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4. 2 WBE-FREOMHREH L REEMBRRERO = a— NEN
(McNaughton 7' /v —7)

Research Title: Hippocampal and Neocortical Neuronal Ensembles and the Encoding of
Spatio-temporal Sequences

Summary of Research Project:

The goals of this project have been to study how memory sequences are encoded, stored
and consolidated. We focused on two main experimental questions: how are sequences
with repeated elements (e.g. A-B-C-D-B-E..etc.) stored, and how is sequence information
encoded in distributed form over widespread neocortical areas and consolidated into
coherent long-term memories.

Two studies tested the hypothesis is that, in order for a rat to learn to disambiguate the
sequential context of location “B” following location “A”, versus “B” following “D”, and
hence to go to the correct locations “C” and “E”, respectively, the representation of “B” at
some level of the nervous system must be context-dependent. Recordings were made
from hippocampus and from the prelimbic cortex. Both of these regions are implicated in
sequence learning. We found that rodents can solve the repeated-element sequence
problem without any evidence of sequential context-dependent activity in either area,;
however, at least in the case of the hippocampus, we discovered that there are conditions in
which such discriminative activity can be induced. We are continuing to investigate other
possible neural structures in which the expected discriminative activity may be found.

To address the second goal, a monkey was implanted with four separate 144 element
arrays of microelectrodes. Each array targeted a different neocortical site: posterior
parietal, somatosensory, motor, and prefrontal. Neural activity was recorded during a
variety of tasks involving sequential repeated behaviors and during 10 min rest periods
before and after the tasks. Patterns of activity expressed during the task were reexpressed
in 3 of the 4 cortical sites during rest after the task. The reactivation was coherent, and
there was evidence that at least short time-scale sequence information was preserved.

Finally, we have studied the spontaneous retrieval of sequence information in the
rodent prelimbic cortex after the animal has performed the sequence task outlined above.
We find robust reactivation of sequential firing patterns on a timescale that is compressed
approximately six-fold.

Overall, these studies have contributed to a better understanding of how memory
sequences are stored in the brain andhave opened up important new directions in memory
research.
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Sequential-Context-Dependent Hippocampal Activity is not Necessary to Learn Sequences
With Repeated Elements

Mark R. Bower, David R. Euston, and Bruce L. McNaughton

Learning sequences of events (e.g., a-b-c) is conceptually a simple problem that can be
solved using asymmetrically linked cell assemblies (e.g., "phase sequences"; Hebb, 1949),
provided that the elements of the sequence are unique. When elements repeat within the
sequence, however (e.g., a-b-c-d-b-e), the same element belongs to two separate “contexts”,
and a more complex sequence encoding mechanism is required to differentiate between the
two contexts. Some neural structure must form sequential-context-dependent, or
“differential”, representations of the two contexts (i.e., b as an element of ‘a-b-c’ as
opposed to ‘d-b-e’) to allow the correct choice to be made following the repeated element.
To investigate the possible role of hippocampus in complex sequence encoding, rats were
trained to remember repeated-location-sequences under three conditions: 1) reward was
given at each location; 2) during training, moveable barriers were placed at the entry and
exit of the repeated segment to direct the rat, and were removed once the sequence was
learned; 3) reward was withheld at the entry and exit of the repeated segment. In the first
condition, hippocampal ensemble activity did not differentiate the sequential context of the
repeated segment, indicating that complex sequences with repeated segments can be
learned without differential encoding within the hippocampus. Differential hippocampal
encoding was observed, however, under the latter two conditions, suggesting that long-term
memory for sequential cues, the working memory of previously visited locations, or the
recollection of different goals can serve to separate hippocampal activity patterns at the
same location.
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Complex-sequence Barrier-trained Skipped-reward

ABCDEBCFA... ABCDBEA... ABCDEBFGA...

Figure 1.  The arena and schematics of routes for each sequence task. At the left is
shown a photograph of the arena with clothespin-mounted light-emitting diodes (which
served as cues) mounted around the perimeter. The three figures on the right show the
top-down, schematic views of the routes for each sequence. Dotted lines represent the
first segment of a context. In counter-clockwise ("CCW™) contexts (blue), a CCW turn at
the choice point is the most efficient for reaching the next goal, while in clockwise ("CW")
contexts (red), the most efficient turn direction at the choice point is a CW turn. Parallel
red and blue lines denote the repeated segment(s). All other segments are shown in black
(e.g., in the “Skipped-reward” task). In the “Barrier-trained” task, the black rectangles
represent wooden blocks that were used during training to guide the rat through the
sequence. Once the rat had learned the sequence, these blocks were removed from the
arena. In the “Skipped-reward” task, the probability of reward at the ends of the repeated
segment (denoted by an “X”) was reduced across sessions until no reward was given,
allowing rats to make continuous trajectories into, through, and out of the repeated segment.
To make the two tasks and corresponding spatial locations less similar to the rat, the
direction of the repeated segment was rotated by 90° between the Barrier-trained and
Skipped-reward tasks (as shown in the schematic). To enable easier comparisons of unit
responses, the orientation of sequences have been rotated in subsequent figures such that
the repeated segments are vertical. The photo at right shows the 1.3m recording arena.
Neural data were recorded from the rat through a lightweight tether.
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Figure 2. Rats solved the sequence tasks using a spatial (i.e., most likely hippocampal
dependent), rather than a motor strategy. In both graphs, the horizontal axis shows the
number three trial blocks following exposure to a novel or previously learned, but rotated
sequence. The change or rotation occurred while the rat was performing the previously
learned sequence. The vertical axis shows the percent of zones reached correctly. The
“Novel” sequence shows the initial disruption in performance and subsequent learning,
when rats were exposed to a sequence with which they had no previous experience. The
“Rotated” sequence shows the disruption in performance when rats were exposed to a
rotated version of a previously learned sequence. As denoted by an asterisk, performance
during the first block after the change in both conditions is significantly worse than the
average performance on the preceding ten blocks (t-test, p<.05). In addition, the
re-learning curves are similar. These data show that the animals were not using a simple
motor sequence to solve the problem.
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Figure 3. The Complex-sequence task was solved without differential encoding in the
hippocampus. Each row depicts data from the same rat during a single session; each
sub-panel depicts a different cell. The actual paths taken by the rat during clockwise
(light gray paths; blue dots and bars) and counter-clockwise (dark gray paths; red dots and
bars) contexts are overlaid, showing the similarity between the paths that were taken. The
location of the rat when each spike occurred is overlaid on the paths. The mean binned
firing rates and standard errors are shown by bar graphs adjacent to the paths with scale
bars shown in the lower right of each sub-panel. The cells displayed were chosen because
they showed the most significant difference between the two sequential-contexts. The
asterisk denotes significant sequential-context-specific activity as determined by either a
significant main effect of context or bin-by-context interaction (ANOVA, p<.05). Overall,
the context discriminative activity expressed in the hippocampus was not greater than
expected by chance. [Dissertation/Figures/Ch05_BinRatePlotsSeq2.png generated by
ChO05_scriptVbinnedRatePlots.m]

Rats learned complex spatial sequences that included repeated segments.
Performance was disrupted by rotation of the sequences with respect to distal and proximal
cues. Thus, the encoding involved spatial information, and not simply motor sequences.
An involvement of the hippocampus in task performance is therefore strongly implicated
(O’Keefe and Nadel, 1978, O'Keefe and Conway, 1978; Muller et al., 1987).
Hippocampal neural activity exhibited the expected spatial selectivity across all sequence
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tasks. Nevertheless, differential activity that might have differentiated the sequential
contexts of the repeated segments was not observed in the Complex-sequence task, despite
the fact that the task was arguably more difficult than others in which such differential
activity was observed (Wood et al., 2000; Frank et al., 2000; Ferbinteanu and Shapiro,
2003). Thus, differential hippocampal activity is not required to separate
sequence-dependent, spatial contexts behaviorally.

There are thus two principal conclusions of this study. The first is that hippocampal
differentiation of the sequential context of a repeated segment during a spatial sequence
task is unnecessary for the animal to learn the sequence successfully (including the
repeated component). Unless the differential codes are established elsewhere in the brain,
performance of such tasks without the aid of differential hippocampal activity would rely
on working memory or a trace-strength comparison, and hence might be more subject to
interference, distractions or delays, than would be the case if differential encodings were
produced. Thus, hippocampal lesioned animals might be more impaired at learning
sequence tasks involving delays. The second conclusion is that differential hippocampal
activity within the repeated segment can be induced by context-dependent external or
internal cues after repeated exposures to a given sequence, provided that the net input to the
hippocampus is sufficiently distinct. These conclusions lead to two predictions. When
compared to rats trained such that differential hippocampal codes aren't produced (as in the
Complex-sequence task), rats with differential hippocampal codes should be less distracted
by delays on the repeated segment, because differential hippocampal activity could help
sustain working memory. Conversely, making the common segment more distinct (e.g., by
adding local cues as in Battaglia et al., 2004) and thereby biasing the hippocampus to form
identical codes for the two sequential contexts should, paradoxically, make performance of
the repeated element sequence task less robust.

Coordinated reactivation of distributed recent memory traces in primate neocortex

K.L. Hoffman and B.L. McNaughton

Conversion of new memories into a lasting form may involve the gradual refinement and
linking together of neural representations stored widely throughout neocortex. This
consolidation process may require coordinated reactivation of distributed components of
memory traces while the cortex is ‘offline’, i.e., not engaged in processing external stimuli.
Simultaneous neural ensemble recordings from four sites in the macaque neocortex
revealed such coordinated reactivation. In motor, somatosensory and parietal cortex (but
not prefrontal cortex), the behaviorally-induced correlation structure and temporal
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patterning of neural ensembles within and between regions was preserved, confirming a
major tenet of the trace-reactivation theory of memory consolidation.

Our ability to recall detailed memories, even from the distant past, suggests we have a
robust, high-capacity neural system for storing memories. Yet, in the minutes to days after
an event, memory for that event is susceptible to disruption. This period of lability may
be a consequence of the way memory traces are stored throughout the cortex.

Marr (1) was perhaps the first to suggest how a sparsely connected hierarchical
network such as the cortex may be capable of high-capacity, detailed representation, with
the caveat that the final memory trace is not made entirely ‘on-the-fly’(2-5). Instead, after
an event occurs, a top-down cascade of neural activity may ensue. Event-related activity in
cells from higher-level regions of cortex (e.g. hippocampus and related associational
structures) may elicit activity in cells from lower-level regions that were also active during
the event. Through repeated coactivation, these lower-level ensembles may create the
connections necessary to encode the memory trace efficiently and to sustain it, or some
approximation of it, independently of top-down input. This ‘trace-reactivation’ theory is
one of several theories that explain the protracted period of time required for memory
consolidation, and why cortical association areas, such as the hippocampus, are necessary
during such consolidation periods. Two critical predictions from this theory are:

1) Patterns of neural ensemble activity expressed during an experience should be
spontaneously reactivated during subsequent periods of behavioral inactivity.

2) The distributed components of the reactivated memory trace should appear
concurrently within the relevant cortical sites.

To address the foregoing questions, an array of 144 independently advanceable
microelectrodes was implanted into each of four regions of the primate neocortex: posterior
parietal cortex (PP), motor cortex (M), somatosensory cortex (SS), and dorsal prefrontal
cortex (PFC) . Each array consisted of a 12 x 12 lattice of electrodes with a 650 pum
spacing. Multiple individual neurons were recorded simultaneously during 30 minutes of
rest (Rest 1), a sequential reaching behavior (Task), and a final 30 minutes of rest (Rest 2).
Because studies in rodents show that reactivation measures decline substantially over about
30 min after performance of a task, analysis of rest data was restricted to the 10 minutes of
Rest 1 and Rest 2 immediately flanking the task

A total of 800 cells were isolated over nine recording sessions (20, 253, 243, and 284
cells from PP, M, SS, and PFC, respectively) producing a total of 21,288 cell pairs eligible
for correlation analyses. Cells in all four areas exhibited firing modulation related to task
events, and there was no significant difference in the mean firing rates of cells by brain
region or by behavioral epoch, although firing rates tended to be higher during the task.

If reactivation occurs, cells which were active together during the task should tend to
be co-active afterwards, and cells active at different times during the task should not be
co-active afterwards. Such reemergence of neural co-activity patterns can be quantified
by computing how much of the variance in the distribution of cell-pair correlations during
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Rest 2 can be explained statistically by the pattern of correlations induced during Task after
factoring out the distribution of correlations already present in the control period (Rest 1;
13). For each epoch of a given session, Pearson’s correlation coefficient was calculated
from the binned spike trains of all eligible pairs of cells, and the explained variance of that
session was calculated from the partial regression of Task and Rest 2 cell-pair correlations
controlling for those of Rest 1. Pooling the correlations from all nine sessions by epoch, the
overall explained variance was significantly greater than the epoch-swapped control levels
(p< 0.05, 13). Substantial explained variance was apparent across most sessions, but not
across all brain regions.

Correlations based on all combinations of cell pairs from the same array (i.e.
within-area correlations) produced a significant explained variance for PP, M, and SS.
Significant explained variance was also evident across brain regions for correlations of
PP-M pairs, PP-SS pairs, and M-SS pairs. In contrast, the activity of PFC cells paired
within or across areas did not lead to significant explained variance above control levels.

The extent to which sequences of activity were preserved during reactivation was also
assessed. For each epoch, cross-correlograms (CCGs) were calculated by grouping spikes
into 10 ms bins, and calculating the correlations between all cell pairs over £ 1 sec time
lags. When one cell tends to fire before another cell as a consequence of the task,
temporal bias appears as an offset, or asymmetry, in the CCG peak. If the temporal biases
of Task CCGs are more similar to those of Rest 2 CCGs than those of Rest 1 CCGs, this
indicates the presence of some degree of sequence reactivation. By this criterion,
significant reactivation of sequences of neural ensemble activity was observed within M
and SS, but not within PFC. Reactivation of sequences was also seen between PP and M,
but not between M and SS nor any combination that included PFC cells.

In agreement with a widely-held hypothesis concerning the mechanisms of memory
consolidation, the results of this study demonstrate that sequence memory trace reactivation
occurs in a coherent, distributed manner across much of the neocortex. This finding
constitutes the first demonstration of memory trace reactivation in the primate brain and
enables a closer extrapolation to human memory dynamics than is possible with the rodent
model.
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Figure 4 MR and CT co-registration. A. Axial CT of the implanted monkey. Electrode
cross-sections are visible as white dots inside the indicated regions (white squares). At this
dorsal level, the medial electrodes are in brain, whereas the lateral electrodes are still above
or at the level of the skull, visible as a white, interrupted oval. Skull screws are visible as
bright spots with a radial artifact. B. Top panel. Coronal slices of CT renderings, registered
to stereotaxic coordinates. In the left, anterior image, electrodes from the PFC array are
visible. The right image is the one plane in which both motor and somatosensory electrodes
are visible. After the recording sessions but prior to scanning, select electrodes were
lowered 5-30mm. Bottom panel. Coronal slices of pre-operative MR renderings,
co-registered with the CTs.
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Figure 5 Regions of monkey neocortex exhibiting statistically significant reactivation of
recent memory traces and trace sequences are shown in red. Reactivation was coherent
among the three areas. The region of prefrontal cortex recorded from (blue) did not
exhibit reactivation.
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TR R A E— 2 — BITRIBEEE (T y M MLy RIV) 0 KEBEH X-Y B
BEEE, BEIOV v 7 FROITHOZDOF 2 —T7 2R v 7 (¥ yFky
=) HENGLRD (WD, 7y M, RERREEL IO/ N Uy B IV &1 724
TENLEE R E LIS, e EE LS E A —E OB COKEBEI S E e, £, MENE
FEHEELZREOLFTTA My 7S, £ 2 THIM-FOSREZ 2T S, 2k, 2
M), SITBE) RER 2oL ClESR=a2—m 2T A NT 52 ENAREICR D,

AREDORBE « BESEE R R ARV F — R B ICH D AT 72Ty b A I E AL E 2 [
TL. MEMBEEERY 8 FRICBB ¥, £/, 8FD 2 HAT (Place I, Place I1)
EEZIFILIE, TNENOHITTL) KRR BT SRITER (LY B I VBE) -
FEIE AT i B (HERIPERRE) . B8 KOV 2) SRl i T EE) e - F = — 7
(U > 7178 (GREPERE) 226 72 2RI -SOSIRE 2 Z1T S ' 5,

TR a ha— v EEALEEEE % 8 FRICKERBE) I (Trans) . 2 IAT CIE 1L L7z
REET 2 FEHORE—SOL R E 21T 5 (Task) . F 7. BHENLE E & O /KRB 8
HIEThLy FIL (I EBE Y, EEOMTBEZ I 21— T 5, DLEOKE
FEr IS, 1) Transt TM+Task (control-1). 2) Trans+TM, 3) Trans+Task, 4) Trans.
F L U'5) Trans+TM+Task (control-2) 5 FIHDIRIL THEH A= = — v U HE) & Fodk L 72,

it - BEU 2/ NS e 7 B ic Bl FE 7 MBS =2 —1 DI KIE
BEZEN LU CHREHEE~ Yy 72 FERk Lic, RSB DIREEDELIL, & D
control-1 |2 HMEME~ v 72 EHEIC L, Tl ZNLUAORUICE T 2 i EEE
~ v L OMEMREAEEH L=, b L., control-1 BE N control-2 (21 BBk E
550 (MERENEBE TR T256) 15, £ ==2—1 X experience-dependent
cells & L CLAE DFENT BRI LT,
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A. EBtyrTYvT

Solution Speaker

tube
\ Touch
) I sensor

| Stereotaxic
frame
Treadmill
B. SrgkEtRES- R E4EE b. Place I
a. Place I Tone (530 Hz)
Treadmill J L L Tube protrusion -
(locomotion) (Water reward) Licking
0 2 4 6 8 10s 0 2 4 6 8 10s

X1 EBREEOHME

[ - B%E]

6 EHOWH A= —n 2R EHL, £D b 8 HMBLELHEINSEZR L, &V 28
fE 73 control-1 & control-2 IZBWTCISEMNE 72 5 experience—dependent cells Tdh o
o D B EOEFI=a—mr Do 5, 23 @IFAT—UBBFTO KLy FIEIRIC
X0, Fo 12 FEIFERESFITOREIC L VG ENZL L, £, 1T iE by R
L ORRECMREDOFH I LV IGFTISENEL Lo T,

—H. 2l D =a—m ik, &<IC 8 FRIBE TEME L CEmd 5 (M 1A T,
TR L READREPEE L TWDLED) ICHTT7 4 — AV FEHALTWe, 20955 16 O
Za—nr T, PREBOFIEOBEIEEIOE VY (GFERITAEFmE —2) 12X i
DIGFTNETER R > Tz (¥ 1A T, fk L READOBEE CHATISEMR R D),
EBIT, ZND 6 HOGFT=a—r DN D0, BESC MLy RIVOBRBOAHEIC
KO IREENEL LT,

IO DRERIT, MEHE= 2 — v N K DGPTSR E D ZERIR - IEE R E BT L HE
R THLZ 2R T 5,
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I1I. H{ETFBEITHNCKIT 5 NBEE= o — v R OBERERIRE &
[EHY]

bivbid, BRREEDOGINICES & IR LR T 2R KRG = 2 — 1 g,
HAZZZ N OB E DB FTICRIRITEE L TW D O TIEAR <, TOEFTCEZ Y %<
ZDLEDRKEDRE (Y — FRIBTHFILIIND IR ITEELTND W) EE
Rt Z T TWD, ZORBICED L, FEOHTITEOEMNRZIT & HfE2 OfF#HR (K
P CRBES T EHR) OF M DRBUCEN L2 BRO & 5 E RS A Tt 4,
BERGHT =2 —a VISV TERO S D THROMAEDEEHFBFLLTND L&
b, T BIOII OFERIZT., ZORHREXFHETHIHLOTHS,

AT CIE, FREMEE O B2 2 @B OB T 2 P VBB R = o —a O AN % i
Bri, SRS T 5 ORI 2 LB A A SN 5 2 L2 HE L, 20
fod, 725 SUIRMISGE T CRZEM B L OB M N 2 B 83 2 5T O Y VBB IR
PDHOEB D=2 —v U EEHZRILEL, REOEWICLY =2 —v U OBERENRS
GERBFER) B ED X HITEALT D D0 LT,

X7
1) EBRENY) - S5

28D ) (Macaca fuscata, 4.2-5.6 kg) Z 7=, VL%, &M 526 K BN [E & 25
xR Lo Rk e (L BB - v ) ICEY, T A A7 LA LR o
TV aART 47 (A arAAEE) 2 BIESEZ, ZAODELEZHNT, FiLod
4 SOZEMBESRATH OV VHEE KRS K OMERGERICH T AWE S v 7 2T Rk Em %
EMLRICHIAL, =a—a 5L ek Lz, B0 7 Fu /E 5L, AiEEEes
BROFHERICIVEEL, 7—F L a—XITiEli,

2) 5 It + 2% [ i iA

Yz, FEZ2EI B (real translocation: RT) #REE, B L OYKAHZE W B (virtual
translocation: VI)FREZ M L 72, @I, S OIS T 4 A7 LA BIZHRA & —
(pointer: P) I X OVH Ml GREMGEIER) %2~ 9 H (target circle: TC) Z2/RT D51 E 95 Mz
XY, ENEFN_OORRDLBENLRD,
i) RT/TC iR

ABETIE, AT A AT A O ABMPFEEMTHLFEREO ABITHY LTS,
WeaT 4 27 LA RIZHBH GERGEED) 2R~ H (X —57 Y hY—2 1 TO) RERIND
E, PV a A AT 4 v 7 BRET S Z LI KV BB A BRE) X CH il aEIR £ TR
L, A EAN LR Tl (2 =2 — R) 28151 5, RS T, a2z R~d
PUIFRBEK T TER SN TWD D, LT 4 A7 LA EICHROESEF 2R R A
A —%RARLIRNOT, i, FERENOZEMBFE K5 B 2 OJE5ET 2 W3
L2 EIZEY, TaRAT LA LOMIZHEY T 5 EEOBA~BE T2 Z L NERIND,
ii) RT/P-TC #E

AR, EEiEERETH LN, BEOMNEBEEZRTRA VX —DhT 4 A7 L
A 2T EIND,
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iii) VT/P §ii#E
HEYEDOALE A [EE LIIRET, T 4 A7 LA RICHMfERZ 2 BRI ERT 5,
FE, Zo 2 BETHMEROSGTARET D, £0%, P YaA AT 4 v 7
ETHZEICEVIRET A AT VA EORA 7 —2R{ER E TREISE, RA 27—
DS YR GESE L N U 72 R U TN (2 = — R) 2 8155 5,
iv) VT/P-TC 3R/

FERMIZI, RT/P-TCAEE L [AEECTH DAY, HEVEONE % [EE L7 IRRET

;%l

BEAT 9.

3) T — X fRAT

T—HLa—FnoDEE%E, A/D a N —F—FH\T{~vAfr/rarta—F TV
ATr, 7T AR —RITIC LD = o —na UIRENC B, 22 - BATICR DR A
AT L7z, 2 x 2 m OEZER (BEHEOBEIZEM), LN 15.9 x 15.9 cm OAHZEM (R
BT A AT LA FDZER) &, FHREN 8 x 8 BOHOE Yy EAICHINS L, FRAEADY
7 /MBI D =2 —n AEE) (A 27V AREKEL/TER ) &2 3Rz, & HIC, #ifE
WZBTDEEA VA B 2 5 D=2 —a UIREh A AT L 7L b
L 12U ERL, TOWETLIE LD bR e 1 DU EREEA VoV R E
BO1LHEUEOD=a—m  fFBZ AL TCNDHEEX, ZO=a—a 3G 7 4 — L K&
ALTWDEEHRL,

AFRE T, FEEM OB ZERNTEHRERICHY, FxOE 7 BB —xt—IZ%G LT
WHDT, FEICIIT D FEEME IR ZER LG 7 « — 1V RERD, 57 1 —
v R ONLE & LRk« fj@hT L7=,

4) FIRE = a2 — 1 v ORISR

= a—u AR OEEMIM I, EREAGALO XERRE 21TV, T OMEZ R L
Tz WIBEDOFLEAE T, BT T, BT APES v 7 2T UiigkEimz VTSNS
L O DORER7R 8 & T DFLEREBNL 2 BRI EEFMIE LTz, £ 0%, REREET T, #
DR PR LV~ U R E R L, A EE L, A~ U CEER, Mafmb L, Al
wrEG Y R 2 E R L7z, = 2 — U ORREIALIE, SR Z 7 LA F Ly PG
L, JEFEBE T T, XREEIC X D AREEME O ERMR, 75 OSBRI
23 K ONRLaR BB OALE BILRIC L 0 MR FEAVICFIE L7,

(s 3

1) VB IRES L OVEE RN SR 38 Moo —a U iF@Eziik Lz, ThbD==
—arDHH, 166 f#l (42. 7%) NEBRENORFEDGTTH 5 WITIKET 4 A7 LA LDk
EONET=2—n UEEN EF Uiz 5T « ZRIEIIGE =2—a ),

2) MEERN ORISR L 1T =2 —a D9 b, 163D =a—1 X725 T
FAEF BT IE 2 IO TRRAT L7z, £ ORER. 98 MO T THERMHMENFE O bz (H
R-BEAHIE - 72/118 A, MFE-ITFEMINE : 19/33 $1, MEAR-MEHI : 7/12 /), Zh b 98
EDO~T D56 IEDOHBIN 81% (79/98 #) . A DHEIN 5% (5/98 #) DT TH LT,
F7 . < DT (10%) Tl EAB O B — 27 2800 GEFE 0 ms) 205 5~50 ms FLFE 5
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7 FLTWE [ 13.68+8.79 ms (SD)], & HIZ, 56% (55/98 #) D=2 —rm X7 T
it, BFEOME TR A ELRHEMENRO LN, TN OHERIMEEZ Ry =a—a
RTOIWFE A E I, $ER- RO X A T THY =7 7 ) EOMEZR L,
— 7. BEBRRMEA RS RV 2 —a T TR, BEOBANERD IR o T,

3) BT - ZEMRRSE =2 —r X, B = a—m v LR LT EIE A L AR
B DA B > 7o (G - ZZRERISE =2 —1r o, 0.96+0. 14 spikes/sec ; FFISE
—a—nr ), 8.3940.87 spikes/sec ; p<0.01), £7~. B =mzx—o I 3EEAEB IO
WS BFENZIRPIC A L TR Y | JRIEITRR O bl T,

(B 5]

AWFFRIC LY, $ERMIE~T DL 1L, FHRETRRIMEEHRALRT I ERH LN
mofe, ZOFEBREFIL, FREILICR LI —n VEMBPER S, FEZEHH D
FRABZEMA = RSN TWDLZ L 2R T 5, $72bb, FMEI LR D CURK
fFH972) =a—ua CEMBER I, KRENOREDORI FICHIT 2FER (B2 X, FF
EOME TR EDZEMME CREE 72HRFE) 1L, F=a— vV EHNORKED =2 —n1
VOMAGORICEVRIAEINDEEZOND, ZOZ &1L, FREEGELT D=2 —
B RN KD RSN DEHD KR DPEAER DAL L, WEERICR T 2EHREE L, £
NOBROEIEREMAGOETELZERBEICRS>TNDL I EE2RET S,

EHIC, INOHERIRMEZ R T o2 —n 0T DIEE A ST, #EER-SEAMRD % 17
THY, ©—27 v 7 NeEo EOMEMEAZR LT, 202 &3O RIS ERS
—HaETH L L ERB L, =Y — NEREE RO A5 & L C, IR
K=o — o U OIERFRIIRE G L 2 SR FR 72 EF TR B SRR S 4L 5,

IV. JEZREIC X5 T v MEBKR =2 —r VOREME
[H ]

1957 4|2 Scoville & Milner 23, MBI & A A PEREESIE O B I DU Ty LT LAk,
MBI EFRBICET 22 OMENMTbRTE 2, 2R bDOMZEIZE Y, EEMAIL, fiEF
FHNET R COBRIERZ RKIMEEEASBT N D2, HEMICIIZBEEA LD =
By — NERE. BORFERE. FEIGLIE. RAHEK, 7o CBRES R E 2T iR
BHELTWSZ ENRBENT VD, —F, BEFOFHERI X OTEIFIMEIZ LD .
W R R IRk 2 70 B3R & RERINEFF I B S W TR BT D IES I AL BRI B B e F 2 R L,
Z ONEFME R LY ~ Y — R & 92 EFUGRATHII TE 5 2 &R
BENTWD, £/, Bk (BF%E 1) OV VilEBR= 2 —a > OF A BN X 2 i
it A b SESH AR O FE e BRIERE & 12 K DIESIE LB Z 7RI LT\ D, I 6T, &L, i
BRE, —HEOBERNO R LIEHOIEFICEBE L. (EE L) EZERGENDHAIT,
ZTHHE L R A2 SIS EICXE L TR T 2 2 LICEHEEREEZR L TNWDH I &
MR I TS, Lo, WHEEICEIT DRSS ROEZ BEEET L= a—r X
IVORFGEIL Z I E TITOIL TV,
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ARWFFE T, NRSIERALEIZ R T 2K R O&E 2 =2 —v VLV THLNICT 572
D, FR - 1 RERITE —5 2 BRI 572 D 3 DD RITH (ER) MIRFICE RS
VDS PR E B P — MOJS A PR B (conditional delayed stimulus—response
association task, CDSRT) % 7 v MZHE ZH7-, CDSRT i TIX., &5 2 B LU 3 Hl
MANEFN N B W TR O EIR & 72 575, SBATHI CTd 2 ST L 0 FIEFNZ BT 5
B2 RBLOH 3R AT D EATE D, 2 b CDSRT UEICH T2 7 v MBI CAL
= a—u OIS EMEE T LT,

X7
1) FEBREWY

15D 7 A A2 —F%MET ~ N (AT : 230—300g) Z W2, T v M, THFNfE~
DEEH 7 —VIZ AL, BHEBEE HUKSEMET CHE L, AERREIXI=EREZ 23CITR 5,
B % 7:00~19:00, MEHZ 19:00~7:00 IZF%E L7z,

2) Fify

FIE 2 BHZ T CTRTEEMICIT 72, H1HEHOFHNTIZ, A7 xR LT
YENE AL NTOMEMBEERRFRA VY —ZEEFICEEL, SOICHEOBXZE=X
— T 572DDOBHEXHOEMETLEFER (A7 LV ATA Y —; £, 50um2 KZFEDHIC
HDIA AT, FiFEER% (7~10 B), 7 v I CDSRT A28 s¥7= (10~14 H), %5
2 FIHOFMT= 2 — v AFEEEBBERNICITY., =2 — 8 UGB FLERF I RBEEMm &
L CTHW D B M EmR A AR AL OIAL, S DIZFEEHEMRADT O D/ 72
BEZERAE EOEEST I -,

3) AR

FT. Ty NEHORBRFALVZ—IZL0 T v N & RN E A5 E 5 35 R A I EE L
oo BB/ REELE LT, 3O0OARY—F—%7 v hOZTNEHIER (A1), A0/, A7l
(CRRE L, M e LTP&EE (CT) (300, 530, 1200Hz) % 0.3 PRI 2/R Lz, £z,

HEICR < BmABRIE S LT, =27 7RI (air puff, AP) %7 v MRIJTICRE L72AR
VZFLorFa—T706 2 BHERLE, FERRICEIAEE L TRAKHF2—7%27 v b
DHAFBEATNZZEEH L (tube protrusion, TP), 0.3M FEFERIK 2D DV » Z7ATEN 21T
e, Vo 2087+ b —CTE=4—L17,

CDSRT #REETCIX, PEHEEZ 3 MO O LD 1 FH\NHD 0.3 BRI E//R L, 1.5-2. 0 PO
TEWIR (delay, D) O, EEMALHIEEZ 2R L, EAMLAKIX, 5 1 ssbfilig — &
FEHA— 56 2 b 6 0 . AT LD 3 %% —2 (AP—TP, TP—TP, TP—AP) %%
E LT, 3 HMnbOTEEOE, TNENe 5 Lil 3 FEOE G ML N 2R S
LR, TOTEEOERG M EBERICAEOMAETILITETORBERICEIV RS LX)
WICRE LTz, T72bb, FlEEMN (TEEOHEE) 1BV TCT—D—AP—D—TP, CT—
D—TP—D—TP, 3L CT—D—TP—D—AP ® 3 FEIHDORIT ATV, 3 FRESMETAE 9 FMH
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DRITEATo T2, UELY | HIEEIMICET 2 3 EORITICE T, RITOENB &
DEIR SN DNEFOEVNT LY | AP 1 2 MM, TP 13 4 M. JBIENIT 6 A0 572 BRI
PIEAES 2, PREFIRNE, ARSI AEEICRE L, FA—REEENT 3 FEORITE
FERICHEAT L /e, SR B O BRI SEATATZEL U TPISH 5 U » 7 D23 300msec
LR & LT,

4) =a—ua R OFRE - T

AR T, T o MR 2 Rk E O [ 2 B MR IS E L. T A s v 7R
F B (1.0-1.5 MQ) 2 BB~ = ¥ = L — & THMWEE K CAL I A L7, Mok
SR UT-MER A= 2 — 0 AFENE, MBS L O ERIES THIEL, R T —ES L L HITA/D
A R—FEN LTI a— TR LT,

SR = 2 — o ARENE, BOPMITIC KD = —m RIS L, =2 —m
DL RBEMEE & A ZRH O HEEHILENE= 2 —r L, F=a—vrD
EBE, 9 FEORITRITING & A b2 LZ&AER L, CDSRT #i A T4 RO = > b o—
NCR) . TEESO.58), & 1EES (1.5-2.0 F) ., 2 1 sl C®). 52
WEIEH] (2 FD) . 2 WAL (2 B) T TREIT Lis, SEIROISE (BB M E 713
ARG (X, 9 R ORATAIC 1 LW XL O post-hoc 7 A MZ XD, v b
— AL L CHEREZIT> 72, WINWDOYM CHERIGENADN =2 —1 v
ZOWTIE, & 512 9 FEORITICBT 5 TN TR T EEH. MR X OURES O
SIS DN T 2 SEA T RRBESRME (T 38535 O AW H) X T35 o J7 1, RS X sl
WD, EORRBESAE X BIE ORI L 0 B BEREZT 5 72,

5) ARSI

FEERIE T %, R T CEIEE (20 pA, 20 ) 12 X0 BRI EAL T 2N E AT 5
TR (v —F 7)) 2R LTz, 20%. 7 v FEROIBIICAR A KL L O 10%
7 A U RGN L A R LD R 72 L 0%~ ) SRR LT,
Bik, #9 1 EBZRICATEREED R (BEE 30 um) Z/ERIL, Z Ly — A 4Ly B
LEITo72, BT CHBKRICBTA~v—F 0 VOM@EEREL, ~v—F 2 7 OfrEN
D= o — 1 2 OREERERNL & B ENL I FRE LTz,

[ 2R ]

CDSRT ARBERATHH O T o MBS R CAL IR L 0 B 11O = 2 — = W IES & 8 L7,
NG UNIEO=2—vr D55, 107 ER#EEMIBIC, 4 ERNME= 2 —r A CaEE R
Too 107 fHOSEARAIED 5 B, 71 E (69. 9%) 2SR MEILE A 4 {8 (3. 9%) 2WHITEIGE % |
7D 28 8 (27. 2%) DSRRESAT 70 & QNI s LRI DR DLF K OBIES OARPL & 0 7 DI8E
(BLZEMEdS L OMIHIPEISSS) 2R L, E£7-. 33T EZTHIC, 42 823 AP #i, 64 {#
23 TP W, 36 KOV 28 23 EAE WIS LT,

CT M CTITINE L7 33 D=2 — 1 220\ T 2 oo BRESE (CT @K
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) X CT B/ARFMIZITV, 30 f# (90. 9%) THEZRENREITMHAEERNRED v,
AP JSZEME AP 1T LT 2 D =2 — 1 2N T 2 oSS Hr RESE X AP @
SRR ATV, 36 fiH (85, T%) THE R ENREIIMAAERNFED bz,

TP JSZME - TP IR LT 64 D = 2 — 1 22N T 2 BB HT FRES A X TP ©
ERIL] 24TV, 53 fiH (82, 8%) THE R EMNREZIIMAAFEMNFED bz,

PEIE S ME BN R A LTz 28 D = = — 1 N2 DWW T 2 e BT RIES A X
BEIEHADARBL] 24TV, 28 il (100%) THE R FENR EIITHAAFEADIR D bivic,

[B£]

AR CIE, LI RE L7222 D=2 —a T, WLIo 2RI L CH
BEREHENPED LN, 20O &%, WEEMIZHE— ORI T H RO ZoRIERF 72 &0 2
TRRPLDBENC LV MEHE A= 2 — o CDISEMEN R D2 2R LTS, S HIT, 8
Gtk & AL O 2R CH B R EER 2R LSRR =2 — e U OFEEIT, S
EREEONEFF CEBE LI ERZOF S LICEEREEZ R L TND 2 L ZMRBT 5,

Flo. WS ODOWHEKR=2—m 0%, =2 b —/VH# & L Co{bfliIc A BTG
BELIZN, 2 Tl CTAERMEHFIIR RDBO b ehoTlc, ThbD=a—n v
1%, AREEEMCHRALINE O BRI BIfR 72 < L FRALFRKICHEMIZEE Lic=a2—1r T
HHEBEZLND, WEKROFHERWHEICEL D &, EFIFEIC LY FrE O BRI HH
BT D =a2—m L XEOREOERMOBELEIIEE T H=a—n U RNEREND Z
EDTRBEINTWD, RIFFEICHE T HEBEHIINE T2 =2 — 1 35 L ORI IS B
IR ET D =a—m 0, THORHEMOIER R & X<~ 25, L EORFIERERIT.
T Y — RNERE (K - 220, &2 WITFSRIL D S ICENM SRR TEARIC 31T 2 HiliK
BFb MR EE L 2D B2 b b,

V. b MEBFICB ZIEFIEE O BRi%E
[H®]

JER (EF) 1CBd3 2E JESIGERE) . =Y — FilE (BuwHoiE) 5.
BLOER e O 225000 - SRR EREICEETHY . BIPOMEEROE N ORREES
X MERENL, WERPEEREHEZRLL VDL ZERRBINTWVD, S HIT,
58 11 38 L OV T1T OFESIE VR IR O SEAH AR O NEFIFTEBI AN = &Y — RELIE O MR 2
NE=ALTHDHIEERBELTWNS, LarL, b MZBT DIRESIFEEICE T 2 ME T =
NETHLMNMZEN TV, 2, RO L D . NI X #EE R O#EE
BE D CTHEA iR s iRBREADME T T 228N TVWaAA, EFAMNEGICLSEe b
DWFBARIZ I T DR AT RO WD TIRRZIFRIZIE S A SR,

JEFFLE A =Y — RFEEOARE TH D5 & W) bitbvOEGEIZ KX, IEFIRED =
B Y — R E RBRICIEIC L VB SN Z LR TPHREND, £ 2 TAMFZETIX, B
SRIERE S NER IC B A 2 T B0 8 ) R AFZAIICH S ST 720, Rl E Wz
EZ GRS A Z R L T, EP OFLEEEN. (ERPs) Z ik L. At L O kiR
# @D ERP i~ & iR TRE 2 bLik « fi#MT L 7=, S BT, 4 BEFRIRET /L (Scalp, Skull,
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Liquor, Brain: SSLB <& /L) IZ & 2 A1 BHrE (DT %) Z MW, [F ERP OERIEAE
VEAHEE L, EYZE - GREICET 5 POMEIRZH O™ T 5 2 & 2l

[J51%]
1) 8

S & LT, 12 MO RS S (Rrjchef « 2 B/ 2 vwic, HIEFIGLERE T, 12
FIEIC 1~12 ETHOLNUDIARFZ3RE L, FIMHERE 2 # Tk v ik LR CIESI Tl
WCERLTER, D95 2~3HIOFIX, MEIZERDIEYTER L, ZNHHLNLED
RELTNEF B L OB R BIEFTERINT-EEZ., N1 % Non—target 3 X O Target
EEFR LT, HBREFICIE, FORRIESI Y — U N ERESNIIES 23R - FE L, S
512 Target EHIW L7 B LEKTRICAZ V2T Lo ICERLEE, XTHREE
(Control) TiX, Z? 12 FEALEDIAFITERL, ETOFEOKTRIZAZ 2T X9
fER L7,

A. T ,rO0—/LZEE5

i1st 2nd 3rd 4th 5th- . . .295th296th 297th 298th 299th 300th
S5 LB H-:.—».—».-».. - .-».-».-».-».-».
S
e 2 VD S S O N

B. /555015 58E88(SSMT)

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th
won - @ B 8- 8- -850 -8 -
L |

+

TargetigR4A L 4

1th 2nd Ath= = = = & = & & = . . 9th 10th 11th 12th
S NEEE
LJ

4 4
i Target . Non-target

1 FIEFFEEREOEXX

2) ERPs DE1§k
BRI ITIE, 20 RAVBBRTE 9 4 CHEEE : 1 24.25%) . B L O 50 R OBERF 6 4
(FREREE © ¥ 53,0 mk) OEEFEERANEGT 16 A2 W, BMEREIT. £0 5 L4 5
A DEF10 20 BAT o T, BHERRIEAMR T, EFR 10-20 {24 CBH R BIZFF 28¢ch BRE L 72,
ERPs I3, SR 2 FLYEE MR & 9 2 BifuE 1% (BPF: 1. 6~500Hz) (2 & ¥ & HIP 2751 500ms
2B f % 1548ms E TOMIE &, SRS EICINE Y L CRisk Lz, £, #BRE O
MEICXT D s (RZ UML) Ziisk L. 50 3T OFLEEM R & Mgt L7,
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3) SSLB &5 /L% F\ 7~ DT 1£ (SSLB/DT i)
DT ¥E1%, BEFZ B Stk SN2 BN O BB Z T, T OERFBAIR (BN
W%)%?&m?éﬁ/ﬁf%é FEREZIE, BN OEE OB ATIC Ewﬂ)wﬁ%%ﬂimbffiﬁ%

FEEHWIEFHREIC K VEEE EOBN DM Z KD, R EOEN A & EBEOEN Y
LD 2 FER ?S%%Hjﬁ—f) D2 FHENR/NNTI D ET, BEMAMBRFOME, K& é%
Bz CNEFFE Z#V R L, MENR L/NSWEIRANB 2 EREAEIRE L THEE LT,

NEFHHE T, #ekBRE 22| ﬁ%xﬁcﬂ%ﬁ%ﬂi@% MR BEIR -2 5 70 5 4 Jg 5k
JEARET /L (SSLBET V) ZAERL L, Sk OEEREL | B 1, BHEF 1/80, WA
3. M LICERE Uiz, HEE BB O S FRIEE X, #RE D 3 ROt MRT 1 2 HE & WA 7
D 3 R ICJERE 2 U EAL A B L 72,

[ R ]
1) FREIEZR

FWRTE L B EE T RIS R 50 7 Z LT Target RO FRBIEME L g L=, Ok
R, FIFEICB W TIEMRPAREICHES EF L, Ml & e U CIESZE B A w2
I LT,

2) NEZIE HALIRIZ ok U 7= 5 B AL

Target. Non—target. Control DRI Z L ITINEEIE 2 Bk L CIENT L7T-, = H
2R 300 7> 5 700 msec DOPFFEFICIBWNT, HHRED Target 3 X O Non—target S5 T,
SATEERAT T 2 O BRI IE S I BL L, & < IZ Target THAFE IZRE® B ivc, — . Control
Gl ClE, BB X OREEEO W ICE W T b AR CHBMEE IR bt o iz,
S BT, [AIEKED ERP B OB EAL 2 B FEN Tl 32 & | Control &V & IES
TR O Target, 38 LT Non—target SRIFICIH WV TEHEMPARICRKE S, &I
Target ZefFD )77 Non—target £V b KREVMHEMDFED bz, LarL, &k Tld, 4%
FMEFNCHBERETIH OGN 2T, £, Ak & SllE O FYEN 2 T2 & B
THHER 2> BRI OEMIC B W T, FilnlE CHRICEMD B LTHD Z e L, U
LB Target 38 KO Non—target SR{HIZI51T 2 BHIEHEGMER (X, NN O NEZIE HALEEIZ
BIfRL TRV, Ml CIIARBIE T LTS Z LML MNITR T,

3) NEZNEEES) & ERPs & D Rf%R

BRI DNEY 58 5E T & 3 I SR 300-700 msec DIFIFIZIS 1T % ERP DS EAL &
AW TEMRBIF ST 21T o 7o, NEFIEE HE &2 KR 24 & LC, 50 fiiEs 1 7oy
7L LTEELD, HfE3 7 vy 7 OFEOIEMEN 5% B TEET v v 7 ZIE5|5H
MIRNL LTZBF R EEFR L, T 7y 7 E Wiz, ZORER, ERP OF¥EA L 28I
BTyl OMICHEERADOHBENRD b, [FBMSKE OEERE 1T CIES] %
BERBRW (FEICE LT vy Z7EBDRD) ZERPLNITRoT,
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4) ERPs DFEIRIE LW OHEE

FEIED Target eEIC31F % ERPs 2 W T, il 300~700 ms DT 1 ms fF1C K
MR DHEEFT R AAT o 1o, HEEWMRF D 5 b WA 98% LA BT, e 5 ARA > b (1R
A > M/ms) BA b, [A UAZE (3-4mm DA ICHEE ST B 72 A B R B AR & E&% L
Too TS DOREAEZRT - T MR F % 3 I MRT _EICHFE U7k 8. TR A0 5 1] % th
O & D AR IS B R B HEE S v (K 2), ERRRRERIE, 54 OFmiES
B CRERICR O bivle,

[B£]

1) JEZNFRRIEREIC 3T SR O E

PR OD B ERIEE D | EFIGRIRICIEL, EFI 2T 2 FR A ROTE TR, 4
BOHERL, ZOFERLEENNBNDNETF EDOHESHEPLETHDH I ENREBEINTY
%o Fiz. BHERSLE N OMREBEGOHEN S, BERIXZHOE TR OMAE DY
(ZeMRRdE) AT & RS oG 5E . H2WIEEoEE ORI LT
HZEMNRBENT VD, —JF, AL T, IEFIGLIEMEIC LV #5% S v/ ERP O
ARSNGB R 2 S e NAHIEESR ICFET D Z E AL TR T2, AFZEORERIT, ¥
RN ZH ORI OERTBICEEG T2 LW O RH AR ZFL, S5 NEBEMDIAE
SB35 Z L 2O THLNIZLIZHDTH D,

Dipolarity=98%
+

|4uV

) 534ms
B. Dipoles

a. Sagittal 4

c. Horizontal

b. Coronal

Bilateral medial temporal lobe

2 EBHEWBEBE-Target REFICH T HLRBFIHTE
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2) NEFFR BRI 3 T 5 s fE D piofRE

AWFFRICE Y . mllE TIEEOIES 28 L < #E - BT 28 EREL D bAEIC
BN Z ERA LN R o To, ARUFFERRIT, I L0 REREORKRAEE SN D &V
b FOMBROHSEIIE L — BT D, £ EWRT v FTIE BEOER I OHRTH
WOMER SR 2 EH S, FHHMORICERDMAEDEORTRH 2 2R 5 L 2O
R UCTEMBOS (REICERE 2 M D 08) B Z 5, Ll BEERET »
N TR ZOEMBIENEE SN D Z &6, WHEEREIC LV B2 DAY TER Szl
WK T DOEREEFEIND Z LRI TN D, TSRS EBEEY O1TE) 7
RAE, AR RB T 5 mli O NESRREREICB T 5 RE L HFFICICHEBLTEY . &
ERRE O EE I XBS AR OBBERTICES S bDOTH DL Z LM R an s,

3) I & WEES B RE O BAR

FLIBRERE DK T &Nl & O RIfR AR L 7o MR AR ST T 72y, B RO MRL IZ K D
REFRRFZEIC L D & IEF M CIERRm « FLBEREDIR T LR KO RE I LORICAE
7R FRBAREMRIE A2 < | IR I X 2 B E O JR KNI IG R O /6 TidZe < BB R b Th 5 =
EDIRIBE ST WD, MR ERICIE, IERC & 0 MR IR C R R B G (LTP) B 1
T ARG EAL (EPSP) 2ME F 92 Z EMHA LM IR TS, — ., HEREAORE K IR 4
1 (EMRT) “C Rt & Al ORI e 2 e 32 &, R O#E SR A2 177 2 58T, &
W CIREREEROMBAE T LTS Z EBRMESNTWD, RFIETIE, 1) HiET
WS IR T AR HEE S 72 ERP 2wl CAEICIE N LTz, 2) [F ERP O4RIE
ELVRBNFEEEE T L ORICHBEZRMBENRO b2 ENRH LN -T2, L EDORERIT,
M2 LD B MERERICB T AT T AIEEHENME T T2 20O THLNILELD
Th D,

Wi, ARFZERSFIE, MRT B X OBEEAT AN 2 < EF 2 /EE R AR T 2 BN O T
ZHAOLPIZLIELDOTHY . FREICITHE RO RHZWNICERIKISHARETH DL LB X N
Zals

(2) F\FONTMFEBRORILE LA BTSN 50 R

AHFZE T, MHAEEZ LI Lo e Y — FREEEEREE ZH LT 5720, T
M. v, BEOE hZ2HWTLL T OMBRAFEINIE 24T o 72, 1) VR SREE 2 v
THRBZEHB B IC BT BV VBB RS = a2 — 0 v OISEME %2 . 712 /KERE fTEE7R
Ly FIVEEEZ O TERE, SUIR, TEZNCS T 57 v MEERGT=a2—v 0
JREVEEFRAT LT, F ORISR, WEAR= o —o o, Bl cite . ZM. @
B, R, SR, 3 X OUWBMTEBN 2 EQOERBES SN BHMERISE 2R T Z AW L)
(Z72 o7, 2) TR HEAMISE 2R VSR OMREEIEIEEZH S0 T 5720, B
DY IEHE= 2 —n fE# 2 AR L, ZFRBEHHREICB T 2P vilESk=a—n
[ DB RE RS & I 2 A FL AR BIMRAT I L 0 ffbir L7z, £ ORER. WS RHER =2 —n U H o
FERFRRIRE B L D NESNREB SR S, =8 Y — FRLi@ oA B r kg L LT
SCHRMEAT B 22 MES B A SALEE AN R S AL7z, 3) NG BULHIC I 1 DR IR D& EI 2 1 &
NI D720 SRR 1 AR5 2 AL & 72 5 BB O NEFIRIE & @] 3 %
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SRRSO A ISR T 2 7 v MERKR= 2 —a U OIREMEE T LTz, £ 0
fa R, MR EEBONEFIM CEE L2 EROF S LICEHEREEZ R L TN D I LR
I, 4) IEFRIRIRICK T 2 & MEBEOEEI 2 02T 2720, HFHlEE Hv -
JEFFEIERRE A BR L, RETOFELEEEN LT L, £ ORE. IEFIRIFCRICRE
72 B P BB AL AN B TE AR 70> & 12 BRER IS 21 THERF 300-700 msec TRigk S 4L, £ DB HEEN O
RIENNEAFLIERE O FE A — R EAEICHBE L, S bIZ OB AR EHIRIZFF
ETHIEREPHLNE ST,

INETOEELELTT v bEAWEEIC LY, HEEERITZEHEERM « LB EE 5
ERELTWDZENRBRINTWVD, —J, b M2 AWEERRFESER L b IR
PR L2 AW TATE AR RIC LY, HEAENRTE Y — REEIBOREKICE G L
TWDZERKRFIZHLNIZENS2OH D, Lo, 20K D ITHEERNSZERRE - B
Y — RRBERICENENEEREEHEZ R L TWDL T ERB NS 2DH D
CHED L, MHEEDEBEMRERICOWVWTIEH E VNS TWVRY, D HIC
B LT, RFFETIX, BB FEDOLEINICED & 2 IIEEN LA T 2GS RGET =2 —n
E, BUZZEMNOFRE OB RTICRIRICIGE LTS DO Tt < | £ 0% T % B
NELZOEEO/HEDRN (Y — FRETHBILIND R ITIEELTNDH I &
LML, 26D Z b, FEDSGFT TEOEY N =T & DA OFHR (KK
FE CHUBE S TG H) OF N DIRPLUCEI L7 B RO H D 1E RSB IR Tt &, 15
BGHT =2 — a1 VIIEHIICB W TEROH 2 ROMAEDOEEFF B L TNDZ &N
RBEEhD, ThbL, XREHET HHEROF CHIERIIR D EERERO—-DOTH
D, EEIKIIGITERE TR RIEWREZ/FSIEL TS EEZBNRD, LArL, B b
RV E@mEBHY TIE. OIRE#RE L TRREORHIE 2 SR EKR O 5D 5 HIG 8K &
KB LEZOND, SBOBELE LT, 1) BIBEESPTOLIREEZRL THD EHES
U5 RN 72 SUARTE SNSRI AT I A ) S D>, 2) MBI TAER S - E® At
ORI TR SN2 Oh (B2 IE, ATENCE S KI5 5) T2V TR LT
WS LERHDHEEZ DD, Rk, TNOMEEROEENREIMICH LT | BREE
EDMAEFEHOL & THLOHEEZZL S, LEIZS LU TH LW AIZT 5 mie s
AT AEFEIZHMTE L2 L 2o TWD,
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4. 4 PNFE LERBHREBOMBEMRT JIRZv—7)

(1) EEOANR
Wt B B Ot B SRR T, & (S U pfgéork"“’al shock,
WM. CS) & EST-~DIRER (I 1M CS: tone 1 or 5
. e PN o _ CR: EMG ~ ~‘%" S
% :US) ZxHCLCHMVIRLIEERTSHZ L
kD FEMETCEREBLD LD N

B (RIBISE  CR) MAFETHE (|{ , T N
441), T OWMAESEK O Lo U ——p— T ——h—

eMmc——f— —iiff—

BRI 13NN X OB AL Th D | S BT, rtifact R
CS & US OWMBMRE&ZE 2 5 721 CHEE 35
L P BIRTEERTEF (mPFC) (5 5 e tetk
PR T B0 BEE B GRIET T, iy Wadl RAKRORMIGRMENT
B B B ORI O L B, T o L b st e e e O
UL 2 A SRR O R ELAR ) 2 SRS Lt VL OS KD L US BRAMICREM L5 k5 ik
NCTRET B 2 L AT BHLRER 08 oottt £ L2 LoE 08 ML US
EFNCTH D, TE, T 7 AAAMEICEE O timing Ol G 2FEE L TND 2 EBDNL,

PR % BT TR T A BRI KR LT~ 7 AMER S, OSBRI T LA BT
B L~ E TRAMZRIFENAREIZR > TWD, AWFEERE TR, v 7 AP fEE % £
D) I T ke AN - LA O PR 2 WIS L RMELE v b, 35 5O mPRC
I BN AT b U < [FEEE A IE LT v R & AT NI - RIS > 2 SEAAI
L fT R b OAEEAE % . 2 ORI 00 BB BRI R B AT B L O LT,

=

meaning of the CS

Learning
timing of the US

(1—1) /MBS~ Y R ZBIT 2BHBIERFEEDOHE KR

Wit H S SR T OFE AT = X5 & UTE INKBCE DO SEATRRMED D 7L % o il ~D
F T AREEOEMME (LTD) BEETHLZ ENHER SN TE I, 2T, /ME7rx 0
T O RR 2SI B RIS BT 5 S

ARSI UBZRIRS2 T =y FAEKRIBL delay 0-ms trace
Fla—%y hv A (GluRs2 K~ cs — —
) TR B R ST 21T o 7, 38, wild-type gg, GluRS
2D~ T RF/MKE DIERER 5 K U RE ggj ggj .
HOBEE 2 o = L A SR TOT, A & 0] e a0

. . O 307 {/F}% 30
LTD it A ER W Enbhho TS, 201 +4 " 41 R&82 201 wild-tvo

10 3 ) c
. . < © 12 234¢E¢€7

NI BRELAINNT XA LA THRFLEEZ session session

5. €S & US BISMINCER DERE  m442 GluRs2 ki~ & 20T 44 MRIEHF T

(delay paradigm) TIXEAE 258 NEE p— - I ,

. . JINI B R B B 2 FFD GIuRS2 K~ v XLk

SHTNDHA, CS L USHHARDLILN b L SEFRE (delay paradigm) TIHBEF ICFEBEEIN T
— Z#RE (trace paradigm) TlIfEEIHN VWA, CS & USHHEALZRVIRE-ma trace

‘ digm) Tl wild-type [ %5 3 5, (Kishimoto et
TWRWI L Rbhot (K 4.4.2), D soon L ERRe TR 1Shmeto @
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GluR82 K~ T ADFE T R L — AWK 0ms (D% VD, CSOKTEHEZICUSNEZ LR
%) OBBIZEWTHRR Lz, b ofEEIE, BIEREEIZIS W CTME LTD 2@ 2 5&E|
BRI T LW TEROREH A R T 5 —H T, /Mg LTD ITKAE LR WFE A = X L BEE
THZEEHIIORE Lz, 52, BHERELE 00oms b L —ZAFREICE T 2T EROZEN
(CS & US OEFHBERDEV) X2 bTNTHIICHL bbb, T b RRICB W TE
MENLDFEAN=ALTIRES ERD R E R LT,

ek, CS & US % 500 ms LA BB L7z b U— ZFRE TI3/NKITIN 2 Tl 28 B 22 2 i & )
T eEnmbhTngd, 2T, LRROFHHFEA =X LB T 2HEOEDLY 28 55
2T 272D, WEEMIE LI~ Y ADOFEENEMST-, ZOFRR, AR~ U X TIXES
ZWELTH 0oms b L —RFREEZEE T 5026 L, GluRs2 KA~ 7 A TIXIESE 24
HEFERNPRESEEINDZ ENHALNE A

o7 (X 4.43), ZOZ L, /RO /NK LTD 10

(RAFHY ] A Iy = R NPSMT, I IR AER 7 80 control , | cortical agn
HOFBEAN=AAR DD L &R LTS, 60- =
DEY . VT ATMBMEEED TMMRES K S 0] W{' '
WiiESR T sy 2T os L Us o © 1 o Aproe e
[ BEIERIC K » T BRI B 2 G T 5 0“‘§@@@?M ; |
ZENARETHLZENPLNE ST, Spl 234567 ' -
Wi, R L REORIICBY SRR sessen I
BRI D DI, FE IR R L ﬁggé,;ﬁ;i“m B

TS BEONRER~T-, ZOREE, 1EB+ YERG O L KM 0 B A i L 7= GluRS2 K
- . #H~ 7 2 (control) ITH~T, WEEE THEEEL -

- 22 TN Y

(FE SIS, GluRe2 KA~ U A DR GluR%2 k¥~ v % (hippocampal lesion) (I FH

R L CHRBIRIRIERRICED Z LN S 2 0ms b L—ABEOFEEAMEES L TY

o . T, BT~ A CIRIBERIC & 5 R
mETrofe (M 4.4.4), ZOFRIL, GluRs2 X B oh7Zmoi-, (Takatsuki et al. 2003)
H~ T 2OZEFITE O TR IXTIEO BRI

VETHDLN, P EbFERITRELCOD

DIZMHE T2 EERLTWVWD, 2. 100 control
500-ms h L —AGREOLEIZIEL, ESER 1~ 28 80 - -
R B VSIS (S5 T D AR E N B 5 2 & RIR & 60 - M
¥ hippocampal
NTW50T, UEORRIT GluRs2 Kifi~ v A = 4o lesi
DFEBIE T DM/ ORE S FER < T A D i esion
20 7

500-ms b L — ZFRREIC BT HVEE O&E L3
LERDZLZRELTND 0 T T T T T T T T T T T T T T T

o s . . . Spl 23456 78 91011121314
GluR82 R~ A D=3 E N EHE K& session

HERIZT 2 EBDR2T2OT, RIC, WBHEEZE g 444 GluRs2 K#fi~ 7 2O RIERIC
DRMBE DL F 7 A PP EE AR % Rl RETIRSREO R

v ha— VR DOV S AERE & b I
" NMDA AR OB G2 ~72. NMDAZAENR  mg odeind, Mg b sz -
ZHRPLRICIE T 5 LR FRZR 500ms kL Ve HAERSTAISENT bERLTERE

R 7o efERECHIE TBATUY, B 2 3 oo
TARBENEE LT DI LBMONTV D, I a0 T HOREMNT & LERT - 7

FEHIH) NMDA Z A APLEMR Cd %5 MK-801 %45  (Takatsuki et al. 2003)
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HOSMAT OERNCHEENE S Li- & 2 A, GIuR82 KIE~ 7 AD 0-ms k L — AFRBEOFH
MPAFICREEINTZ (X 4.4.5), ZOFEEEIZHAEY 72 TERD LT, o, AR
~UAD 5000ms L —ZABEICK T L FEEELD BBEFICHE L, 61T, FEREI
MK-801 ## 5 L7 & 2 A, #45 CR ORBIDARICHEE I LTz, Z ORBIPAE AR
<~ AP 500-ms b L — AR TIREE TIIRn-o72, U EOREIZ, HEEKFN GluRs2
K~ AD 0-ms b L —AFRBEICEH T 5 NMDA ZEAEOKENL, 7 U < #EH K ER 7 B A7
~ 7 AP 500-ms b L —AFRBEIZEIT D NMDA ZRKROKEI L TR D 2 L 2R L TV 5,
AR U7z £ 5 Rt B R FEICB T MR KTFEHEOME S B X 55 & /MNEREICER 2 EE
ERFOLGEICHE L e D B EE) ofkBle | SENE L WSS (ML —RRFHEAEN
BA) LD B (EE) ORENTERDESIZLERBL TS EEDRD,

o eont

A B B8O W MK
100 wild 70}
1 60|
80 Wlld %
62 g 50
X 60 2 aof
2= 2
O 40 & a0l
52 MK © 2ol
20 T
10}
0 ) ) — — ol
01 2 3 45 6 789 WT-0 WT-500 52-0
session

H4.4.5 MK-801 (0.1 mg/kg, i.p.) 12k D58 EE

A. Orms b U— AFREIZBIT 5 b, BAH < 7 22 < 5XGIURS2KE~ T A TiLZ0-ms ~ L — AFREHEN
B ICEEELZIT TS, B, 0-ms B L UB00-ms b L — AFRE & Dl ST X 5 CR% DN
KE T L, BEA <Y ZAD500-ms b L—AFEE (WT-500) (2B W THMK-801iZ X 5 EENR
DD, GIuRS2KE~T AD0ms b L—AREDOMED FN L VBHETH D,

w%IZ, GluRd2 K~ 7 A DFE ~ DRSS O
BA G- % § 2 72 6O\ T o g S I 2 fil AT L7
(K 4.4.6), MEENOGREINDMED I B
B=a—u  OERBFEMIEETH S 0 3 (4-12
H2)Z5 B U7z, S0 1 BEAGRT 00 1 FS Atk 2 fitr
L7cb 2 A, AN~ 7 2T H AT GluRs2 K 1H
YUAD O EORIEGNAEEIME N7, FTH,
0 ¥ type 1 (8-12 Hz) DEIG 38D LTz, G
2B L7221, FE D ERIZ O T AR
<7 AZBWT 0 412 Ho) OFI G 8B LTz
2. GluR82 K~ 7 X TIXE DA DM TH
72 (X 4.4.7), type 1(8-12 Hz) & type 2(4-8 Hz)
T TR 2 &, BAERI~ U 2 2BV T __J2mv
type 115 E IS — N L2 0% LT 1s
7%, GluR82 KA~ 7 A TIiHF L A EZLT N @%ﬁ%?ffg%g i DR
WIRIpo T, type 2 1T O~ U AUZR W TR \Z. & 9 —J % corpus callosum (ZHIA L7z,
DEMFTF I THAT 2R D -7, Dbk B SRR
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DOFERIT. DINHEREICIEE 2o~ v A TIX, FETZE0, MBHEOKENT AR~ T X L
Bl oTWDH I ENRBLTND, MNFFRAI 2 —% > b~ T AR 5 222 E EEOH
HaeBzAaDEL L. SEORERIT/NNE S & OMIZFEICEAD L HERMBEENRH L &
WIHZEERBLTND, ZNHIa—HF 2 b T RATEBWTIE, /MXEREORREE 2 fifE L X
5 & EALHX S B BN N T WD & PRI, 207D, FEETD DRI ISENA RS
NTWDAREERD D,

Total theta (4-12Hz) ,5  Type2 (4-8Hz) (54 Typel (812 Hz)

0.44]
0.43
0.42]
0.41
0.4-
0.39°
10.381

T T T T T T T T
spl 2 3 45 67

session session sessio
4.4.7 FEIHE S WE EEG 024t

ro |
w
N
ot
o
-
[
kel
—_
o -
w
N
(S]]
3

I I
sp 1

U EDOFER G| BARM~ D R
BiF5H 0ms b L —ZABEICEDD
FRELAENE & GluR82 K4~ 7 A D
B B AR Rk & i LT
BERTLHE RDODEIITRD, BA SRR, > PSRN, :
B~y AT, ZOMBOFEIINE [0 448 GlRS2 Kifi~v ¥ A LB~ AD5H
B RAEE T B L Akl PR
TN/ L O O RR RIS IKFE L CWD PR ENS, —J7, GluRs2 K~ 7 &
T/ E OREREN KR E S FEESN TS DIZ, B E2E T B H ORI K& < KFET
L THEE M TOND (M4.4.8), FTHMMEIXZORBOEMBICHEETH Y, EHIN R
TEITHE S DA O FEI IR AE S v, ZOREIEOFEAH LIZIE NMDA A RN K& <5 LT
D, ZOZ EIE, WELA O NMDA Z 8RN3R L TV 2 I G ORAFICE G LT D
ZEERET D,

Wild-type mice GluR32 mutant mice

(1—2) /M- HROFEEREROMBENT CREELEY FFEEHROKHIE)

VLERT&E 728918, BB BOR ST IS 2 5 2o BALPHED & OO TIC5 8 13 T
T %, ARFZCIEE TIiX, WECHTEERTE 72 &0 LA ©H DB Z 5EA T Y RV IREET
N — MR B B B AR Z fRIT T 5 7201, KK B0 ik & B L2 BRIMEA IS
K2R ROMFEEIToT-, Wk, vHF, Tv b, xa, BLO, 7=y bEHOWZRA
MRS TV D 28 intact B S 3 2 %8 2 R TAEARDOBIFRITITE) L TV e, Fox 13,
HEERIE AR OB ENH D LTy bEHAWD Z EI2E Y, intact B O EF kST 2 BFH X
FEMHEATFIZHD THRII LTz, BTy MERREE FICERM L, BRI B 5D 7 12 ISR IE R ©
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AT T 24T H & 500 [EIFLE CFE L2 (X 4.4.9), £7-. intact THRUEAHT 247> CTHO%
HLTOHOEML., ZD%., XM 2HBT 5 & BRINATICES LZRENRES TV,

v

T - l-mm
Intac \ Decerebrat
100 g _
*ff M 4.4.9 BRMEALE Y OBRE ST

) 80 i intact ¥ CiX 1 H 100 [71% 1 session & LT, B
% 60 \ Mt% 1308 e L C SR HT 24Ty, 100 [B1% 1 session &
SN ' LTCER LT, Intact B THLL LD HoFE L
/ ] naive BIZBRIM Z AT - 2GS WL RE I TV R
201 / pseudo ' B, —7F7. intact B TASIEAHT 24T - 72 R IZBRIM
0 ! L7234 (pseudo, #kf) 121&. ST 217> T

T T T T T T T T T T T T T T T T
1234567812345678 ROVEMEBRIM L 725G (naive, ) ERILTEHIC
. 23U,
session

ZOFERIT, intact BN THRAFAHT 21T o 25 A ITIERRE /MK — M I S, £, %
DT DG LIIZRIMZ LB L LW Z 2R LTV 5D,

Z DORIIEARTE R 2 T, WERERAEER SO b L — ZAREO KT 2R AT L 2 A,
FL— RN R RDICEHNTEHEENES . £, REEICRD0, FHITEL AAEE
TIERNWZEZ RNV L (K4.4.10), ZOFRET, EEEEEOEW b L —2GEICB N
T b FEARB 22 F B BT/ NN — M2 0 | W72 & O AR A BIRIZ BT B 2B & F e
LTV AREMEZRIZ L T 5,

100

80 X 4.4.10 BBMELEY MZBITDH L —2R
AR D

< 60 EE Y NEBRMEZIZ, L — AR 0

Eg ms (TRO). 100 ms (TR100). 250 ms (TR250) .

40 500 ms (TR500), &5V EF & & (Pseudo)

20 THRMAT 7o, MBI X0 B ITFEE M

fEE S5 2 &E ST 5 TRE00 FiAE

0 ~ T, ORI TEEBIEFITENT

0 5 10 15 20 25 NEBLELIFE LARNWDIT TRV, (Kotani

Session et al. 2003)

FROMRIZT, -2 T L — XA FETH LD “HEE ThDH I LETR
LTWb, LLZ2REL, Z0OZ &1L, intact B ORRET (RIMAFIET 2IRET) A%
BEOTITIHE— MDA THEEL TN LW 2L 20T LHEERT 20T TIERW, £ 2T,
intact B OIRBE THE L7z &L ZICREN E IR ENDI NERL L2 HME LT, &
JEFRE TIT o 721X 4.4.9 L [FIERIC, intact Th L —RREZ FFEIETHLEBRKL, 20
%, A CAEE TR T Z2fkkt L7z, L —XE# %A 0 ms 12 U TSR 25A 121, BT
AR TR T 723556 & RARIC SR BHEZ N O RMISERRBO biLc, Z0Z &I,
0-ms b~ L —RFRBTIX, intact DIRFET /MK —IHERIZFRIE DS S 1L, £ OFeAH UIZ AT
MEEE L2 2 Rm LTS (K4.4.11), & ZAR, L — X% 100 ms 12 L TS
AT 25 AR, BRMIC L - TREEATHEAE L, 20k, FEH L TWeWnELE Yy MEERML
T 7254 (naive E/AE v b)) LIFFRBEICHEE L, 202 LT, intact DELE
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> h723100-ms L — AFRBECHRUEM T D GE . /MM — B LM RTINS G < B 53 5 8
TRLENERIND Z 2R LTS, —hH, ZOFEIL5000ms ML —AFEE 2R |
BRIMEEA CH A < AR Z LD, BIERELFOA DN =X L& HoTHET D2
EHLAEETHDLZ MR IND,

FEBICRMT 2 &0 0 FIEE RO EORERD G B E SR S T ORI RO
AH=RLNERETH Y . BTN SEED A I =X L &40 (CS & US ORFFERIFR)

X 4.4.11 intact E/LE v
100 TRO 100 TR100 - PTEKESRERIEIC T

o i DRI DN R
a 80¢ 80¢ intact E/VE v b % O-ms
O 60t 60+ kL —ZFE (TRO) b L <13
40 401 100-ms b b — A FLE T &AM
“SiF. session 0 TN L 7=,
200 20+t ZD%E VY, 8 session D
g et 0 AT 21T 570 GRBR) . b

RO ®IZ, naive E/LE Y b
ZBRIN U 72 R S T 7235
session after session after BOFEER L (B,
ROPIHPIRDL (55 I BEIE 0D B RE TL A 0B
REARA) IZi-U T, BT D Hf
REMENHER SN D, DEV . ZOFH
(I3 BRI AR 2 A T = R &
FARAFHI 72 A T1 = X LD 2 FEFD T
fEL, BIERECIXEICHREL, P L
— AR5 B BRI T AT g R
HE P ARMSEVIREIEY g0 csous H#Féﬂﬁkfﬂ’]@ﬁﬂlﬁlﬂﬂ@?ﬁ
T HFZHWAZ ENAETH S Fo BZMEAE L e E : HI A~ DR
(intact TIXEIZATEZHWD) &0 AR B
ST ENBEALND (X
4.412), 5#%1I%E Y+  [Raw unit artifacts
T T
o AR AF B A I

-6-5-4-3-2-1012345678 -6-54-3-2-1012 345678

DOMRIFEN AT D )
EIDERH~TNC 2 L [Peri-stimulus time histogram
NEETH S, @“H>

Inhlbltory

NP TR

Exc1tatory

ELE v b ERMEAR X
RIS 72 D e 5

. ] o e 100 ms
H?Hbioj- /Tﬂﬁ% X 4.4.13 EIEHME (1ST=250 ms) Z2EHHOT L F v 2ffifa o # (CS)
DA TH D EWIRE  oxt3 2506

B TWADT, ZDFE BT A TH Y BEMEISE ., RIS, BXO, TR BNEAE

N LIS (BB LME . Ho50IE, MHlobLEE) BRLAT:,

KzaeRHWT/HIREZE 7 v (Kotani et al. 2003)

F O i o AR B A
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EfERLEk L7, 97, LIRS R OL% O RRIGE I L OY CS-US o RefHl IR (ISD & £k &
Wi & & OMRIEEIZ AL &2 @ L7z, ISI A% 250 ms ORIERREZ 4558 L2k, Z0%H
\CEE /DN EZE O simplex lobe 22b = Mtz iTo7c & 2 A, CSITX L CHIEMZR
FHEAE & BHIPEDIRE 2R T 5 RN Ao o7 (K 4.4.13), [Al—= = b Oidk% ik
fE L7223 5 ISI 2% 400 ms OIFIEFREICOUIR A2 & 2 A, IWENZELT Ml s ISTOEFEIC
B 67 R CnE 2~ L 751‘&5@75)3?)0710 ZOBERIZIHHN T D 250-ms ISI THE LT
WHDOT, CSOEMRIFBEIZFE LTS EEZLND, LizA->T, 4000ms IST ~DEH|Z
FENEEZ LS/ XA I T OFEFRITEHb o TWD I ENRBEND,

I, FEFIBRE ATV, FEIRERITLE O /NN T v & o il OIS B 2L & T LTz,
LEBAN OB OFHEN & T F R OISE DI KNE — o OFBfT A 2ol b 2
A FMEAFFITE Y CSITxF 2R A US #2RaN2id 75 £ 912263 2 Ml B3 fF- 5T 5
ZERHLMNERSTE (K
4.4.14), ZORERIE, BT
MEOEE B W T,

simplex lobe (23517 5/ME | Excitatory

Purkinje cell EMG

1st session

LTD 753‘@%&&“%’%&%7‘: A A A

FTEWIRFERSE- 8th session (CR% > 80%)

W5, BEEBIRTHE ﬁ:D

H— 7L v {0 R Nw _

ZAL %R LI D 2 gl :EEE%%H #me 5
ICIU ms *Hllﬂrrrs

DT ThD, 4K CS onset US onset

. /_\ WA

simplex lobe 250D, /MMy 4 14 SmaEmEOEEICES SR L T RO R DL

R DOk & 7pfEER ) B R R S BRAARTIC /MM simplex lobe IZFREREMAZ A L, 8 0
P o r g = Ml.H—=o2=y bOBBGILHREIT o772, ZOXTIX 50 trials % 1 session

LA A S L LUTHRMT L T 5, st session TIEOPHEMDILE Z R L TV =

ZENEEIZR L EEDbIL AR OEE L L BICHHEIESEICEEL TN DN 5,

éo

(1—3) REIFEEEERKIZ kﬁé@%&wﬁmﬁ®ﬁ%ﬁfﬁ REI2AL

b L= AR ARV b L — AR TIEELE ORI/ « IMERI2n A T, RS e PIRIAT
SERTE N B RE 2 BT nmbn D, £72, MO SUIRMKFHRNG SR T 722 2o
MR 2 FERRE THRE SN TV D L O, FRRERE OMRBIEEIC L EEENAT
L2 ERDNoTND, ZOWEMEITFEERI ﬁok%%#%é# FE% Ly AREL
THhBIT> THBRRNBRNZ LD, B FNOMEEREEEIC WAT VAR SIE 1L L T
WW@@&&E%%@&%z%MTbéOﬁf@@%@ﬁé#%ﬁ%bi%<bfﬁ<ﬁé;
&0 B Ry 72 SR RIS LIS ORI ICTE R S L D & PRSI LD Y, F DOEMLIEAS £ TR
Thotz, BHHDO1 2L LTE, ZNETESHAWVOILTE 228 BEIE RN E O LR ORI
MG THHETH LD, BEHLFED RINLEDORNFHPFHDOEBIZABLTLEI 2D
WCHOLMNZT D2 ERRETHH LN ZENBE2HND, —F, BEE K8 R 50
I IR F LRV Z ERBEREICBOTHANLONTEY . P —ZABREIZEB W T RERIC
— YRR ECER IS LW e B2 b b, B EREOERICEVW OISO L&
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PPN oS-t A B\ B Cc
SIFRET D5, XFHEEE L 80 80 80
THV B S RIER £g Beop————2 Eeo
- o O (&
@ﬁi]\]/_‘xﬁﬁgﬁ%ﬂz _“2’40 240 .02,40
s o F=Y
WZFET 5, § 20 < ﬁprt gzo - sham § 20 - sham
-®- hipp -- mPFC - cere
ZIKZ]}F TE 7> MC b O? i 1|0 . '2t0 | cl30 0 10 20 30 00 10 20 30
earning-lesion interval (da: ing-lesion i ing-lesion i
L — = E%E‘E ii’ 2 EI;J é . z ing-lesion i (day) learning-lesion interval (day) learning-lesion interval (day)
B 4.4.15 b L — ARRESE & OB GBI XTI 20 R O R R AA M

DREOMIEIT W\ s g, B, s SR, C. DI, &
WS . WETSRRTE, 25 ?@%%&aﬁxem@if@aﬁz g% 2 MR OREEHM oK, HE
WIS 7 E L AP 24T > CTEBOREF 25 2 b L7z, (Takehara et al. 2003)
D/ ZEEE L, 2D OMEIm N #E5T
BORBEIZEDLICELELTWSED LPEC Hmmwmmm
EH AT, TORE, BRI O _ - ;
@%m% Lo aEmEsEEsp s lday
RS EI Ve 0)%2%2[5 W L depend on
mPFC NMDAR
1&H% TSI X AR A D
A few weeks
N7+ (X 4.4.15A) . T» L%Huﬂﬂﬁr@éy@ﬁﬂz
B RBEHRENE LIEESND
ZEBHALMNE 5T (K 4.4.15B), /)

i N 1 month \ ,
BT W ORI THEETH OS5
o7 (1K 4.4.15C), = OFERIL, MBI X She
Be DRI B/AE & BB DN HERLUE g ga16 I Bb 5 RER O & ORI
ERI-L, Z20%, BRa BB OE SR
?ﬂw\b 147 A%/ E NRIRTEERTE N EEIZR2 D 2 2R L TWnW5D (X 4.4.16), Z1

BRI N FEE%IZ off-line THAFT I v ZICHEHMRINDZ EEZRBLTNWS, 20D& X,
@%@ﬁb@ PRI FTEART B N E B 2 B9 L 912725 & v ) mrREME LIS, R s g
DFEAREE QA IEINE I EEICEILL TS E W) ATREME L ZE 2 B b,

PLEDOFRERIZHE S E |, ERICGEEO — S aisani B IcE b s s &5 9 fTaett 2 a4
BT, FEHZIT offline THEU S & PHRINDEEEAIE O F 7 A2 HET 5 B
T NMDA = @{Mﬂ%if%

[ | Conditioning. NMDA receptor blockad’ Re-conditioning
ﬁ&%btoﬁ%#%ﬁﬁﬁ
2% L Tk NMDA Z &1k

WA 72 YAV 2 TR 3 B2

7 FA3 - Ly 60

PEHEDHS L BRBRT X 4.4.17 N M w7 EE A E O
W5, FEBRSIEEZNS 2§ 4l NMDA L NG Nl It 4

itk & To APV &5 AES TS

Cerebellum

Adaptive CR%

20l 8- aCSF n=8 ] L— A% 2 R
LY 6 EM®%OIEHEE CE -8- APV n=7 infusion pump |Z X ¥V APV % iz
PN - - PG L& Z A REEEE iR L
I%IE‘Z));Q‘ 6ﬂfi ( 4.4.17)0 — 0 -|3 _Iz _ll L I1 l2 l3 |4 |5 |6 |7 1 VCEE%‘ LNEI\ ﬁ)ﬁggéﬂﬁ_
U5 DR % 5| & & S Session
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Fio b ZAXTIRRE L RIFREE & THYE L, ML EOERIL, BRYGEEOEKICIE, FH AL E
% 2 I3 HAlEHATE NMDA A KOEENEZETH L Z LR L TWD, Hild O
FEROMRLBZHDEDL L. MRWEMEL ST NMDA SR RKEFENZERIZL - T, ¥8
% 2 W [H]CRITSERTEF O MR IE]E O B R A AN HE A | RITSERTEF I ol i 72 SRR B O — S 3 B Ak S
NAHHRRMENREZ BN D (X 4.4.16),
REHFE~OBITBERICMN A T, sREE AR & OE S AR I3 2 AilgEATE O #4854
BT 27201, A OFEBAT PR LOE#ZICEIT S5 NMDA Z A KOMER L OMRRIEE)
O AL ARTEEAIC X BB E T~ T2, @B OSRMET AN ATEEATE I NMDA 52 25 (48 B 5 3
Tho APV 2 /G756 L, MEEEGNE LI EELZ72 (X4.4.187%4), —FH., BHD
AT B ICHTEHATE I APV 285 L2580, SEEGAEE SN (K4.4.184),

APV infusion before the daily APV infusion just after the daily
Phase 1 Phase 2 Phase 3 Phase 4
Phase 1 Phase 2 Phase 3 Phase 4 5 o i i
Adaptation Acquisition Acquisition Expressi Adaptation Acquisition Acquisition Expression
PBS N T
PBS group PBS infusion PBS infusion | PBS infusion grove PBS infusion PBS infusion
APS group) APS infusion PBS infusion | APS infusion AP5 group AP5 infusion PBS infusion
80 - ; 80 ~ 8- PES n=7
70 | | —8— PBES group n=9 70 - -8 AP5 n=9
—&— APS group n=8 F
g& 1
x 80 | T s0 |
S | =
o - | 4 L
g | § 50
§ 40 | 2 40
30 - | 30
|
20 | 20
10 = l 10 |
oL@ ®T | vty iy P I B T T T T T A I8 T S T A L
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Session Session

4.4.18 wHOFEMATET () BLO% (F) @ APV NHEIRTEERTER 85 O R

(72) APV OER# 5, session 1-2 : HE|(ZIEIL ¥ 5, session 3-12 : APV % L < I PBS
Z NAURTEARTEF I 5 5- L T 500-ms b L — APE TERMAF T, session 13-16 : PBS & GIC & %
[[7, session 19 : APV OFIELIZ LD CREBI~OMEDOHEOME, (F7) APV OEEE
5., session 1-2 : EEIZEN X H 5, session 3-12: 500-ms kL — RFRE CLEMENITTH
5 APV & L < IX PBS Z PNRIRTEE AT EF I ¥ 5, session 13-16:PBS #5102 & A [F118, session 19:
C RFEHA~DOHEOH O,

i B OSRMATT T ER O APV #5012 L 55 H FEE L. muscimol (2 & 5wl Wi ATEMEALTE
ZAWCHLHEINZ, X 52, muscimol |2 X2 REEEEITE B ORI K THERZICES
L7 AIIE R o, KT 3 REMZICE G LICGA IR0 oo, ZORRITE
H OSMAS T # T E R 3 RFFLINIZE < M1 EE(ER A FET 5 2 & 2R LT\ D,

VL EoRERIE, AEEATEF IR 1 5 NMDA A EOTEMHALAFEIROFF &L L O H 0 H
BEZICEL2HEELICEBE KRS 2 RI2T L2 RB L TWD, —F., BISARTE OFEESE
BROFERD G | FEBSIEZIZIIAEERTFICIIREZ O b ONELTER I N TN D & 2R
mEnsd (K4.4.15B), 7> T, 8T OFTEATE O ENIATIEATE LSO AL GRS/ K
2 E) IR ARIEBEBRRICESRNICES ZLich b EB X LND, BIEEATES 1 » A&
ISR ORFFICEEREEZR-T 2 e 2B 25 & AIBEITE LB H K ST IcBT 5 —
HOFE - REERLZE LT, HEROKEZRIZL TV Z LN RBRIND,
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(1—4) FBFr= 77 X MRIFER trace interval F5FE

T NOWEEHEEICE LTI, SRR BT 2R & FEZERIFREEIC B 1 D ARRE D 2 FEFE M
HENTWNWD, FEZEMBED 1 >Th 2B B KBS TIZB W T S F & BRI o R R
MEW N U —ZREITE 2 NEE T 5, RFETIE. 7y MCHEO NI v 7 E2FETD
ZLEBEESE, 2ok, MIBNT v 7 EO 2 hFTOME T, 2FEDO N L— ZAFRE OB H K
FEUFTEIToT, DFEV . Ty MIERHERERICHEEEZ LB L T2 L RRFICE:H K5 O
IR ORFEE WA SIS 2 BRI D, 7238, RFEBRIZT U Y F K% McNaughton 235
WTITH 72,

20
A $;> B Tone 2 (TR500)
100 Tone 1 (TR250)
80 [
=l
S 60
CS onset 50% probability CS onset &)
ﬂ Trace 500  Trace 25( ﬂ 40 Place 2 (no CS)
20 [ :
Place 1 (no
0 L L L L L L L L L J
IHH! [ Prace 1] 0 1 2 3 45 6 78 9 101

session

st da

i ‘w;“““ M‘Ww

3rd Mw M‘MM ”

M}“w‘l” v"‘i““ ‘w‘f‘\ i‘“;“fu ‘|)'““ ‘:H\\
\ﬂ
l“

e
LT

ittt

11th day il f MHIM R

CS 250US 500 US ﬂPlace of presumptive CS start

X 4.4.19 HFTEGFR e b L —2BEORBIFEE 1 (G EE L75HE

A FHATTEEORKR, 7y MIFE NI v 7 EO 12BfTIETHZON WM ES D 72012, 12 B
MEEREABIORAE LTI v 7 EEEBET D, 7 v MDREEHEI D IZE 2D REIZ 505D SR T 3 KFDAL
B THENIGY 4D 250ms b L—AFRBEOLMA 1T 220D (Place 1), KKEEHEI Y IZR 2 BEIZIX 50%D
R TIREOME TENEY 15D 500-ms F L — AFRBEO LM, HT 25175 (Place 2), 7 v~ MiE 1 H 100
EIfFEE L, ZOMICHE CEicxt LER HAE T 260ms F L— X8 LT 500-ns F L— AiEAE Z N
EN2ETOZTHI LT/ D, B, FEMR, ThEhOLFTcENL o784 (Tone 1, Tone 2)
EHEVE LR o A (Place 1, Place 2) IZ/0FC, T—4fNT LIz, 7 v MIKY., ERED N
EINTEDLLTZENENDOEFICKD EHBEZHA LD Z L 2%B L (session 1-3), T Dk, FNE-
FHEEENELARVWEAERMLTCAEZBH LD X )27 o7 (session 4-6), C. BTNE-HAED
AL RLE,, Tone 1 (EAR). Tone 2 (RHER), D. BB LZRWKFOMEAFLEk, Place 1 (J), Place
2 (#R), Session 3 (3rd day)IZHBWVWTIHEDOHFEIIEDLLT, ZOMETESEZZHETITND, Z0L
T, E5TEALD XA IV Tone 1 & Tone 2 TENEND b L— AKFM (250 ms 35 L V500 ms)
WCELSFHIGE LTS, L Lans, ERELRS THLANT EXASA IV TOoEVRHTWS (D) =
EMD, ZOMETITEORBMENEES N TWNWD Z b US BRLIMENMFIT—ELRY, FD-
OXA IV T TIFRS US BRDIMEEZFEH LB 015,
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H(CSDBE%E & 5 HFIZEE LT 50% DR THRUATIT 21T o7 (ZDGFTIC K & &
R T 22T 256 2T RWGaRREEE) 24 (KM4.4.19), 7 v ME, £7. US
WRDLGFEFEL (FOFBICELLT, TOHRFTICKI EHEHL D), 20k, T8
STEGEILDOHREDGRICKRDEBZALD LI RoTc, ZOHE, 7y MIBEZURE L
THOWTEFICR L TEREMIT oo EEZ DT ENTE D,

FOBMBIEZBEE L2BmE, BEIIC, BR324 A4 I 072 FZnETNXBILTEE LZD
M, FNEBHICUS B RDGEaFE L0 BRAHTH-7-20OT, o7y heHWTHE

A B
120

Tone 1 (TR250) Tone 2 (TR500)
6 > 1001
80

60 [

CR%

F N VY AN 40 [
E ace 500 Trace 250 i

20T

Random CS onset Random CS onset ! -

. : 0 L L L L L
\,_/ 01 2 3 45 6 7 8 9 1011

Area2 | e > i < Area 1 session

4th dav ‘
Lol
! :
Mmq : §
8ﬂ1dan,,MMM N‘ ‘ ,MWH'WHWWW\ muﬁmuJﬂ“*m“Mww“dhmwhwwwwémimujhhdem
_ i o
CS 250US 500US -

~ conditioning zone ~

4.4.20 BFEIFNe N L—ABREORRIFE T G 7 0 2 M ULIEGE)

A, SN IEEORIK, ZOMETIIE T v 7 FOFNENOMEE (Area 1 310N Area 2) DT X L
TREETHE D BORDIHER TR 45D 5, Area 1 TIXT v MOMREFHEIV ITEV $T 5 & &2 250-ms b L—RFRED
FIHHTEZT, Area 2 TIISRFFHAIV IZAE Y kit AT 50%OFEHET 500-ms b L—AFEOFAIHMTT 2515 5,
B. FEEL FNFENOEE CE DB ST-354E (Tone 1, Tone 2) & HBMIES AR~ T-3E (Area 1, Area 2)
AT, T2 T LT, 7 MBI BEISK LTSI L, BEAEHRVEAICITSH E Y H 2
UZpno7= (session 1-3), C. MBSO BN Tone 1 (EHY . Tone 2 GREY. D. EOESR
o T3 E DR EN 8 Area 1 (B), Area 2 (R), Session 4 (4th day) IZBWTER o7 5AITITRE L
FACL WS, v, ZOHADESTEALD XA I 715250ms b L—AFEE 500ms b L—AFETIE L
A EZEDIRN (500-ms b L—AFEOEFAITITU SHKD L0 ARV ANCCROE =7 R3HY | ZOE—7 D)L
EXTE AL 250-ms b L—ARREITAHN T D), T, FAHMHTDET I THEIL, A ICH A I T OENEFE
L. session 8 (8th day) ClZZEIENDEIRIZINNCTEPESTHAICH A IV TR ESTEZAL S L9107

o7,
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DBIEZ H D XHENTT U F LIZHBT 2 KO I L TRIEH T ZITo 72 (KM 4.4.20), 205
A, 7y MIET, BRI LTHEALZZ L2 EHL (ERB-oTOrbHEZMHLELI XA IV
WX 2EETCRIL), D%, BANIG U TR XA IV TIREALAZ EE2FEH LT, »
FU ., FOBMEZEE L-SEAICIEIEE2a T 7 A LTEEH LD S22 E LD
WX L. FTOBBMEL HAHEMNTT v A A LEZEAE, Bz ar 727 AL LTHLE
BRI L TR R XA IV THEZHALDZEFE LEZEEZREBLTWND,

(2) /ONTHRRRORIE LG RIFINDZHR

LR RTE L DI, B A RNEMEM T OFE - RIRIIT/ NN — s B % TH 508, 1
PRI O L O 2 FALv 27 A6 ZORMABREDH FEICKREBAbo TS, 2D LT,
FENIIEH ORI BB > TV T, ZRCxHE LT, SRRSO E DR 5 EEOR
JENTFAET B Al Rt 2 R %,

FINI R T R RIS PR 2 R

B R A R O @
- e TS — RTSE BT
(% RS 278 1 /i LTD A7 > HERS — SAHIEF

|
AT = RN EFRIFHIA T = R KD M BAFHLR
o SIS e |
DI L 2TBOFEE AT =X L - B 1
3 2535 =4 y
DR E3hd _
f R . — | AmHorE
LCHl STV 2 ATRENE 2w u
LTWD, EHE56D A= ALHE - .
[] .
Sellcflibn B g, CS & US O | i e ) (7
MR DIZ A D DT Mgy (BT 22X h = XN D S ENE

MREEL O0oms b L — AFRE) ICKTF 4421 RSO PR U151 % B Db
LTW5, Z0Z Lt WEANIC ORI (TR

JELT, £NE &S UHT L 0BMOP TREBMICH IV EZAOND Z L 2R L TWnD, KR
AINCITAI S REF— 5 L LTCOWERE ZNE L ) AT RE )DL S 5 HENTEBR O 2
BENDESOBZAINH LN, RFETHL PR BRIE N E BENIZIELRT H O
ThHY. L%, TOHECONEDRENBETX S,

FEE72FEH A =X LD EMHEICELTIE, BTy FEHWERNERICBWOTHEIZE X
Niz, TLEy hOEBRBELTHDDIE, O A B =R LIZRIIKE LIZ5%8 A =
22 L BRI AR TN — MR D BB AET 5 A D = R AD 2 TN DB LNV D 2 & Th
% intact B Tlx CS & US OFMBUEDIZA DO T7RE N (BAE v FOEAICIE, 0-ms
FL— R E 1000ms b L—ZAFHEH) (TG U T, EH L0 A D= X APBIENICHEDN S )
MNRIRDEEZDLZENTE D,

Ra—H U b U RACBT DR BEERSLBME LT Y MSBIT D b L — R BEO RS
Fix. D= OEBOFEAN=ZALD I HED A = XL EBEICHNL D (bW
T, EOREEEAEHRERREICE Yy b)) L) ZEMN BRI IV HIES T
DAREME A R L TV D, Tk, BRE A FEICB W TR SR TEEH L LT, CS DD
BRI OREH (b L—ARER]) O, CS I3 2 Rl & #ifr L CRiFRICHEN 7 CS & US %
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FEODITDEN) ZERBXOLNTERLDN, KMROFRITZE D> F o7 H G L1300 R &1
g5, FEEE JI2—F U Py URIZEWNT, WEITREBOBSICITEE LR L2 R,
REZOLOIE (A< e 1HMZRICT) WMEICIERESATHRY, £z, BRIKELE Y
FOFERIL, D — IR T 500 ms FREE TTHNITHEFFTEHZ L2 RLTWD, T
> b @ off-line T FLAE[RIE O FFfRAL DO FERIX. HEE O AIEATFICREL’ B > T (LD
LERFTLEFEICEAL L TW) B LENTEHN, ZOREITT—ZICHET 5
TiER <, BHROAHEOMEFICHET B CH L AMREM b H 5, FFE, misEAI SRR E
WTHEEREE 2 LT, FERNLE S OBIERER) D | L E R OREZE O b ORI
ATEFIZIZ VD T, D L b PR PRI TRENTHERQEOMATICET L L, BEHL
XSG &M E O EEROH Y FZEHIEL TWD 2 ERBEX LD,

N — R BT DFER D H Y F. B DWW IR, THRLEORLD s TR OB TICH S
ZEE GATS U TCHRIUBEICR L TERZ XA IV TOFEBEZEK LEDE NS ZEnHE
DD, ZOWE M- IKEIIEE CE ISR 5 2 HBEORERIE AR I TN T, &b
LOEIBEEE D NE WD ZENGITOERICE SOV TRIRIND EEZDZENTE S,

BUED & Z A, BB RS ERMAHT IO TR SCRTEARTEF & /KA & D K 51257208 > T
LIRS Do TWARWL, b —AFBETHE > TV D/ — MO REIEEIZONTEH, L
BREETHDLEWVWI) ZEEZRITIE, LA DR TR, 5%, ZAENOMNKERKIZE
(T D ARRRIEI R O E L BREE. A ARRRENE & B SRS O FE 2 O THAAEH O A J1 = X 1% fif
HTL2Z PR ETHL, TOWMBICEBWTREOKEMNES b 54 LEMKIZHE T 22 &7
ks Xoicied LEbhns,

BB, ZTTHRLNATZMAN, ADTEL T, EHITIETAT ANEOHIFKCLL ([B1#
DOREFECK, PEREO M ) 1TSS\ T, RIS i Ae AR 5 V5 A B I or Al 2 B EBEEIN
IR WAL AT D LT BRI LRI L TV D,
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4. 5 b MNREMBEIZRT B —FEEEBOMYT (NI - /AWK - Lo Zv—7)

(1) FEHONE

THEOHET, 17 v b OZEMPRRKHUES OMBLDO SN > — 4% U X LUKFET D1 L #H
HEINT, EMOBERZ, R EEMOREBE L TELLL, =Y — FREEBIZoHEI I
Bo LIz o T, W OB & SBABEHE (Z2MFRM) Ny —& U XA THEL
TWAHZ L ZRETHELTHEAEINLTWD,

Fexix, AR Fm o OFAE L Z2MERAMERE GRS Coby oz gL L
LU DFHH - fffT 24T > 72,

(1) & MEED S — 5 U X AOBND &fF 2 HHORBIE GREOKI T H 2
HRT RS | BRBEEAT, FI1O & 0 REBE A MR LBAT L ARtT % AUl - akisinte, i
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