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Forgetting unveils a temporal transition of engram function
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Abstract:

Every memory we encode affects how we process future events, even memories we no longer
know we have. How forgotten memories continue to interact with and affect new experiences
remains unclear. Memories are initially encoded in a fragile state in a population of neurons
called a memory engram, before undergoing consolidation into a more stable form with
proper rest or sleep. Hippocampal memory engrams encode episodic memories, and recall
said memories upon reactivation. The novel object place recognition (NOPR) paradigm is a
hippocampal-dependent task, whereby animals learn the locations of identical objects in a
familiar environment. | tracked the persistence of the NOPR memory and identified a time-
dependent state transition of the hippocampal engram from a spontaneously retrievable
(vocal) state, into a mute state that retains a silent memory trace that is only retrievable by
artificial engram stimulation. | added a weaker, modified episode at either the vocal or the
mute time points of the initial memory and found that only the mute engram induced the
consolidation of the weak memory. This effect required the internalization of synaptic
glutamate receptors. | bidirectionally manipulated the NOPR engram across its transition
point, successfully inducing a loss and gain in its ability to consolidate the weak event’s
memory when vocalized or inhibited, respectively. My study shows that the hippocampus
retains a mute trace of forgotten memories that affects processing of future events, causally

unveiling a previously unknown cognitive effect of forgetting.
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FRFICER LIFED =2 —n VEF O y U —7 |3 HEE 2R GRRER, =7
F A, engram) & LT, MBIZEL ZLBHMBN TS, RIEITAKRECHERE WS T4 R
YZIRERZECTEERISN, =77 AOBEE Iz X->THRiESh 5, BERIFERED S
THICH LVREREEET 2—F T, HVRBEEHT 28, BV, SHZZEmNL 7o
FREZBZONTE, LLEBL, B MIBT 2HMRAIT., BETHZ LN TERNVETE
PIFROITRNCEEE EZ DL 2R L TWD, SHIZEERICLAMAIL, SHFH
WRBHBTHD ZLERL TV IR, BAOEMFHIREOEMIIZhE THL LTI
Mofe, FEORMZS0N, BITPEEDOTERMD IR LN a— b7 T4

(mute engram) &N =2—v EMRMLA TS, S2— b 75 AMIATH
REBIZ K> THELZS SR TLHBEIN TS, BROKRECHERRERZ 75 A
ICRZDM, £72, RABAICIIED IS LTRICEDDEFER L-HERITohotz, &5
2, Fa—bxzr I aLEOMOTL TS AOMEERAZREE LZHRERLS, T2—h
LT T LREOMOTERICRIETHEEIIRATH D, AR, I2— bz 7T 000
BICREFTZELZAONICT I ZEM L LTIThh .
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Ra— b7 T L0MEEL T ST AMOMAEREFRTS0IC, ~ 7 AN
EFEk/~Z & 4 I (NOPR: novel object place recognition) ZFIf L7-, FEERZEIINOPR k L
—=U T ETRMPOHEREN, REORLIZHEEO FL—= SR L. BV RL
—=r7 (15550) IRMEEDT 77 LEMITEBN ML —=0 S THB, B ML
— =7 OREITFERIICET L, 3~5A®%IIIERE SRy, B bhl—=22 (445H)
IREHREEZEAE TS, IRRCITBELRSEE ST, Ia— b7 F L2 EHT 55
Whb—=27THb, 22D r—=0F2lBAEbET, ZOHRDT A MIRIT 5 5
FOMr—=U7EBOREEZEEL LT, =/ F48L3ia— b/ SA0MERRY
MRt L. =77 L5 RENIZERIET D012, REU¥ 421U (Dox) THEZHE




T 5 Tet-Off > AT L& F|H Uiz, c-fos/tetracycline transactivator(tTA)B s B A~ 7 A
IZ Dox JEFEEF THW F L —=2 7 &7\, tTA O F B L tetracycline response element

(TRE) Ol F THE T 5 DNA MM X EHR Cre ZFIH LT, 77 JHEEV A VAR
F—IZEoTHEALLE GEREXEZDOANLIZEER (7T ) 72 ECHETHAL
ZAR hM3D, F /XA ICHIE T 5% %A hMaD) (DREADD: Designer Receptors Ex-
clusively Activated by Designer Drugs) %, @\ b L —=0 7 TE#S N7 T A
WIRBEEEZ, ALY H > K (Clozapine N-oxide) O 5 I\Z L~ T 77 LOF#H %
FrEAICHERIE L 7=,
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“HEO N —= OB ORBEERF L, REOMEERER S, T 7 AKE
PR LEZ, Wbl —=r S o3~5%TRENR DRI, BNl —=V
TEITHE, B —=r 7 DB IERE~TEHESW THEETEIZRS &I
2, MWL —=V S OBHZMAE L, EiEEoMEERIZREHZERE T, 38 BLAT
WIBE IR o0 T, ZoH LW SE ERRITE ¥ 7 1T (remote behavior-
al tagging, RBT) | 4T 7=,

RBTIZCK T2 7 7 AMOMEERABEREZR~L-OIZ, MWL —=7 0/
BHEDORY NS, =27 5 AZDREADDIZ & - THift L Tl IciE 8 & &/ R ik
T, 4BBICB L —= 7 ETO L, RBTIRBE S ok, ThiZHLT, =
YT T ADIEEEMEI LIZRET, 2ERBICH ML —= 7 %2179 &, Bl L TRBT
DB,

LB TV T A RICBWTRAFEKOMBARD AR (f F—FVE—T3)
Mk &, AMPA (e-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate) ! L - 7% I
B (L-glutamate) ZBEEDGUA2Y T o=y bDA F—F UV E—a VEFRBFENIZ
FHE4 5 &, NOPREEVBIEETHZ BN TWD, RBTO VT AMEEARD
eI BN L—= T EO2~4B I CGAZY T 2=y DA 7 —F ) ¥ —
g vEMERNICHELERET, N L—=u %179 L. RBTIZBIE SN2
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VRMBELERBRIN, 7T AOMBEMERNECOLZFEICL > THE SNHIFLH
B Lz, FIRAREBEMST T2 &%, HIBCHEBOMEL Y, BEOEFD
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HMR2FZEICFELS L, BNRBRE~OBICICHETIFEE DL, IHic, Alzsh
RVWELE & SHOBREREEN ., MAKEE R SRR RBICERT IEERS S,
bz &b, BEIhIEBEAEINLRVERESHAEAERATIHZEZND T
O LI RITHAERRE S, ZOMREEO—REAL NI LEATERNER
EREWV, BEXVABEESIARBIXEZEL (BEF) OFMIC+HDET D LB L,
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