Y10 TaKOe XUBbIE CUCTEMBI C TOUKU 3peHUd XUMUU?
KuHo:

BHYTPEHHSS XU3Hb KNeTKU

The Inner Life of the Cell

O6patute BHUMAHUE Ha:

LlenecoobpasHOCTb NPOTEKAHUS MONEKyNSpHLIX NpoLeccos
U paboTy MOMNeKynapHbIX MALUH



KopoHaBsupyc COVID-19 B Kutae T
Bbi3bIBA€ET NHEBMOHWIO

NCP (Novel Coronavirus Pneumonia
NMHEBMOHMUA,

BbI3blBaeMasi HOBbIM KOPOHAaBMPYCOM)
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Percentage of respiratory specimens that tested positive for influenza 21-27 February 2010
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TECHNICAL FOCUS: Internationally exported COVID-19 cases
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*The situation report includes information provided by national authorities as of 10 AM Central European Time

RECOMMENDATIONS AND ADVICE FOR THE PUBLIC

During previous outbreaks due to other coronavirus (Middle-East Respiratory Syndrome (MERS) and Severe Orop. 9 Be5.6payre Fiston
Acute Respiratory Syndrome (SARS), human-to-human transmission occurred through droplets, contact and

fomites, suggesting that the transmission mode of the 2019-nCoV can be similar. The basic principles to reduce x|®

the general risk of transmission of acute respiratory infections include the following:

Avoiding close contact with people suffering from acute respiratory infections.

ola

s () internationl ches -

Frequent hand-washing, especially after direct contact with ill people or their environment.

Avoiding unprotected contact with farm or wild animals.

People with symptoms of acute respiratory infection should practice cough etiquette (maintain distance, cover

coughs and sneezes with disposable tissues or clothing, and wash hands).

Within health care facilities, enhance standard infection prevention and control practices in hospitals, especially

in emergency departments.

WHO does not recommend any specific health measures for travellers. In case of symptoms suggestive of respiratory

illness either during or after travel, travellers are encouraged to seek medical attention and share their travel history

with their health care provider.

20200212 irep-25ncoupdt - Morila Firefox
T
whoin

B ol web server

Coronavirus disease 2019 (COVID-19)
Situation Report - 23

Data s reported by 12 February 2020
HIGHLIGHTS,

Nonew countries reported cases of COVID-19 in the past 24 hours.

WHO has published ke considerations for repatriation and quarantine of
travellers n relation to COVID-19. More information can be found here.

The UN activated a Crisis Management Team (CMT) on the COVID-18
outbreak, to be led by WHO. The WHO Director-General nominated Dr Mike
R

Manager. The CMIT bings together WHO, OCHA, IMO (International Maritime
Organization, UNICEF, ICAD, WFP, FAO, the World Bank and several
departments of the UN Secretariat. It held its first meeting yesterday via
teleconference. This mechanism willhelp WHO focus on the health response.
while the 7
economic and developmental implications of the outbreak. Additional
members will

impact globally.

WHO has prepared a list of Q&A on infection prevention and control for
health care workers caring for patients with suspected or confirmed 2019-
nCov

CMEPTENBHBIW LWUTOPM:

World Health
Organization

SITUATION IN NUMBERS
total and new cases In last 24

Globally
45171 confirmed (2068

firmed (2022

8204 severe (871 new)
1114 deaths (97 new)

Outside of China
41 confirmed (4

24 countries
1 death

WHO RISK ASSESSMENT
Chin: Very Hig

Regional Level  High
Global level  High
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2020 Kypc XOBTT: Xumudeckue
OCHOBbI 6UONOrMYecKUx NpoLLeccos

Yactb I. Xumudeckas buonorus
npog. Konbrnos Anexkcen Muxamnosumu

aou. 3asbanosa EneHa N'eHHaauerHa

(kapeapa Xumm NpUpoaHbIX coeanHeHUU, XTTC, k. A)
INNekuuwu Ha caure:
http://vsb.fbb.msu.ru/projects/edu/wiki/HpsKopylov



3ameuanue |
butBa napagurm

MHAQO # 3HaHMe
NaHHble - MOHUMaHne —
CTyL - NnpenogaBaTesib

Los portadores de la antorcha (The
Torch-Bearers) — Sculpture by Anna
Hyatt Huntington symbolizing the
transmission of knowledge from one
generation to the next (Ciudad
Universitaria, Madrid, Spain)

With all the technelogical advances and change,
Is mankind happier or wiser than he was 100 vears ago?

"Were is the Life we have lost in living?
Where is the wisdom we have lost in knowledge?
Where is the knowledge we have lost in information?"”

The Eagle soars in the summit of Heaven,




Hayka, npukiiagHas Hayka, HHXECHEPHs, IIPOU3BOJICTBO, MOTPEOICHNE

|
|

3ameuyanue 2

Hayka ctpout Mozenun Mmupa

M. Koxkc
buoxumus Jlenunkepa

Science 1s a systematic enterprise that

builds and organizes knowledge in the form of testable explanations and predictions about
the universe.

Contemporary science is typically subdivided into

the natural sciences, which study the material universe;

the social sciences, which study people and societies;

and the formal sciences, which study logic and mathematics.

The formal sciences are often excluded as they do not depend on empirical observations.

Disciplines which use science, like engineering and medicine, may also be considered to be
applied sciences.

Engineering is the application of mathematics and scientific, economic, social, and practical
knowledge in order to invent, innovate, design, build, maintain, research, and improve structures,
machines, tools, systems, components, materials, processes, solutions, and organizations.
Medicine is the science and practice of the diagnosis, treatment, and prevention of disease.




PyOHKOH KMBO€ - HE)KHUBOE
neperacH!

bronHxeHepUs —

3TO HE IIPOCTO OYEPEAHOM Tl
MHXXEHEPHOTO EPEYCTPOUCTBA
BHEIIIHETO MUPA HEKUBOTO,

3TO PEBOIIOLIUA

BHYTPEHHEN CYITHOCTHU KUBOIO:

YEJIOBEK YK€ CTal HalPaBJICHHO U3MCHSTh
OMOJOTrMYECKYI0 CYIIIHOCTh BCETO KUBOTO
1, KOHCYHO, CBOIO



HampaBieHHO U3MEHSATH

CYIIHOCTB KHBOTO (IIPOKAPHOT)

I'ennas unxxenepus (70-e) +

In May 2010, a team led by Venter became the first
to create "synthetic life". By synthesizing a very
long DNA molecule, ca 500,000 bp, entire
bacterium genome, and introducing this into

another cell

analogous to the accomplishment of Eckard Wimmer's
group, who synthesized and ligated an RNA

virus genome and "booted" it in cell lysate.

The bacterium Mycoplasma mycoides (initially 485
genes, ca. 600,000 bp), synthetic JCVI-syn1.0 (Synthia)
contains ca. 400 genes and 4 "watermarks" written into
its DNA to identify it as synthetic and to help trace its
descendants. The watermarks include

1.Code table for entire alphabet with punctuations
2.Names of 46 contributing scientists

3.Three quotations

4.The web address for the cell

John Craig Venter

«3nech 0bL1 JDKOHY



Pe,anTI/IpOBaHI/Ie r'eHOMaA 65110 1ipr3HaHO MeTozoM rofia B 2011 roay. B 2017 roay B
KanidopHuu Ob11 «pelakTHPOBaH» T€HOM B3pOC/IOr0o UesloBeKa C MyKoroarcaxapuzo3om 11
Thna (CMHAPOMOM XaHTepa).

In 2018, Jiankui He had edited two human embryos, to disable the gene for CCR5, which codes
for a receptor that HIV uses to enter cells. Twin girls, Lulu and Nana, had been born. He said
that the girls still carried functional copies of CCR5 along with disabled CCR5 (mosaicism) and
were still vulnerable to HIV. The work was widely condemned as unethical, dangerous, and
premature. (2 International Summit on Human Genom Editing, Univ. Hong Kong).

29 Hosi6pst 2018 rozma Baacty Kutast mprocTaHoBU/IA paboThl LI3HBKYST X3,[T0CKOJIBKY €ro
JlesiTeJIbHOCTh «4Upe3BblUaliHO OTBPATUTE/IbHA 110 CBOEMY XapaKTepy» U SIB/SETCS HapylleHueM
KUTaNCKOTo 3aKoHoJaTenbcTBa. B nekabpe 2019 roma Bnactu Kutas rnoATBepAuau poxieHue B

[IsHpwxsne [IEPBBIX B MUPE T€HHO-MOAUMULIMPOBAHHBIX JTFO/IEH.
30 gek 2019 L3aHbKYyM X3 oCcyauiu Ha 3 roza TopbMbl U Tpady Ha 430 ThIC. 0.

Anpenb 2019, CIIIA — nanueHT ¢ pakom, T-

KIICTKA
HaHpaBHGHHO HN3MCHsTb CYIIIHOCTD

>KuBoro u, koneauno, CBOIO




3ayem Ha xumaopake XObTT?

«Hayka Haykam MHOroO BeCbMa B3aUMHO CNOCOBCTBYHOT,
KaK PU3UKa XUMUU, PU3UKe maTemaTuka» ( npum 1755 r.)

3 eCTeCTBeHHbIe HayKu:
PU3UKA, XuMua, buonorus

XNMUS:

AHaNUTUYecKas S snins
HeopraHuueckas il HISICF
OpraHuyeckas 0 s LA
dusmyeckas ~ dusmdeckan xumma - IR LA
(PaauaumoHHas) TR
buonoruyeckas ?

MeaouumHckas ?



3ayem Ha xumamparke XObBTT?

«Hayka Haykam MHOro BeCbMa B3AUMHO CMOCOBCTBYHOT, KaK
PU3UKA XUMUU, PU3nKe matematuka» ( npum 1755 r.)

Tm’:};wjme

QI THISTCE
IR JURS FRINA

Kiaccuueckas akagemMuyeckas rnapaaurma

MaTemaTuka 5.
®usmka Matemartmyeckasa pU3mKa
Xumms dusmnyeckaa xmmums

buonorua Xmmmueckaa buonorms



XUMHNYECKAS BUOTTOT N4

y Xumumkos - XOBTT

y buonoros —

Buoxumma (metabonusm),

MonekynapHaa buonorus (nepeaaya MHPOpMaALUU)

CuHTeTUYecKas buonorus (KOHCTpynposaHue u
CO3AaHUE HOBLIX (POPM UCKYCCTBEHHOW XU3HU)

MexayHapOoAHbIU KOHKYPC reHHO-UHXeHepHbIX MAaluH
(IGEM, «PeecTp cTaHAAPTHBIX 6UONOTrUYECKUX AeTarnen» )

dU3nMKo-xmummueckasa buonorus

MaTtematmuyueckas buonorusa. buonHgpopmatuka, bonswme
MACCUBbLI AAHHBIX

CuctemHas buonorna -OMUKH

(MeamumHa @yHaameHTanbHas meamLMHa
[oka3satenbHas v NepcoHanuU3MpoBaHHAs MeAULIUHA)




TeHaeHUMU
PA3BUTUS U CIUAHUA HAYK

 Economicg  SeeeraEny

Molecular & Cell Biology
o~

Kpocc-ccbrnkum 2004 r.
6 128 xypHanos
6 434 916 ccbinok

YcuneHue N I BC
BO3MOXHOCTEU
Yyesnoseka g
110 . = - genes
info bio
ENHANCING
PERFORMANCE "’ﬁ\\
‘cogno
nano \\ 4
neurons
datoms

COopKa cynpamMoJIeKyIsIPHBIX
HAaHOOMO-CTPYKTYP,

Mo MamuHbI

[IpoOembl y3HaBaHUS

HcKkyc HEUPOH ceTr

HcKkyc nHTEIIEeKT

bonee Mo1HbIE UHTETPATOPHI:
HNuctutytsl Yenoseka, Life Science



XpOMOCOMaQ
XpoMaTUAQ
XpOMOHeMa
XPOMATUH

XPOMOCOMHad
OHK
KOHgpopMmaums,
KOMMIIeKC

Annenu (ot AAAAAWY — Apyr Apyra, B3AUMHO) — passfiuyHbIe (POPMbI OAHOTO U TOTO Xe
reHa, pacnosioxeHHbIe B OAUHAKOBLIX Y4acTKaX (JTOKycax) FrOMONOMUYHBIX XPOMOCOM U
onpeaensakolme anbTepHaTUBHbIE BAPUAHTLI PA3BUTUS OAHOTO U TOMO Xe npusHaka. B
AUNIIOUAHBIX OPraHU3MAX MOXeT 6bITb ABA OAUHAKOBLIX Aflnens OAHOIO reHa, B 3TOM
CNnyyae OpraHM3M Ha3bIBAeTCA FOMO3UMOTHLIM, UMK ABG PA3HBIX, YTO NPUBOAUT K
reTepo3suroTHOMY OpraHu3mMy. TepMuH «annenb» npeanoxeH s 1909 r.

KPATKHIH CIOBAPH H3BPAHHEIX TEPMHHOB
o
XHAMHYECKOH BUOJIOT N

MOCKBA, 2011 §
o
2007 i

Konbrnos A.M.,
Bauera A.B.

«KPATKHN
CITOBAPb
N3BPAHHbBIX
TEPMHUHOB
TT0 g
XNMNYECKOWM
BUNOJTOT NN,
M., 2011


https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA

3auyem XObBTT knaccuyeckomy yHUBEpCAHTY?

M koraa meI nonbITaemcs yCTaHOBUTL, KaK UMEHHO YCTpOeHa
BceneHHas, u, B YaCTHOCTU, HAUTU CBOE MeCTO B Heu, Mbl
MOUMEM, YTO 3TO OAHA U3 BENUYAULLUX TAUH.

3Ta npobnema HAXoAUTCA B OAHOM paAay C APYFUMU BAXHBIMMU .
BOMPOCAMU, KOTOpbIE BMepBbIe SCHO CPOPMYIUPOBANU ApeBHUE | |
rpeku:

npupoAa maTepuu U ceeTa, BO3HUKHOBeHUe BceneHHowu,
npoucxoxaeHue Yenoseka, Npupoaa COHaHUA U aywm

He nuTtath HUKAKOrO UHTepeca K 3STUM BOMPOCAM — 3HAYUT bbITb
coBCeM HeOobpa3OBAHHBIM,

Francis Crick

0CObeHHO ecnu cerdac y Hac ecTb BeCbMa peanibHas Hagexaa Ha
HUX OTBETUTb C NMOMOLLBIO MEeTOAOB, KOTOpbIE COBCEM
HeAaBHO... CYUTASTUCH CBEpPXbeCTeCTBeHHBIMM.

®. Kpuk. XKusHb kak oHa ecTb. Ee 3apoxaeHue u
CYLYHOCTb.

HanTtu mecto yenoseka
(1 BCero XmBeoro) B CO3a4aHHOM
TeXHOreHHOM MUpe U BIKUTb




3a ¥ IPOTHUB «CUHTETUYECKON OUOJIOTHI

51 Gonbliie Bcero 00KOCh HE 3JI0YIIOTPEOICHHUS TEXHOIOTHEH,

a HeynompebjeHusl €€ — TOT0, UTO MbI BOOOIIEC HE CTAHEM €€
MCIO0JIb30BaTh U YIIYCTUM 3aMEUaTeIbHYI0 BO3MOKHOCTh B TAKOE
BpeMsI, KOIJIa Mbl IEPEHACEIMIIN Hallly IIJIaHETY U HeOOpaTuMOo
MEHSIEM OKpYKarolyto cpeay. OTKa3aBIIMCh OT TEXHOJIOTUH, MBI
OTKa)XKEMCS M OT BO3MOXKHOCTH MCIIOJIb30BaTh €€ ISl COXPAaHEHUS U
VIIYUIICHUS KU3HEN.

ITocaencTBus 0e31€HCTBUSI MOTYT OBITh OITACHEE, YEM
Hernoa00aroIIee NCI0Ib30BaHUE TEXHOJIOTHH.

Kpeur Benrtep «Ku3znp Ha ckopocTn cBeta. OT ABOMHOW CIIMPAIIH K
POXKICHUIO HU(POBOM OHOJIOTHI



Bo3moXHOCTU ™ MO3ra ‘TP@H.D. KV]BOP
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NoTOM
UCKYCCTHEHHHIN
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patient and Ha
dish of nutrients

3BOHUNU U3 MacTepCcKon. Baw mosr rotoe

Prof. Wallace W. Tourtellotte,



Bonpocsl XOBII aktuBHO 00CYyKIal0TCA B MacCMEaNa

XHMHA HKHIHL

&) /2019
12

Bl TEOMOROMIM DEIOMMM H YETHRE MY — No

OOt A eBOMOG ODCITIENEX T, MMKTWECIS PAIDABOTES
EOTOPEX SEASTCA yxe Ceiuac. B 3106 rpynne camui axscosmi
PeFTINN JCNEPTH MPUCIONAN IYGoROMY OEYEHIID HEKYT
Ta. 38 HaM B NODROKE YORBAHUA CISIYOT
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A isons CHAEERAUISE MAMEHEHIE BCER HAWST LpmIaL
eBarTOAE

BLETOBET [ATEMTIE TEXHONOMA THETLER TEYNnE:
EOAAEYHIELBA B KEAHTOBKE KOMIBIDTEENS, MATKHE POGOTE,
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XOBTT u BbICOKUME TexHONOrMm
1 kr HeppT - 0,85 USD

1 kr 6usanupyauvHa - 40 mnH USD

(UeHa xavi-texa - ripum 5E7)

1kr Au- 56 tb1c USD J1. I. Mennenees

Pel'eHepGTMBHGSI MmeavuuuHa: KnetToyHasa, TkaHesas U OpraHHas

In 2007, British doctors grew a human heart valve HOW TOMAKE A HEART
using stem cells taken from a patient's bone marrow. |BSER  1ieart removed from
i donor. Washed in

detergenl toremove

‘skelelmf of

Stem cells taken from 2%
patient and grownina |
nutrients_——




BO3: 10 rnobanbHbIX yrpo3 B 2019

7725 World Health
Organization

Countries v Emergencies v About Us v

Ten threats to global health in 2019

1. 3arpsasuenue Bo3ayxa (mpumep 1)
3. I'moGanbHas manaeMus rpunima (npumep 2)
5. AHTUMUKPOOHAs] YCTOMYUBOCTD. (B JICKIIUSX JaJjiee)
YcToHuMBOCTS K IIpenapaTaM IpOTHUB TyOepKyIies3a,
KOTOPBIN €KEeroIHO YHOCUT 1.6 MutH u 3a0osieBatoT 10 MitH
2017 — 0.6 MyiH ycToituuBHI K pudamMnuiuHy, a 80% - MHOXXECTBEHHAs] YCTONYHUBOCTh
10. CIIN]I (B nekuusx gajnee) jgedarcs 22 MIH u3 37 MiIH, 3a0o01eBaeT 1 MIIH/TOj
Bcero 6b110 3apakeno 70 MitH, 35 MIIH yMepJio



MupoBor IKOHOMHYECCKUH (POpPyM:

3 ocHOoBHbIE npodJemMsbl 1 2019

The second big task is to de-couple economic progress from
environmental degradation. In short, every new unit of
economic gain is still cranking out a corresponding unit of
environmental pain.

GLOBAL AIR POLLUTION ISSUE

9 out of 10 people
worldwide do not
breathe safe air

Join us in breathing life back into our cities at
Breathelife2030.com

BREATHELIFE _ .
Clean air:/Healthy future. U&‘mgﬁﬁ H,H]::{%: @ CU‘M“E :

500 oxygen-free “dead zones” in oceans around the world

Kills 4-7 million people every year


http://science.sciencemag.org/content/359/6371/eaam7240

AHOMasibHOe neto 2010
(1 000 — 5 000 net?)

Weak pulse and slowed respiration;
respiratory failure and death

Coma with intermittent convulsions; depressed
respiration and cardiac function; possible death

Fainting; increased respiration and pulse:
coma with intermittent convulsions

Same as below with greater risk of collapse
or fainting; increased respiration and pulse

Severe headache: weakness; dizziness:
dim vision; nausea and vomiting; collapse

Headache: throbbing in temples

Tightmess across forehead; possible headache

No symptoms

TTpumep 1: kak yen 6opetcsa ¢ Yen

o]
]
C
O$C\
Fe C=o0
-
o%
[}
1]
(0]

3PUTPOLINTBI

‘ Q (_]}{'\’guu
Red blood % ﬁa from lungs

cell

Oxygen released
to nssue cells D

93

V
Hemoglobin
molecules
’
Oxygen bonded

with hemoglobin molecuies

remornobuH




*#UROSPORT

«CmMoTpu, ®non , [bl J,OJDKEH aer

SputponoatuH (EPO)

4TO roBopuT ®epbpiofreH, NoTo

CMOXeM n3BneYdb U3 3Toro I'IOHhG’. i ‘eHﬂ 6bin
NONoXUTenbHbIA TecT Ha Type LLiBenjapuu B 2001-M,
U 51 BIHYXX/IeH 6b1/1 NOATU K 9TUM NapHAM»

JlaHc ApMcTpoHr

*UROSPORT
Neutrophiler Monozyt . Pronormoblast
Granulozyt g : -
: - ._ Basophiler
0 S k /‘- Ll S Nermoblast «Ero Teno pocraBnsno Kucnopon‘k
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TTpumep 2: Kak npupoaa
B3AMMOLEUCTBYET C YesI0OBEKOM
camas bonbluaa katacTpodpa
1918-19 ucnarka — 550 mnH,
100 mnH netansb

Percentage of respiratory specimens that tested positive for influenza

0

1450 2,800 5800 Kiometers

Status as of week 08
21-27 February 2010

Influenza ransmission zones
Internationzl boundaries

% influenza positive*
[ 0-10

A

il
il

AHY)

1-20 Ak
[ 21-20 [ Atnot subtyped)
-0 B

Data not available

Panderic H1N12009)

Note: The available coljntry data were joined in larger geographical areas with similar influenza v} }
transmission patterns to be able to give an overview (www.who.int/csr/disease/swineflu/

when total number of samples tested >10
**when influenza positive samples >20

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, teritory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which

there may not yet be full agreement.

w fransmission_zones/en/). The displayed data reflect reports of the stated week, or up to two weeks
before if no data were available for the current week of that area
Data used are from FluNet (www.who.int/flunet) regional WHO offices or ministry of health websites.

Data Source: World Health Organization 3

Map Production: Public Health Information v\f@a gvrmalﬂilz‘:?igg
and Geagraphic Information Systems (GIS) NS gl

World Health Organization ©WHO 2010. All rights reserved
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[punn - coBpeMeHHas yyma: nmesa 6.4 Mapa 4yen Ha
[ThaHeTe u X NHTEHCUBHOE NnepemMeLlleHmne, rpmnn
MOXET CTaTb “MOLLHbIM ddakTopom otbopa ” (P.

D O D‘?W) J http://v-\fwyv..rit.(ladu/-andpph/pho-tofiIe-c/s.ne-eze-k-17.jpg
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llinesses
9,300,000-45,000,000°

. B 1s0% . g v In D& =
Easily spread Spreads slowly

Rarely fatal Often fatal
*The top range of these burden estimates are from the

2017-2018 flu season. These are preliminary and may Known influenza pandemics[2061(2071[208] (y.1.)
change as data are finalized.

i Case Pandemic
People infected . .
Name Date | Subtype tect) Deaths fatality Severity
’ rate Index
1889-90 flu | H3NS8 or .

. 1889-90 N/A 1 million 0.15% N/A
pandemic(209] H2N2 ?

Spanish flul210]  1918-20| HIN1 | 33% (500 million)(211] 20 to 100 million 2-3%[212] 5

. 8-33% (250-1000 - -
Asian flu 1957-58| H2N2 L 1 to 1.5 million <0.2%l214] 2
million[213])
7-28% (250-1000 -
Hong Kong flu  1968-69 H3N2 S 0.75 to 1 million <0.2%l[216] 2
millionl215])
Russian flu 1977-78 HIN1 N/A N/A N/A N/A
2009 flu
i 2009-10 | HIN1/09 = 10-200 million[219] 105,700-395,60002201 | 0.03%[221] N/A
pandemicl2171(218]
mainly
A/H3N2
Ever . 5-15%
Seasonal flult1] : ° 290,000-650,000/yearl223] | <0.1%[224] N/A

year | A/HIN1, (340-1000 million)[222]
and B



1 Curreni Prormoceaiivel Denipa, T016, Fod

Fig. (). Life cycle of influenza vinss. 1 = virion atischenent 10 the cell; ¥ and 3 = endocytosis of the vins; 4 = fision of viml and
release of vRENA; 5 - oonsport of vRMA o ihe nucleus; § - cemsoripoion and translation of regulatony protzins; 7 - resscripiton end translation of virion pro-
feing; K < wRNA replication; 9 and 10 - essembly of mew virions; and 11 = winon detackment from the cell. Bermaggbatinin is shown i green



XOBTT xuMuky - nparmaTuky

Ona nosceaHeBHOU XU3HU:

0 .ﬂMJTEpMH.EéDZ,S
Yt06bI 6bITH GAEKBATHBIMU ol B

9004
(MO3r - 3BONFOLMOHHOE NpeuMyLLEeCTBO) | Hebsonem o N
YT106bI 6bITH 340POBLIMU U CUACTIIUBBIMU: | £ =

i el e

Mowcku peuenus 3 o R S
HepaspelmrMoro NapaaoKca - o ToBEBE, 1814 g
YTO nyule
«3/10pOBbI befHAK Unu 60nbHOM 6orau?» .

[THeBMOHUSA, TpUIII
A TaKXe, YTobbI 3HATb:

UTO TaKOe aHTUBUOTUKU U NOYeMy BO3BPALLAFOTCS «CTapble UHpeKLuumn» (Tybepkynes)
UTO TaKOe BUPYCHI U He NeUnTbCa OT HUX aHTUbuoTukamu (rpunn u CTTINA)

uTo Takoe AakTunockonusa AHK u uctopusa yenosevectsa (k10 661110 EBA U Yem 6onenu
(PapaOoHbI)

UTO TAaKOe reHeTUYeCKU MoAUPULUPOBaHHbIe opraHusmel (FTMO B Boae?)
UTO TAKOE PaK U NoYemy A0 CUX NOP HeT IPEPEKTUBHOrO SlekapCcTea OT paka

HAna ser6opa paboTtbl: aHANU3 NPpUOPUTETOB U NEpCrneKkTUB



NcxoaHbIiv 6a30BbIN YpOBEHb
no XMmmum




OcHoBHbIe y4YebHbIe nocobus

. HenbcoH, M. Kokc
(2008/2011, 2017)

-

Principles of Biochemistry

& d
Lehninger A. L.
Nelson D.L.

Cox M.

"PRINCIPLES OF
BIOCHEMISTRY"
1993

(Oap npop. Cox M.,
bubnuoTtexa
Xumaka)

MOAEKYASPHASA
BMOAOTHA KAETKH

b. AnbbepTc u ap
(08/2013,
2018

«OCHOBbI MOneKynapHOU
buonorum KneTku»



KonbmaH 4., Pem K.-T.
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O C O M g I e
XHMHYECKHHA DARVILTET
1 CJIOB. 1)

KonbmaH 4., Pem K.-T.
«HarnaaHaa 6uoxummus», 1 =T
2000, M., Mup. 2009 E ()58

Konbrnoe A.M., bayesa A.B.
«KPATKHUN CINTOBAPb N3BPAHHbBIX
TEPMHUHOB TTO XMMHUYECKOW BNONTOT N>,

M., 2011
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el 1 AE S
sl 21, 3ams

AM, Konwuon, A.B, Nleramon, EI'. 3apmanosa

A.M. Konbrnos, R, SRS
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E.l". 3aBbsnosa f e B
«XuUMunyeckme ocHoBbl G
6uonorudeckux npoueccos», . o
y. 1, 2; 2020, 6ubn. xumapaka L g




CeTeBble pecypcChl:

npeseHTaumm nekumm
http://vsb.fbb.msu.ru/projects/edu/wiki/HpsKopylov

http://en.wikipedia.org


http://en.wikipedia.org/
http://en.wikipedia.org/

[TonynapHble n3gaHus -

aHannm3 TeHaeHuunn

B mupe Hayku — 12, 5 TbIC 9K3
XUMUA U KN3Hb — 5 ThbIC 3K3

[>xoH bpokmaH

TS e adrn. Jﬂh” Erﬂﬂkmaﬂ

N3narens, ocHoBal «Edge
Foundation», BeO-caiiT, Ha
KOTOPOM y4EHbIE KOMMEHTUPYIOT

. KJTFOUEBBIE TTPOOIIEMBI
Kapn {lumMep, Hay4YHBIN TUCATENb U ?norep, HCCIICIOBARMI ¥ TEXHONIOL ML
OecTceIltepbl IEPEBENCHBI HA PYCCKUM KHHUTH TIepeBE/ICHB!



4 uuKna

I. Xumuyeckaa opraHusaums
XUBOIO KAK CUCTEMbI

IT. Tlepepaya wHMPOpMaLUU
(reHeTUuyeckou)

III. F'eHoTUN U peHoTUN
(akcnpeccus)
IV. TTpuknaaHbIE BONPOCHI



2020. 110 rp xumumyeckas buonorus (nH, 15-00 16-35, n1, 12-40 14-15, 501 k.A)

I Xueoe/*u3Hb Kak cuctema
14. 02 Y70 Takoe xmBoe/xU3Hb C TOUKU 3peHUsa Xummm - 1
17. 02 npoa. Monekyner knetku. Boaa. - 2
21. 02 CTpykTypa u yHKumsa benka — 3

28. 02 buonoruyeckue membpaHsr. TpaHcnopT BelecTs. TTpeobpasosaHue s3Heprum — 4

IT MHopopMaLMOHHbIE NOTOKU

02. 03 CTpyKTypa HyKNeuHOBbLIX KUCNOT, ABOUHAs cnupanb AHK — 5
*06. 03 buocuHTEe3 HYKNEenHoBLIX KUCnoT — 6
09. 03
13. 03 buocuHTes benka — 7

16. 03 KoHTpornbHas 1

ITITI MeHoTun U peHOTUN
20. 03 Perynsaumus skcnpeccum reHos. Cuctema nepenaum curHana. Pak - 8
23. 03 'eHom, nnasmuaer, supycel. 'punn, BUY - 9

27.03 buotexHonorus - 10

30. 03 KoHTponbHas 2
03.04 pa3bop KOHTpOSbHbLIX

Mavi — nepenucbiBaHME KOHTPOSIbHBIX



Teopus - napagurma >XnBOro:
co3gaHue nopsnka U3 xaoca u
nogaep kaHue nopsgka

3a CYEeT 9Heprum cosHua

3

A

JKU3HB KIIETKH

XUMHUYECKas CBA3h
WJIU B3aUMOJIECTBUE

Hexusoe u xusoe

[MpakTuka — cuHTETUYeckasa dmuonorus
XUMUYECKUA CUHTE3 XXNBOTO C 3aaHHbIMW CBOMCTBaMU



Kak 13 HeXXnBbIX MOMNEKYN cAenartb XUBYH KNeTKy?

«[TpaMon XMMNYECKMN CUHTES3» KNUBOIO?
CuHTeTnyeckasi bmonorus

1824-1828, ®©. Benep - cMHTE3 MOYEBUHbLI N3 LiInaHaTa.
1860-e M. bepTtno
Kpax Butanmama — HeT XU3HEHHOWU CUNbI
(>KMBbIX MOSeKyn)

2010 K. BeHTtep - CnHTes reHomHoun IHK m
nepenporpamMmmMmpoBaHne KNeTKu
bakTepun

2018 U3aHbkya Xo — pepaktmpoBaHune JHK
9MOpKMOHa YernoBeka



Bayap OpBuH CMOHOBMY 2 JDpBUHA U
TeopeTtndeckas buosnorus, 1935 mapagnurma >KHBOro

[TpyUHUMN YCTONYMBOIO HEPABHOBECUSA XUBbLIX CUCTEM

Bce (M TonbKO) XXMBble CUCTEMbI HUKOr4a He ObIBalOT B paBHOBECUU U
NCMNOMHST 3a CYET CBOEW CBODOAHOM SHEPIUN MOCTOSAHHO paboTy
NPOTMB paBHOBECKA,

TpebyemMoro 3akoHaMu PU3NKNU 1 XUMUU NPU CYLLLECTBYHOLLIMX
BHELUHMX YCNOBUSX.

Takum 06pas3omM, XMMUYecKasi SHePrusa NULLK NoTpebnsaeTca B opraHn3mMe Ansi Co3aaHus
CBOOOOHOWN SHEPIMM CTPYKTYPbI, ANt NOCTPOEHUs1, BO30OHOBNEHUS, COXPaHEHUS1 3TON
CTPYKTYpbI, @ HE HENOCPeaCTBEHHO NpeBpaLLaeTcs B paboTty

(B HEXXMBOW MalLMHe paboTa BbIMOMHAETCSA HaNpPsIMy0 OT BHELLIHErO UCTOYHMKA SHEPIrn)

WpeauHrep SpeuH Pygonsd Mosed AnekcaHap
YT0 Takoe Xun3Hb? dusmnyeckne acnekTbl XuBown knetkn, 1943-5

Kak opraHn3my ygaeTtca 4OCTUYb KOHLEHTpaUuM nopsiaka u
n3dexarb becnopsgka aTOMHOro xaoca BTOPOro 3akoHa
TepMoaNHaAMUKN?

Uenosek vs 70 kr atomoB P, C, H, N, Ca n npou



SODIUM ACID PYROPHOSPHATE

FOOD GRADE

|_PYROPHOSPHATE

N. W: 25KG
. G.W: 25.1KG

nupodocdar

|
NaO—lI’—O—P—ONa

OH OH
Tnruipounpodocdyar natps

MM npum 220

The energy used by human cells requires

T " the hydrolysis of 100 -150 moles of ATP
e /N\C/c‘:QN daily, which is around 50 to 75 kg. Each
o o o | H Ak ATP molecule is recycled 500 to 750
ot —o—t—o—t—o—cy, N W times (100 mole/ 0.2 = 500).
> ;A.l 8 JA\ O Consumption closely follows its
Eg::‘igg-wej OH O synthesis. Around 5g of ATP 1s used at
e any time.

MM npum 500



DHeprusa™ peakumm rmaponusa

kcal/mol kJ/mol
Amuabl/nentuabl
GlyGly (AcN) -2.2 -9.2
SPpUpbI
StunauetaT (AcOET) -47 -19.6
————————————————————————————————————————————————————————— (- 25)
XPPPi -> xPPi + Pi -7.3 - 305
xPPPi -> xPi + PPi -10,9 -455

(8 knetke - 12 - 15)

YkcycHbiv aHruapua (AcOAc) -218 - 911



JKuBoe u 3¢pupsl GoCcHOPHON KUCTOTHI

rr COPAHA

H OBBIE
HATPABAEHUA B XUMUU
BUOAOTUYECKU BAXKHbBIX
30OUPOB :
®OCOOPHON KUCAOTBI
Xap I'ooung Kopana
Ho6 npemus 1968 r M, Mup, 1964

Nekumna 1958 r.,
PokdennepoBCKUNA UHCTUTYT MEOULMHCKNX UCCliegoBaHU
(1901 r.,nocne 1965 r. - PokdennepoBCcknn YHUBEPCUTET)



UTO Takoe xmuBoe/>Kkn3Hb?




UTo TaKkoe xusoe?

TomeocTas (camocTb)



UTto TaKoe XU3Hb?

PasmHoXeHUue: aenerue, yZABOEHUE



OCHOBHbIE PYHKLUU:
xueoro - | OMeOoCTa3s

(“cmna YCTONUUBOCTU", KCAMOCTb> )
CNOCOB6HOCTb OTKPLITOU CUCTEMbIL

C0O3AaBaTb U COXPAHATDL

CBOE BHYTpeHHee COCTOosHUe
nocpeACTBOM CKOOPAUNHUPOBAHHBIX peaKkLmnm
B AMHAMUYECKOM YCTOUNYUBOM HepaBHOBECUU

%u3Hu - PQ3MHOXeHue

3anporpaMmmmpoBaHHoOe aerneHne, yapoeHue
NPUBOAUT K NOMYNALUU - COBOKYNHOCTU 0coben/KneTok
OAHOIrO BUAA, CNOCOBHOM ANUTENbHO CYLLeCcTBOBATb
BO BpeMeHU U NpOoCTpaHCTBe



OCcHOBHbIE CBOUCTBA XUBOIO

onpefenaroTcs Tem, YTo 3TO
CUNCTEMA

CINOXHAS

(MHPOPMALIMOHHAS - CBA3U)

OTKPbITA4 N
ﬂ M H A M M L'I EC K A g caoxﬁ%géﬁ%ﬂ(m
(Gﬂ.anTM BHAA, * —
3BONFOLIMOHUPYHOLLIaS )




Cuctema (0T rpey. oUOTNHA, KCOCTABMEHHBIN» ) —
MHOXeCTBO B3AUMOCBA3AHHbLIX O6BEeKTOB U
pecypCcoB, OpraHU30BAHHLIX B eAUHOe Liesnioe U
NpOTUBONOCTABNSEMOe cpeje.
Cuctema — COBOKYMHOCTb cywHocTen (06beKkToB) U
cBa3eu mexay HUMU (MaTepuanbHbIX +
UHPOPMALMNOHHLIX), BbIAeeHHbIX U3 CpeAbl Ha
onpepenéeHHoe BpeMs U ¢ onpefenéHHou Lenbho.
CocTapnarowme: 371eMeHTbI + B3AUMOCBA3U + Lienb
(HasHa4yeHue)
ITro6ovi HeanemeHTapHbIU 06 beKT MOXHO
PACCMOTpPeTb KaK noacuctemy Uenoro (K KoTopomy
pPaccmaTpmBaembIv 06 beKT OTHOCUTCA),
BbIAESIUB B HEM OTAEeNbHbIE YacTU U
onpefesnive B3auMOAeUCTBUA 3TUX YacTeln,
CIYXAWUX KAKOU-NU6O PyHKLUU.




CJIOKHOCTD (B Bukuneauu oTCyTCTBYET)
CoOCTaBJIEHHOCTh U3 HECKOJIBKUX YaCTEH; MHOTOOOPa3HOCTh M0 COCTaBY BXOASIINX

BbIYHCJINTEILHAS CI0KHOCTD

(uHpOpMaTHKA U TEOPUS AIITOPUTMOB) - 0003HAYAET (PYHKIHUIO 3aBUCUMOCTH 00bEMA
pabOThI, KOTOPAs BHIMOIHACTCS HEKOTOPBIM aJITOPUTMOM, OT pa3Mepa BXOAHBIX
TAHHBIX.

KosimoropoBckasi ¢J10;KHOCTH (00bEKTa, HAIIp. TEKCTA)

(aaropuTMHYECKask TeOpUsi MHPOPMALIMKI) - MEpa BEIYMCIUTEIIBHBIX PECYPCOB,
HEOOXOUMBIX I TOYHOTO OIPEICIICHUS TOr0 OOBEKTA.

Takxe U3BECTHA KaK ONMUCATENIbHAS CIIOKHOCTh, CI0XKHOCTh KoMoroposa-XanuTuHa,
CTOXACTUYECKas CJI0KHOCTb, AJITOPUTMUYECKAsI SHTPOIUS UM aJITOPUTMHUYECKAs
CI0XKHOCTB. BeIpakaeT BO3MOXKHOCTh (PPaKTaILHOTO OMUCAHMSL.



Complexity - the behaviour of a system (or model) whose components interact in
multiple ways and follow local rules, meaning there is no reasonable higher instruction to
define the various possible interactions.

"complexity" - complex - (Latin com ("together") and plex ("woven"). A complex system is

characterised by its inter-dependencies.

Complexity is generally used to characterize something with many parts where those parts interact with each other in multiple ways,
culminating in a higher order of emergence greater than the sum of its parts. There is no absolute definition of "complexity".

Science as of 2010 takes a number of approaches to characterizing complexity.

"complexity science" - "the study of the phenomena which emerge from a collection of interacting objects". (2009) "Two's company, three
is complexity"'.

Complexity expresses a condition of numerous elements in a system and numerous forms of relationships among the elements.
Warren Weaver, 1948, two forms of complexity: disorganized complexity, and organized complexity.

In the case of self-organizing living systems, usefully organized complexity comes from beneficially mutated organisms being selected to
survive by their environment for their differential reproductive ability or at least success over inanimate matter or less organized complex
organisms.

Complexity of an object or system is a relative property.

In some scientific fields, "complexity" has a precise meaning:

In computational complexity theory, the amounts of resources required for the execution of algorithms is studied.

In algorithmic information theory, the Kolmogorov complexity (also called descriptive complexity, algorithmic complexity or algorithmic
entropy) of a string is the length of the shortest binary program that outputs that string.

In information processing, In physical systems, In mathematics, In Network theory, In software engineering, In abstract sense

Molecular recognition - phenomenon of organisation.

The behavior of a complex system is often said to be due to emergence and self-organization.

Chaos theory has investigated sensitivity of systems to variations in initial conditions as one cause of complex behaviour.

Artificial life, evolutionary computation and genetic algorithms have led to an increasing emphasis on complexity and complex adaptive
systems.

Hierarchical complexity. It is orthogonal to horizontal complexity.

Command and Control Research Program, Cyclomatic complexity, Digital morphogenesis, Dual-phase evolution, Emergence, Evolution of
complexity, Game complexity, Law of Complexity/Consciousness, Names of large numbers, Network science, Network theory, Novelty
theory, Occam's razor, Process architecture, Programming Complexity, Sociology and complexity science, commensurate complexity,
Variety (cybernetics), Volatility, uncertainty, complexity and ambiguity, Computational irreducibility, Zero-Force Evolutionary Law
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HenuHeMHOCTb (PYHKLUMOHUPOBAHUS XUBOTO:

MoZenNn HeyeTKOU NOTUKU U UCKYCCTBEHHOU HEUPOHHOMU ceTu

Heuetkas noruka u teopus
HeyeTKUX MHOXecTB — pasaern
MAaTemaTuKu, obobLiaeT
KIACCUYECKYHO NOTUKY U
TEeOpUHO MHOXeCTB.

TToHaTUe MHOXecTBa 6bIN0O
pacwmpeHo AonylueHuem, Yto
(PYHKLUS NPUHAAIEKHOCTU
351eMeHTa K MHOXeCcTBY MOXeT
NpUHUMATL NFobble 3HayYeHUs B
uHTepeane [0...1], aHe
Tonbko O unu 1. Takue
MHOXeCTBa 6bININ HA3BAHLI
HeYeTKuMU.

TTpeanoxeHsbI pasnuyHbIe
noruYyecKkue onepaumm Haa,
HEeYETKUMU MHOXECTBAMU.
Bnepeblie sBeaeHo JlrogpTtu
3ape B 1965 r.

e ——
. 4

OpaHO3HAYHO
U JMHEenHo:

[a - Het

Hidden

Input
Output

HeopgHO3HA4YHO U
HenNUHEeUHo:

C BepoSTHOCTbHO P
NPOUCXOAUT U
cobbiThe U ero
BENMUYUHA



JIpeBHss Cy(uicKast mpuTya CJ'] OXHAGa CnNctemMa

HepapXudHOCTB:
AJIEMEHT KaK MOJACUCTEMA

CBAa3u 3N1eMeHTOB: f D
marepuanbHbie
UHMPOPMALNOHHbBIE Q

CBOUCTBA CUCTEMbLI Z CYMMe CBOMCTB 3/1eMeHTOB, UTO
onpeaenseT NosasfieHne HOBLIX CBOUCTB Y CUCTEMbI
(Bo3HUKaroWMe (3IMepaXeHTHbIE) CBROMCTRA).

TToasnaroTca n Kak oTBeTHAS peakumna Ha UsmeHeHud B

CAMOW CUCTemMe U Ha BHelUHUe BO3AeUCTBUA.
CnoxHbIe CUCTeMbl HelIMHeUHbI (BepOATHOCTHBLI) U pelKo
PA3BUBAFOTCA NO eAUHCTBEHHOMY U MpeacKkasyemomy nyTtm




TUTTBI CUCTEM

TEPMOONHAMUNYECKASA KINACCNEUKALIUA: no xapakTepy cBg3el NnapameTpos
CUCTEMBI C OKpYXarolliew CpeflON: 3aKpbITbIe U OTKPLITHIE.

3aKpbITbIe CUCTEMBI AenaTCa Ha 3aMKHYTbIe U U30NUPOBAHHbIE, 3aMKHYTbIe CUCTeMbI —
06MeHUBAaroTCa TONbKO 3Hepruen, Ho He 06MeHUBArOTCA BelLeCTBOM, a B
N30JIMPOBAHHBIX NFO60M 06MeH ucknroveH. XapakTepHo yseninyeHue becnopsaka
(BTOpOM 3GKOH TepMOAUHAMUKN).

OTKpbITbIE CUCTEMBI O6MEeHUBArOTCS BelleCTBOM U
3Hepruemn ¢ oKpyxaroLien cpeaown.

B OTKPbITbIX CUCTEMAX MOTYT NpOUCXOAUTD dBJ1eHUA
camoopraHmaumm, yCinoxHeHna nim CnOHTaHHOro
BO3HUKHOBEHUA NOpaAKa.

TTpumep asyxyposHesou knaccupurkaumm cuctem 110 TIPOUCXOXKOEHNHO:

* EcTecTtBeHHbIe (MpUPOAHBIEC): HEOpraHUYeckme, bBUonorudeckue, sKkonorudeckue u ap

*  WckyccTBeHHbIe : maTepuanbHbie, abCTpakTHeIe (MAeanbHbIe), abCTPaKTHO-
MaTtepuarbHble

* CMellaHHbIe (coUMOo-TexHoTornYeckue, OpraHU3auUnoOHHO-TEXHUYECKMe, coumnasibHo-
SKOHOMUYeCKuHne



CBOUCTBA CUCTEM

1. CBa3aHHbIE C UeNaMU U PYHKLUUAMU

LleneHanpasneHHOCTb AEUCTBUM KOMMOHEHTOB YCUIIMBALT 3(PEPEKTUBHOCTb PYHKLIUU CUCTEMBI (CUHEPrUYHOCTD).
TTpuoputeT UHTepecos cUCTeMbI Mepes UHTepecamm e€ KOMMOHEHTOB.

He coenaaeHue ueneit (PyHKLMUIA) KOMMOHEHTOB CUCTEMBI C TAKOBLIMU CAMOMU CUCTEMBI (3MepAXKeHTHOCTD ).

SPPeKTLI PYHKLUMOHUPOBAHUS KOMMOHEHTOB B CUCTeme 061aAaF0T CBOMCTBOM YMHOXEHUN, a He CIOoXeHUa
(MYyNbTUNAUKATUBHOCTD)

2. CBA3aHHbIE CO CTPYKTYpPOU

LlenocTHoCTe — NepBUYHOCTL LieNoro Mo OTHOLWEHUKO K YaCTSM.

HeapantuBHOCTL —HECBOAUMOCTb CBOUCTB CUCTEMBI K CYMMe CBOMUCTB €€ KOMMOHEHTOB.

CTPYKTYPHOCTb — BO3MOXHQ AEKOMMO3ULIUS CUCTEMBI Ha KOMMOHEHTLI, YCTAHOBMEHUe CBA3e MexXay HUMU

Vlepapxuquocn — KQXAbIA KOMMOHEHT CUCTEMbI MOXeT paccmaTpuBaTbCa Kak noacmucrtema 6onee rnobanbHoOU
CUCTEMbL.

3. CBA3aHHbIE C peCypcamu U B3QUMOAEUCTBUEM CO CpeAoMU
KoMMYHUKATUBHOCTb - CYLLLECTBOBAHUE CIIOXHOU CUCTEMBI KOMMYHUKALIUM CO Cpefiot B BUAE UepapXUun.

AAGNTUBHOCTb — CTPeMIieHUe K COCTOSHUIO YCTOMUYUBOrO paBHOBECUS, MNyTem aAANTaLMU NAPAMETPOB CUCTEMBI K
N3MEHSIFOLIMMCS NAapaMeTpam BHelwHeW cpefbl, «HeyCcToMUYMBOCTb» He BCeraa SBnseTcs ANCPYHKLUMOHANBHOW ANs
CUCTEMbI, OHG MOXeT onpeaenaTb AMHAMUYECKOe pasBUTHe.

HaaéxHocTb — PyHKLMOHUPOBAHUE CUCTEMbI NPU BEIXOAE U3 CTPOA OAHOM U3 KOMMOHEHT, COXPaHAEMOCTb
MPOEKTHLIX 3HAYeHUI NAPaMeTpOB CUCTEMLI B TeYeHUe 3aniaHUpOBAHHOMO Nepuoaa.

4. WHb1e:
MHTerpaTtuBHOCTDL - HanUuMe CUCTeMoobpasyroLUX, CUCTEMOCOXPAHAFOLUX PAKTOPOB.

CnNocobHOCTb CUCTeMBI AOCTUMATb COCTOAHUN, OnpeAenaeMbIX TONbKO NAPaMeTPaMU CUCTEMBI U He 3aBUCSALUUX OT
WUCXOAHBIX YCNOBUM . (DKBUPUHANBHOCTD)

Buon: HacneacteeHHocTsb. Passutue. TTopaaok. CamoopraHusaums.



OCcHOBHbIE CROUCTBA XUBOTO
OTKPbITAS CNNOXHAS CUCTEMA

Em|[ As
1. KomnaptmeHtanusauusa (rpaHuLbr) l l fD

2. TTpeobpasosaHue 3Heprum
3. ObMmeH BelecTBOM \<>

4. PasmHOXeHue: geneHue (pennukaumsa)
N UHopmauusa (reHoTun)
BbIcokaa TOYHOCTb U OWMNOKU
(myTaumm v agonoums)

5. ®eHOTUN U reHOTUN: peakums Ha Cpely U NpoY, Npou

PyHKUMOHArbHas LenecoobpasHocTb
(nouyemy 37O, NOYeMy Tam, YTO AenaeT?)



3axoH He0bxoAMMOCTU pasHoOobpasus
(3akoH AwWwbn)

TTpu co3paHum npobnemopaspeluaroley CUCTEeMbL

HeobxoamMMo, UTObLI 3Ta cUCTema umena 6 Onbluee
pasHoobpasue, Yem pasHoobpasue peliaeMou npobremsr,
unu berna cnocobHa cosaaTh Takoe pasHoobpasue.
CucTema AosxHa 0611aAaTh BO3MOXHOCTBHO U3MEHSTD
CBOE COCTOsiHUE B OTBET Ha BO3MYLLeHue;

pasHoobpasue BO3MyLLeHUM TpebyeT COOTBEeTCTRYHOLEro
eMy pasHoobpasna BO3IMOXHBIX COCTOSHUMN.

B npoTUBHOM cnyuyae Takas cUCTema He CMOXeT OTBeuYaTb
3044a4aM YNpasieHUs, BbIABUTAeMbIM BHELWHeW Cpelou,
n byaeT Mano3mmeKTUBHOMW.

OTcyTCTBUE UNU HEAOCTATOUYHOCTb pasHOObpasus moryT
CBUAETeNbCTBOBATb O HApPYLIEHUU LieNIOCTHOCTU
NOACUCTEM, COCTABNAFOLUX AAHHYHO CUCTEMY.



UTO Takoe XnBoe/HKN3Hb?

Matematuka (Teopus asBTOMaTOoB)

dusmka (nopaaok n xaoc)

Xumums (3aaaua Xum 6buon -

BbIACHEHUE XUMUYECKUX NpUHLUNOB

PYHKLIMOHUPOBAHUSA BUONOIrUYECKUX CUCTEM

OT onucatenbHOU BUOXUMUU K
CUCTEMHOU XmMmumyeckou buonorum)

Buonorus (eanHcTBO pasHoobpasug)



‘? KHUrU: YTo Takoe xusoe/Xm3Ho?

Buonorusa (eanHcTBO pasHoobpasusa)

ThE Xumus (3apaua XOBTT)
selfish PU3mKa (nopaaok u xaoc)
gene
XUMUS TepMOAUHAMUKA  PU3MKQ MaTemaTuka

OH.POH HEAMAH
TEOPHA
CAMOBOCMPOU3BOALLIMXCA
ABTOMATOB

MHEPreTHKa

.. _OT npounoro

Ppancuc Kpuk K 6ygqueMy

KM3HB KAK OHA ECTb
QJO}KLIEHHE

& 0%“’

YTO TAKOE MM 3Hb?

(p3mueckmi acnexT :KHBOH KACTEN




Yto caenanu:

- O60cHOBaIN HEOOXOAUMOCTh PACCMOTPEHHUS )KUBOT'O KakK
CJIOJKHOUM OTKPBITON CUCTEMDBbI, kotopas nogaepxuBact
aAHaMuUndeckoe YCTOIZL-II/IBOZ HepGBHOBZCMZ

BO MHOIOM 3@ CYeT peakLmh Npu yuacTum NUpogoceaTHOU
CBS3U

MeToponorua: konoccanbHoe otcTaeaHue Xb oT maTematmku
B8 onucaHum CINOXHOW CUCTEMBL.

Hanpumep, NOHATUS HEMPOHHAA CeTb, UCKYCCTBEHHbIN
UHTENeKT, MHOrOypOBHEBOCTb, CNIOXHOCTU Y3HABAHUS.
Co3paHue cuctemHou Xb.

Bo3HukHoBeHUe CuHTeTu4Yeckou buonorum




buonorua:
MHoroobpasue n cuctemaTuka
KneTtoyHas Teopus
CTpoeHue KfeToK
basosas eamHuLUa - KneTka
Xvumus:
XUMUYECKUU COCTAB KNETKU:
HU3KOMONEeKynsapHbIe BelecTBa
U MAKPOMOIeKyJibL (MHPOPMALIMOHHbIE)
baszosas eauHuya — arom, mosieKkyra

CuctemHoe onpeaeneHue XMBOoro ¢ TOUKU
3peHUa XumMum



PYHKLIMA OpraHa - yYHKLUSA KIeTKU

CokpallieHue OTAesbHOW KNneTku cepaua



1 PasHoo6pa3me BUAOB XUBOFO

4 pm
Dividing Saccharomyces cerevisiae (baker's yeast) cells. 3

..aaatgcgttggeca... 4

MHOroKnNeToYHbIE OAHOKNEeTOYHbIE (99%) nony-CUHTeTUYecKas
BUAUMbBIE MNA30M  BUAUMbBIE UHCTPYMEHTOM  HeBUAUMbIE,
Tonbko Yutaemole no AHK

2014 2010

1665, 1674
Bentep Bentep

I'yk, JleBeHryK

5 BuptyanbHas e-kietka (in silico, JCVI-syn3A, 493 genes)
€ Breuer et al. eLife 2019:8:¢36842 Benrep



MACCA (T), Bapuanr pacuera!?

Ouomacca ouocdepa
OYyKAapUOTBI 6aKTepI/II/I . /1 0

pglcijTleleﬁ 6E11 U

1/E3
)KHBOTHBIC 1/ 100 ouomacca
nurocdepa
GES rugpochepa
F10 L/ armocdepa
1/10 BUPYChI
L
ES Hoocdepa
B.1. BepHaackoro e
(co3uaaTenu vs 10 Mr

YyeJI0BEUYECTBO OTPEOUTEIN ) E-8



3eMna  nporeHota poTtocuHTes 3y  MH knet Xues Mneko 0.005

BPEMA Yer -

46 3.5 2 4 1.6 0.9? 06 02 Homo sapiens

O6bIK Wumn -
Mnpa net mnpa Homo troglodytes

Kapn wumn 6oHobo, -

365 O, 5 Homo paniscus




PasHoobpa3ue
NPOAOSIKUTENbHOCTU CYLLLEeCTBOBAHUS

ES

PacteHusa (cocHa) -4-5 x 103 ner
Pb16br/uwepenaxm - 2 x 102 ner

Yenosek — 15x 102 ner (?)

Hacekombie - 3x103ner (1 meHb)
Baktepuu - 2 x10% ner (10 muH)



PasHoobpa3une (popmbl KNeTok

A Mycoplasma
genitalium

' =100 nm
GroEL  t-RNA nbosome protelns i metabolites

CkopocTth qudpPy3un
(mudpepeHIupoBKa)

- cTebenb pacteHus

- CNepmaro3ouabl Yenoseka
3pPUTPOLIUTEL YenoBeKa

- IMb6pUOH YenoBseKa,

oaHo penerHue PA3ITNYNEG B MACLLITAEE

-~ 00 O O
|



Pa3Hoobpa3une pasmMepoB KNeTok

V komnaptmeHTa («Npobupkm») kuweyHou nanouvku = 4 x 105 n
6 x E23 mol+1

~ Mukonnasma - 0,3 MKm

KulleyHaa nanouvka - 2 MKM
J

YA

f‘* -
% IPUTPOLUT = 7 MKM

< KypuHeti xentok - 10 000 MKM (5 m o aarwom macurage)




KneTtka 6aktepum -
OAUH KOMMAPTMEHT

Flagellum

Mesosome

Nucleoid

1 MKM

Cell wall Ribosomes

Plasma membrane

V komnapTmeHTa («Npobupkmu») KuwedyHow nanovku = 4 x 10-1° n
6 x E23 mol-1



Knetku
XUBOTHBIX pacTeHUU
- HECKOJIbKO KOMMNAPTMEHTOB

aapo
MUTOXOHAPUU

aapo
MUTOXOHAPUU
X10pONACTLL

10 MKM-
10X
V-10E3




«TTpokapmnoTbr” U "3yKapuoTbI»

be3banepHbie U aaepHble

. _—Microfilament
Centriole
Nucleus

Ribosomes

endoplasmic
reticulum

Mitochondrion

Rough
endoplasmic

reticulum Plasma

membrane

Golgi apparatus Lysosome




3emna NporeHota oTocuHTe3 3y  MH knet XKue Mneko

> 46 3.5 2.4 16 092 06 02 wMmn
MTpA 0.005
SHAOCUMBUOTUYeCKaa rMnoTesa 3BOSIFOLUUU TpeX AOMEHOB
NPOKAPUOTbLI 3YKApUOTbLI
6akTepun JYKApUOTBL

{phehuspasheti]
4 X NoponIacT

pacteHus:

AP0, MT, XJ1

o
A
o
=
s
o
-
o XUBOTHbIE.
apxebaktepum 98P0, MT



TToaTuyeckoe cpagHeHue?

Xumma — nepmuopmyeckas
CUCTEMa 3N1eMeHTOB

buonorua — cucrtemaTtuka?

Phylogenetic Tree of Life

Bacteria Archaea Eukaryota

®.I". JlookaHCKMI

«Hu4gTto B OMonoruu He UMEET
CMBbICJIa, KPOME KaK B CBETE
ABOIIOLIMMY, 1973



KUBOE - 370 cnoxHas HepasHoBeCHAs yCTOMUMUBAS
ANHAMUYHAS (MHPOPMALIMOHHASA) CUCTEMQ,

koTopaa oTkpbITa (T.e.NpeobpasyeT 3Hepruro Ans
CBOeW CAMOOPraHU3aLUUU; B TOM YMUCIe, U3 BeleCTB
U3 OKpYXaroLie cpeabl);

cucTema camoperyimpyerca u
CaMOBOCMPOU3BOAUNTCA;

ANg ee PYHKUUNOHUPOBAHUS KPUTUUHBI MOSIEKYbL:
HU3KOMONeKynsapHble - BOAA, TIMMNUAbIL;

N UHPOPMALIMOHHBIE MAKPOMOJIEKY IbL -

6enku U HyKnemnHoBbIe KUCNOTLI.

EavHuua X1BOro - 310 KneTka.
Bupyc He asnsaetca xuebim (N0 onpeaeneHuto)



Yrto cnenanu:

- MotuBHupoBann HEOOXOAUMOCTh U3y4yaTh Xb

- [To3uumonupoBaiu Xb B pamkax KJIIaCCUYECKOM IpaJlallii TPEX €CTECTBEHHBIX HAYK
- O00CHOBaIM HEOOXOIMMOCTD PACCMOTPEHMS )KMBOT'O KaK CII0KHOM OTKPBITOM
CHUCTEMBI, KOTOpas nMoagacpKuBactT AUNHAMUYECKOE YCTOFIHMBOZ HepaBHOBeCUE
BO MHOIOM 3a cYeT peakuuu npu y4acTum nMpopoCcpaTHOU CBA3U

MeToponoruyeckoe konoccanbHoe oTctasaHue Xb ot marematuku B
onucaHuu CINOXHOW CUCTEMDL. Hanpumep, NOHATUA HEMPOHHAS CeTb,
UCKYCCTBEHHbIU UHTeNNEeKT, MHOrOYPOBHEBOCTb, CNIOXHOCTU Y3HABAHUA.
Co3naHue cuctemHoun Xb.

BosHukHOBeHUe CuHTeTUuYeckon buonorum

MuHumanbHaa eauHULa 6uonorum - KneTka
Bupyc He asrisetcs xuBbIm (1o oripesenieHuro),
ITO XUMUYECKUU MAKPOMOIEKY SIAPHBIV KOMIIIEKC
MuHUManbHAs eaMHULIAG XUMUU - ATOM, MOJIeKya
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