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Changes in synaptic connections supporting memory consolidation and their
regulatory mechanisms

Miyawaki, Hiroyuki
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Memory is acquired through experiences during wakefulness and consolidated
during subsequent sleep phases. It has been suggested that a cross-regional brain network undergoes
changes throughout this memory formation process, but the details have remained unclear. In this
study, we continuously recorded the activity of numerous neurons at a single-cell resolution in
three brain regions of freely behaving rats, from the acquisition of memory to the initial stages of

its consolidation. We revealed that synchronized activity across brain regions emerged after memory
acquisition. Furthermore, we found that such synchronized activity coincides with fast network
oscillations, which are presumably related to plastic changes of synaptic connections.



B X C—19, F-19—1 Gm)

1. WFERHE S WO 5
EhNEETEIIRBR LI EREL, KBS L TEREERT S Z T2 A b st
%o ABEOERBITHE—OWMETII2R <, T TRBRFICENGRLE S LTSS, 20k, MRS
REICEHREEE L TEHESIND EW) 2 BBEOBIGTHL LB LTS, B b, &
HRERBOESIEE I L > THb, EMRE~OBELIIKMEEOHETHD L ST
72 LML, RO RN E @%M%@ﬁ@%ﬁﬁ%m IMETHDHZ LG, B [ES
WIS, BEIIKRINEE ] & W ZEGHEPRINTHDI DT TR NI ERHE LN - T
ETW5D, ITHETI \£%@7mﬁXﬂ%@ Eb7p0, MR O Ry N T —7 BELT D Z
ENEERBEEER-TEEZOND L IR TETWD
Fo, BOMFEIZ L bR ORBRIT I VR ICEREEEIND Z &ﬁ%\%@%15%%¢%£%®
EEICEG L TWbEEZOND, ZOZ EIIEAFEMRMAN G LRI TWD, L,
BRMIZ ED X D ITMEIR R~ b U — 27 BN LEEIEAEEIL SN D DNIARHTH 5,
MRy MU — 27 OZGIE, WSRO F T AEENETHZ LIk o TEREND &
EZHNTWD, AR TOFERICELY, T 722N L TER ST MoiEE 2 4 2 v 7
OEIVORXL N T T RAFEEOEZS ISR ITZ ERHALNIESN TS, Zhut, v
TAREG LS E DO, ZEOMBHIROIEEN X 4 X U 70N U LU TR IHI
HENDIUENRHDZ EEZRBLTWD, ZOX I IRERERX A I 7HlEIL, Huf% 2
Lk I S — O NI REI A S TWD EEZ BN TS, & THEIREEC TI0EE
THED IR LBZE IS 100 X Y BFEE O —@ME O < 2 — /1%5)/7wm@1$WR
Sharp Wave Ripples) (%, REEREOIEEI N Z — 082 U LU EME SN2 1E8 R 2 — o %
BN, WEERNOR Yy N — 7GR T S ABE OB RS X R T AL TN S
F72. SWR I& b2 ) IHFEI Y — L OFBITHHORBROBICHICELSF Z &R END,
SWR Mo EEICEET 5 &2 b TS, Lo, SWR & IMFERE /2%y F U
— 7 BLOBMR L R TH D,

2. e EM

AWFFETIE, FREOBIFE L) O [EE OWhERE O BIIHEIRM Ry h T —27 B ED L HITE
BT 2D, %LT&@&O&%&@@# DOFACEFFE L TWSEONEHOMNNITHZ &%
B9, AFZECIIRWVEEIZ & 672 9 BERNFERIZIER D o9 W2 IR L, RYR SR
HHEEZETLE L THNWDZ ET, BEOEENIZE LR Xy NT—7 OB EfITT 5,
Flo, VUV INRBIORAES A I 2 ZIINGEIRF ORI L 722 bic L vl s Tk, U
v T VARBNRF I I ZEEL O BGEIE CRIM L iR B TLENR R o b Z Enn . U TIOVIREN D HEE
DS DOREIRIC b B EZ RIF L TWnWA EEZBND, 2D 2 Mx% FMAEIRAE TR 72 R > b T —
7 OEE Y v I AAREIOBIRIZFHICER L TREIT 217V, IMEEEE ek >y N —7 2
9 AR E Y — B BN T B,

Ventral hippocampus Prefrontal cortex

-5.00 mm -5.05 mm -5.10 mm -2.55 mm -2.60 mm -2.65 mm +420mm  +4.00mm  +380mm +360mm  +3.40mm  +3.20 mm

2 mm 2mm 2mm 2mm 2mm 2 mm B 1mm 1 mm 1 mm 1mm 1.mm iy =
A r 2

J o

)> >

E 2

Amygdala

500 pm 500 pm 500 pm 500 pm 500 pm 500 pm 500 pm 500 pm 500 pm 500 ym 500 pm 500 pm
32 3
54 654 3 456 123

vCA1
2o

BLA

oo
S

[
i1
a

Waketyiess %MWWH‘HWWMHMW

1
1
01 7
‘10@
o
18
01 &
I &
1
1
0.

=

Cnamber

500 800 900 1000
Time (min)

1 AW THWEZFIE

AR T, vV 3 R RERA S, ROR, RIMECERTEARTECHE L, ZE oMk
AN OOTEE) & [RIRFICFREk L7z, [ ICSHE A A 72 D ONZBRERINSR AL 2 5HH U, BUE M S
WEBRIE D /XD — Ay bV & At THEIR - REDIRRE 2 HE L7,

Miyawaki& Mizuseki, K. 2022, Nat Commun (doi: 10.1038/s41467-022-28929-x) L ¥ ., 7
VAT 4T« aFL R T4 A40 (FR) ITESEUELT,



Pre-cond homecage session

a b
Ensemble 1
Ensemble 2 |2° z xgﬁ} Em
Weight BLAE™
-05 0 05 LAEM
. A —— En2
- ﬁ_ (=24 PLSgny
- =, PLSg
# = N
- olmee eosemese - f"
} Post-cond homecage session
. : o i VCAT
. . i
- - j veATC)
BLA
N ¥ Ent
w e esmess .« e : BLAC ,
- { PL5
150 ms b PLSEM

K2 TUYUTADREET YT EBOHEE

a {TENRRE S OMRIEEN NI R Sy b 28 H L. RIRRCIEEI 5580 « 7o 7 %A
E LT

b (TERRERICFE ST oo T AR, POREEEL TWA0 %,
= TIRE - BEIR LTV AR, BREFRICHETE LT,

Miyawaki& Mizuseki, K. 2022, Nat Commun (doi: 10.1038/s41467-022-28929-x) L V. 7
VAT 4T« AFL R T, A 4.0 (FoR) ITESXULE LT,

3. WAk

v ariled JEME T v N OKRMEE AT, R, BEMEE~ERHAL, Zhbo 3
FEI N O [FIRFIC . BE DRI OTEEN 2 iedk Lz, 2Bz, Ml & SEIC AT o L AR
ZRIE L, DEXAR S NCSEHEHERZ TSR -, &5, REREEOENNZIEZE FICET Lz

AR DR

FUEMIC L > CRegk L7z (K1),

) o M 64 SRR D RRER S IR A
ARR T 4V —THRIRL | fif 2 ORI
DIEENZHR T DB & fli L7z, & 512, #l
HEN=HEE b OMEPEICHES X 338
T 52 & T, flilx ORI OIEE 2 HEE L
Too Fo, MEBICEE LYY a Bl e4 55
FiH> & Fegk ST S SWR 2 L7z,
FERIC, RAKESCHIBERTEFICEE Lz ) =
V64 TR D OREEREE D RIS
& W % #2 # ( HFO: High Frequency
Oscillations) . & VU ~ 7 V4K & (cRipple:
cortical ripples) Z# i L 7=,

RUM A 1 5238 TR 02 O AR Fh O 1R85 Bl
INB = NTONWT ML T A2 T T
YT NOHEERToT (K 2a), S HIT,
MSTR P IATIC K> TRE SN T w7
VOIEER VD EOREDORI THEL I
TWD A, Z ORI O REIR HR OppREB) )
HEE L= (X 2b),

4. WF7EE R

T TV O B RS ) 7 (R T B A& B
fid B0, £ 7 F T HONTAEERY
Btz 1T1-7- (K 2a), EOREER, —EOMM
TR BT 72 7 o T DT I ONW T,
RFZ2 0 S U RMHTICA B B — 2 287,
AT, BMRESSAR TR 72 T v T L DT
NEMLUTEMELTWAZ 2B LTW
5o BT, 2D K 9 7R RIE S & 2 S
TR OREIRPICB W THERT 5 &, ZUid
AT BT BE A~ TR S AT U 1% TR RIS
BE R T X7 OEENERICE»ST-, Zh
HOZ D, RURREEOERIZ L L7200, K
Jibd B2 AT SR AT & BEAINERS 72 & QNS kA
I EROMICFMEE N E T D L2122 D
ZEDRHBMNE ST,

T2, MEDONRT AT MLV ET 2 —T L
v NEHUIZ X0 HEE U, AR AET 72 (R
TRV U7 BRI F B AL D i X & — o D fift

Post-cond
NREM

Pre-cond

BLA - PL5

vCA1 - PL5

vCA1 - BLA

-200 0
Atime (ms)

B3 MRS RO 72 [F TG B

R ST B R OMEIR Y (BEh T )
LR BOMERT (G717 4) 1220 T,
PSRRI 72 7 L T L DAL O
THIBAREIRAT 21T o 7= FDFEE. #El
M ERE— 7 2 fHO~XT (hh~¥
2) WBNERD B, FOEEITFEB DTN
FEETL Y Eo T,

Miyawaki& Mizuseki, K. 2022, Nat
Commun (doi:  10.1038/s41467-022-
28929-x) V. 7V TAT 4T e aE LK
TABU R 4.0 (FR) IZESESHE LT,

200 -200 0
Atime (ms)

>0.01

0.005

=)
(4) uonepO)

-0.005

<-0.01
00



T
(1]

BLA-PL5 VCA1 - PL5 BLA-PL5 VCA1 - PL5
>2 12

e pairs

bl
N
S}

W
(=]

8
4

-
(4
Ensem
-
o

Tlme from SWR peak (ms)

.- -. 4

T|me from HFO peak (ms)

| % E “
a
©
<} 0
£
g
<-0.5 S A<

Tlme from chpple peak (ms)

(z) 1amod
Ensemble pairs

4105

(2) ybuais UONBADBOO PaSsIBWION

Time from Time from
coactivation peak (ms) coactivation peak (ms)

. 4 A RESBRE BT ) 7[RI R D & mﬂ{ﬁiﬂtﬂ‘/ L—a

b4 AEUE R T 1 7 TRV IE B O R IS 368 1T 2 S M REI D i D XD — 27 kb, 100~
th®ﬂ&ﬁﬁ ZHRNE— 7 BRRH HID,
b ¥EE O SWR, RHkiED HFO, KIMBIE D cRipple DA U722 A 2 2 ZI2BWT, IMEE
FMra) 7o [ANEEh oS 2 7'e > K LT,
Miyawaki& Mizuseki, K. 2022, Nat Commun (doi: 10.1038/s41467-022-28929-x) L v . 7
VIAT 4T« aFL R T4 R 40 FR) ITESSTUWELL,

WraiT-o7-. FOREE. FHENOMGER T 100~200Hz O & EEEI IRV B — 27 23380 5
iz (®4a), Znbik, SWR, HFO, cRipple (IZkGT 5 B2 b5, £ 2 TRIZ, SWR,
HFO. cRipple ZWH U, AMGEISGREWTH 72 RIEHEE) & OBRZ T L7z (X 4b), Z DOFER,
SWR. HFO. cRipple DAL D ¥ A I o J CHAEBAERT ) 72 RIMITEEI N/ AT D Z ENHAL
MEIRoTe, TBHIE, FRMEE TA LD EER O A > L—1 3 12 X o THRaEIAR T
72 [FHENEEB N DL TWD 2 & 2R T 555 Th 5,
&L\E%@%%ﬁ@%@L£%®ﬁtﬁ®ﬂﬁéﬁ%wﬁbto%@#% FLIE DO ERGE I
MRS &2 R T RPME—RKIME DT T b - XTI, %@ﬁﬁ@% WREIC TR L7215 Eh &
ARLTWD (M5a) O3 L, E— RIS @H%@@ FLIEOTEE OBRITITAE L TV D 03,
%%®%%ﬁKMikhkébfwﬁw(l5w _&#%%ﬁmﬁokozn6u\%ﬁ®%
(2 &0 M BERE T 2R FITEEI AN A U D K O b, TORMIEEINAE LS 24 2 71%
ﬁﬁAT WX VRRDZ L ERELTND,
BN T, AURIBEOHEZEHOBRIZELAT v IV ERIE L, HEFHOEERICA ST
/%/7»&@%&%ﬁoto%®ﬁ% HEFELEZOREDOF I THLNDLT 7N
FAET 5 —FH T, FEBIZIA NP EEROBIZIZIAONBNT U T b5 2 L H
%@&@otoé6 CHLBRERNZ LT, BRSBTSk & RIS 2 R LieT T
JE, TRERo T Uo7 AREFE TREFF SN T VWD L A RB T AR A5,
AHFSE T, BER DMK D> & 254
DRI DTE B % [F]REIZ FidE L.
FNSDOT T IO RIWES)
RN LT, ZOFER. LB
W2 0 R RE SR B ) 72 [R] TS B s
ELDHZ LR, ZNETRUBEDES
WCHEREE ZHS>TWDL E SN

o

BLA - PL5 pairs
Coupled
Non-coupled

VCAT1 - PL5 pairs

5 Coupled
Non-coupled

(2]
=]
(2]
=]

N
o
N
o

n
o
n
o

Proportion of pairs with gy
significant coactivation (%)

Proportion of pairs with
significant coactivation (%)

o
o

Con,

Co, o}
"l tiopy, e
g

cl,e
T & T O B o v L — hy e
a U NEMEENICE S LTV . Ty "eto,
L EBICRMES~0%E L7 K5 SEEREFORNLE)
P T ADORESOT X ciE  RPE L KMBE DT Y2 7L o [RIEITE B 3
WD =L ampBT AiEEREy R FEERICBECAE T T (a), — 5T, i
N, ZRDIL, i Emﬂ;ﬁmaﬁfm 85 & RIMBADT W 2 7V ORBTEB) L, Adfiid

fe,,,/O”/

v hT—7 oBEER . sniEkkielcE  TROBEOBITIEA O 7z D3 S AT T R DR
<F§'§J’§-L’Cb\5:&%ﬂ?ﬂﬁb“(b\ WZIXEEAEAE LT 272 (b)),
%. Miyawaki& Mizuseki, K. 2022, Nat Commun (doi:

10.1038/s41467-022-28929-x) L V. 7 U= A T ¢
T eaFEL e T AL A 40 (FoR) ICHSxgE
L7,



Mizuseki Kenji Miyawaki Hiroyuki 189

Fast network oscillations during non-REM sleep support memory consolidation 2023

Neuroscience Research 3 12
DOI

10.1016/j -neures.2022.12.019

Miyawaki Hiroyuki Mizuseki Kenji 13

De novo inter-regional coactivations of preconfigured local ensembles support memory 2022

Nature Communications 1272
DOI

10.1038/s41467-022-28929-x

Hiroyuki Miyawaki

Experience-dependent inter-regional coactivations of cell ensembles support memory

The 44th Annual Meeting of the Japan Neuroscience Society

2022

Hiroyuki Miyawaki

Hippocampal-cortical network dynamics elucidated with multi-regional in vivo large-scale electrophysiology

The 100th Anniversary Annual Meeting of The Physiological Society of Japan

2023




Hiroyuki Miyawaki, Kenji Mlzuseki

Memory-supporting inter-regional networks among local cell-ensembles developed in experience dependent manner.

The 99th Annual Meeting of the Physiological Society of Japan

2022

Hiroyuki Miyawaki, Kenji Mlzuseki

Dynamics of inter-regional cell ensemble interactions underlying memory process

The 44th Annual Meeting of the Japan Neuroscience Society

2021

Miyawaki, H., & Mizuseki K.

Multi-regional large-scale electrophysiology revealed that inter-regional coactivations of cell ensembles support fear
memory

98

2021

Miyawaki, H., & Mizuseki K.

Dynamics of inter-regional cellular interactions during slow-wave sleep.

The Annual Meeting of the Japan Neuroscience Society

2020




https://ww.osaka-cu.ac.jp/ja/news/2021/220315-2

http://physiology.jp/science-topic/25243/




