TTOUCKN PASYMA B MO3IE:
UTO Takoe NamaTtb U CosHaHUe

CeapHuk OE

(MHcTUTYT ncuxonorum PAH,
Mockea)



OcHoBHOe

/ UTO MbI yBMAenu, Koraa nonyuunu
BO3MOXHOCTb «3arsisHyTb BHYTPpb MO3ra»?

/ Kak «BHYTpb MO3ra» A06aBNArOTCA 3HAHUA?

/ Kakaa ceasb mexay 3HGHUEM U CO3HaHUeM?



KAK «PABOTAET» HALWl MO3I™?




KAK HE «PABOTAET» HALU MO3I
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«PABOTA» MO3I'A CKITALIbIBAETCS U3
AKTUBALIUMK OTAOENbHbIX HEUPOHOB



«PABOTA» MO3Ir'A CKINAIbIBAETCA U3

AKTUBALIMM OTOENbHBIX HEUPOHOB
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Whole-brain functional imaging at cellular resolution
using light-sheet microscopy

Misha B Ahrens & Philipp J Keller /l

Detection objectlve l||um|nzit_|c_>3 I Zmune

"’\Sh ed/

L b/ j A scannl g '///

S
Q‘Q—;., P \ Focused laser beam

capillary

Ahrens et al., 2013



Ahrens et al., 2013



HeupoHsr pasnuuyHou
CeneKTUBHOCTIU
nepemellaHbr

Cc

Saccade to
Remembered
Brightening Location

Rotation from
Remembered
to Attended
Location

Saccade to
Attended
Location

Specialized
O Attention
O Working-memory

dorsal

rostral —J

Monkey Z

Multi-tasking

[T] Congruent
/\ Intermediate

-+ Diametric

Messinger et al., 2009



B nob6ou momeHT BpemeHU MOXHO BbIAENUTH
GKTUBHYIO HEUPOHHYHO ceTb




MoxHo BbiaenuTb 2 npeacTtasneHus ob
AGKTUBHOCTU: GKTUBHOCTb CUHXPOHHAS U
GKTUBHOCTb NOCsiefoBaTesibHAA

A A A A




AKTUBHOCTb OTOENbHBIX HEUMPOHOB
CBA3AHA C TEM, YTO OENAET OPFAHM3M

O’Keefe & Dostrovsky, 1971




B aktusHOCTU HeupoHoB HabnroaaeTcs
cy6beKTUBHOCTD

O’Keefe & Dostrovsky, 1971




IIpucyknena HobGeneBcKkasi mpemMust
1o hpu3noIOruu U MeagUIHe

HeupoHbr «mecta»




AKTUBHOCTb OTOENbHBIX HEUMPOHOB
CBA3AHA C TEM, YTO OENAET OPFAHU3M

HeupoH «kpokoaunbumka»




HeupoH «moeu 6abyLiku»»?

Brain Cells for
Grandmother

Each concept—each person or thing in our
everyday experience—may have a set of
corresponding ncurons assigned to it

By Rodrigo Quian Quiroga,
Itzhak Fried and Christof Koch




NKOBOE HALLE TTOBEOEHUE
COTIPOBOXAOAETCA AKTUBHOCTbBHO
HAWKUX HENMPOHOB

Quiroga et al., 2005



«OKHO» BO BHYTPEHHUWA MWP

Ty 1™ . ' " ' . LR .
T T AT NN R ' " SRR )

Number of spikes

10 20 30 40 50 60 70 80 90
Picture number

Figure 3 | A multi-unit in the left anterior hippocampus that responds to string ‘Sydney Opera’ (pictures no. 2 and 8), but not to other strings, such as
photographs of the Sydney Opera House and the Baha'i Temple ‘Eiffel Tower’ (picture no. 1). In contrast to the previous two figures, this unit
(conventions as in Fig. 1). a—c, The patient identified all pictures of both of ~ had a higher baseline firing rate (2.64 spikes). The area under the red curve
these buildings as the Sydney Opera, and we therefore considered themasa  in cis 0.97.

single landmark. This unit also responded to the presentation of the letter




NHOBOE HALUE TTOBEAEHME - CYTb
AKTMBHOCTb HALUIMX HEMPOHOB

MbI - AKTUBHOCTb HALLMX HEUPOHOB




MbI - 3TO HAW ONbLIT, HAWG NAMATb, HaAlwW
B3AUMOAEUCTBUA.

Kak mbr «nobasnsem B cebs» uyto-10?




AKTUBHOCTb HEUPOHHBLIX rpynn
CKNaAbIBAETCA B npolecce
(POPMMPOBAHUA UHAMBUAYANEHOMO
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Kendrick et al., 1992




Pabo4yasa namaTtb
(KpaTKOBpeMeHHad NaMATb) —
nognepxaHne akTUBHOCTMU
HEUPOHHOM rpynnbi

> TpaBMbl

> CyAoporu PASBUTUE
AMHE3U



MCTOYHUK HOBbIX HEUPOHOB —
MoOn4yalluue U HOBbI€E KIeTKMU

~ \ I
13 Hagg, 2009 ‘h d




HenporeHe3y cnocoo6CTBYIOT

v/ oboralleHHasa cpega
v obyyeHune

v/ «CNOPTMBHbIN 00pa3 KU3HNY»



BcTpanBaHue HOBbIX
HEUPOHOB




Kackaabl MONeKynAaApHbIX
COObLITUM BHYTPU HEUPOHOB

Neuromodulators Growth factors (PDGF, EGF, FGF, NGF)

Cytoplasm bﬂtbs Ca?* -induced

G-protein coupled receptor Receptor tyrosine kinase Ca*'releasg
L-VGCC

Nucleus
CK-lI
rS6K ;

(®)
[siE[TcFiETs: E| SRE| Ebod APIICRE CR&QA\

SRE[SRE |SRE| SRE| SRE-CarG-boy KRE CRE-like| AP-1-ikel | |
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,—» Zif/268




Y HeUpOHa MHOro BUAOB AKTUBHOCTU

’ Summed EPSPs
_3 and IPSPs on
{ dendritic tree

| and cell GenBank Name

PSP ABOOMB3E  Fioeoblast arowth facior 18
EESE body M3AISE Neath

|PSP MT484 ATPase. Na+K+ rarsporting. aloha 1 polypeptide

Sy A% | Uz0184

g V8066
Cell body 000813 oercetutar adhesion makocule- 1
MB3561 Ghasmaln receoior (GluRS-2). kanale sublvos
256277 Chicride channel 5

B
AFDOT423  Ghasrals mospior, wonotrooss, NMDA 24
b

M5&88T Carticotropin refeasing hormane
E00001 Pro-rsuin
xXB5Ta3 Synuclen gamma
M27158 KenaS volscoe-cated K¢ channel. shskersaising sublamiy
X535 Trvoioohan hydroxyiase
U14533 Nuclesr recector sublaemily 1, aroud H, meenber 2
AFDOGETS  Ninc axide synthase 2. Induchie
D44501 Nitric anide swithase 2. induchie
AFOT3891 Konhb voliaoo-cated K+ channel subfamiy H (eao-related)
depolarlze §71201 Beien-omrved rauotroohic facke
uz20t08 Synapotagmin 5
< membrane AFDG5433 B2 related ovaran desth asns product BOD-L
Nerve ] | at axon X539 Serofonin Yransoorter
& Terminal | hillock to | OS232 NEOIOC acstyicholng recectnr bels-4
impulse | hilioc JO4963 C-CAM2a isoform
| threshold MBS0 Dotsening recaciorn D9
Y433 Pynmdinergic receptor P2Y4
| level, ... " UG5368  GABA-A recenkr bi subumil
ABOOETE2 Catenin (cadhenn-assocated orotein), delta 2
MO7161 Chorvdrotin sullats protsoghcen 3
I = Al228850 Mootubde-asscoated oroten 2
‘r B i L27421 Frequenin homolog

generatlng M3Is0T7 Doparmine- 1A receptor
| an action U14308 Snmoktagmen 4
\ ! ) Lz Stress actvaled orotedn kinase alokha I
AB—— potentlal. - X53455 Moolutnde-asscciated orolen 2
| AFDISG32  Syntaxin 12
Action potentia JONUS protn hrcaire hm 1 JAKY

Cavallaro et al., 2002




CTPYKTYPHbIe N3MEHEeHUS

Trachtenberg et al., 2002



N3MeHeHUue KonmyectBa LLUNMUKOB Ha
AeHApuUTax npm ooy4vyeHumu

M Control (no training) After previous 2-day training:

O Training (accelerated rotarod) W Stop training

Control (non-accelerated rotarod) 0 Same training regime (1)

O Control (barrel)
*

O New training regime (2) New spine

identification = New spine survival
* 1
{ {
agingday 0 14

100 -~ No training - SE-SE

-8~ 2-week training -=- EE-EE
-8~ 2-day training -=- EE-SE
EE-EE plus trimming

Spine formation (%)
Spine formation (%)

2 days Next 2 days
Young Adult Young

(1 month old) (>4 months) (1 month old)

motor cortex (%)
barrel cortex (%)

New
New spine survival in

7
Time (days) Time (days)

Stably maintained dendritic spines are associated

with lifelong memories

Yang et al., 2009



O6yuyeHue - popmuposaHue HOBLIX HEeUPOHHBIX

- o ONereh

Existing
synapse

Nucleus

INPUT

An external stimulus triggers two
neurons to fire simultaneously. In future,

if one fires, the other is likely to fire, too.

rpynn

Input New link
forged

Increasing —~ ‘ ‘

| New

activity synapse

CIRCUIT FORMATION

A third neuron fires. One of the initial
pair is stimulated to fire with it, triggering
the second, so the three become linked.

New link
established

| Regular

Input | Facilitated

synapse

INCREASING ACTIVITY

The three neurons are now sensitized
to one another, so that if one fires, the
other two are likely to fire as well.
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THE PRINCIPLES
OF MEMORY

MEMORY IS A BROAD TERM USED TO REFER TO A NUMBER OF

DIFFERENT BRAIN FUNCTIONS. THE COMMON FEATURE OF
THESE FUNCTIONS IS THE RE-CREATION OF PAST EXPERIENCES
BY THE SYNCHRONOUS FIRING OF NEURONS THAT WERE
INVOLVED IN THE ORIGINAL EXPERIENCE.

... BOCCO3aHme npoLusoro onbita
nocpeacTBOM CUHXPOHHOM

aKTMBaLWUnN TeX HEMPOHOB, KOTOPbIE

ObIfIN aKTUBHBI B MOMEHT NEPBOro

nepexmBaHnUa 3TOro onbiTa. R. Carter, 2009



MbicneHHOe BOCMOMUHAHUE - peaKTUBaLus
onpepAeneHHbIX HeUpOHOB

viewing session demonstration for Fig. 1

Firing of a single entorhinal
cortex neuron while watching
short video episodes

Beeps represent single spikes



PeHOMEH peKoHconuaauuu
(HenpepbIBHOW peopraHusauumu
NnamMsTH)

"HA HacTamBas Ha NPOTAXEHUU BCEU
OVUCKYCCWUU B 9TOT KHUre Ha TOM, YTO
onncaHue BOCNOMWUHAHUN Kak
"dUKCUPOBaHHbIX N BE3XN3HEHHbLIX" €CTb
BCEro nuulb owmnboyHas daHTasus.

BocrnomuHaHne He aBndeTcsa NOBTOPHbLIM
BO30Y>XOEHNEM HENCUHUCTTUMbIX
domKcnpoBaHHbIX pparMeHTapHbIX Creaos.
OHo ecTb Bcerga TBopYeckoe Bocco3aaHune
NN KOHCTPYMpOBaHWe, CKraablBatoLleecs
N3 HaLLEero OTHOLLUEHMA KO BCEU aKTUBHOW
Macce peakuun 1 onbiTa npoLunoro.”

1932

NocnepoBaTenbHOe onncaHue
Ppeaepuk baptnerr

1886-1969 KapTUHBI



Pluto behaving badly: False beliefs
and their consequences

AMERICAN JOURNAL OF PSYCHOLOGY
Winter 2008, Vol. 121, No. 4, pp. 645662

22 / —&— Bad Plutos (n = 101)
2.0 / —#— Good Plutos (n = 105)

1.8 - =4 = Controls (n = 110)
16 G

14 f === A
12

1.0 T
Session 1 Session 2

Mean Confidence

Figure 1. Mean confidence ratings of the critical item (“You had your ear licked
by Pluto”) on the Disneyland Questionnaire, before and after manipulation
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CTUMYNILMa HEUPOHHOW
AKTUBHOCTU - BO3HUKHOBEHWE
TTOBEOEHWA

 —————

¢

iTw

Laser OFF o

Immediate cessation of feeding responses

R




CCJ/in Obl HEUPOHLL HE ObLJSIUN CeJleKTUBHDLI B
CBOeU aKTUBHOCTU, MbI 6bI He Habnroaanu
cneuuguUYecKkoro noseaeHUa nNpu
cTUMYNAaLUUN

ContextB ~ Context A

c ] !
FC Testing ',J
) /
LLiuy L [
days 1 day 5 days s
4 v

Liu et al 2012



HanpaBneHHOe co3a4aHue NaMATH

A (Label) B (Condition) A’ (Test)

On Dox Off Dox On Dox

Surgery &

Hec%vreyry N\ /N . ChR2-mCherry, n=8
. ] mChenry, n=6

wRE

- M @ o
o O o o

Freezing (%)

o

Ramirez et al 2013



Sparse

Image of
Luke Skywalker

Becb Haw onbIT -
rpynnbl HEUPOHOB

Different image of
Luke Skywalker

Rodrigo Quian Quiroga, a native of Argentina, is
professor and head of the Bioengineering Research
Group at the University of Leicester in England. He is
author of the recently published Borges and Memory:
Encounters with the Human Brain (MIT Press, 2012).

Itzhak Fried is a professor of neurosurgery and director
of the Epilepsy Surgery Program at the U.C.L.A. David
Geffen School of Medicine. He is also a professor at the
Tel Aviv Sourasky Medical Center and Tel Aviv University.
Christof Koch is professor of cognitive and
Image of s behavioral biology at the California Institute of
Jennifer Aniston a A* . Technology and chief scientific officer at the
'@ . Allen Institute for Brain Science in Seattle.

Quiroga et al., 2013




Nnpunyeckoe
oTcTynneHue Nel



Prosser and Hunter, 1936
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Davis et al., 1982
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1996




Sensory cortices

Association areas (frontal,
temporal & parietal lobes)

Perirhinal | | Parahippocampal
cortex cornex

i ! Perforant Mossy fiber
o]

: pathway pathway
Entorhinal Schatfer collateral

cortex Il pathway

KN

region

Chen & Tonegawa, 1997



a Encoding and tagging b Storage c Retrieval

Layer | ——
Layer lI—/ ¢ 3

O
Layer Ill— 8 | - Cortex
Layer [V— '

Freezing
Freezing

Context 1 Home cage Context 1

Josselyn et al., 2015
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Cntri-cre, DT CREB-cre, DT CREB,DT CREB-cre, PBS

Han et al., 2009




Episode
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Silva et al., 2009
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memeory enhancement,
co-allocation,
memories linked

Rashid et al., 2016



A (Label) B (Condition) A’ (Test) C (Test)

OnD Off D OnD
n Dox > OX > ‘ n Dox

Surgery &
Recovery

Ramirez et al., 2013




Nnpunyeckoe
oTcTynneHmne Ne2



Hackonbko gpeHoMeHbI NCUuxXmuyeckoro
OTAeNUMBLL ApYyr OT Apyra?

((OpMeHTMpyVITe KapTy KakK Weslb Ha ANCKE» «onyctTunTe KapTty B WWEJIb»

Goodale et al., 1999
Bocnpusarue,

NOHUMGAHUe,
MbILINEeHue,
CO3HaHue?

OTkyaa Mbl BOOOLLE 3HAEM O CyLLLECTBOBAHUU 3TUX
CVLLHOCTEen?



— JTO e SICHO, — CKa3aJ s1. — OIMHAKOBBLIM Y pOBeHb mepepaboT-
Ky nHpopManuu. PeaKiiua Ha ypOBHE HHCTUHKTA.

OH B310XHYIL.

—CnoBa,—ckasan oH.-IIpaBza, BLI He cepAUTECh, HO 3TO XKe
TOJIBKO CJ0Ba. JTO K€ MHEe He ITOMOXeT. MHe HaZo UcKaTh
cJieibl pasyMa BO BcejieHHOM, a 1 He 3Hato, YTO TaKO€e pa3yM.
A MHe rOBOPAT O pa3HbIX YPOBHAX ITepepaboTKu HHPOpMAaITUH.

(A. Cmpyzauxultl, b. Cmpyezayxuii. [Tongens, XXII Bek)




S0cnpounsBeneHue onbita «B

RUNNING
—

STOPPED

AFTER
O’Neill et al 2010 RUNNING



«[TpoaymeIsaHue» BapuaHTOB Npu
NPUHATUU pelleHUs

Hippocampal place cells represent spatial episodes (routes)

R—L L—R




«[TpoaymeIsaHue» BapuaHTOB Npu
NPUHATUU pelleHUs

high-cost

nght

representing
current position:

80 ms

T ':r=5 ':r*:

320 ms 400 ms

T Ty Ry e

480 ms 520 ms 560 ms 600 ms

Figure 1| Representation of forward possibilities at which cells are active at any given time, we can infer JOhnSOn & RediSh, 2007

the choice point of the Multiple-T maze. (A)The what location is being represented. If the rat is simply






TToanepxaHue akTUBHOCTU
HeupoHOB

Blocks of 20 Trials

SEMSs ranged from 0.03 to 0.08. (A) B, aware (n = 3); @, unaware (n = 9). (B) B, aware (n =
unaware (n = 3 AMN (n = 4). (C) L, aware (n = 5); @, unaware (n = 7). (D) W, aware (n =
unaware (n = 7) AMN (n = 4).

)

7). @,
7); e,

Clark & Squire,
1998



Koppenatbl co3HaHUs

* YposeHb CNOXHOCTU HEUPOHHOWU
GQKTUBHOCTW

* Yactotra akTMBHOCTU HEeUpOHOB
(«NOBTOPHLIU BXOA»)

* CUHXpPOHU3ALUA GKTUBHOCTU
HeupoHOB NO BCeMy MO3ry

Rita Carter (2009) The Human Brain



Figure 2. PET images illustrating that overall cerebral metabolic rates for glucose
are about twice as high in the ‘conscious waking state’ (a) (Laureys et al.,
unpublished), as compared with altered states of wakefulness such as general
anesthesia (b) (from [3]), and deep sleep (c) (adapted from [4]). In the vegetative
state (i.e. wakeful unawareness) overall global cortical metabolism can sometimes
have close-to-normal values (d) (patient 5 from [5] in a vegetative state following
herniation and bilateral paramedian mesodiencephalic injury (red arrow). By
contrast, vegetative patients who recover might show no substantial increase in
global metabolic function: (e) patient scanned in a vegetative state following CO
intoxication; (f) same patient, in whom full recovery of awareness was
accompanied by restoration of activity solely in frontoparietal areas (white arrows;
adapted from [7]).

Laureys 2005



Neural Correlates of Unconsciousness in
Large-Scale Brain Networks

George A. Mashour* and Anthony G. Hudetz

The biological basis of consciousness is one of the most challenging and
fundamental questions in 21st century science. A related pursuit aims to
identify the neural correlates and causes of unconsciousness. We review
current trends in the investigation of physiological, pharmacological, and
pathological states of unconsciousness at the level of large-scale functional
brain networks. We focus on the roles of brain connectivity, repertoire, graph-
theoretical techniques, and neural dynamics in understanding the functional
brain disconnections and reduced comelexitxthat appear to characterize these
states. Persistent questions in the field, such as distinguishing true correlates,
linking neural scales, and understanding differential recovery patterns, are also
addressed.

Highlights

IMRI, high-densily EEG, MEG, and
ECoG are used to assess brain net-
works during unconsciousness.

Large functional brain networks recan-
structed from neuroimaging and neu-
rophysiologic data are analyzed with
various cennectivity measures, graph
theory, and methods that reveal
dynamics.

Sleep, general anesthesia, and disor-
ders of consciousness are character-







Internally generated preactivation of
single neurons in the human brain
predicts volition

Fried I., Mukamel R., Kreiman G.

Single neuron in left pre-SMA during three
consecutive trials

Normalized firing rate

Fried et al, 2011

0.61

ACCd (n=15)

0.3 1

-0.3 1

-0.6 1




CocToaHUa «co3HaTesnbHbIe» -
onpepeneHHas opraHU3auma HeupoHHOW
AQKTUBHOCTU BO BpeMeHU U NpOCTPaHCTBe
















