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TnnNbl 3N1eKTPOHHbIX MUKPOCKOMNOB

* CKaHupytouwume 3.m.

N3yuyeHne reomeTpmn NoBepxHOCTN 0bpa3La 1
eeé XMMMNYeCcKoro coctaBsa

* [lpocBeyunBaloLne 3.M.
OnpeneneHne BHYTPEHHEN CTPYKTYpPbl 06pa3Lua



Cxema npocseynBaowero s1IeKTpoHHOro MMKpPocCKona
Transmission Electron Microscope
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CpaBHeHue o.m. u 3.Mm.: TEM & SEM
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L nHa BO/HbI ANNEKTPOHA 3aBUCUT OT YCKOPAKOLWEINo NOTEHLUNANNA KAK:

12.5
A==
JU
roe U B BOAbTax , 4/IMHA BOJ/IHbl — B AHI'CTpEMaX.

OTcroaa cneayeT, YTo AJIMHA BOJIHbI 9N1EKTPOHOB, YCKOpeHHbIX A0 90 KaB, pasHa 0.04 A.

Mouemy peanvHasa paspewarowas cnocobHocmo M Ha dea nopadKa 6onvwie?

1) HeT cnH3, cnocobHbIX GOKYCUPOBATb 3/IEKTPOHbDI, paccesHHble nog, 6onbwmmm yrnamum:
CYLLLeCTBYIOLLUE 31eKTPOMArHUTHbIE JIMH3bl 06/124a10T CyLEeCTBEHHOW XPOMATUUYECKOU U
chepuueckoir abeppauyuamm.

2) HatuBHble 6uonoruueckme yactuubl B M HabnoaaloTca B BUAE HeUYETKUX 6eCCTPYKTYPHbIX
NATEH U3-3a MaJIOCTU KOHTpacTa.

3) U3-3a B3aumoaencTBma 31eKTPOHOB ¢ 06pa3LLom A NpeaoTBPaLLEHUA ero paspyLieHus
MCNONb3YIOTCA Masible 3/1IeKTPOHHbIE A03bl, YUTO YMEHbLUAEeT OTHOLUEHUE CUTHANA K LUYMY.

OcHOBHOE pa3nmume mexay popmmpoBaHMeM N300paKeHnsa B IKCNEePMMEHTAX
no AndpPaKkLMM U B SNEKTPOHHOM MUKPOCKOME COCTOUT B TOM, YTO B NocaeaHeM
cnyyae ABymepHoe nsobparkeHne MoXKHO HabaoaaTb HeNnocpeaAcTBEHHO.




OnTnyecKkaa cncrtema INNEKTPOHHOIO MUKPOCKOTMa

HuTb HaKana
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Yersipe ocHOBHBIE OTiinunst OM ot OM

1)

2)

3)

4)

DNEKTPOHBl CHJIBHO B3aUMOJICHCTBYIOT C
MoJieKyJiaMu Bo3ayxa. [losromy B oTiinuue
OT CBETOBOIO0 MHUKpOCKoma obOpazer; B OM
BCErJa JIOJDKEH HAaXOJIUTCS B TIIYOOKOM
BaKyyMe.

VBeqmuenne B OM MOXET HM3MEHSTHCS 3a
CYET M3MEHEHHS TOKA TEKYIIEro 4epe3
JIMH3BI, B CBETOBOM MUKPOCKOIIE
YBEJIMYEHUE I JAHHOW JIMH3bI IOCTOSHHO.

B cuny  ocoOeHHOCTEH  MOCTPOEHUS
N300paKeHUS CETO/IHSIIIHUE
AJICKTPOMAarHuTHHIC JIMH3BI Pa0OTaIOT NpH
oueHb MajeHbkoi ameprype (0.0005). Dro
BJICUET 3a COOOM TPAKTUYSCKUN TMpeen

paspemrenus oxoio 1A.

Abeppanuu B TOM WJIM MHOW CTETICHU BCeTaa
MPUCYTCTBYIOT B 3JICKTPOMArHUTHBIX JIMH3aX

L
| / dnyopecueHTHbIN 3KPaH Uan
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MCTOYHUKWN 3N1eKTPOHOB

TepMOUOHHbIe

[TloneBble




MarHmTHble JINH3bI
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QnekTpocTaTnyeckas rimH3a

v
v




AbeppaLmsa — OCHOBHasA NpuYMHa yxyaleHns

KayecTBa n3obpaxeHusa n noTepu paspeLuaroLlen
CNOCODOHOCTU

e Chromatic Aberration

XpomaTtunyeckasa abeppauus
B KIlaCcCU4Y€eCKOon
MUKPOCKOMUU

B OM — Bce HaobopoT




Cdepunyeckas abeppaunst — OCHOBHOM Bpar Ans
BbICOKOroO paspeLleHuns




MeTtoabl 60pbbbl ¢ abeppaumamm

1) AnepTtypa

A
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2) KomneHcauusa abeppaumin 3a cHeT
KOMBUHaUUM NNH3




CobupatoLlaa marHMTHas + paccemBatoLLas
3/IEKTPOCTATUYECKAA JIMH3A = YMEHbLLUEHUE
XpOMaTUyeckomn abeppaumu







B3anmoaencrene ObICTPbIX 3NEKTPOHOB C aTOMaMM:

Primary Electrons

G 9 B

Specimen
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»/_\

Inelastically
Scattered
Electron Elastically
(Low Angle| Scattered
Electron

v (High Angle)

Unscattered
(Transmitted)
Electron

1)

2)

3)

OTcyTcTBME
B3aUMOOEUCTBUSA —
HepaccesiHHble 3NEKTPOHbI
Ynpyroe paccesHne — 6e3
noTEPU SHEPTNN —
NHopMaLuna O CTPYKTYype
Heynpyroe
B3aumMogencTemne — obmeH
9Heprum, obpasoBaHune
BTOPUYHbIX JTEKTPOHOB,
PEHTIEHOBCKOIo
nanydyeHuna. PesynstaT —
HEHY>KHasA XUMUS,
paspyLiatoLias obpasey u
yXyaleHne n3obpaxeHus



OcobeHHOCTN B3aUMOENCTBUS 3NEKTPOHOB C BELLECTBOM

CeueHune B3anmoaenctema B 10° pas Bblillie, YEM
ANA PeHTreHOBCKUX nyden

[ns ymeHbLLIeHNA noBpeXxaeHns obpasua 1 nonyyYeHus
MHOPMALIMKM O ero CTPYKTYpPe UCMONb3YT TOHKME
cpes3bl ( OT AeCATKOB 10 COTEH HAHOMETPOB).

KprnoaneKkTpoHHAasi MUKPOCKOMWUS MO3BONSAET
CYLLECTBEHHO YBENNYNTb BpeMs obryyeHmsa obpasua
ANEeKTPoHaMU, a TakKe u3yv4yaTb MakKpOMONeKynspHbIe
KOMIMMEKChbl B UX HATUBHOM COCTOSIHUM



MeToabl yBennyeHma koHTpacta B [1OM

3a CYET N3MEHEHUS KOHJUrypaumm MMKpockona:
1. KoHTpacTtunpoBaHune gedoKycmpoBkou (aHanor ¢pa3oBoro
KOHTpacTa, HO npu AedoKyCnpoBKe NagaeT paspeLleHue)

2. ®a3oBoe KOHTpacTupoBaHue 3a cyeT aobaBneHmnst pasoBbIX
NIIACTUHOK Ha NMYTW 3NEKTPOHHOIO Ny4ykKa

3a CYET N3MEHEHMS XMMUYECKOro coctaBa obpasua:
1. HeraTtnBHbIW KOHTpPACT
2. [1Oo3NTUBHbLIN KOHTpACT



[TpnHUMN 0a30BOro KOHTPACTUPOBAHMS B KITACCUYECKON OMNMTUKE

Primary Image

®puu LlepHuke 1888-1966 .

HobeneBckaa npemusi no pusuke
1953 roga




[TpnHUMN Pypbe-onTUKU

f(x.y) F {f(x.y)}f f(}x.-y)= FF{f(x,y)}

L1

: L2
FOURIER-PLANE
= FILTER PLANE



B llluminating light
M Background light
Speciment scattered light

M Foreground = background + scattered light \ f

Scattered light -90° phase shifted

(a) foreground = background

(b) foreground > background

Background light dimmed
foreground >> background 2'

Vector length and direction respectively
corresponds to light intensity and phase difference

(c)

Background light -90° phase shifted il‘ =
V =

i Condenser annulus @

Condenser
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Specimen

Objective

) -90° phase shift ring
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da3oBoe KOHTpacTnpoBaHue B OM:

[edokycnupoBka (nageHne paspeLueHns) yrrnepogHas nnactuHka N4




dazoBas yrnepogHas nnactuHka A4 — sug cboky

central hole
contaminants 0.3~1.0 um wrap
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Knaccuyeckne metoabl yBEJINHEHNA KOHTPACTA

HeraTnBHoe KOHTpacTUpoBaHue: nobasrieHme
conemn TaXernbliX METannoB (Hanpumep ypaHunauertara)

Bo3amMoXXHO cneundunyeckoe KOHTpacTUpoOBaHUE OnpeaeneHHbIX
0ObeKTOB 3a cyeT AobaBNeHnst KOMMNIEKCOB aHTUTEN C
HaHo4YacTuuamMmu 3osoTa.




OCHOBHble METO/bl BOCCTAHOBIIEHUSI TPEXMEPHOW CTPYKTYPbI:

1) AHanuns audpakummn Ha AByMEPHOM KpucTanse

2) AHanmMa npoekuun OgMHOYHbLIX MaKpOMOIeKyr

3) AHann3 andpakumm Ha TpexXxMepHbIX MUKPOKpUCTanax
4) (Kpno)anektpoHHasa Tomorpadus

specitmen

ohjective lens

Focal length of I

objective lens
—— - _———

back focal plane and
ohjective apetture

first image plane




Single molecule Electron Microscopy.

Freeze thousands of copies
of your sample in vitrious ice.

Randomly oriented.
Take EM images.

Must find molecules.

Pick molecules with similar orientations,
average them to reduce noise.
Analyze projections to infer 3d structure



The sample is transferred
to a grid, which consists of
small holes in a carbon
film, supported by a metal
frame. Excess solution is

LIQUID
NITROGEN

2 A thin film of randomly
oriented particles in water
spans the grid holes.

The grid is rapidly
plunged into ethane,
cooled by liquid
nitrogen. A film of
particles in vitrified
water is formed across
the grid holes.
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AHann3 otaernbHbIX N300paXXeHuin: ycpeaHeHne rno aHcamonto

Sum of 16 Sum of 64 Sum of 256 Sum of 1024



CopTnpoBKa rno opueHtTaumsam n noctpoeHne 3d mogenm
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L7/L12

Kpno-2M-cTpyKTypbl KOMniekca70S pnbocombl ¢ ammHoaumn TPHK B pubocomHom A
yyacTtKe. Obe cybyacTmubl NokasaHbl noaynpo3padyHbimm (50S ceetno-ronybas n 30S
CBETN0-}KeNTana) c Tem, Ytobbl OTTEHUTHL NoNnoXKeHue T-PHK Ha noBepxHOCTM cybbeamHuL.
a) Komnnekc 70S-fMet-tRNAfMet-Phe-tRNAPhe- EF-Tu - GDP - kir ¢ pa3peweruem B 9A.
INOHrauuoHHbIM dakTop EF-Tu nokasaH KpacHbim, T-PHK B A/T yyacTtke — 6aegHo-
PO30BbIM, B P-canTe — 3eneHbim, B E-caTe — opaHXeBbIM. Kir — aHTUOMOTUK KUPOMULMH
(Valle et al., 2003a)
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Illustration: ©Martin Hogbom/The Royal Swedish Academy of Sciences



Microcrystal electron diffraction: MicroED

We initially tested the applicability of MicroED to a model system, progesterone (1) (Fig.
1). The sample was obtained as a powder from chemical supplier Preparations Laboratories Inc.
Small quantities of this amorphous solid were placed in between two glass cover slides and
crushed. The fine powder was deposited on a holey carbon copper grid, cooled to liquid nitrogen
temperatures, and transferred to a cryo electron microscope operating at an acceleration voltage
of 200kV (Thermo Fisher Talos Arctica). An overview of the preparation 1s shown in Figure 1.
Thousands of nano crystals were easily discernable and were investigated for diffraction.
Typically, for samples such as these, the vast majority of nano crystals diffracted to ~1A

1, progesterone

wt ™ }h& s
¢ )
I N, o o

Progesterone

https://doi.org/10.1021/acscentsci.8b00760



Electron Tomography:

Flagellar motor

Milne & Subramaniam, Nature Reviews (2009)



electron beam

Pro;ection views
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i Speclmen at different tilts !

Reconstructed
volume

BpalyeHne obpasua c warom B
1-2° Ha yrnbl oo 70° noseonsder
nony4yaTrb MaccumB NPOEKLUMNH,
HeobxoaumbIn AN
BOCCTaAHOBINEHUNA TpeXMepHOou
CTPYKTYpPbl. B HAcTosLLEee BPeEMS
pas3peLueHue Tomorpadpum
COCTaBIIAET OKOJ1I0 S HM






Vesicle diameter (nm) (o

Smalldark Large dark Light vesicles
vesicles vesicles






[lepexBaT PaHBbe 1 BHYTPEHHME OpraHensibl KNeTku
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Postsynaptic density - PSD
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3D reconstructed mushroom dendritic spines from
middle molecular layer of rat hippocampal dentate gyrus

e g L

Scale bar (yellow) = 500 nm



CpaBHeHMne
Kpuctannorpadbum u PeHTreHOBCKas Kpno-anekTpoHHas
KPWO-3N1EKTPOHHOM Kpuctannorpadua Ha MWUKPOCKOMKUA Ha
MUKPOCKOMMUM OINHOYHbIX KpUCTannax MOJIeKyNax
e Yucno monekyn B obpase ~ 100 ~ 104
e 3PPEKTUBHOCTL paccesaHuUs OY€eHb HU3Kan O4Y€eHb BbICOKas
e [llagaloumm NoToK O4YeHb BbICOKMM OYeHb BbICOKUU
* PeanbHoe n30bpakeHne OTCYTCTBYET AByMepHoe
* PagMauMOHHas onacHOCTb npucyTcTeyeT APKO BblparkeHa

e KoHTpacT CpeaHUM - BbICOKUM OYeHb HU3KUMU




