos the specim@ appea in the spectrin as an
increag in electrmn couns in the core-los ionization edge
followed by a progressie decreas with the increasimg enegy
loss Every ionization edge is supermposeal on a spectral
badground due to other energy-loss processesTo obtan an
image tha repreents the characteristi enegy-loss electrons,
ard consegently reflects the elementd distribution in the
spedmen, the backgroud contributon mug be subtracted.
Various methods hawe been developé to obtan the element
distribution in a specimenln the spectumrimaging and image-
EELS techniques a threedimensionh datse of the electron
energy-los spectum is collectal for ead pixel of the analysed
field. In specta imaging in a scanning transmissim election
microscope a small area of the sample is aralysed ard a
parallel EELS spectrum is acquired for each point.
Alternaively, the element distribution can be calculated from a
small number of images acquirel at defined energy lossesThe
images are obtainal in a fixed beam transmissia electron
microscofe that contains either an in-column or a postcolumn
filter (13). The filter separate electrors accordirg to their
enery losses after interaction with the specinens and a slit is
usal to define an enegy window tha will contribue to the
recorced image Theimage is recordel with a camera at energy
losses relatal to the elemert to be mappeal and sortal in the
computer memory for future calaulations To obtan an
elementd map with energy-filterad images it is ne@ssay to

9

remove the nonrelement-specifc backgroud from the specfic
signal of the ionization edge.

Thickness of the sample is an importart paraneta to be
considerd in electrc eneggy-loss spectroscpy of sectiors of
biologicd specmens This is mainly becausge when an
acceleratd bean electran passe throudh a specimen it is
possibe that it is scatterd twice or even severd times The
probebility of plurd or multiple scatering increase in
proportion to the specimen thickness and rising atomic number
or densiy. All scattering combinatiors can occu (elastt plus
elastic elastt plus inelastc or multiple inelastic) and multiple-
scatterd electrors lose enagy with each inelastt impact The
information contert of the elermrent-characterist single scatter
electrors is greaty reducel when multiple scdter increass.
Multiple scatered electrors provide no information value for
enery loss analysis especialy for elementd mapping The
more multiple scatte a sample may present, the less reliable
the andysis for the elemert-characteristi single scatter This
leads to a consideral® reduction of the signalto-noise ratio
and adecreasin detectabiliy. Thus the sedion thicknes of a
spedmen for acquisition of an electra energy-los spectrum or
calculaton of a elementd map shoull be optimised for best
resuts.

Different protocok are usel to estimae the backgrourd and
idenify the elemert signd to calculate the elementd map from

the elementenhance image The mos common are the two-

ard threewindow mettods. In the two-window method, a
backgroud image is a preedge image tha is subtracted
(difference method) or divided (jump-ratio method) from the

element-enrencad image The two-window methal gives

elementd mays with high sigral to noise ratios becaus it uses
only two images insteal of three as in the ca® of the three-
window-power-law method. The threewindow-power-law

method is the most conventiona method for badkground

subtractio and calculation of elementd maps In this case the
backgroun is estimatel by a power-law function | = A . E",

where | is the electon count, E is the energy lossand A and r

are the two independenfitting patametess (13). To calculate
the elementl map with this method, two images below and one
image above the ionization edge are acquired. Badkground

correction is done by extrapolatirg the badground image

accordimg to the power function model Both A and r vary

within the samples as aresut of variatiors in the thickness and
composition and a separat estmation of the backgroud is

requirad at ead pixel. To do this, extrapolatd backgroun is

subtractd pixel by pixel from the element enhanced edge (the
image above the ionization edge). The net result of this

subtractim is considerd the elementd map for that element.

Variations of the two- and threewindow methods were
developd (12).
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MATERIAL SAND METHODS

Cytochemical identification of Leishmania
subcellular compartments

In orde to identify the parasie organelles we performed the

detectim of acid phosphadse (14). This techngue is base& on

the cerium chloridemediatael captue of liberatad phosphate
groups in the presaece of a phosfhatag substrat such as

glycerohosphate or p-nitrophenylphosphate (p-NPP. The use
of p-NPP poses the advantage of having as a product p-

nitropheno] which is easily detectd spectrophaimetrically

allowing a parallé quantittive approachNevetheles the use
of p-NPP is associaté with its non-enzymatic hydrdysisin the

presene of cerium chloride.

The cells were fixed in 1% glutaraldehyé (type I, Sigma St.
Louis) in 0.1IM sodiun cacodlate buffer, pH 7.2, for 10 min.
at 4°C. Afterwards they were washed twice in the same buffer
and once in Tris-HCI buffer, pH 5.0. The cells were then
incubated for 60 min. in Tris-HCI buffer, pH 5.0 with 1mM
sodiun-B-glyceropghosghate 5% (w/v) sucroe and 2mM
CeClL. After that, the cells were washel in the same buffer and
fixed in 2.5% glutaraldelyde in cacalylate buffer, pH 7.2, for
60 min at room temperatire and processe for TEM.

Endacytic compartmens can be detecte by the use of tracers
sud as peroxidas ard gold-labelled proteirs that can be

readily identified by electrondensreaction produd precipitates
ard characteristt particles respectively We employed

horseradib peroxidas (HRP) as a fluid-pha® endccytic tracer.
Living cells were incubatad with HRP for 60-120 min. and

then with 500 pg/ml 3:3'-diaminobenzidine (DAB), and 0.01

% (w/v) hydrogen peraide (H,O,) as substrate for more 60

min. at room temperature Afterwards the cells were processed
for TEM. Endogtic compartments can be also tracel by

incubaton of living cells with cationizel ferritin, which binds

to anionognic sites on the cel surface Living Leishmania

amazonensis promastigotes were incubatel with 10 mg/ml

cationized ferritin for 60-120 min. and then washed fixed in

2.5% glutaraldelyde and processe for TEM.

Subcelulla compariments can also be studiad by the use of
gold-conugatel lectins We incubatel thin sectiors of lowicryl
K4M-embedda@ parasites with severd gold-labelled lectins
(15). For this procedure the cells were fixed in 1%
glutaraldelyde 4% formaldenyde (freshly preparedl in
cacod/late buffer, pH 7.2, for 60 min. at 4°C, detydratal in
methanol and embeddel in lowicryl KAM by the progressve
lowering of temperatue methal (16).

Gold-labella transferrn and cystatin C were also employed as
endaytic tracers Living cells were incubatel with the gold-
conjugatel proteins for 60 min. and then processd for TEM.

10

Elementd mapping by energy-filtered
tran smission electron microscopy

In orde to deted the elements present in subcelular structures
of the parasiteswe preparé cells for electran microsc@y. The

most prevakent elemens in the spectra which we decidal to

map, were calcium, oxygen and phosphorus. Cells were fixed

in 2.5 % glutaraldelyde in cacalylate buffer 0.1 M, pH 7.2, for

2 hat room temperature washel in the same buffer, postfixed

in a buffered 1% OsQ, solution for 20 minutes, washea in

buffer, detydratal throuch an acetoe seriess and then
embeddel and polymerized in PolyBed 812 resh. Unstaned

30-50 nm-thick sectims were analysed with a Zeiss CEM902
transmissia electon microscope equipp& with an IBAS

(Kontron Elektronik GmbH) image analysis system. For

elementd mapping the two or three window methad was used
to map phogphorus (postedge: 150 eV, pre-edge: 100 and 110
eV; energy-selectigp window of 20 eV), calcium (postedge:

360 eV, preedge 330 eV; energyselectig window of 20 eV

ard O (postedge 545 eV; pre-edge 515 ard 490 eV; energy-

selecthg window of 20 eV). The objective apertire was 90 pm

(17 mrad approximately) and the acceleratig voltage was 80

kV. Elemental maps were directly photographed from the host
computer monitor. For electran energyloss spectroscpy, the

microscope was operaté in spectrun mode with an objective

apertue of 30 um (5.8 mrad approximately) ard accelerating
voltage of 80 kV. The energyselecting window was of

approximately 2 eV. Electra couns were measurd at 2 eV

intervals by a digital multimeter connectd to a phoomultiplier

attache to the microscope The outpu reading were fed into

the compute memory ard processd by the sdftware developed
by Kontron Elektronik GmbH.

RESULTSAND DISCUSSION

Ultrastructura | cytochemistry of Leishmania

Cytochemicd approache have allowed the bona fide
idenification of subcellula compatmens within whole cells.
Cell orgarelles such as nucleus and mitochondria are readily
identified unde TEM. Neverthelessothe less conspetuous or
drug-modified compartments camot be unequivocally
recognisd simply by structurd feature (6).

Different protoza specis display compartmens termed
acidocalcismes which are acidic ard store calcium (17).
Nevertleless this definition is mainly base on functional
asgys armd methodologich artdacs have hamperel the
idenification of these organd¢lesin TEM.

Since we hawe previoudy noticed (8) that Leishmania parasites
treatel with the antifungal compounds preseited structural
alteratiors tha included increased numbes of organelles
reeembling the acidocalcismes (Figs laand b), we decidal to
furthe approab this phenomeron. We employed cytochemical
method to characterie the SBl-treatel parasites Although
thee compartrents are acidic and accumulag calcium,
experiments carried out using othe protoza indicat that they
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do not take pat in the endogytic pathway (18, 19).

Nevertleless differert endacytic traces ard long incubatbn

periocs should be tested The obsewation of membranous,
materid could be indicative of a presumab} autoplagic nature
to this compatmert ard the cytochemicd detecton of acid

phosphatas(Fig. 1¢) activity would corroborag this inference.
Nevertheless these  compariments  preseit high

pyrophoghatag activity (these erzymes may also be detected
by ceriun-base cytochemical procedures and considerable
amounts of inorganic phosphates (20). Thus the acid

phosphatas detecton within this compartmernt may be

misleadirg unless suitabk controk are carried out.

11

Interesingly unde sud conditions it was possibé to obsene a
membrane unit lining the organelé core (Fig. 1c).

The use of endaytic traces makes possibk the identification
of compartments of the endo®malllysosomal/autoptegic
pathway in different cel types. The use of peroxidae and
DAB in ultrastructurd cytochemistry was introduced by
Graham and Karnovsky (21, 22) to trace endogytosis but it was
also widely
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Fig. 1. A) TEM of control Leishmania amazonensis promastigots displaying the norma organelles including some
acidocalcismes (arrowhead$ N — nucleus, K — kinetoplast, B) Terbindine-treatel promastigoe showing numerows and large
acidocalcismes (Arrows).; C) Acid phosphadse detectiam in L. amazonensis acidocalcisora (arrowheals) Note the presene of
membrane unit lining the organelé core (arrowns). D) HRP activity detectian in acidocalcisme (arrowheads) Scak bars indicae 1
pm (A-B) and 0.25 pm (C-D); (reprodiced from (11) with publisher permission).

employed for the demonstration of catabse and cytochrome
oxidase as well as for detectim of endogenous peraidase
activities. Heme-deriatives can also mediae the oxidaive
polymerization of DAB. This would not be a problem here
since trypanosomatid parasite do not produce heme groups,
which therefore mug be incorporatéel from the medium. Thus
if ingested these groups would also be found in endaytic
compartnents The oxidation leads to DAB polymerizatian via

nitrogen atoms and the resuting paymer is highly osmiophilic
ard insduble therfore allowing easy idenification of
electrondens precipitates of the erzymatic reaction product
with minimd diffusion artefacts.

The incubatio of SBl-treatal and contrd parasits with HRP
as an endaytic trace resultal in the acidocalcisme labelling
(Fig.1d).

Fig. 2: Living Leishmania parasite were incubatel with the endaytic tracers A) cationizel ferritin; C) transferrinAu and D)
cystatn C-Au, for 60-120 min or fixed and processé for postembedding cytochemistry (see methodology secton) and the Limax
flavus agdutinin-bindng sites (B) were detecte usng the gold corjugatel lectin. In the conditiors testa here labelling was
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observd in acidocalcisme-like compariments Scak barsindicat 0.1 um (A), 0.2 um (B) and 0.25 um (C-D); (reprodiced from

(12) and (15) with publishers permission).

Living Leishmania parasits incubatel with cationized ferritin
presentd labelled acidocalcismes (Fig. 2a). Similarly, we
hawe previoudy observel (15) the Leishmania acidocalcisme
stainirg (Fig. 2b) by the gold-labelled lectin from Limax flavus
(specfic for neuraminic acid).

Gold-labellel proteirs can also be useal sucessfully as
endaytic traces (23). They po the remarkable advanage of
allowing the use of differert proteirs corjugatal with different
particle diamete's but it mugs be kept in mind tha the gold
conjugation particulady with particles larger than 5nm, may
alter the endogytic pathway of a proten such as transferrin
(24). In sucth cases the proten may be followed by
immunaytochemisty  (eg. 25, 26). Interestimly,
immunacytochemicd detectio of one or more proteirs may be
performed simultaneous} with the cytochemical detecton of
an erzyme (e.g. 27).

Here we employed gold-conjugated trarsferrin and cystatn C.
In both case acidocalcisme-like organelles were labelled
(Figs. 2c and d), indicating a possibé endosomal/autophagic
nature Unfortunately, we preently cannot exdude the
possibilty of mistaking othe compartments with strudural
similarity.

Application of the EFTEM to microbiological
and chemotherapeuticd studiesin Leishmania

In our previousrepot (11), electran spectroscopiimaging was
usad to map phosphorous oxygen and calcium in thin sections
of polybed-embedded parasites. Inelastically scattered
electrors with element-specift energy losses were usal to

detemine the distribution of severd elements in Leishmania

promagigotes before and after cultivation of the SBI

ketoconaza and terbirefine. Both the electran energy-loss
specta ard elementd mays of the acidocalcismes revealal the
presece of phosphorous oxygen and calcium.

Elementd mappirg of acidocalcismes showed a homogenous
distribution of phosphorous (Fig. 3b), calcium (Fig. 3d) and
oxygen (Fig. 3c) all over the organelle dense core (Fig. 3a).
Electran energy-los representatie specta corfirmed the
presene of these elemens by demonstratirg calcium L, ; (346
eV), oxygen K (532 eV) and nitrogen (402 eV) edges (Fig. 4a).
The L,3; edge for phosphorous (132 eV; Fig. 4b) and
occasiondy zinc (not shown) were aso detecte in this
organelle We canna exdude the possibilty tha other
elements were washed out during sample processig and/or
sectbning. The detecton of P ard O confirm the organelles
studied were indeal the acidocalcismes and phosphag groups
could be found within these compartmerts due to the
polyphosphate and/or pyrophosphate bre&kdown (20) or to the
degradatia of materid derived from the endaytic/autoptagic
pathway (11).

Fig. 3 — Elemental mapping (b-d) of an L. amazonensis
acidocalcisme shown in (a). The phosghorus (b) and oxygen
(c) maps were calculated by the three-window method from
two energies below and one abow the enegy edge for each
element. The calcium mg (d) was calculated by the two-
window method using one energy below and one above the
enery edge of tha element Scak ba indicates 0.5 pum
(reproduced from (11) with publisher permission).
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PROTOCOL

1. Equipment

Currently, two majar commercid spectometess are manufacturel with differert purposes the magnetc prism spectometer
(Gatan http:/www.gatan.com) arnd the Omega filter (Leo; http:/www.leo-emco.uk). The magnettc prism is desgned with energy
spectranetry as its primary function wherea the omega filter is used mainly for enegy-filtered imaging although specta can be
obtained Besides the Gatan Image Filter (GIF), which is a variaion of the magnetc prism spectometer, combines both spectral
ard imaging capabilites and can also be usal in an also be usel in energy-fltered imaging. The electra1 spectometess designed
for energy-filtered imaging are of two types (a) in-column spectometess such as those found ona Zeiss 902, LEO 912 and LEO
922 microscope series for electro spectroscoi imaging and (b) post-colunm imagng filters (the Gatan imaging filters — GIF
series) We hawe been doing electran spectroscopgiimaging with a Zeiss CEM 902 (no longe commercially available) ard with a
LEO 912 transmissia electrax microscope Thes microscops hawe a fixed beam ard contdn an in-colunn filter that separates
electrors accordimg to their energy losses after interactbn with the specimens and a slit is usal to define an energy window that
will contribue to the recordel image The image is recorde with a camera at energy losses related to the element to be mapped
ard sortal in the computer memory for future calculations We used a SIT (Dage type, series 66x, Michigan city, USA) tube
camera to obtan images and a serid detection phoomultiplier attached to a digital multimete to obtain eledron energy-loss
spectra.

2. Reagents

«  PBS (phosphatebuffered saline). 0.1M NaCl, 0.0IM NaH,PO,, pH 7.4.

e Glutaraldehyd (types | and Il), ogmium tetroxide, ceriun chloride, sodium cacalylate, bovine serum albumin, Triton X-100,
sucrose TRIS base [-glycerophosphatehorseradib peroxidasehydrogen peroxide 3:3-diaminobenziding glycine, acetic
acid ard sodiun aceta¢ were purchasel from Sigma Chemical Co. (San Mateo CA).

*  Gold-conjugate seonday antibodies were purchasd from Polysciencesinc

« Acebne and methand were purchased from Merck.

*  Epon polybed 820 and lowicryll k4M were purchasel from EMscope Laboratoris or Ted Pdla Co.

e 16-20% p-formaldetyde (PFA) stok solutions are preparé by heatirg to ~ 60°C and adding 5N NaOH (drop-by-drop).
Dissolutian is acomplished when the liquid is totally transluent. PFA stod solutiors may be frozen until use but shout be
kept in cappel flasks filled to the top and seale with parafilm to avoid oxidation When defrostng (e.g. in a wate bath) the
PFA solutiors usuall preent a milky appearaneand shoul be usal only after becaning transluent. Fixative solutiors must
be prepared and handled in a fume hood.

3. Methods
Transmission Electron Microscopy

1. Fix cellsin a suitable buffered aldetyde fixative for 2.5% glutaraldelyde either grade | or 1l (Sigma Chemical Co.) in 0.1M
sodiun cacalylate buffer pH 7.2 at 4°C overnight The fixative solution final volume shout be at leag 10-fold highe than the
tisste fragmen or cel pelleé sample.

Harves cells by centrifugation in the same buffer.

For preembeddirg cytochemicd detection procee as describe in steps 5 and 6 of Post-Embedding |mmunocytochemical
Detection.)

Postfix in 1% osmium tetraxide in 0.8% potassim ferricyanide for 30 min at room temperatire and protectel from light.
Dehydatke in increasd concentratins of acetor (or othe appopriake solvent)

Embed in Epan polybed 820 epoxy resin

Stan ultrathin sectiors in 5% aqueos urany aceta¢ and lead citrate.

wn

Noos

Acid Phosphatase Cytochemical Detection

1. Fix cels mildly in a suitabk buffered aldetyde fixative for 15-20 min at 4°C. We used 1% glutaralcethyde grack Il (Sigma
Chemicd Co) in 0.1M sodiun cacalylate buffer pH 7.2.

2. Harveg cells by centrifugation in eppendorff microtubes (1 min at 140 r.p.m.) in a buffer other than phosphate.

3. Prepaethe complete incubation medium accordirg to the following formula:
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Reagent Final concentration
0.2 M Sodium aceta¢ buffer pH 5.0 100 mM
B—glycerohosphate 1mM

Cerium chloride or lead nitrate 1-2mM

Triton X-100 0.01%

Distilled water -

Sucrose (optional) 100-200 mM

The sucrog may be omitted dependig on the cdl type, tisste or fixation used The comporents of the incubaton medum
shoutl be mixed as describée abowe and specié care shoutl be taken by addirg the substrate The final medium mug be clear
when using B-glycerophosphate Cerium chloride addition mug be very slow. It may be dissolvel in 1 mM distilled water
ard addel drop-by-drop unde constan agitation. Incubat cells for 10-60 min at 37°C with occasionbhagitation.

Some alterrative buffers and substrate can be used aceta¢ is a popula buffer but appeas to produ@ some cytological
damage, dimethylglutaric acid is suitabk for most tisstes. Alterndive substrate are p-nitropheryl phosphate (tend to give a
precipitae in the incubaton mediun due to non-enzymatic hydrdysis; equmolar mixture of a- and B-glycerofosphate
isomers (with no advanage described)a-naghthyl phosghate (no more than 0.4 mg/ml of the disodium sat should be added
due to its lower sdubility).

Appropriat controk shoutl be included such as omissian of the substrag from the incubatian mediun or addition of specific
inhibitors of the enzyme. Such controk may still show some staning of the membrane and certah organelles by the led ions.

After incubatian , wash cells by centrifugatian in 2-3 changes of sucrog-buffer wash consistirg of 0.06 M Tris-Maleat buffer
at pH 5.2 plus 10% sucrose.

Proced as describe in Transmission electron microscopy, exceft for do not stan the sectiors with uranyl acetag¢ and lead
citrate.

Horseradish Peroxidase Detection

1.
2.
3

4.

5.
6.

Incubat living cells with horseradib peraxide for 1-2hs at 37°C.

Fix cellsin appropriat fixative solution and peroxidag activity withstards aldetyde fixatives even at room temperature.
Dissole 5 mg 3:3-diaminobenzidine (DAB) in 9 ml of 0.09V Tris buffer at pH 7.6 and add 1 ml of a fresly-prepare 0.1%
H,0, solution.

Wagh cells and incubat in this mediun for 5-30 min at room temperature Controls shoutl omitt the hydrogen peroxide. If
catalaseytpe activity is presentit can be inhibited by 0.01L M 3-amiro-1,2,4triazole addel to the incubatian medium.

After washing proceel as describeé in Transmission Electron Microscopy section (stefs 4-6)

Stain only with lead citrate

Post-embedding | mmunocytochemical Detection

1.

Fix cells in Karnovsky's fixative solution, consisting of 0.52% glutaraldelyde grade | (Sigma Chemical Co), 4% p-
formaldetyde in 0.1IM cacodlate buffer pH 7.2 plus 0.01% picric acid at 4°C ovemight. The fixative should be pre-cooled
before addition to cells.

Wagh cells by centrifugation 2-3 times in the same buffer ard incubate with 0.1M glycine solution in PBS in other to quench
the free aldehyde groups.

Dehydatke in increasd methand concentratins and in methanolLowicyll k4M hydrophylli ¢ resih as follows:

Methanol Concentration Timeincubation Temperature
30% methanol 10 4°C

50% methanol 10 4°C

70% methanol 10 -10°C

90% methanol 30 -10°C

2:1 90% methanol-lowicryl 24-48 hs -20°C

1:1 90% methanol-lowicryl 24-48 hs -20°C

1:2 90% methanol-lowicryl 24-48 hs -20°C
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Methanol Concentration Timeincubation Temperature
Lowicryl 24-48 hs -20°C

Polymeriz the lowicryl embeddel cellsin appropria¢ molds or gelatn beads unde U.V lamp

Block non-specfic protein binding sites of thin sectbns in blocking solution consisting of 3-5% bovine se'um albumin or non-
fat milk (when detectirg carbolydrat antigens milk should not be used in PBS pH 8.0 plus 0.01% Tween 20 for 60 min at
room temperature

Incubat sectbns with the antibod/ of choice in blocking buffer for 1-2hs at room temperatre., extensively wash grids with

buffer and incubage with the appropria¢ gold-labeled antibod; for 1h. Wash grids.

Stain sectiors with uranyl aceta¢ and lead citrate as describel above Do naot obsere the incubatel grids unde the electron
microsc@y at the same day of staining, otherwise the humidity of the sectbns may contaminat the objective microscoge lens
apertureslf necessg, the grids may be vacuum-dried.

Elemental mapping and electron energy |oss spectroscopy

1.

Very thin (30-50 nm) sections are essentibfor obtainirg good maps of elements and energyloss specta becaus of the
multiple scatteing events that hamper the calculaion of mags ard goad specta acquisition Sectbns shoutl be preferentifly
made using a diamond knife and collectad on 400 mesh nickel grids. Flarking thinneg sectiors with thicker ones may be
helpful for visualization during sectioning. Thickness should be carefully controlled by interferene color to be silver or gray.
Obseve the sanple in a previously aligned microscope under a very good vacuum (8 x 10-7 mbar, minimum) to avoid
conamination of the sample becaus of excessie radiation Also, the microscog shoutl be operaéd with an anti-
contamination device (coppe wire cooled in liquid nitrogen dewar flask).

Choo® the imaging conditiors for generatio of electra spectroscogiimages or electra energy-los spectra The objective
apertue shoull match the spectometer one (60-30 um for images; 30 um for spectra) Magnification should be chosen to
minimize the signd loss and still maximize resolution in the final map.

Adjug the spectomete parametes to the elemert analyzed Usually an enegy-selecting apertue of 10-20 eV is useal for
obtainirg maps ard awindow of 1-2 eV is chosa for spectraAdjust ard cente the spectranete entrane aperture.

To obtan electran spectroscopiimages run the sdtware for elementd analysis (ES Pro versian 3.0; SIS GmbH, Germany).
Open the correspading module in the software (menu ES acquisition) ard adjug the parametes: elemert to be analyzed,
enery losses for the windows, methal for backgroud correctian (two- or threewindow method) Se the camera to manual
mode and adug the camera setings (brightnes and gain) to the dynamic range of the acquisiton boad (8-bit resolutior) for
most tube cameras Digitalize the electron spectroscoiimages and store in the computer memory.

To obtain an elementd map with energy-filtered images it is ne@ssay to remove the non-ekment-specfic backgroud from
the specfic signal of the ionization edge. Choose the method for badkground correctia, two- or threewindow method, and
calculae the correspondig elementd mays using the sysem’s specfic sdtware moduke (menu ES Analyze). Evaluat the
mays and repea the stegp 5 if necessy. Save the image series and the maps on the computer disk. Ther are possible
complications of mass thicknes effects relatal to sectian thickness which may lead to erroneos interpretations of the resuts.
Multiple scdtering and scrambling of the signd by the increased locd thickness is an important artifact tha can occur,
espedally in cytoplagmic structures with strong variations in mass thickness (density times the thicknessg. Idedly, the local
thickness of a speémen for acqusition of an electra energy-bss spectrum or calculation of an elementd map shoutl be
smaller than the mean-free-path of the inelastt scatterig processes The mean free pat is the averag distane betveen
particula interactions.

To obtah electran energy loss spectrarun the sdtware for elementd analyss (ES Pro versian 3.0; SIS GmbH, Germany).
Open the correspading modul e in the software (menu Serial EELS) and adjug the parameters elemert to be analyzed energy
loss range for the spectra electron court range acqusition time, and dwell time Monitor the electron court with the
phobmultiplier-multimeter and maximize signd by maximizing electran probe curren on the area analyzed Stat acquisition
ard store datain the computer memaory.

Evaluate the spectum and reped the step 7, if neessay. Saw the dat series on the computer disk. The software contains
tools for specta evaluation and processig (smoothing, edye striping, decorvolution etc).

For furthe information conta¢ the microscog (www.leo-emco.uk or the sdfitware (http://www.soft-imaging.nef
manuacturers.
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