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«OHM CMOTAM PACCMOTPETL XXM3Hb HA
ATOMAPHOM YPOBHE))

. C)BumpycC 31Ka, KOTOPbIM
Q) beAKOBbIM KOMMAEKC, b)CeHcop AOBAEHMS B yXe, ABASETCSH MOUYMHOM BCMbILLIKM

YNPOBASIOLLIMM LLMPKOAAHBIMM  KOTOPbIM MO3BOASET HOM AMXODAAKM 3MKa B 2015 T. B
Ml ol L Pro-ae-XaHenpo



DOOAEMbI CTRYKTYPHbIX MCCAEAOBOHMM
OUNOAOTUHECKOTO MATEPUMAAD

MoAEAb PPATMEHTOB DAEKTPOH-TRPAHCMNOPTHOM LLEMU B MUTOXOHAPUM:
caeBa — 2011r., paspeLuerHme 2 HMm, cnpasa — 2016 1., paspelueHmne ~6A



CT1pykTypbl Cryo-EM B BbICOKOM
DA3PELLEHNM

MOAEAb MOAEKYABI BaKTEPMOpPOAONCHMHA, 1990 T.



PUMEPDBlI OOBLEKTOB MCCAEAOBAHMM
cnocobom Cryo - EM

540 kDa ~ g

Dengue Virus
11.200 kDa
36A

OT BUPYCQA AMXOPAAKM AEHTE AO M3OLMTPAT AETMAPOTEHA3bI.



MaTEMATHMYECKME METOALI MOCTPOEHMS
3D- MOAEAEN




epBas 3D- MOAEAb DEAKQO -
OAKTEPMOPOAOMNCUHA

[lepBoe, rpyboe, HO O4EHb BOXKHOE M30O6paxeHmne 6eaka B 3D, 1975 .



MoAEAb DAKTEPHNOPOAONCHHA B
OTOMOPHOM PA3PELLEHNMA

HakoHeL, Yyepes 15 AET NMOCAE MPEABIAYLLIETO U30DPAXKEHMS,
XEHAEPCOHY YAOAOCH AODUTBCS NOTPACAtOLLLErO pa3peLueHmal1990 .



MeToA QHOAM3A CAYHAMHO
DACMOAOXEHHbIX OEAKOB

4. FRANK'S IMAGE ANALYSIS
FOR 3D STRUCTURES

Randomly oriented proteins are
hit by the electron beam, leaving a
trace on the image.

CAY4OMHO OPUEHTUPOBAHHBLIE BEAKM ODAYHAIOTCH
MNOTOKOM DAEKTPOHOB, KOTOPbLIE OCTABAAIOT CAEA HA
M300PAXKEHUMN.



MeToA QHAOAM3A CAYHAMHO
DACMOAOXEHHbIX OEAKOB

The computer discriminates
between the traces and the
fuzzy background, placing
similar ones in the same group.

KOMMbIOTEP PA3AEAIET OTNEYATKM) OEAKOB M GOOH, A 3ATEM COPTUPYET
MOXOXME N30DPAKEHMI BMECTE.



MeToA OHAAM3A CAYYAMHO
DACMOAOXEHHbIX OEAKOB

Using thousands of
similar traces, the
computer generates
a high-resolution

2D image
* @

g g

e \

M CMNOAB3Y4 ThICA4M MOXOXKMX (OTMNEYATKOBY, KOMMbIOTED
reHepupyert 2D n300pa>KeHMs B BBICOKOM KAYECTBE.



MeToA OHAAM3A CAYYAMHO
DACMOAOXEHHbIX OEAKOB

The computer
4 calculates how the

different 2D images

relate to each other
and generates a
high-resolution
structure in 3D.

[10 CO3AQHHbBIM KOMMbIOTEPOM AOOTOTPATUIAM CMELIMAABHAS
NPOrPAMMA BOCCO3AAET 3D CTPYKTYPY.



METOA (OCTEKAOBBIBAHMI) AtODOLLIO

5. DUBOCHET'S
VITRIFICATION METHOD

The sample is
transferred to a metal
mesh and excess
material removed.

The sample forms a thin
film across the holes in the
mesh when it is shot into
ethane at about -190°C.

HO METAOAAMYECKYIO CETKY MEPEHOCUTCH MATEPMAA, AULLIHUM

MAOTEPUAA YAOAIETCH, O OOPA30BABLLIMECSH MAEHKM B IHEMKAX CETKM
OXAOXKAQIOTCA 3TAHOM A0 -190° C.




MeToA OCTEKAOBBLIBAOHMSI AOOOLLIO

The water vitrifies
around the sample,
which then is cooled by
liquid nitrogen during
the measurements in
the electron microscope.

LIQUID
NITROGEN

BOAQ OCTEKAOBBLIBOETCS BOKPYr 00PA3LA, KOTOPbIM HA MPOTIKEHMM
MCCAEAOBOHMSA OYAET OXACKAQTLCS XXMAKUM Q30TOM.



YCTAOHOBKM AAY OCTEKAOBBIBOHMS

Fig. 43. Plunger for freezing. (a) Simple apparatus equipped here for freezing bulk
specimens. (1) Retort stand clamps; (2) liquid nitrogen and ethane dewars; (3) water-driven
magnet; (4) plunger with elastic band propulsion; (5) specimen support. (b) A more elegant
freezing apparatus equipped for preparing thin vitrified layers of suspensions. (1) Tweezer
holding the specimen support grid; (2) humidified air outlet.

[epBas YCTAHOBKA — AAS MPOCTOrO OCTEKAOBBLIBAHMS, BTOPAS — AAS CO3ACHMS
OCTEKAOBOHHbIX CAOEB XXMAKOCTM.



€PBble M30DPAXKEHMA MO METOAY
A0OOoLLIO

[lepBoOE M30DpPAXKEHNE AAEHOBMPYCA, OKPY>XXEHHOTO OCTEKAOBAHHOM BOAOM, 1984 .



OT «(BUOAOCTUM KOMKOB) K PEBOAKOLLMM!

Resolution o E e Resolution
before 2013 - e i at present

N306paxeHmne A0 2013 roaa m nocae 2013 roaq, KOTAQ B CTPOM ObIA
BBEAEH HOBbIM AETEKTOP DAEKTPOHOB. HOYOAQCH HOBAS 3P4 B
MCCAEAOBOHMAX MOAEKYA!



HobeAeBCKME AQYPEATDI

22 KUNGL.
7aS) VETENSKAPS
AKADEMIEN
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Yor utveckling av kryoelektronmikroskopi fér héguppidsande strukturbestamning av biomolekyler i I6sning”™
“for developing cryo-electron microscopy for the high-resolution structure determination of biomolecules in solution”
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A BOT U TE€ COMbIE AIOAM, KOTOPBIE CO3ACBAAU KPUOIAEKTPOHHYIO MUKPOCKOMMIO!



[1O MATEPMAAAM:

The Nobel Prize in chemistry 2017. Popular science background. The Royal Swedish
Academy of Sciences

Scientific Background on the Nobel Prize in Chemistry 2017.The development of
Cryo - electronic microscopy. The Royal Swedish Academy of Sciences

https://ria.ru/science/20171004/1506180530.himl



Cnacmbo 3a BHUMMAHME!



