L L
PRTP) (BVEY
ELECTRONE MICROSCOPES

L (g S 1 2 901
Qg AN pnd 1 L il







A4

1 J9¥) Juadd!

UL g ASIN Y gl
TRANSMISSION ELECTRON
MICROSCOPE -TEM-

NRES IR (P V-IOPRI TR

Sliall pasmdy oo *






dpigsihlllly dsigall placll dpids

AL o9 ASTA gl | plubiiling S oo
CONSTRUCTION AND OPERATION OF TEM

magnification o=l 353 o Aguall ygamdls Golsdl o5l 2 Uyea)

sgall oo ll Jodall 0 5o e ugual resolving power joceidly power

el gyl (693 51030 Gy ¢ AGLE) Liuuall Lyaaadl Leblly PRE LMY
e guall ool Johall jnd il

ad 55219 04-0.7 um oo gl S0 egall G Ul Jolall ¥y
remell 5aiagd G leTola 1.4 gold Syl gl 2 Lsue Laal
0.28 pm golus iguall

electron  Sgneat¥l , gl 2 ypesan WS 3 Uaill 1 a oy sy
sl o gdl Jolall ol — electrons i g,ies ¥ alusiuly microscope
SLigyEa o sll Jolally S xdl = gl iyn Yoy 5elis W yaianss — fus
O el Less electrical volt dg ygeall il gall Lad canly Lol yaiy
sa gt aladd

3=V15/v
(M) e gibidly Guliag lgynsat I oo ol Jolall o 8 :0)f o
(um 1nm = 1/1000)

il o peall HLall Latgall ied L V

o5 Jylall (L5 clgs 60.000 il L g 1 Lisaieial 1302
e Tapaas J37 (67 <0.02 nm (0.000020 pm) ¢yp Sy it iligyugatdU

\ Techniques of light and electron microscopes



g yikalllly daigall salaoll daidsi

Jsdall 2 yentl 3Lall 1aay cgolall s aall o s dl Jolall e 3 y0 cali
53l gl s jsaaill gy Sl 653 2 pur o 3)ln 4 llis 2o U
5352 Las ciiggat¥l sue e s Ltdsall 5305 ol Lale igyeatyls
gt yalalls useilly pusmill 558 3al JI Ll
AVATS ale Ll 2 Agugatdl peadl phual a¥glall Jol il aly
o L 5y7atl oLAT Ruska €= g knoll Jo5 (o0 J &= al® e (Lol
Ol 585 aVAYY Dl 25 A gyical] salome piay a)ATY —a)AY-
Wil il gy (yEmal SHoyisal] yend La.wj Johanson ;yilags g Brushe gy
sl 3 2 psiiall Sigieal¥l renll plés Jaly Liias JIE 51 L)
S g pgzma ST e jonadl) 3589 79l Lanli s i 3lnar ¥
Ll Lt ial S ol el s gl 138 e b 05 gl
100 (55luid jrae 55 13 Lo Bl |y goma sy 0 2V SAY 2iia 2 LS
ras e hpeel] cliaall e 2 JlascSU Lol (s ) 45T e A
kg A0 5 daiieay cald G2 9o (55l5 GigynEnll rezme J9T O gyl
2 ool (e 1 Lesiyg Jgb ULl aag adly 2V AT ale LUy
il lida g yeSs baiae 1 wlgr jeuall jueaigolignast¥l apla b
3] gtV Heuall sia e Jgwasdl (;Eoasg celectromagnetic lenses
(55 10 mm (e 3T dai ) T §yde da i 2 iligyiena ¥l s
Sl s @l iEatYl dalada ol die cadiy gty pladdl of Cus
Ly laaally @lgmenty¥l Huaeg Lgall gusy (e ¥ Uiy 5L

il ey Jualy @ Eame by dgac 2o il y8 530al) pilaally 55y Lall

Techniques of light and electron microscopes ay



daigyislllly dyigall yylaoll dyids

gy 00 85 Sy Dl gasat¥ plad ] Eous g .vacuum pumps i ,43
o 33, 0553 o oy clisall o

ple i Lol sl Joliie 2 comenl Ligyaeat¥l yaladl of &9
—VA0Y ale 2 ¥ @iy @ Dy LS At ya 2 Ldleatiaal o W) a) AT
O lia Lad) alellad Lo Jgwoadl Jlialadl e aldbgat a0y
Loy oW1 Ll yo 2 aaill dasyl uBy . palodl olgs Lguamal i Y
524l b .preparation techniques iusill ol yiasidl &ybog Silag oslats
53¢ jaglais 9,51y Baker y&sugPease joaldata0r —VaLe oy La
2 dlexiaadl Gl (ye L€ J31 cilellad s microtomes uslall sl
$33)9—wg Borysko s ysn9 Newman logss Lal.Sg—call 5 ganll
Oliall olat methacrylate ¢lo oM St oy o 53Le g5l uad Swerdlow
JLsob Hartmann ol a5 ,lag Latta L5Y o <5 al® Lo .embedding
O LS ol cilellad juinsd (o,a] degias (nSolea i Jleainly
cdia Of Jostrand uifyiegs g Porter 43545 Gllladl sy u39.200 - 2000A
Gl pgrmall Joaiow g osmium  tetraoxide agwe)s¥ aewsal ol
(Pl yemall cBgll (udd 2 fus g colieS dlledinl 5

ologyisal] Ladus e )l stV ) g ll2 5 LoW juias
O i gicaa filament ALos ;s (o527 29 (YOA <o &) electron gun
idis i ddaugls anode dawaag cathode dagl! fiad il

e g Y ey Talle 1058 (5 o pe JLS o5 e
L calloel) daall oladt 2 4610 dajmss wligusatV¥ Lgia latg dlaal

v Techniques of light and electron microscopes



dsigyikallly digiall alaoll daid

i LIS e palg dall (o et o dladt Lgie pon ety doedd) 2
fluorescent screen igiuwyglall (o palt LiLs I Juad

Sl g2 2 ghyn s (YA (VY 5= &) AUl gyasal¥l jganll 2.
Coustl 2 cutgn (auba JI Jualy ccds2 000180 — 00040 (pe antseicull
G yaladl o) yaaailly puenll 653 2 53y lan 5Ly lId gy ¢ Laie
@M‘ﬂwﬁg&:#i) 8 yn 000.6001 u_'ia-ﬂ_}&l” 333&.143
$53T 3uaad 593 Canis1000 g (612-10 A oy juaaidt 5939 (x1500 (g 5beny
sl yalall

alwae o wlg i doyuentV L ajadl Hl e %‘mé-_\:ﬁ_” (s
§—all 35 call da vy Lg Lax3 electromagnetic  lenses dx—wdalisag yoss
idgneal¥l Lajadiola ;182 osaill @iy Laso (vacuumed column
ot bl s 2 Aiall eyl pasnd oy Y Cogoms Ioin L (93
Ay (iall)

Techniques of light and electron microscopes a¢



igall solpoll dpads

dsigyicallly

(vv ysa)
A pgmalt

JZat)

3

¥

Ji

)

microscopes

Techniques of light and electron

Q0



sy ikallly dgigall salaoll daids

ANODE CHAMBER

FILAMENT \-—LVJ

ELECTRON GUN

GUN ALIGNMENT
]j-——-— AIRLOCK YVALVE
Y
=i
y CONDENSER LENS
APERTURE HOLDER
. ) /—————- GONIO STAGE
SPEC CHAMBER -
APERTURE HOLDER
= QUICK EXCH HLDR
OBIECTIVE LENS E- OL STIGMATOR
, — IL STIGMATOR
I APERTURE HOLDER LINER TUBE
< '
I INT/PROJ LENS
| i L e
INYe SHUTTER
DIFFR CHAMBER

AIRLOCK VALVE

BINOCULARS
VIEWING CHAMBER

FLUORES SCREEN % \ V4

X T

(YA gsa)
LBL yeant! 2. sl pllad

Techniques of light and electron microscopes



daigyiGlllly dyigall salooll dpid

Filament

YWehnelt Cap
{ negative potential)

lactron Beam

' Anode Plate
{ positive potential)

(va ysa)
9 ASIN jentl 2 Slig SN dndie A
H0L 39 SIN pall 2 yamati4d,2e B

Techniques of light and electron microscopes



dyigyiGlllly daigall salaoll dpid

oy el ihg condenser caisnll g g il (e Liuall 350 Sl uniall
oda day o e uaiad LALEN LW 550 (il e culigyueatVl
Lgoeris 639 5y guall davint alsnall e (655 T e gamme d g Leso . cubiuutall
NV SIS

olead Jle 60-100 nm e o i56 ) clelind T 2 il Lo
bt J 0959019 ol M dauas L@t lus was clidg cmesh grids duwlsd
.lead and uranyl acetate

Jiesl il 158 2 539 5kl Likicnyglill LELAN e 5 ypenll (35
Sl Jolas Sl elbignasa ¥l o ool Ae(YEBUS L) §pall g aall
gllaat olune Jilas ¥ Sl cbighaat¥l lady (4Sls 5 sw lass glasll
: Principles of using the “-TEM- {3101 39 ASIY1 pgnd | pldéiias! Ol

O ol saalil) L guent¥ palall (e sugae il )lag plsil uass
gl 2 ety Jaadally aludiadl 5 by il 2. alisd o 5l
Agoliiia p1591 ola pran 2 desiiad! 180 5ual aelgall yiad

el alai o e LgilhnYa ey Lol ol 2 50 e Iling

+ Kol L,.'ﬁ_)]‘_—d?\
1 SVEN

b gyien ¥ s cndeadd Jid Laled § i o)f cams pedl 3902 .Y

Techniques of light and electron microscopes A



daigyicalllly daigall sylaoll duids

2 i bigyuent¥ Lamy el 050 50 5 LW H9ad T oy .Y
Juadill milda e due aluseinby Juate (gogee das
o )39 el Ldeay Lo ) ua il mibde (e vl Wlis 8
Al Slavall das danfgy Joa Lgleo 3: LWl g 5 yguall 7o
3 fluorescent screen (yo yall Lald Lle 3)pall davs y==all e .0
e Olawne alusiuls focusing screen Gdul davadl Lals Lle
.binocular lenses
gladd moad L ELEN 29,5 microphotograph 35w e Jgw=ll 7
gl aMaT e bogaadly culigyastyl
Factors that influence the image 43gSi13)guadl o )333 | Jatgads
‘ :formation
Jealgall (o dpaad (o3 Lglamg y2a ¥ el Jils calizall 392
tlganl (e Sl
electron b g isat ¥l a51aa) Gliall (o ya34 vacuum sgeall 2,485 )
.bombardment
Oebadly resolving power of the microscope iuers gl gl 548 .Y
.contrast 5:Lo>Yl 2

L9 RSIN! 52 yalihy dud o1 : ¥ ]

e Lo calalall cpaiigs Bkl Lghypum Loy cliaall 313

a4 Techniques of light and electron microscopes



iy yikalily digall palaoll did

—

low Gadieia lguail L yuts 3ol all clls Luslng coliall (s -
oD Wy gt ngeal all jo,aill Jas ¥ melting point
by iEmt¥ e Jalsll 138 (pe 3L opdmatt] L
§352 I (ks Biall (e pibio 232 e JE S alignsal¥i ¥ - o
Jo55 Less Lall oia 2 molecular changes 4do iy <l jsd J)
dehydration calast 2515 cod Lgs living material {di 5151
Oy Y Gty L0 9,ment 2ad ¥ dSusd 3l fonization ¢l
(P9t ¥ eanlly sl alsdl e T oz
Bplia] b Gty pnaldpracagild | 3 : LS
Jo7 o resolving power (el s 5t 593 () B La® Lisle
093 alS s g Lagie adh o 455 Lanic (Smey (i ladi (o A3l s
e 5533 g yemdl Sl pe Lols Zaall olas (s> Y1 gs J510
quality Liall junsd selass Guae J80 Cola Sl ayguall gung &9 839>

.of specimen preparation

SUPRE IS POTRRINICI LT RIPRIPWY

:The thickness of the section tuo.a.n oo (i

sy L gy ¥ LA o e 1y € d sty 5y all g O
sy30 aad Aa0 0l clelladl plo cllidy taabizel) 5l plasll Lgablas
Xl

o (e 1/10 Jobad 3 )gall 790 g 4oy Of e peiSsacld Wlling
Of e plhadll dlaw plo 5A Jalad ygmmall sttt 353 cilss Ible (g Uagll
S0A e o Y

Techniques of light and electron microscopes Voo



duig y3sallly dsigial splall dgii

:The scattering power of the object wwll yLicsl 348 (o

29 glladll Lgillae wie calignaat¥ HLAG gus cllin sguasll

sl olellad Ul a allity (5,0 gy e 3purss iayay 553

A5 G oSyt by 1 Jhs pols casa )5 Ll esmn 52y i

.contrast (bl dams §ygall pglais LIMA cligyuestV HLAD iy e

glladll elaw (pa 5 Sl aquad HLEDY 553 O Jeall paeliy
.molecular structure Lall LIl cuss,all g thickness

' Techniques of light and electron microscopes



dpigyicalily digall alaoll daids

ALY 3 Iy L pamild Olgalf s
PREPARATION OF SPECIMEN FOR TEM
EXAMINATION '

ol baal) §pedaty 38U gy iEn ¥ yendly g mall il iuall 3 g2
i)
Fixation Coeedd! .
Dehydration oY . ¥
Clearing 349 y31 .Y
Infiltration co a3t ¢
Embedding ,olatf .o
Sectioning adaztt .3
Mounting Jedi .V
Staining auall .A
: Fixation Cusddf .\
cellular structures 4 gdtl Cosslall dads ga cocdidl dlee (e Lo !
iaile (ol Alsall 2 ade coiles WL dgldis il 2wl 5
Sriadly Ao el i o g ddhuus gudt Ml Ladll 5l jat
el SLEm] e Ll crbbeall Jamil Lol Dan dipall Ll

pax89 &“&3 &hﬁ]ﬁ

Techniques of light and electron microscopes VoY



dsigyikalily dgigall plaoll daids

Eautod 13 A JEoLil! i 2 i il o Ul copill e o
03 Lo Laoplay Liall ol ae ol SILtly L L0 colaleall £ LST
le ale 2 3, a1l £ LBT2 g aubadill wie el caids J) Lileid 20 a5
rebid aileltbhal ielus ¢ pw S (6350 Lo colighealdl (o il e of
o5l dilmin il Ll

+ L ¢ 1930

o | S i el cra

protein coagulant fixatives cng,cl dalod Coread culidia Jo¥1 901
o sl g £35S — LY Syl e — Ll 3551l
19 Lguinay p e umid 5y reactive groups Uladll xialad) moais ulg)dl
S Ciarell Jying yiinil] Gaoimsd grasaill 2 aanl5T5 13 Laliina 3 qaslos
reticular solids Jgl=e 2_ 1alatia Ll 1sn & g cilinad) (a0 @iae dayds
alibeydl s )32 bgoela juad Esgus lld (o ea®n suspended in fluid
3ala o2 Lall Jam Lae «grucatll 3300 a2 NS @ ¢roag
Porsaldl yedls pa=all

non-protein coagulant (yigytl dalod s ¥ ilifia (AL g gt
dalgy of ionic bonds gl dasl gy (nigrd) pe e el o2 fixatives
Bl & oM soba I oS gpdl 10 s Jg=iud covalent bonds deal s
O ol 1 dial (o il CaSalid 5husa Hl jub T ()93 Leind @b gy
:osmium tetraoxide, formalaldhyde, gluteraldhyde <lidl

ey Techniques of light and electron microscopes



duaig yisalfly dgipill salpoll dsids

:Gluteraldhyde e
glutaric acid dialdhyde ¢a Jiaad!,5glal
CHO — CH2 — CH2 — CH2 —CHO
et LL L8800 ey ol 2 sl coladl) , 5] oy a g0y
o Lo Lajr 53l 5as
Sl glasdl 505 e Lgde dablong Lalisell G a0l cussll edds )
gt
dede S ol g alelwiaat ad ol W )5 emas WY
oedalt ddae 2 dauseiod!l o pll L0LaY Juma sol) Lo welin Y
Mol 52 Caa o 805 3TV eliggdl u s e da L8

-

Aaand

oLl sLall e Tyt en 530 Y amallglall o da s ¢y
pdein ol 10t gaudl o (i Bds e 45195y membrane  cell
il — aaudl S latt aluseiol vay — 2 L] coliess osmium tetraoxide
.double fixation g 9! codidly 8 ra0 Leyd G gaul!

Baiomy &5 €U0 225 % 03um3 Jslma L e spaall gl o
A8yl 5y A yn 2 AGLAN Caress 43 AN 2

Osmium tetraoxide (0OsO4) o
salt of heavy Lodas Laela yuias dils cllt 28lsWlig gl Cousol il
e delad Lo i density Laliss caria of (rSmell (e Il g metal

Techniques of light and electron microscopes Vot



duaig yasalfly dgigall yalpll gy

Laususd Jgew Lon 39l slils Leaiiay 5] Con pamdll wie Lgaliay]
il By 45T ol s Cildios (g gl e 2 cilalandl £ LST
tn iyl £33 ] @35 40T dam 1 4By La puw dae Je ity il eday
sl au cofia gy Alyglo 5)78 Al (o yaTy (G ]

Formalaldhyde e

el pamill y s ull cbiall condn 2 Lelaieial ;3] 5o
oyl iy 2 Jndill s oS gl Wdlg ( Aguall

s2llaill day » toxic substances iab slge culifll oL @ladl al 3t e
iolag chood ola¥l ds,e Jals 2 g cl3laatl Jleaials yim Lol oo
read! A 80 AEMAT LS 535 die el sanid 45 y3ul ol 004 ciia
ety drawal (g lomall Luboliell LA L3RI

2 el e 5519 il 5l | s LI o atmy (i GillaL- 1 g Jatgalt

PH (Cociall oo 9yttt (Y1) dglatly Asgasd! Juase .\

Lgo!l il (Lo acidic Lunex Jullzs e 5)lie daudicad! ailial! oY
2 Mg il poles g cubidigrd) Cayd ) (35 b Lo
BINEPET : EUPYVON [ FQUVE RV Pt | PR FVER 0. UPUEN [JCR PR
eV 3o dile o U ililes cfialt pH s gasndl iy (35555 O amm
oo Al coind Ithy calibondt e Jualall e 5505 ol sy
Ll 5B adat )l

Jabad el pH Jaaadd buffer solution elaie Joloms aluseiul (o
u.\.ciﬁ)tm.ﬂ ¢Q@BPH3%)33%LMJ&JQ?3LQ‘)AHM‘ pH

\eo Techniques of light and electron microscopes



dipia yi6alfly dgipall salnall G

Zaboledl il Lol o Lupyas 7.4 LI pH 1 iy (963 il gund) dmea¥!
L PHU! 79,38 Lobitl L1 e Ty ¢8.5 JoLas LS PH I &yt suaaal
7168 om

Lol i dedail) Sl j5esiy
phosphate buffer @laill wlawgall -
cacodylate buffer @laill cdhysssleal -

PH Loy Jhotsd 2 Aotiiaad| Judlondf oyt @l 1) caliaugil
STE PR RUILY TS .‘ahu33311 RUBPE= PP ol I Glida (e Nesd
Al sl gndll Jold b e Ity «Loondl dmeai¥ Jinls @l 20a
bl lsEall Lle alun 515 6 Jolond ! 130 Gl
e pH @ a5 sl o 5 g8 3agEal Sall Sy lma Lo
Lol 1l a0 oL Lale ¢330 Al PH aulas (e JumdT auantdl,3 ol

buffered @laill Sylod! 2 suatlySsladl coia yucand € Lagecs
b s (4%) gluteraldhyde

16 ml ausall yigls -
34ml ,laesle -

pae g A4°c 3)‘)_& Z\_?.‘).) 2;.&3.:_“? ZJ_I.dj_L‘»l‘ ‘.J._AJa.a:.ué:.A::j
turbidity y€=as (3] dalosei

Techniques of light and electron microscopes Vel



g yacalfly gl splpall iy

buffered osmium @laill Jolsll ’%ﬁhmjjz?\ AT aaly codia Ll
b Lo 1% jusoyty juame i tetraoxid
1 g asua)gdl apussinl, -
50 ml elaie Jolma -
50 ml jlada sla

1 Osmosis ((G)gouw 1 ladial!) dtdpau 1 Juse ¥

e da gl I 3 3 JBW da gl (e Jaiin oL T CBgpall ye

A dacgll pa Ja2 Gl LY ol uSmay 108 (5 Em09 i 3

Jullea Caniaal Sy Bl ods leg «asm,d JBY dawgll J] juss 3
ok Leso Ll A i1 L (o yas 1 il

Jsl=ll 12a ; isotonic solution Lo bn Ly g dolaie Joloea .
La_n.u.aj u}&;@uﬂub.o‘dmv\ﬁdjﬂj

Jddt 13 5 il (e solution hypertonic L)l el Jolea .Y
el shrinkage Ziuay€s Luuws WS (ye sl 2955 1 (6350

Ul glaast JI ga52 g2 5 hypotonic solution Lo)gecs] JBT Joloea .Y
tissue swelling peecaill #La%) Lw LSS dals J s

3ol matin el 2 anzicall Jabonll (5o O iVl g mln Yl g

Bl e yEsai e solution slightly hypotonic iuygen ¥ 2 sl

e By Jlonk] (oo g 530 120 e Jummond] (pEm0g <canslie Jbaar rscadl
el Joldt J sucrose 39y of sodium chloride agyguall ayygles

‘v Techniques of light and electron microscopes



g ikallly ddgall alaoll dpids

:Tempretur 3 | 43 .Y
ot 0L Jua O das ol Coom iyl A ju coie T 0L 5T
LW s o das g Less ciimaseil) o))yt ol yn 2 iday (5

Aadi pl 3y yodt by poa p iyl 950

s Duration of fixation Cuslild jawail| Cgd! .¢

cole 1a LaBgng gl il cagl Jale HLae¥l 2 A5

@il Jolont) £93 — Byl pandt Ao ys — Sl g9 — il Soeuw

Ao S5 of el e e fill 2 dhishs 5,548 Ligall sga g of Loy
1 da oD sl ) g e Jenny LSL! Sl 5355kl sl g L]
<bidgpd! Blyua audaticw ¥ as| &> osmic acid aluseiwl se oo
2 gLl ploial pe iaall gyl Cam Chg Uil MLy ¢ L
¥ A Bl oia Leid @3 0 sl 3L (s Letn LIl el slasl
.glutaraldhyde 31,5 gladl alustiond wie rgun g3 yglas

Y2 - 2 hour cnu Le (96 sole codill coulil) el

: Tissue specimen size diual! @ .0

amens i o) gaaill S S Matl s ¥ il o oY

S Ll ey oy cgluteraldhyde wandi gl ccie Jia 1 mm e
L3y <ALl oy il Ghes ol i il (e JBT sl 0l oliasna
Lol sl oy il o1yl o iy granaill o I dlpumg ol
Lo 79l all ciliaall T ol 568 osmic acid wlee)s¥1 (sl e
e e Y ooF ooy Bsall Canlill @ (s 205 £0.25 - 0.5 min® oy Le

Techniques of light and electron microscopes VoA



duaigyikalllly digall splacll dpids

g9l cauiidl allas 2. S cobiess osmic acid aluseiwl wic g 1 mm?
0.5 mm® J] @t 12 yauldl Cvy double fixation

3 et b Dol | A3 platlg Alagd! 1

Lo ol il e Ll CaBsy s Jm iy Liall g i
o0 ddgall e Al Sy A, Jndl i das g u By eI 2. Landtiwll

I3 g perfusion Lysend! iue oWl Guybs e codiil Jdlad o3l day

AN Vivo gl gusd sl £ LT

in St as ol coniills 3y ey Lo Tuais go &t ylay ol @iy Bl |
.microinjection

¢ et Gl J5%8

Ldae dxws g el Sag e Jus 3\.4\7” Oladlatly yallall jaey etlia
robadlally yollall ois @af e (Pgall gy sy

diaiag ilales y4lad membranous components Lilaatl ol o

lack of distortion cusalyall i3 2 cilyudld g7 3g2gane @

gUasll 2. empty spaces lalys sgagane ©

V4 Techniques of light and electron microscopes



dosig yulalllly daigall yylaell dpids

Choise of fixative (agualf Zumiteddd (o bttt S AL Lﬁg Sl | gt |
raccording to the structure to be seen

:Nucleic acids 99! jole> Y1

A gl RNA 2.9 a5l DNA 2 iugeill (olas ¥l as g
OIS (e Lgiasy (rEmas Sty (il pa sday Jolimi aleas Yl oliay
r2p Welos s L deball alisgdly osaud! e Ll gl
.uranyl acetate daio alaseinly

:Phosphplipids 4.0lawsatt (ygandl

alazi by \.,\_;o <3 a9 membranes LaeW 2 Heantiola uags
Jdead yolis ) dacs e\mp T 9o 9 oy cosmic acid

:Proteins OLLGg .31

2_g inclusions L33! el alatia g enzymes cubes ¥ 2. clidgyd! a6l
sl |.J..|__:- Cull a9 .SECTEtOrY granules a3 0¥ bl

Fats (ga.01

42 Ly osmic acid I po Jelass ¥ saturated fats daildl Ogaull
PP {[SVRPSITY ST | WY WA [ | T, YO WP § e i WA S § Y S S
Sblie Lua Jle yglaig osmic acid dacl g \_x.g- i ,¢o unsaturated fats

.dense deposit ;ysl!l L=l
:Polysaccharides 4 ,Scudi ol gt

Bbtie T e ygbig dassd Lgisaly «dama cofia LY uod Sgll ola
wolo Il rgus g fal (89 (Bodma yue

Techniques of light and electron microscopes e



daigyicalily digall salaoll daids

:Double fixation g 934/ Cullf

Cfings anii s glutaraldhyde aowadiysglad! O Guw Lagd L2
Sy )lae edacy o wdV B33y ity cgantl g9y alidgll
Lygacagall yeandly ddalanl) eanll ol dindn 3w aJ! osmic acid
il e Jasd i Mgl Gl alustiod Jiady Gl (alifgyrdl ¢y90
ol idae 2 fiaa]
:Washing and dehydration jLS3¥19 Juwdl! . ¥

Lagae 30U g3t 5 gl Jlome 2 alaniaadl yolall slya oY
£33 Wiy igall yoals 3 Vol pecatll cye oL £33 cp dhs ¢ oltLy 2151
Oy Lty LAY Jomenll s Jia Lidma olgay GLESYD) el

ERNER P Ylaxind Laamtl slgll 3T ya ethanol LLiad Jamsa!
iy J| G Lo 0504 agayg¥l sl ol poe e lity 57 ,Laae ¥l
B 138 (e gl el g 10 T S50 sl i s a3
SLE¥ fubee Ll Jad buffer elaitl Jolad s il 5ute

Ho3 @50 ismly coli,d Gigas ] ga5a Y acetone (g
.dissolves cell components 153 bgeas

2 5550 ¥ 4 Laaadl slgll Joiaal 4y methanol Lol Jgsmst
Yy asaeio¥l dwssl by pe Jelin ¥ 4f Sum cduslidl cuso il il
Gt Lol ol o il oo Alcalin B geeeaill ety Had¥! dulac @B
iyl L35 2l Caami 50k g ( 100 % 90¢ 70¢50) (Lol oiia und

"W Techniques of light and electron microscopes



g yikalllly daigall laoll dpads

2 el cawmi@s 90% (70% oljusm,dl & delw ay) @3 (50 %) Jo¥!
delo Cawnld sad 4o Lol g Jolsdt s Jlodid Jindyg (Gllall Jolsdl
3y

e (6235 2B iy (ggaadl e Lpie c¥ gxsall Of agdall oya
Lo Ad) i caudl ol U extraction peMsiw| ) c¥sxenily jL e
A5l S g255 43 Lagae JLeai¥l Ldecy . raall il (e saturated fats
idaadl oiea Hloilg cdgll Julas Comn el LS (s gy T @l gsma
Slall Gaastly sy s ¥isglastl 2 il Llalas wie Lolay cie j
.absolute dehydrant

:Clearing @491 . ¥

il J35 e B SIS Jolms pa z50a8 ¥ jelall 3ake calss 1)
3293 uaﬂj_eja.” 35lag (dj_zi—.\.”) J\&J?‘ Jolxa - C)':“f Sl JI
.@H.H.:j‘

propylene oxide Crbos gt s sake I 2. dauxiadl Plgdt (e
L e g e o9 eal (rm s L1 Lol A1 e el g2
5 pallaie 5Le 457 Lyl a3t puas (ray ¢ yalall Lulos 2 ativicuy (G2 resins
i) S50 sl Lgie A5 Le 13 volatile

0,9:'-.."""?‘ ﬁ‘..\;ﬁu.u‘ vy cieluw cawnd sud o) sl %@.uu.” eo}zv
339,53 Jolxads epoxypropane ligyp ulsm gl of

Techniques of light and electron microscopes Y



iy yaalllly dsigall alaoll dsid

:Infilteration o yaitf oi audlt! .¢

Joee Jo=d (resin) 5Lt Lo g—‘h—ﬁ‘)ﬁ I Ldealt ola 2 ‘Ce
s (e Ao julte cmtady procuddl dlalay I @y . Gagyill g SLemi¥l Jolona
@3 13 @5 1:2 @5 111 deain Tun (il )eliicdtdl g propylene oxide gyl
N IS 2 adad et ey ol e absolute resin 3llae el
ol Taleiel alelus pyl S Ao o gl 5l

gad! dagls )

Jostiadl it g g3 Y

2 sacludl agitation il 3 J (5131 o yoeid! sl aluseind WY

Aagald 1,0 Sl

:Embedding yelalf .0

sasua il sole 2 yelant Ja35 (resin) it 1 saley Liadl pcds ey
Ygensall Sty Luall 4 g3 p Sy Sl (Dgensstl) cle ol Jauly
ST 2 (i pe 9T gl llnB) (g2 ylly cnalill ol >3¥I 2. (5ol

P 3445400 3)‘)} :\JfJA .J_LCUJ_AJ‘ L;l ER) MQY}—A—H—}&—” d.:u:'
3).&.\.3.” aﬁl&&p:du:a)}""aﬁshx_l 600‘;1 SJ‘)—"‘” ZJ-JAcJ)JV\J 4._&:-“9

WY Techniques of light and electron microscopes



daig ikl digall splaoll daid

:Embedding media ylal! 3ige

Lugyll liall 5 ool Llee 2 Lol sl Il 53] oy e
lia Y tepoxy  resin usogod miil) 9o Lol S 593alVl yeamlly
A Loy sty 30

aUaDL 4@ polymerization i yeldf ddes @35 )
\ﬁ:& Ll shrinkage dda, <2 Ccawn ¥ LY
g el 305 Y &l Ligall Jamy Y

DlisEmy 90l i3l palall Lo 2 Lot el sl Bl (e L]
> glycol methacrylate g €ndantl cadb y&51l8 e &1, 9 durcupan resin
Lol culoe st )3 o2 3laad
o=l idae e water soluble resin (U2 Loid! ills ;‘y .
ST 2 aaill (e Ll 355 Lgandd g cdyg iyl (HLEmSY)
alall
leladll fus dulec Jguid .Y
: palad! dus g
e Il gt w5l g¥T g duc oW1 e bauatia gl Uy
Ae s Le Lgin Lue 391 o0a blocks Jieall Jac g il 1 2 cliall yolal
delaiie ol )BT s Lo v e Lginy (Vs Loa

LY el Lalosiol Hieal Jma¥l o ¥yl

Techniques of light and electron microscopes V¢



doaigyiGllily daigall yalaoll dpidi

bl Liilio aloanT iy )
-ultramicrotome §8ull adadid! jlg 2 \.,\_9. lends =l e LY

gl Joo n podall miSly ooyl Sl MY Lgaazloon ¥ LY

.trimming

:Sectioning gudadill. 1

e b.;:&ﬂl_ﬁ)_@mﬂ resolving power pas gult 593 )7 Liale
@)ehai Gl g tens g0l 593 st plladll clow S5 Lelsn (o gmall g UaaS
B3 adagill 55 ganf pulual (£l i microtomes adadill 53 o
\.u- i) olellad Sle Jomadl Lgdawls oo Sae 2t ultramicrotomes
ool 2 cilellazll o2s JLiid @ing.(0.05 pm) S00A ] LeSmans Juns
Luladl Lginla (i s g lang it cwdll g uald (e e giucns boRLS CjlsB i
e olg 31 02 el @i o e <Ol 10% Sy lma 51 5 lade olay
(JE2d) yan ¥ padd! sakay Tin o 31 cnsa

5 Loy a1 trimming Cod ol ulee ] Lis e 0 s
G5t N ¥ gl idaall o3s o yad Comy on ¢ pdazill Ayl
Ligoiy dgbendl ol B9 3l gl Jlgm gl ddes 113 cibiaall e
ol g lasl gLl @iy (V) A J€0.8) LIF1 ol Slem i T s5ls 5 yad
FRIE

psisp Ly 5l ol Slems ol Llene 2 dlgunsall e ()

3!

Al Jem S50 el Sl (Y

\\o Techniques of light and electron microscopes



daigyisalllly daigall yalaoll daidi

olethadl Joe wie cilald¥l

O9yEase Y leww semi thin sections 453y 4cd lellad sue alads (¢
Y el gl iay Lgaio @ Ll Ao pds e Leliasd @y
Jee 2t olestl juusd ga Ldeall sl e caudlg ctoludine blue
el o =all 700A sle w45 thin sections L5, el ellad
el igyueatyl

2 Ll dog (Gl dd) juga sl adadill plsme upuss uay (0

OLEmaYl s Ligall Sy

tlgant (o pulazill

lac i elihg tape s Gle Ugnsall Yo Hysmn O Jiady

plazill Llee Jguitd pudaill Jlen 2
Slelhadll p dadi 2 goy &l b byl insmadl jodd oo —
a3l

«_ﬁjﬁ_uuﬁ)ﬁél‘ Ua_u‘}g ﬁhﬁﬂ‘j ug...\.&[d‘ Q\-J.Ln-“- L&bﬁﬁl__.\ -

Techiniques of fight and electron microscopes

ARR



daigyulllly i
sigall y8laoll daids

5)
+ S
2edadi

AN Ve (r.ﬁ)
RN Virk { IR Ty
2 4 g I IS s
93 2910

VY
Technigue.
1q '
s of light and electr
0N MICTOSC
opes



dsigyidallly digall alaoll daid

(ry ysa)
Ultramicrotome coldlid jlgsd 3y90 A

BB ada il jlgom! 390 B

Techniques of light and electron microscopes WA



dsigyialllly daigall yylaoll daids

t Ultramicrotome @bl adadll! jlgr

r<ll Leica ultracut cslaws!gl LB...!a B3l adadil) Slga ooy
1w (YY9 YV B J<=.i) Leica Mikrosysteme-Austeria idacil ¢

553 791,55 stereo ZoOm MICTOSCOPE s ya1g Hyusal 1g€a g yeaia A
Sldee 2 qsmilly Lasliall ellhg x60 s X10 e 4 sl
AV 9T G9! adazully manual trimming (g gad! Coidall

iabaie JI rall yuail Jguo g pics breath shield jusiill conls B
Fanv]

knife cnsmwll luuls Liasl s awe g4 knife block cneml (I3 .C
Jows A€l s i o holder

oSy el B Ade el knife stage onsmidl 7 pie D
Al e day 9T i) a0

«ilo il gy @iy zoom magnification changer ¢y yailly yuesaill jia .E
REPV=—UNPPv="SPN| FEPV:ii | PRIt 355%‘“&.:;‘1\

3y guatl E ) %‘c&:ﬁ_‘.‘ ‘A_L‘Ll.l.ue focusing knob 694}1” dastss F

.N-§S movement knob ?JLUJJJ L..H:' CgEmwg pad! iso s dasls .G

specimen  iadl clle Lgde ¢ fy segment  arc duwgd ialad \H
dogidais 2:.‘3.).:;']_4.“3 w29 «Olyault ALl dalnall oiag cholder

14 Techniques of light and electron microscopes



dosgyikallly digall plooll daid

1 S9all podadill audeiins hand wheel 490 dlxe K
G2 knife block (nsmall L8 coclil ausiow locking lever dasls L
ol

reflexomat UL i )lall s de 2. @Sty dasbinny 5395 cle ieina M

O @ S cOperation control unite @S5 Lo oly jlgadl bo g

100 mm/sec J} 0.05 o 79l 0! etedd Joas 2 o=l LIS
Aasac g olelbadll wlan 2 cllissy

Techniques of light and electron microscopes

'Y



daigyiGllily daigall yylaoll daidii

A Stereo Zoom Microscope E Zoom Magnification Changer
magnification 10x ta 60x
F Focusing Knob
B Breath Shield

G N -8 Movement Knobs

C Knifeblock for microscope carrier
rotates 360°, clearence angle setting
from -2 ta +15° graduated in 1" steps H Segment Arc
for specimen transillumination, 360" rotatable.
D Knifestage 2 seffiocking precision drives for eucentric
lateral mavement of 25mm movement of +22° and +477 +3°
K Handwheel

with cutting stroke indication

L Locking Lever
for knife block

M Refiexomat It
with fine control that permits the pumping of water
in and out of the TRUFS

(vy sa)
3301 aodadl 1 gt huadi Hate
Ultramicrotome

AR Techniques of light and electron microscopes



Gy yisalily dsipall splall iy

¢ pEaall - ultramicrotome 3datt adasill Slga 2 abadul) 515
EIEX) u;y ‘ﬁ..\:d_‘.u.l‘ u)&._u.d‘ 53¢>9 &5_’ ‘)L:_Ccn\.' ‘me‘ =R _\__,‘2 ujl_“dbﬁ
Aol cale UnBY 54 dde (2340
oamall cilelasl jiasiy adadill cildec 2 doueicall (nsolea i
2V dog el L 535 oy ¥ 230 g, 3Eat¥ gl
abeall ciligadl ezt L0ball pe cnloadl (353 Of cama )
iacls pladll ol (9€a3 i 4483 55ke (e de gline 9523 O ey Y
LSt a2 Luilariag
lac (o yhiol pladll dleai o] Lgals Hhad caa (950 of cm Y
(9é pa pllad 351
(sl JTll laglie cnsadl esad ol ey -4
iyl aball ol dee 2 nsolen Wil o s gl s pudi g
2_ piad glass knifes Loala ) onsolem i (e 5)ke Jo¥ goill cagigyenidl
diamond knifes il (nEolen v g8 AL ol Lal alallsasg

(pal! 3 30l5) \:')\:-u 5,945

:Glass knifes dugrly 31 ASLS

13 Jlome 2 Laliiaaly Le g J3¥1 g8 cnsmlenal) oy paill 0a
Dggug (paid) pady (e do Hliad Ll eldyg tingyeatily ddsgaall jalall

Techniques of light and electron microscopes \YyY



dsigyikalily duigall ylaoll dsid

gl aluzials yalall clusg S5 ls cnsaldl oy 15391 o8 sl
e ¥y 5,855 2y (VY J==&) knife makers Lol 301 nsolescdl Joe
upend] oLzl g olme o1 2 L

o gl g (45" gl JEm il il (93 by ol
6 - 10 mm o LgSoen glyin glass strips inala) a8l & 97 oliwa?d
o3 lusya J Lo 31 plodadll g ladi o (25 - 38 mm s Lo pe s
Ll (55 (VY S ) Orarldiie oo ] Loplad gy J o 5l i
Lo wieCrandl D cnmatl Hl Sle WIS plall domtleall cpém
OF ey 33 adagull Slga 39l knife holder (e cudl wlulea 2
pladll Zals Laglie daiay daeliy bgivay Losdioue ois pladl| Zals (yy&as
Jee & Jaticall zla 33 865 Sle (@leladl fpe ypuss sue Jaad Lisdo)
lansy iisall @oem g alall 530ag Liadl Lo e liidoy nsolen !
Aage y aaleUagt

'Yy Techniques of light and electron microscopes



dsigyikallly dsigall hlaoll daids

I Sl el
———
l t@.‘n&ﬂ\éb
St caso ‘ﬂ
(v gsa)

Ao la 331 aSudt oe Siglase

Techniques of fight and electron microscopes Ve



daigyidalllly daigall ylaoll dpids

:Diamond knifes dwldf (nSLSwud!
1 el 0L LT e pllag ol (o e pinn rsmlen i ot
rob Lo jua Lgd

N TR Py ST R SE-VRY-NW | JOWEN PRS- PTG P R
Al

Loy Los Tt 53l (503 cpalin wull o s 2 plaill Lsls .Y
Jree clign oSuidl ps i 59 483 ilelad Jaad LoVl
allaatty Gli¥ls oY1 Jie Llall ailiadl e cileUasll

3] cyabe 1 Juad ibygs 50 ducall) cnslem et Jlaniol Emes .Y

AP entiaad
o palaill Lol gl oy i Aanlondl e (Lgies) Lalim s (ySmny -
Aagaall Ghgas]l

S il cpalenll e Blinll Lokl e com 1l colbolan Yl
oy cicadad Lasls Loude Llamly chlasuall cndm il Zala el ciad 2
Laels Lata oo cyecnt gt Gumlay cndocas J oV colellagll 351 oyl
Slellad ,uasn 2. Ultramicrotome 3.8.01 amdadid jlga alidiwl
Aailadt e Uas ¥y Olbolio Y ealy 20U jgadl
2 selw deludiul (s 13f ultramicrotome 32t adasid! jlga o]
ol (1951 S00A (0.5um) I LeSoens Juas idle 539 el ilellad y sy
2 Sleplau e LILG LI @i ribbons Juatie dayy & L e cile gl

‘Yo Techniques of light and electron microscopes



g yicallly dsigall splnall iy

o2t 3ual @ig S cifas dally & of il Ml (e Ao giian yols o]
O3t gl dacal gy i b 31 gnolen Wl Lo dally &l of (sl g1
dillyg (Ve Je= ) Lgie s U oy il (nss el e BtV esnes
S g e el g oland L Bt ol 331 (955 Lcll] (ol
izl illisg (ol Dl ggicad Lglons sl pmlaes gicua sy i Lalad
535 i o Leo congmeally pdadll Al e cileUadll (aly calanll

ol sLAT eUL all 5 Y i cnsmad| Bl e oW plas (G5ens

Les 3930 Il dnssmug yad] ciluwaall dacil g pdadill Lo 481 50 @

Jrazmidg ol g 2 Al culallagll 409 )0 el ihg 380t adagiull Sl

e be Hgs Huuae Sleadl agi s bl clss il e oletiaat
A o e Laggus ufmaisd cnfaall ol Tiie Spuiio Ebannyold Ty

A Lo 531 OnSaad) e S Q)LaN o5 Glglas (1 JS2)

Techniques of light and electron microscopes AR



digyikallly digall plaoll daids

stk L dalina olslls SUI o ganll place le Tualls cilelladll gl
b Less clelball o3a dlaw e

.0.010 — 0.060 pm ¢ro LgSmaw H9Ean Lisla)y aulelhn®d
.0.060 — 0.090 pmgys LgEa e (90 i olelld
.0.090 — 0.190 pm oo LgEaaw H9E=0 duad olellad
0.190 —0.240 pm (o LgEnans (a0 £ 18 ) wlellnd
.0.240 — 0.280 pm oy LgEaaw (5m0 ¢f i ailellad

0.280 — 0.320pm s LgEman ()5 ¢ piuo lellad

imsens cilellad L ao ¥ I 35531 e Ll u Ll cleliasl
oamall sialag dodls suo cilellad e Jorastl oy Enas g
A dag yll 3155 o Y TEM 2L 3g,3€0¥1 el

ey il pelall ddace (9523 of

Codiid sLST 2 Uyl Lede e Latl block iligall Jem s .

0520 O aen ‘/l.a:.L.u O95mn datly Lolsd! capsule Uguwsally
Aaudiw Jgnentt trimming colds idac

ade (nsadl Dol et i

A

\Yv Techniques of light and electron microscopes



dydg yisalllly dsigall laoll dyids

Juaal g c‘ajjbj)}\&." ﬁ‘..x.zl‘.ub Laaess 2o olelazll 5,0
grids wlea il e Lgland Uogeuy culelinall

t ot llyg s Al Lle aileUadll luall paand!

Lgans 350 clelladll pus g s —

A il elacd aileladl ddass Clad —
Ladasd cumig cale gt 3,8 —

el 22 Luatl

a2 Gasi el ol ga¥ et i ol i alaii sl ol ye
e st

+ Qal gdes B 5340 01 gl

$352 Les «digall J5 13 hard inclusions Llall clalall Gaes sy o)

Slelasll il paeg @da.ﬁl” Lgros J

I of (Goledd ane J1 (6055 43 ¢vibrations <3l 3 a¥! .
ol 91 69 A 1S5 o9 Dl

OEmang plladll e cnsm df aladle jglat w3y (pladll o
bt daladl 2 el poa¥t digus (5255 ! olea Y 3yl
LSy — 1..\_9 ultramicrotome ozl Slga condi ane -
— e cnmadl ol aue — pedaZill g calayd| oYl
up. specimen holder &l Jal> ol ave

25000 of i pUasl elan (aUAD! ane) T ] (255 Jalse

FRWY MTO_A allha sae Y IL] oL ol a3l Jalgall 0ia
PN

Techniques of light and electron microscopes

VYA



dpigyiallily dyigall yylaoll daidy

pliad oo ulan pnly 5T ] pllad e el C3MES] —
gl o5y

COMLRYT 38 (3 my omg LS s 2 el B —
cnsaidl Gy ao Ldlsie

oyl 2 LS Aty pllasll usi 2 wle ol CaMaal —
2 yallal] os J& duaad o o 4L Lele plazl 2l
I 6355 Il Jalsall Lol lelladl aad Jals Bl i
Lganl (pe3 (gLl clasy (LA il

alotl Ldae 2 oot aldl da gl o by dnliwa 3529 @
blood (g5essley s mlellad fac uie Ciooy Lalia
el onss b alusen wl Jundy il ol 2 cvessel
pdagull dadag ol Lghgent Uiy tdiamond knife
tMounting Jwendd! .Y
ot pgamdls jasall il elladll olia jugani au AL g
> 53 La| Ul g copper grids Lewlod oulend 355 Lglaad @b o S0l
fishing from cilelai!l ol iea 0y aiy ol (oY cilelbaal g3
il all a g @i oaillodl Liles 29 (Lusle ] M8V e i cilen il

Y4 Techniques of fight and electron microscopes



daig pilalllly daigall yalaell daidi

Sy S LA e paliidl i s3 3)9 352 wlellad (e Lgde Lag
Juad 2 saeliell Gols Jolo 2 LGl aay ol Gliay (0 5pad s
olgaidl e cilelas!]

Leali Ty Loyl yy culellazll Lggle Jamd ! Gyaalon il ilim il
s g9 afm Al plast Cowdl Jodall 585 3.05 mm adgls plad ould (g
o3 alomaly Lggdh sae g (s Ol Bl (0 Lalidee Jles iy pleai
igally el alasin¥ Lapb e J5ad o aludil aBgig cosddll
gyl

(vo JS&) ClSud! 1931 aamy s Loudy
a3 Jeas calmy Bl e p il 1 103 150 97100 @l ol )
pad Cwlis 29 100 pm J) (lelsiia ot ol ialiile) Lgsa

L ygaas 3y Lauie uo L g L 3panll colipall
oia auiies Lo Lilld g ipape i 200 ¢150 <100 s cln s .Y
2 paly Sita oo 0 5005 W L sl gadl iliadl pamd 2 il A
Zﬂaal“;ﬂ_ﬁs.d‘.?__.t’_ﬁ‘ 1”&4&%:“‘5@3&‘3&@ Y
el Syuiaall Ll Gamd 2 ausiud udy tlpall L
Lo 13] dadisall ygumdl 2 yoiad ity saadl Adall (il ydl Jie)
REPY-vi | P WL PRLAC-"UA | FUPRE S900

Techniques of light and electron microscopes \ve



Ay y3salfly dsigiall salaoll dyids

oa=p 2 olen Al e pl eVl oha ausiw 1 Bsad D olard Lt
Ll acieiess Lo Bl S Lo alsglall Euom gl culiyall
sl AN ol and 2
2 Lomipa (y9m ol il oda i 400300 el euleme & .0
oabes @lid Jae J] zliod Mo daiso g (aus Leasdh oY alusn!
1
Sall il g Silugpaall e T 83233 5 pamd | ulicall (ol 3
il Al o0 d support films Lueles adl o] of Ldiel Jwe Lgaaarh Lo
Oasboaadl wDLBT paaly SIS (e aniet ot il el ad] aDBY! (pag
.carbon films (41 &1l formvar films lae,gally celloidin films

glad 59y ot (5-20pm) &3 31 (ya (5503 3T g ANLBY1 20
09 bgneatVl e Juead! s Jommal Ll e 9655 (g culigueaty
e L gL Lo 5 2 LIl 1 th 5 ola3 ¥ 0Ty «Lgy ooy i 4T
LB Lgune g Hlaayally canadgoeadl ¥ A lall ol Eaill Al
o4 (o de givall Lale sl ALY L ais o ooy caligyueat VL Jleil]
OgrEadl (e 4ad) Lauday 1l

'y Techniques of light and electron microscopes



dspyialilly digall salpell i

100 mesh _ 200 mesh 300 mesh
MESH GRIDS

Siosicand " Four slats of widih
SPECIAL GR1DS

I

Siot 80 wite Siot 12um wide - Siot 500um witle
SLOT GRIDS
| ° ° |
Hole 376um . Hole 0Quem Hote 900um
(vo ysa)

Acwlond | OISl Aalisne JISa

Techniques of light and electron microscopes ey



digyialllly daigall salaoll daidsi

o

tﬂr’mﬂhc{—ﬂ e 1..‘|.l'_l'|'uJ,.Ath tﬂyéle’-ﬂi ,
bt g8 brpte AR5 J iy oo Jgle
o WA PN il dedt Sty
Jes 4o
Lall rlr)

-
=
'
- -
4

5’\" J t,.r.p er.:ﬂ
Jasaly JHAN g g g Sl ANt alei JIURPING [ N
Stk Jes .l ,l‘ cgle o gl oA alaad
oo 0% sl 4 W s e L0

et A e g | N
L 1Sy g s AN

(¥ gsa)

amal) OISl e Lgleaodg Slelladll puasd s Ol jugmid (pomuis 93 @)

Ay Techniques of light and electron microscopes



disyitally dssgill salaoll dpiis

:Staining guall . A

2 J5s L8g il alodl a2 Loaidoll cliall Joe 417
s oo il ¥l b gmn poa Liiliwsn Lol Lis 51 Zieall glagd
e iy Las cqreaill cilig€mng diaall oy e Jal iyglall gl s gl
ol bl ol gdl s organelles cul i<l ol a 00 152 contrast ¢yl ol
alald Dl 2 Lal 5,00 ¢ guall Lguoluaial 2 y3 2 Caltind Al ietieiand
e y3 olal 13 ifluasss slsa oe 5ylie ibiall §yEas Lgrealyl
dalisel) wligsall ae dnbie eMelds @fd &ty (96 e (g all Lgidg days
Lt Al Gy St gyl et i (e 5l Lly Ll 2.
2 abiell sy ¥ el gy ilignent¥l usne s Goliaial 20 bl imid
oy il T0liE g slews 2. MY Sl ades ciligyieat¥l Gucnedy «disl]
i gynen IV luuall 2 Lgares cdiny Luall (o dusmaill aliguent¥) o
o el i SLig IS Y s Il Bl e 3,3 (6T >l o3
JLa oY circular apertures iS5ty calsetis ooy a5l wllitg ¢ g 2 Y
i ! Glalidl ol ALy el €tV Zawal sl Siligyigat¥l 1,50
Jiis yads ligyiEat¥l pumas Gl Globitl Ll (iails jglad Lenlnail 2.
electron  iial! Gblill riabaill cwila ey Lebia] 37 , gl Lgila
dlad yelad LIMS e wligyueat¥ Hg,e poawd il Gblilly copaque
Liisaas wlis Jle g .electron transparent cubig,neaM dalad 3lolia ey
LaliEny il e e u iy albgasal¥l (olatiely putae ol Jo-all
Al ailhgsaa

Techniques of light and electron microscopes e



dsigyialllly daigall yalaoll daids

Ll oliwlgs Home (524 Valentine (niitls Glilall aus g ualy
sadldl dolaitt 2 5 sl

Adle alS dapo Sle

high dissolving power idle ;ligd isyuu davall 3w i o .Y
80gm/100ml e J55 Y G

sheail Lo y35 boiling point oLdé om oty Thall e o oy ¥
oo daalill 551ty ST Y s b 3dg (ondl e milting  point
gpead¥l ¢l
593 dgu> 2 amorphous (g 9b jé arall cowly HeSmn Ol sy 8
Skl el
das gl resin yolalf sle 2 Layobs 13 staining cilivadl fus =g
oo Il bl fs 2 Leasill clicall @ ol ey palagill Llec
s alicwglead stains (ol 3l Glaiwo Jalll guealV jeally
Lgatex g «double stains i g3l oilaiwally uranyl acetate stain ol g1
20 2 yedl B ud Lghaids  Saayg iatias wlala) 2 puass
il Libee ol Lale Jlosiaa¥l Ju3 Lmaiiys HLac¥1 2 2331 e £o,al1
I iall S o ol gl cly LT Laglpa] aey
dai s AT iy iaall Jllowas Liaall 4 5yoaS o (T S 5)
Jol=a 35 2 o paill a9 550 5ol &y

\vo Techniques of light and electron microscopes



dosigyisalily dsigiall salaoll dyid

e

e
L

b 4 AR D

Techniques of fight and electron microscopes 1a



dopigyikally duigall jplacll daidi

(va Jsa)
das ) SBUSI 99 SSIY gty 23581 Bygeall Ao Bubiandl el bl 515 o3 5)900
(E390alt Ao Aauall S, yogl

‘v Techniques of light and electron microscopes



sy yikalllly daigall alaoll daid

tlead stain yolua ot Sliua : ¥ gf

G 13011 ileladl jrend ply Bl e Taiall 2da pdisiud
s il 9 Las foamy (531 st 2 Lutle contrast Lipls s Ll
Je iz Taall oia o HLae¥1 2 35 Y Cimy LIy LYl il senn
CaCO3 agurdles cilign s L5 98ma CO2 gyl sl A )T ps
L2 3gmm gl ¢yl sl L5 (e bl g ity (2813 52
B85 e sl sU Ly ellyy Gnall juan3 2 Jexiad ] yaill

S el il @yt deobaill Slen il e daad! colelast) fuais
O el @i @8 cdlin sudy Ll Jolme (e ALlB ala 2 Layed
cadie Jylma 2 ol 4l Grw plade cle 2- il ddl jady 305151 uall
.NaOH (-\3333.44.” drwEs gy e (0.1N)

Dleall 53U 9F el I 9t Hiiad Al olio I ciliso e o yS2 00
ook M aewssl ol e 5Hlue (950 Lall 00 d active ingredient
polo y AT i (Karnovsky 1961 &= wudgiles 44y ,1) lead monoxide
o (Melong method g9 bis iGy,lo) lead tartrate ols il do o Jie
Reynold 44y 35y ,b) lead nitrate and lead cetrate olw y olyig ol
Dalton & Jau)g oysidls G yle) lead acetate olws ) M 41 (method1963
(Zeigle1960

.\Jor

Techniques of light and electron microscopes \YA



diyyihally daigall yylaoll dpids

:Uranyl acetate stains Juifyoud | N> Olduo Lold

Z

ottt Oldee (LST Adeadt Lall Lgaluxiind (Enang cidle (0540 Lgillacy
.proteins <l g,dl g nucleic acids Lggid!t oles Yl ol Ll oliag

alcoholic solutions i dgxess Jdlxass Sl ol oM Claws yiass
J9=E= 30% 2 of ethanol L] Sy 50% 2 Jil ysull codls 003k
<M LIdL aqueous solutions ible Julleass yuasi 97 «methanol g
0.5 - 1%) daall U2 Loty e

Ldsmnll 05l @iy lalladll fom Luead w31yl 2ol
room i3,all 3,0 > dx s e 15-30 min o ¥ Jomsat) 2 LA
Joesmndt 20 LS Leliies fuall uie 10-20 min (w7959 «temperature
AU sl es alusiol Uls 2 delu ol e dojo Ledw (Ll
A0-70 ¢ 0y (5Em30 5 pondl n 3 g2 fall (0 ol (s Lagac
37 Ll Jsms L o s Tl 1l Jslad L 5,515 &issall J1535
Aoda sl of Slive Jomso

2 L Gl gl a1 ILall Ly byl 2 530l o d g
oteadl @leall Cold 5 yual e 4 Jmsndl s O ¥ i) Jy st
RUE=VA (PN VI PWE S TORENT-JENT

O Jrolysald L Jooly st iliso e Jlaaiwal i agadd! Haadt g
O M8 s aally ST Jiladtolia oYy el ol 5059 e la &) olg

Aallhe polal 29 Laiae culalsy 2 Lglada

4 Techniques of light and electron microscopes



dgiyyikalllly dsigall plaoll dpids

2333l Conill e oy S0yl cidhing ALl Ligall forem Jining
s 5Ly Lale ag0a3s¥1 auaudal sty wuandlyslatly double  fixation
ol isg,dl g phospholipids & ygarugall Heandl s e b ool o adl
rmasg it lilee DS Jymeally 1,505 Joal Ledasdy proteins
I Bl 2 i dall oiis ety

N(VESWAR-¥0) Gj.)}l‘ el 38 oy Al el L)

i s i buffer solution wlhie Jodoxs 2 ol je sue digall Juuis .Y

el cawmisud pH =5.2 i gar

‘AMJA-” %.3 4°¢ 3.::).\ dic u:}lcb.u sud 2.5.34‘:.” J}L‘Lﬂ.ﬁ 2.4:‘.\.” &‘A:' Y

resin zol 1 2 yelad @3 gl of Jomsmll 2 Lall j,a5 .4

s Double stain 4z 93 )b/ ddual! : s

COL3 Lo aluind s (LSLEN) L 933 Liall 4 ko 350aill
O Gl (rng -rmboo y 11 el Zhay Lgas o clellaall jeal Juily sl

93 Lae (ySaea contrast (ol el yelad 45 pIall 00gs pad Al coleliaill
Bl aloieiaad iy ity sy by cilisall ois cosiietul

2l gtV peally pamdd Gl @lpuanil] @laal 22 903
AL el glasdt gLk a3 frall 4o yday cileladll fvs 5mang

Techniques of light and electron microscopes Ve



dsigyihalllly dsigall palaoll dsids

JmEally Llie ea 8,5 439 438 pis 59 Candnd (4570 Gbo poiamy Y
HIZJLACHLJﬁzscmCQLM(MCF)EﬁJ—AL@% Y
Sulall 2 iyl 339 e 43 & dental wax oliY!
darall) uranyl acetate Jol gl WS s (e ilda Dol sy Ja55 .8
ole ) bladl dldy aleny A1 e ddeadl cilelladll fewas .0
O9ERT Gy Ll 2 a s 43 @5 (e fOrceps dolila ida gy
oLl g 15 min sud g Laiiall 55108 mla il Lawadle cile Uall
J_u.ﬂ‘q:» d).é:-_jb]ﬁd}:é%u@@glam‘aal&uﬁ‘w A
eyl Gy Dol 2dad @ (ag cdule Gaw yloda sley 32
2 2V aa . Jo¥ Gall cilglad yu d i, <o (lead  citrate
Wi AR Y
7 O call agsgall sy )uua e pdad ph masy ©
321 e Og Sl sl AU paliey St Gulall 2 asill
aroll daystd

Jo=ssdl (pe Yo jlada slay madyill By JI5 ©
10 min Lavall pig ieliall sus &3 ©

\R3 Techniques of light and electron microscopes



i yialfly gl ol g

339 392 paxd @b yladll sUL Jeusly blalllh olsaddl dadili o
oAe Y alelhadll ()35l o Gy Gubo 31 a3

:Negative stain cdlut! fuall

olwgyally Liyasad jamal isbe Cdludl fwall L a sl Joaiwd
i&e Y Jha fractionating cell components dglxIt & 530l culsgsslly
iy ydall sia Cayasg.cell organelles Lyl cobocaall yiaayg membranes
§ reulg dacil (y0 a9 cdirect observation ,ildl pamall id)lay L_m:n
BUES{NEPIUNEPY-| B EPON PUH | JCH SURI-E 1| P SURCD-Ep PWE SRR D JS 2 |
et g ynealdy!

oo bl frally Liall dlslas (e 3L contrast Ot oy g
falle (bl 3y el 2 Les) Com gl fially Alalall (e bl el s
s9)ke g .iiuall Lgude 3951l back ground Lalsdl igagsIt 2. auad cdladl
B e Lty Lo 5lna Giall ol ol agadly eyl iyt e
sbigalt Gl #olacat 28800 Ll jelats clulll jul ool Canglad

e 1% 2 Liiall oy o suspension Gles Joeay ddsylatl ol s 2l y ol @i
il gaiugd oo heavy metal salt solution (&) yaall mle Jol=e
curanyl acetate Jif 548l <M of potassium phosphotungstate a gurul gl
sllaall Al il o mall olen & e il Glas ol lad iy 5@
Cazid 509 adiyl )9 Al Cadad @3 ccarbon coated grids s y&=Ils
fraa g 2 Jundng elg 1 2 Lkl

Techniques of light and electron microscopes VY



daigpilllly dasgall salaoll daids

o5 lidy arnl! o%&@d\&mﬁ@\j@ﬂ‘dm\ OEmang
Uslons i lylas Lol @3 ¢ pmmill A8mr e disall 3lae gyl lad
ey s i o lmn 3. iy o 5 <G

(v gsz)

Pyttt Sluae Lgud yglang JALN (39 SSIW jgamtls Cladli Adlges dudsnd 5)5u0
(G) o9 pluun T ((R) Slo guugus 231 (ER) 200)Magutd ¥ ASid o(M) byputl g gl | At
(AX) uac y9me (MV) Cagglonidt Sune plan T (S) (Cila gusgust) At ! ploun ¥

\E3y Techniques of light and electron microscopes



dsigyikallly dsigall alaoll daid

o e o1 )M gl ) AL (S ke (0 8 ot HBLS (09 ST Y gty 5)90

ribosomes Ciba g g 331 Lgide (hond rough endoplasmic reticulum

i B s byyaigsmgiens Byguall dawging

Techniques of light and electron microscopes Vet



daigyialllly daigall laoll dids

(g1 Usa)
(2251531 (39) 4, MaSI Bual I 2. diuac (LT Acgont 2BLSI 39 SSIYT ygantly yguo
e i Oy 2

\to Techniques of light and electron microscopes





