a View PDF Download full issue

Current Opinion in Neurobiology
Volume 76, October 2022, 102610

Perspective

New insights from small rhythmic circuits

Eve Marder, Sonal Kedia @, Ekaterina O. Morozova & & @

Show more

+ Add to Mendeley o Share 99 Cite

https://doi.org/10.1016/j.conb.2022.102610 Get rights and content

Under a Creative Commons license ® Open access

KT/ AL

New insights from small rhythmic circuits

Ye# : Eve Marder, Sonal Kedia and Ekaterina O. Morozova
2l 7R © Volen Center and Biology Department, Brandeis University, Waltham, MA 02454, USA
Bf 1A : October 2022

Translated by Xinxin Qie, School of Mathematics, SCUT.

Link to the Journal: Current Opinion in Neurobiology


https://doi.org/10.1016/j.conb.2022.102610

fik 2

/NEIEZR [, HETE TO R S ) R A IR L
9 11 6 B0y 7 2 AT R B o 28 O AN S R PR A2
THEHAM L. BB ANEAMESI. 118
AREABRRT LB o Ao 5 5 LB S HL R PR AR 17— 28
R, A BT PR R TR G A rEL B D B, AR
gl MR BEANR B UE SR AL XA T A [m] B k22
PAAT AR SR A B AR . mRNA K3k 153 TR A 3
Yoxk sl 64728 S AR 22 TO AT 26 v % A P AR SR
TP 7T LA

515

EZE IO EIWN A E N iV eI =S U]
MR TC Rl T B P ALY, AT 1) TE A AE B
Yy (1) s R BRI L, X AR DL — BRI 4 R
(2%, AR L BRI WO TR, (HARBIE,
UEMZITUER D, HENTA 2 R . 55
Sk, VZEAEN, AERR S HE R EIA X, B
Jek E T/ TCAFMES P (] 5% B BRI (A1 A
B, ORI ] s ey AR AR SR B ok . FAT]
SRR ORI DL AR B T R R AR AR 2T 4L /s
. K, FdZ—F, HEgRBEI0, RIaEsr
ENTRER, T E R TAE R R E S, —]
T R SCR i B R MR L B Bh 45 2R ) K
B, I ERNTHE MR E WAER BT R= s bk
B R, DARENTES IR SRR .

2 (1) P9 R o 6 0 D0 98 SR 2 R R AfE )
o EEEAR, BATATHE AT ELL 3%, Pl
AFERIGRBOT /N R BT, SRR [44], Tk
PR A e 5 TAER V24 e A

L RIRRE DR S 2

FHECA 2 f e A BRI [l B etz —, BN BAE
AR BRALII B (5] (RS L EERG R b M DA e S iz
Bl [6] i B AS R . FEX L, FRATEE
PEIE BRI O HE S [ B b AR B (1), RS
KB RS E Y [7.8] W88 o B SO

HHEME R FZE REN AL,
Clione [9]. A% Fl = ff LAk [m] % A 7K g0 Bk R 40
[13e19]. FEHALER G, S 5P ETTR W —
ZICHRIAS, DU HIIA 2 “FHEIT, REEA

P EY M E TR FIEMIFER (& 1a) o 7EHAMRE D
&, EARZRA I AR R A0 S R T2 TRl T
HE AR 5, X 2eph 2T ml BE - AR AR ISOR [y 5
filfm AL (K 1b). FHREEE TAE [20] & LT HAR
[ AHLE, T DAMRREAE— D IRGas . P
AR 202 BTG B e e . AERBRICH, off-on
P2 P8 RS AT 1 P 2 D 2 Al A e L2 g s (1
le)o 5 R BN, TT/ KA I T 6 S i 28
TCART H AR (F 1o). BARXPIAEERE T
PR AT DA™ 48 X 0, (HERIEAEAR I 6 3 (210 1Y
AR,

AT — e B TR S — Mg T B AR
PRI I 1 28 OB 2 O iR e il RE A A1
By MR [22%%] FEARBITEH, MBI T — &I H
AR SRR L, RAE T HAE N, AR
%A A R BIAH K R BN, AR ST [ 2R
Ia F Ica SRR RE M AERRIRIEm, BAK In
KRR . B L SRS R R
SETEZ A K AR feile ) — f K DR g e
SC 23] WY XA, A A Sh S H A
Pz oo R DR &, LR BT AR [24-
261, {HJZBEIE T 2 DR oM R B 3h [23%]
AN]SRV o

P2 GiHH, AEX AR, IR AL 56 22 5 i 1
AR . 18] 2a HOBE T ShASHI A B R 2 L
e R AT XHE L [23*] 381 10°C flme .. 7k
FEIRIHEARCE, SRR A BRI BN, R R R
Ptk A 1 kAT HLER A B, ARG L
PR IR AR AR TR T AR T, 24
HL AL TR, IR RN T2 A DR,
BN, XA P T AR 2

Bl 2b XFH TR Y (STG) i i o
SR [27*, 28] XA HE LG Al Intl 2 [H]
HATSZI A ISR (LR, (HEfIgor
ANFI AT IO « BRI PR A D
FEIBAI, RO EATERE T LA DG Fl LG M4 sk
FRHERI T (18 2), EEATHER A B A [ &
e (18 2b). ZERSHREEE T, BRI 2R
P (P 2b), HE MCNT i AR 4530, If A
TERARMIRE ~ 2 “iBt” . AFSITEmiRe: DA
[A] F8) 1 AT A S R B R S R R BIL AR (23%] A 2) 3
R 3 e 2 7 ) A SR S e T At 1291, AT
ORI % D o) L O VT AR S A% 357 % Sl R o b
RE TSR [23%]. MO, FRATHE L 22 ik
A PASE AR AE X )P A PR R TS L [30,3 1] Al



d Half-center oscillator h

neuron 2 neuron 1

Gastric mill rhythm in Cancer borealis

L

5sec

15 mVv

—e inhibitory — modulatory
—d excitatory - electrical

Swim motor pattern in Tritonia

NN

5sec

50 mVvV

Current Opinion in Neurobiclogy

Vel 1c BET RGO AR ELAM A o @) BRI AR ELA A PR A B A M T AL 2 D P 7 B R . R GRSk (Y
SRR T X LR W 457 AR TG S S R 2. b) R HLOIRGA RS cpg ALY . B dL07E
] g fef AL LB, ph LG AT Intl MZETCZ A4 O AR G A BOHAZ B . 2R B LG A Int] YA NICR 2R
TS R A A2 [106] (B RMiskAY. TI&: CPG HUERIAL, = FhIEZUf rh a2 e A i

#i (C2).

K P RIsh 2 oC (DST) FFEMNEK PRIsZTC (VST), AHEIMHIF A . FERN AR

ok F DSUAN VSTHAIINICSR, R T—Fac B p il sl 2ot R (1210 o) BT oMl (Vin) BY2E5%,

Rk (W) sorei URE) PLHH @R AR .

H LG [32].

AIAEK 8 DB R AL B T AR E B AE Ty A
Na™ /KT FAERGE W88 rpob i s e
B 19%*]. X TARLE & 7 ARSI A, ki
il 22 A~ REAE YR £ B AR L5 T R A 1 50 L O
ERUREL IR &

IR Wb A e L BIL I ey FR
sl

B9 SIS TR 2 O IR Bl L AL Y
SO o TR RE RN A PR ATE 5 e T /) L 2% 1 52 e 17 At
5 T ) SCRVEROR B o BT i) — TR 9 058 T 5 STG
HR 28 TE R RSN IE G SN, 3 AT A 8l 4k R B A —
A I TR ERAR BURK [33%#] . Stein 1 Harzsch [34%%] 4
BE TG R BT A Ak DA B G BE BRI (1 48 Ak X i 7 H 5%

KB sk Ly B AL TR I S R o SR (EL AR R
2 AR SR K U R T R 12 pHL B AR 1) 52
Wi [34%*], FHAERCEE RN O2 KFHIZE L. TERZHL
LT, S TRBEA pH X IRALAY I 5E 263l Wy 1m] % 1)
PIMC 2P [35-37], MAEE A, X LKLY
Wi e AN LR AR, PR pHL LA 4K - Bl 1k P )
AT AE AL [38%*]. B AR G AR HE A HC EE A PRI
AR B A S P AR [38%*] SiR i T B 220
TR0 e S JH oA R X5 2 i s 3 A A MEBIL ] A % 3k 26 2 7o
FE IR e A LA A 2k . BN, feeili— I T
TR 2200 [39%] RORITFE R M, TEAR il BE A pH
{ON (ST -y arimilibh i ST ENEIlibE DA IN
Faria S¢ A [38**] I\, 43Py sk 5
TR, SRS IE Tt 5 o X A R A
PRSP K R RSP S, $7% 1 AR St o o 22
JUANE] B BRI 2R [27%, 30, 37, 40 A1 41%]. 44}



Release

omv| [

32mv I

a Escape
10mv|

Lorem ipsum

1Qmv|

| i | i | Vm=
v, = _ AR S a2’
-50 mV

10mv |
-50 m gl R AL RA A AT RO il

o 20
= 15
10

N 0.6
7 0.4

H

o 0.2
000

Current Opinion in Neurobiology

Vel 2: /N 22 R AR S R IR o @) LA B AR AT LA DA B 55 38 88 10 9 (4 R AR L HL AL 940 R ELATD 0[] B % i
FETFR RN BT SR T PSR SO E IR B R T B R AR (Z2) RIRERC (). IR TE AR
R TR KRR AL . JRESEA R TR — M Z T R TS IR . SE R B AT AR A R . X
A (231 BT 2R o b) AN R g Aot i B T s 7= A B B BRI ) 22 gk . Zc el VON-B RS A
(LR B R R b 22 (Ign) ANE HHIZ) (dgn) MZIBAMLSE, SoRAE 7°C 1 23°C RIEAE K 1E

JEFTEEF, LG # DG #p&suiisa s C. 2k H [27%]. 45K menl-fH

PR B fRT A LB PRI B2 1gn AT dgn

AL MESR, R 10°C R A B BT HLN LG Al DG #Z Chyic , 13°C Ik e 2 om F R ich C. M

(28] IFdfr. B 1 LR AT

FEMR LRI B W ] 1 R S R 43 B PR SR A 1
AR S5 DL LI LF- TCvE K 4y, (AR 11 il
JETF, RIS T L T [42]. Bk —I
5%, DeMaegd FI Stein [41*] T} T ILEEXTEE (1) =412
B2 TS AL SRR BE I S, 25 3 IR XA [l
ZE I B FE A S AL — R A S R

/LR R AL DL

A ST, BT DU IR, X2 —
FARAR ST, BAARFRES R (12, 43, 44,
45, 46, 47%¢ 48, 49, 50%*  51%], BESRAATEFEIA
MR R B 7 A AT, B SetEE2
. 7ElGH. B, AACERS FE TR RR
B, B B sh R B -5 B AR i 3R sh AR B A T

NZRENE [52%, 53, 54, 55%*, 56]. BLAh, [A—(L55HY
O R 5 A ORAT 55 1 9 2% P i R] AR sl AT Ok
[57**]o RHEFRIHDIEEN T — 4R LA AL
i, AT AR R AT AR [ST+4]

FEIRIBACHLRITEAE I AT DA™ AR R Uz s, (2
M T ENBRREES B2 X LRI SR m s
WRURIEAN TR, R ik Y [31%%, 58, 59%]. feilt
TR S EI TR IUF SR, AT 55 VI i) — 2eg
PCHRERAEAE—FIATRERY . A LB 28R [5174]
W BN, FERPTTERI, MR ST Ok A T
AR EEEAR, i ALY S ] HE 80T R
[60] HYZ=57 -



FEMI 45 2 [l B et i es oo

TR AEM B Z AP BT S5 (48, 51%,
61, 62, 63, 64, 65, 66], FEFLLREHL T2 AE AR5
fil5R BE 48, 611 (TIRE . BWFITIRIT Tk FE iy
TR ER TR

Fahoum #1 Blitz [67**] AJF5E T 75 1l £ TCI0E X
STG Pk "1 A2 B BE T (R M & o4 5 ) (1]
3a). HAAOKRUL, LPG M&ITRH S 5 M 5E 20 B BT
TR A AT — R o R, LA T AL
ST AL I N REFE RS R4, AT B EAMK
Tk B HABA 2 TR R S il A [67%].

Drion 45 A [68*] J&—Jj & 37 75 01 TAF (48] it
T (B3b) b, BT IR G iR a2 31 22
12 7 PAEERISRFIE I . JLAh, 5 Gutierrez 55 [48]
LA A () 245 440 1 40 6 P 865 S s o ) R e T
FMEAT R Z [ EA8 | 3K 64T R O T30 1o A e 28]
TR AR 0 S AEAE [68%].

PhERR AR R HL B iRy i 1

A £ i S 52 0 e 2R R S o X/ [ e 4
FEHR TR RGN SR R, RS HOR 4
JURECE Rt I, BRI AR N T (69, 701 (4]
4). PRI R R HAR PRI — 258 B flig
TEA A 20 R A& Rz s . — R
(7 1] {1 e Mo P P A YRR SR AR A 1 Ty AR
i STG 5ty s Ji2¢ (K 4b).,

ESRITTAT RER VR M 28 A TP RO RN, A2
b, BT RGAEAEME AR T AR B DTIE . — TR R F
FE [72%%] 5 B PR T LA A 288 750 X6 5 fgh i B2
FNNTEXS AT PERIPE T« Sl ISk (CCAP FilJEE
F) e — H i oo B B —FIXERN A, 5 E
TR A I BL T )2 R A S A, (H 2 K
FEL R MRS F) AT LRI AN SR A [72%4]

VPSSR TS5 A R B, BEEEATA
B RA SRR . ik, JHES RS B iF
Z SRS R [73%], B4E FH AR R 23 R
FIiJel il s sl A2 ) O AR ELAE . (18] 4c)o P 4d SR, 34
il ) S R B DD BRI PIL A -

YR i) B R 58 P A S M A AR A, (HAE IR
ERRTTEI M A2 B RS E (74 TR EXER
(. B DR 4 R R T 8, X —A
OBEIE T LTI o /Do 22717 VR 22 R 22 ik 175114
T, R ERR I B2 B [76%]. BRI RE

2 Ll N2 2 ar PERY , BN 28 W] AREIR % 2 R) 2
b, (B2 B IR e s A, 5 R B e R A i i
K [16%].

e sh WA BOa R 2K [77+*, 78%, 79, 80*,
81#%], HRZ 20 MR ZIEALN, K2 BX LK E
AZMWAL. X212 HA R X Fh
FE AR T IV NG R

a) S M BTA S Mt BPRE O KOS R AR (] ) SE 2R 2

b) FE— Mg R MR 2T b KL T 2 /DR
[F] 1) ST 24 7

o) AR SR AR 25 B AN R i P R e
Bt AR A 1 i I T R

d) [F]— PR A AN [R] S 24 ) 5] - S B A AT A AN (] 2

Fig % (MSI) TR [77+%] Wiz 2 AT
P2 TR 8. FE MST o, BOGHR TR
FRE HLUENIR) TS RS, SRJE /i St DAV
Mo MRS KT LH A O A (77, 80%*]. HETHVTF
Z S IRIEAETT e, Hop— AT DL S AR SR A
FHEEG . SR, 22 BRI 73 e A = 2 @y SR
TS BT S5 A i e o B It SR AR R I RR AR IR 4 &
[(77+*]. EIRBUAE S ML G0 S i 4 i A 2 B Ak iy s o
(1) 3D FIAALER AL T R AFRIMERE AL, BRYTAR A KT
REFCA XA BT A RIEEL . (R, AR HEE, e
A Z2 IR ) MST & 7R3k B e o't 2F BB R, B
THEERTI [82].

RIAE— A BR K i 22 A~ WAL [a] — > 32 AR A0 HAE
M, BATHEARTRAAARFE A (83*%], I Al HeTE
Az PHRIALIAR 2 v SR AN W] () e 1 [84-86].  H Hilid ik
A ARG 9T B 12 HOA I IR 5 A8 53 78 I itk T2
(AR T S LR AR E VR . B MRS R T
AR R 135 )5 188 M7 SR A B ) e v i) T B 1) S 3
[87*]. AF . F Homarus americanus [1t) STG ", 45 741
TRRH, AR A FImBE M ALY oS A AR IRE A
(e Py ) O B R B . AE R — b DR 22 b, T
F R LA T AR AT AR H Y (82, 83%].

VF22 B 22 JPGH i SRR M AT IR sl 20T
PR, MR EL 9 5 A 2 R R T ek A, HAEME
BFIR WAL 15 8 2 [ A 25 5 [80%*, 88*]. WMEEfH
AR R I STG iz gl [89%]. BRI A
PE, BAE H MRS IR PR R A R SRR E 22 1k
ZAJHESL IR R ) SRR /D [89%].

e R RG T, SEMRE ST, A
BRI TR R, cAMP IFRFSEAE F T 4ERERR 201 I
ZORFSAR L [90%*, 911, PN EX MRt TR Z 7]
Y. — T T RIEE RGEMA BRI RN, —FhH



— inhibitory
-pt- rectifying electrical
— excnatory

@

MCNS tonic stimulation (30 Hz)

ﬁwmumnnnm”|mmunmm
Lmt“mmul mmull“mnﬁ

"J_J\

L
VWU

dgn
(DG)

5sec

Neuro-
modulation

[ (LULLULLCLLULRLLLILL

1sec

Current Opinion in Neurcbiology

Vel 3= PATERFPE R I TT DATE I 2 2 [a) A T U048 .
JaM (LPG)
1T PD A2 oIl v e I : LPG%EP
15 IRESEI: it dgn sk, HEM (D

(42 5E4t Drion $241L) .

AL T ABRB A A AT X RBIL ] b 40 e 1 2 1Y
2 N AR T 1R [92%+]

PRt A U Y R 2 1 R ) A G

ERFWEY T, TR EIL 2 NE, EHRHY
FnEh LS a2 . I, e 4R HRRE
IR, KAFMEITH I E A T AUR W R . HiX
AN RIS Y B — ST SRR AR 5256 7T DAGE 391 2] 20 i
22 90 AR [93, 941 MIIRIRHES , 5 fpk i X A A 2%
Far P R ASTR AT P IE 28 R /N L B RO T i 7y 2
RSO [95, 96%%, 97, 98, 99%. 100, 101, 102%%],
JSUAEA U 20 4 w00 ) AR I 6 ) 5 T TR
(A S, (AR /INFL B B TN AP R A S8 MR 7T B AR 1)
TAE [102%%, 103*%],

TERANCEE PRI A Te, BT imiE A
R mRNA FR G RGRAAH M [102%+], FE—ZHAR I
5| ARYSCESH, Santin F1 Schulz [103%*] #F5% T % STG
AN PD A28 o H 81l B PR A R 3Rk . Ml &
B, (AR 2T LB B AT SN 5 i A 2238

a) Pk (dar]) fog (H
AT, MR IR & H%Z[Eﬂf)ﬁﬁ% TR

) MZERfRAL R, A —
ZAMLANEAT 1Y KA 2 (pdn) GCSRARICHY

5 (MCNS) HftZe el B AL | T4 280 AT S B S AR A 1)
)ﬁ 2 TCRIERRIC
B R4 R R T AL R 2 A uﬂ&@%%?ﬂét UM R E
A IO A ZB R R RIS . BRI AT 2 (BudkieEr])

Tt BEURMIEL. b) — A HESRE A
ﬁﬂig"*ﬂszﬁi%ﬁ, A (48] 5Bl
3 (HHR) M4 (ZMgsH) N LB

XL 28T RS Tl I A — SRR A ek, (H2Y
PR TCABE TR A2 ) U BRI, X BEAH SRR A
AR o XEELRY RIFULSE TR BIRBEIT (104, 105], %
HI R i 3 2R A e A2 o 22 A A AR e 2 T8 1Y
T VAN PR bR e 2 ] A S ELA R 7 A

a5k

FLAT B R Bl 22 000 /)N L B AR S Sy B AR FEL e 20

Fe Q] A BN 22 O R R PR AR GRS Y
%%’“o KETVERL T HTRA 20 WA R b 78R
AR BRI T A DA o (X SE R 5T, A ATTRT DA
LS IR A NN P 55 2 L B DD RE BT M R LAY
(¥ NEE

Flt i
%

i



differential modulation

nerz:::[;:ztr;de on a network level decentralized + RPCH + proctolin actwnty patterns
i 1 ll
" ] II\I Vet Yy
k& IIH I[III\‘ II‘ | \I‘ HII| \‘ II |
| IllIII‘I‘IIIIIIIII‘IIIIIII
M +278% :
® I \I\IIII\I\|IIHIIIH\I\II\II\\IHIIIIIIII\IIIIIHI limn
| IRRTEIRET IETTD v e
F Tsee
C Frequency-dependence of neuromodulation d State-dependence of neuromodulation
CabPK MCN1 stim
G Y. LN 1 Julfiafiale
VA slow mid fast e |OWMY W AT oW W A
- . MCN1
[ ye— ¥ — S .e
= s (T muw wnmﬁm
. I ] [
i +E M /“\ /M\ | [ ._J i @ . _J
le il 0 i CabPK + CCAP . MCNH stim + CCAP
LP = 5
s [ {1 (1 o A
§ Voomm, FaMp speedﬁ .SYT‘- = .SV!“ -':“:_ . '.....
ﬁmﬂ inhib. inhib. A Lo u Z s ‘ WW
E) | wow o [ (L
::'-"- »._J \-..J W oy _ L
Current Opinion in Neurobiclogy
Vel 4 /NI ER TR S P IRBETR TS . @) Zc: FEMI ¢S STGs i, Tl I [R) 32 AR AE RS [ ot 28 JORORS AR ] 1) o) P P

FEMgiR (IMI) H

AWEAER . e TEAIBRI 45K |,

S [e] B R A T T 2 T AN ] Sk Y

MEZM. b) A FEDRGRATTT (RIS 2H) M HlE: RPCH s AT T, da T4 AT 2 5

B PRSI R 117 A1
BUUEHYIE . BEAHE P R B R R R 4
b Sk KE%E%W%&?&@%M

HADE. BTG . d) AR5 {EL i A B T 0 2

FREEFR. WHKEER (%6
il (47F) Bk MCN1

o

Supported by the Swartz Foundation (EOM) and the
National Institutes of Health grant R35 NS 097343 (EM &
SK).

L EPEN

TERIE 18] S 2 5 BB 18 SO 1 7 5K
SRR
* of special interest

** of outstanding interest

UﬂWDWXﬁ%“ﬁ?ﬂﬁf?%@*Eﬁ%ﬂﬁ%ﬁ%%%ﬁ%%ﬁo
PR, KU = ARSI A AE 1L .
JERE HLR (IMIT) B BRSO/ NIRRT RO . AT -
R LP M2 CAEAN A kb 4303 T 1y i HE T R 2y B o

©) IRHH HL R MO T IR

IMI-T AR RO SCAE T LP Mo i 28

2T YA R s B . CabPK IR (72 LA,
SREJRIE) A MCNIL I (F B, REIRE) P AR S g aih, BAAHRArHE,
) IR KB (ZEF) 3 CabPK
THSIR . BRI BTS00 E SCINE 1R

DA LG A1 Intl f)35
T IR, (R A R A

1. Getting PA: Emerging principles governing the op-
eration of neural networks. Annu Rev Neurosci 1989, 12:185—
204.

2. Golowasch J: Neuromodulation of central pattern
gene:':tors and its role in the functional recovery of central
pattern generator activity. J Neurophysiol 2019, 122:300-
315.

RN I L 4T A A f 30 ) B A 22 A ] Y

FRALIL . BE W DASH X REHE , DARASX IRt Y
VFZ B BA T L AR 5t

3. Kiral FR, Dutta SB, Linneweber GA, Hilgert S, Poppa

C, lech C, von Kleist M, Hassan BA, Hiesinger PR: Brain

connectivity inversely scales with developmental tempera-



ture in Drosophila. Cell Rep 2021, 37, 110145.

XS SCERAR T — AN SE IR BT, 8 P P FO
FLERZR IR SR, st DR R BRI A B SE T e
AN ] L T ) 77 ) 5 i R] SR ) 2 sl e A 5 i £k
Pl ABATAI, WEEXHEIRAZ 2R 28T rh o il Y £L
AT GO o X LR 2 S BT X BRI E R R
REE N AR A TN, I B 1] i AT DAA— b b BRI Y
T AR, B AA [a] i) B R P o 4

il; Ravbar P, Zhang N, Simpson JH: Behavioral evi-

and network-based mechanisms. J Neurosci 2002, 22: 10580—
10592.

15. Arbas EA, Calabrese RL: lonic conductances un-
derlying the activity of interneurons that control heartbeat
in the medicinal leech. J Neurosci 1987, 7:3945-3952.

16. Arbas EA, Calabrese RL: Slow oscillations of mem-
brane potential in interneurons that control heartbeat in the
medicinal leech. J Neurosci 1987, 7:3953-3960.

17. Tobin AE, Calabrese RL: Endogenous and half-

dence for nested central pattern generator control of Drosophilacenter bursting in morphologically inspired models of leech

grooming. Elife 2021, 10:e71508.

VAR W S AT A SRR M EZ N EhEZ
R AR, X BEEhE R ML AR P AT P A — 43
XIFFEIEMEE T W BEXT X AT R, TR “iix
£7 CPGS (TeA7 R P HFR AT H) CPGS) TEAR IR
R BR R E .

5. Hartline HK, Ratliff F: Inhibitory interaction of re-
ceptor units in the eye of Limulus. J Gen Physiol 1957,
40:357-376.

6. Brown TG: The intrinsic factors in the act of pro-
gression in the mammal. Proc. R. Soc. Lond. Biol. 1911,
84:308-319.

7. Kiehn O: Locomotor circuits in the mammalian spinal
cord. Annu Rev Neurosci 2006, 29:279-306.

8. Harris-Warrick RM: General principles of rhythmo-
genesis in central pattern generator networks. Prog Brain
Res 2010, 187: 213 — 222.

9. Satterlie RA: Reciprocal inhibition and postinhibitory
rebound produce reverberation in a locomotor pattern gen-
erator. Science 1985, 229:402-404.

10. Katz PS: Evolution of central pattern generators
and rhythmic behaviours. Philos Trans R Soc Lond B Biol
Sci 2016, 371, 20150057.

11. Sakurai A, Katz PS: The central pattern generator
underlying swimming in Dendronotus iris: a simple half-
center network oscillator with a twist. J Neurophysiol 2016,
116: 1728 — 1742.

12. Sakurai A, Tamvacakis AN, Katz PS: Hidden synap-
tic differences in a neural circuit underlie differential behav-
ioral susceptibility to a neural injury. Elife 2014, 3, e02598.

13. Calabrese RL, Norris B.J, Wenning A : The neural
control of heartbeat in invertebrates. Curr Opin Neurobiol
2016,41: 68 — 77.

14. Cymbalyuk GS, Gaudry Q, Masino MA, Calabrese

RL: Bursting in leech heart interneurons: cell-autonomous

heart interneurons. J Neurophysiol 2006, 96:2089-2106.

18. Olsen @H, Nadim F, Calabrese RL: Modeling the
leech heartbeat elemental oscillator. II. Exploring the pa-
rameter space. J Comput Neurosci 1995, 2:237-257.

19. Ellingson PJ, Barnett WH, Kueh D, Vargas A, Cal-
abrese RL, Cymbalyuk GS: Comodulation of h— and Na™* /K+
pump currents expands the range of functional bursting in
a central pattern generator by navigating between dysfunc-
tional regimes. J Neurosci 2021 .41:6468-6483.

A2 T S (] I A T LR S - i 3ok 2 I CPG
A BT, TS LA 3 OIS T K L ]
ZoekAui kg (HCO) Wi Iy MEHLE Nat /K
R, E HCO {EHAFAE M RFFRE . MEERL T
T Fl Na™™ /K ZE2Z [ REF SR 52 0, ALl 1 JULIM
TR BN PIZS TSR, A B2 P e A (] P AE A I
BRI 22 TR P O Bl o AR SRR T 25 590 Y
ZRSYE R EAE A

20. Wang X-J, Rinzel J: Alternating and synchronous

rhythms in reciprocally inhibitory model neurons. Neural

Comput 1992, 4: 84-97.

21. Skinner FK, Kopell N, Marder E: Mechanisms for
oscillation and frequency control in reciprocal inhibitory model
neural networks. J Comput Neurosci 1994, 1:69-87.

22. Onasch S, Gjorgjieva J: Circuit stability to pertur-
batiogs* reveals hidden variability in the balance of intrinsic
and synaptic conductances. J Neurosci 2020,40 : 3186 —
3202.

APEHTFEARIT T e AR (] G B A o 22 T 4
SRR B2 DR A B RS E . VR T B
AR T AR RS o AT I 28 4 ) B F SR A B
WAL AR 7 AT 72K e By “R ek
A7 BB BT R IR SRR E AR
Ko MATRFIA T RAT i AR R HL S8 A Y R AR
AR

23. Morozova E, Newstein P, Marder E: Reciprocally



inhibitory circuits operating with distinct mechanisms are

differently robust to perturbation and modulation. Elife 2022,

11:¢74363.

TERXI T AR, A3 Sh &S B2 M P

BEHL (GM) thgso g Dikas, BB T

AREH . SHASEE T IR IEAR) TH HUE R 5,
M SR VR B R DX S RS, AT
AR R RO AR T B R D R E M, A
XoF S BURR AL BE AR A I R X LE SR SR T X
B2, BB A UL A B
XL By 3

24. Grashow R, Brookings T, Marder E: Reliable neu-
romodulation from circuits with variable underlying struc-
ture. Proc Natl Acad Sci U S A 2009, 106:11742-11746.

25. Grashow R, Brookings T, Marder E: Compensa-
tion for variable intrinsic neuronal excitability by circuit-
synaptic interactions. J Neurosci 2010, 30:9145-9156.

26. Sharp AA, Skinner FK, Marder E: Mechanisms
of oscillation in dynamic clamp constructed two-cell half-
center circuits. J Neurophysiol 1996, 76:867-883.

2;7. Powell D, Haddad SA, Gorur-Shandilya S, Marder

E: Coupling between fast and slow oscillator circuits in Can-

cer borealis is temperature-compensated. Elife 2021,10, e60454%) 14 5%

AR, 7 I 2R G0 Y B IR HL RS fh A R
TR ZH R, AEAEAR R il RS T A PR iR i) S
it o 5 — PR EOR R 2 NI B R R IR D fE
[l . VEEUER THE—E i EZEE N, MR R
(] A <7 AT A BRI S TEX A R GEPIst T
P, APRFRI AR B A

28. Stadele C, Heigele S, Stein W: Neuromodulation
to the rescue: compensation of temperature-induced break-
down of rhythmic motor patterns via extrinsic neuromodu-
latory input. PLoS Biol 2015, 13, e1002265.

29. Stddele C, Stein W: Neuromodulation enables tem-
perature robustness and coupling between fast and slow os-
cillator circuits. Front Cell Neurosci 2022, 16, 849160.

30. Haddad SA, Marder E: Circuit robustness to tem-
perature perturbation is altered by neuromodulators. Neuron
2018, 100:609-623.

31. Alonso LM, Marder E: Temperature compensation
ina s;:all rhythmic circuit. Elife 2020, 9, e55470.

il 532 W) T A TP A T L AN B0 2 (L M Y
O I A REE AR . PRI, AR FL S0
I RE ) OB REAR AN ], S0t 1 o 22 oC Il i i 7
— R B B NI AT ) L. FEIX e SO, ARl

B A ok TR AE — s ML Rl A R A Y g ) e
WX L 22 70 AT DATE 24 BATL ) 2 18] 7 2R - 64 0
W, IMAEIEE AR XA B

32. DeMaegd ML, Stein W: Neuropeptide modulation
increases dendritic electrical spread to restore neuronal ac-
tivity disrupted by temperature. J Neurosci 2021, 41:7607—
7622.

33. Kedia S, Marder E: Blue light responses in Cancer
boreaiki*s stomatogastric ganglion neurons. Curr Biol 2022,
32: 1439-1445 e1433.

YEEAtIR T CPG XG5 MBI I R E SR o

S E PR BGRB8 A 1 PR R P AR I 2 U A R
BAZAE IR STG YHA T T 285 3l LTS h
I G S AFEHN S S BRSNS AL 5K B
TR S AT RER SRS T R A R AR A A
IKEHY .

34. Stein W, Harzsch S: The Neurobiology of Ocean
Changé - insights from decapod crustaceans. Zoology (Jena)
2021, 144, 125887.

XS KT RS AR AR ) 1 28 R G5 )
ML LRk . MEE B Il . T, pH EAIVEA
SFZ MK SR, F B T EN TR 723380
U, R T e et — ﬁEﬁ%Euﬁ%
DESCMRRRECR o A AP T 7 AR X SO i 4
%%&ﬁﬁﬂ%kﬁ%%%ﬂ%ﬁﬁTﬁﬁgﬁﬁﬂﬁ
AR RIS M ) EE A

35. Haley JA, Hampton D, Marder E: Two central pat-
tern generators from the crab, Cancer borealis, respond ro-
bustly and differentially to extreme extracellular pH. Elife
2018, 7:e4187.

36. Clemens S, Massabuau JC, Meyrand P, Simmers
J: A modulatory role for oxygen in shaping rhythmic motor
output patterns of neuronal networks. Respir Physiol 2001,
128:299-315.

37. Tang LS, Goeritz ML, Caplan JS, Taylor AL, Fisek
M, Marder E: Precise temperature compensation of phase in
a rhythmic motor pattern. PLoS Biol 2010, 8, e1000469.

38 Faria SC, Bianchini A, Lauer MM, Zimbardi A,
Tapella F, Romero MC, McNamara JC: Living on the edge:
physiological and kinetic trade-offs shape thermal tolerance
in intertidal crabs from tropical to sub-Antarctic South Amer-
ica. Front Physiol 2020, 11:312.

WIRR BRI 32 152 2R 50 5 B PR DT « $3 50
YRR R IR 2 S el A S R LR A BLR A
SCHIFFE T A B4ty 3 7 B Al B8 XOR AR 1Y) 12 FfAS [ i ]



A B A NI 2 AR R T B A SRR AR A R R i 2l
o MATRIL, S EAREAT R, A A R S
P B B SO AN ], A BIrAT A FE R R LR
B R R A R L A 1 T i S

39. Ratliff J, Franci A, Marder E, O’ Leary T: Neu-
ronal o*scillator robustness to multiple global perturbations.
Biophys J 2021, 120:1454-1468.

— AR S, X B R R
FRHABSE S ) BRI, 2 R XA [ P Sl ) 3
Z IR . ASSCWFSE T pH A EE U 1 28 1
AFHATCRYSENR A DUESE AR TE S IR A pH T
AR B AT

40.Tang LS, Taylor AL, Rinberg A, Marder E: Robust-
ness of a rhythmic circuit to short- and long-term tempera-
ture changes. J Neurosci 2012, 32:10075-10085.

41. DeMaegd ML, Stein W: Temperature-robust activ-
ity patterns arise from coordinated axonal Sodium channel
properties. PLoS Comput Biol 2020, 16, e1008057.

REHZATRER Q10s, {H 2 0k H g3 KT
fE, TEILITREE STG fHAT] M 45 B 245 3] 1 AR GF Y
il o AEE IR TR R S AR A, AT
ket e T Pl RE R . AT B, MRS RN )
PRS0 5 1) SR ANV (I 8] A 5 P AR S0 o 1o
BIBEST, AT E5E , )T BAE 1 A K A
AT I TR] 5 R PIMR AZ A T AT BT — 4528

42. Soofi W, Goeritz ML, Kispersky TJ, Prinz AA,
Marder E, Stein W: Phase maintenance in a rhythmic motor
pattern during temperature changes in vivo. J Neurophysiol
2014, 111: 2603-2613.

43. Prinz AA: Degeneracy rules! J Physiol 2017, 595:2409.

44. Prinz AA, Bucher D, Marder E: Similar network

A [ B FL SRR AT 7 A AL TG Sl o T T A2
LTI N AT 2 HA MDA A A 2 n s M 2 &
XL BB AN T ) S

48. Gutierrez GJ, O’ Leary T, Marder E: Multiple
mechanisms switch an electrically coupled, synaptically in-
hibited neuron between competing rhythmic oscillators. Neu-
ron 2013, 77: 845-858.

49. Rodriguez JC, Blitz DM, Nusbaum MP: Conver-
gent rhythm generation from divergent cellular mechanisms.
J Neurosci 2013, 33:18047—-18064.

50. Olivares E, Izquierdo EJ, Beer RD: A neurome-
Chani;;l model of multiple network rhythmic pattern gen-
erators for forward locomotion in C. elegans. Front Comput
Neurosci 2021, 15, 572339.

O M RS AU R L AP 52 A S BN i 55 T e 2%
HuzshiE AL . AT ERIRR T 24 CPG
febzshrar ferE, 1 — R AL B AT BEE . AT
FRF TR A B S O B A U T 5

51. Wang Y, Weiss KR, Cropper EC: Network degener-
acy anti the dynamics of task switching in the feeding circuit
in Aplysia. J Neurosci 2019, 39:8705-8716.

SR R I B AT O AT DASE 2 P A e X |
BB ESI IR W E . MEE KB, HA—FIrEmT A
P RRZ T B20 2, RXMEAUIHE] HAhtT
NPT o PRI, X SEIR K H B e 0 AR AT 55 5 4
SFAT AT A K S o

52. Smith MA, Honegger KS, Turner G, de Bivort B:
Idiosy;cratic learning performance in flies. Biol Lett 2022,
18, 20210424.

AT FEA IR T A B R R TR AR ) 2 e TE
V2 224 Paviovian Z& U AHEA AN, — 2R

activity from disparate circuit parameters. Nat Neurosci 2004, H, AR M2 S5 T4, b AR A [5] i) RSB AR A AN 6]

7:1345-1352.
45. Roffman RC, Norris BJ, Calabrese RL: Animal-to-

animal variability of connection strength in the leech heart-

ISR R . I, @ A R BEYL R nT DA B
AR 2: 2 RE ) B 25 57 .
53. Werkhoven Z, Bravin A, Skutt-Kakaria K, Reimers

beat central pattern generator. J Neurophysiol 2012, 107:1681-P, Pallares LF, Ayroles J, de Bivort BL: The structure of be-

1693.

46. Marder E, Goaillard JM: Variability, compensation
and homeostasis in neuron and network function. Nat Rev
Neurosci 2006, 7:563-574.

47. Alonso LM, Marder E: Visualization of currents in
neuraﬁnodels with similar behavior and different conduc-
tance densities. Elife 2019, 8, e42722.

AR T R A TR, BoR TR R B
X L R OE B DT o X R AT AR AT IR A 2 R

9

havioral variation within a genotype. Elife 2021, 10:e64988.

54. Stern S, Kirst C, Bargmann CI: Neuromodulatory
control of long-term behavioral patterns and individuality
across development. Cell 2017, 171:1649-1662 e1610.

55. Linneweber GA, Andriatsilavo M, Dutta SB, Ben-
gochez*M, Hellbruegge L, Liu G, Ejsmont RK, Straw AD,
Wernet M, Hiesinger PR, et al.: A neurodevelopmental ori-
gin of behavioral individuality in the Drosophila visual sys-
tem. Science 2020, 367:1112-1119.



ARSCIB B T[]k DR SR A AT DAy 22 S A 22 B
B U LY R B BE A5 AR ] ZERLSE R St 1]
B, B IR 2 ey e ERYBENLZE S, SECTAS
PRIA) ZE A7 R A ARG AR IS AL AL o I LA LA FR
PE— AP PEE T AN ARV R T T . PRI, TR BE

UL FE AT AR 5 E 5

56. Sakai O: Comparison of personality between ju-
veniles and adults in clonal gecko species. J Ethol 2018,
36:221-228.

57.Zhang G, Yu K, Wang T, Chen TT, Yuan WD, Yang
F, Le*EW, Guo SQ, Xue YY, Chen SA, et al.:
mechanisms for motor variability in a feedforward network.
Sci Adv 2020, 6: eaba4856.

BREE RIS ST AR K AR AR A
R BER %, ROk T S WIIs B AT o A AT AR P
Mz TTEAL . AT TR R B SR i £
TC, — MR —AEDAE, IR B R R A
G M PR K 1 Y T AL P, 8 M T T REAL AT AR AT
AR HL B AL

58. Lyttle DN, Gill JP, Shaw KM, Thomas PJ, Chiel
HIJ: Robustness, flexibility, and sensitivity in a multifunc-
tional motor control model. Biol Cybern 2017, 111:25-47.

59. Powell DJ, Marder E, Nusbaum MP: Perturbation-
speciﬁ*c responses by two neural circuits generating similar
activity patterns. Curr Biol 2021, 31:4831-4838 e4834.

ALY HL B3 B0 AT AR T AR F A [ B LR AL
[ Py FEL B T A SCDA T AL A IR X — B AT 1
G o W —TERRA FL B S5 a1 A [ ) S e 1 )

ARG TT, A B AL i 1A RN AR LR RICR
VW] S 5 (] — o 2 e S R R AL, (R
TR B P AR AN R R . BT R R R E ALY
P I W AR 3 — A R A EE B R

60. Gunaratne CA, Sakurai A, Katz PS: Variations on

Synaptic

atheme: species differences in synaptic connectivity do not
predict central pattern generator activity. J Neurophysiol
2017, 118: 1123-1132.

61. Dickinson PS, Mecsas C, Marder E: Neuropeptide
fusion of two motor pattern generator circuits. Nature 1990,
344:155-158.

62. Hooper SL, Moulins M: Switching of a neuron
from one network to Another by sensory-induced changes

in membrane-properties. Science 1989, 244:1587-1589.

63. Hooper SL, Moulins M: Cellular and synaptic mech-

anisms responsible for a long-lasting restructuring of the
lobster pyloric network. J Neurophysiol 1990, 64:1574—

1589.

64. Hooper SL, Moulins M, Nonnotte L: Sensory in-
put induces long lasting changes in the output of the lobster
pyloric network. J Neurophysiol 1990, 64:1555-1573.

65. Weimann JM, Marder E: Switching neurons are in-
tegral members of multiple oscillatory networks. Curr Biol
1994, 4: 896-902.

66. Meyrand P, Simmers J, Moulins M: Dynamic con-
struction of a neural network from multiple pattern genera-
tors in the lobster stomatogastric nervous system. J Neurosci
1994, 14: 630-644.

67. Fahoum SH, Blitz DM: Neuronal switching between
single*-*and dual-network activity via modulation of intrinsic
membrane properties. J Neurosci 2021, 41:7848-7863.

UK EhAT 5 22 1% Hh AR 1 48 U TR R T AR,
IR E NS5 A — AR E] 75— 2
AWFFTR T A AR AN [RIAL] o AR FlA T i 2230
i T E STG 1) LPG & ohy NTE2E 1L, E5REIM
K5 H B, AR IR 2 ST

68. Drion G, Franci A, Sepulchre R: Cellular switches
orchesirate rhythmic circuits. Biol Cybern 2019, 113:71-
82.

AR SCAR T i i T /N ) 28 A S R B A5 AR AN
Bz g R . A iR T — A Y
BLHE A BREEY A FOVFTE AN U 5 fil e J32 B %
AR LT PRI R (7] o fAT] 9 e T HiAS A AT
LR G RIBEST , RETE S A TR T R VAR STG
JER K EEL 6 1 LB TR P T g o

69. Nusbaum MP, Blitz DM, Marder E: Functional

consequences of neuropeptide and small-molecule co-transmission.

Nat Rev Neurosci 2017, 18:389-403.

70. Marder E: Neuromodulation of neuronal circuits:
back to the future. Neuron 2012, 76:1-11.

71 Gorur-Shandilya S, Cronin EM, Schneider AC, Had-
dad SA Rosenbaum P, Bucher D, Nadim F, Marder E: Map-
ping circuit dynamics during function and dysfunction. Elife
2022, 11: e76579.

XN [ A 2 AR S BEAT 0 S SR IS I 46 D) BE R A H)
AU ER TR o 5 TC B~ SR TR B AT
FAF T EAT T 28R B LS, FEEAN RIS REAL A
HE, FOFFEA RS X LRSI s 2 R F 4L .

72. Li X, Bucher D, Nadim F: Distinct co-modulation
rules :;“ synapses and voltage-gated currents coordinate in-
teractions of multiple neuromodulators. J Neurosci 2018,

38:8549-8562.



b I8 i 2 P 2 ARG — S AR R R RRAIE o X2
— A A 2% i R SE A ) SO RIS . AR B, TR
BN 1 G e SRS NG 3 1 3 VAR S E2
LA Z LR J7 KM N, X R W25 1T S 40
PN A TR o IRATF SRR T [ IR R AT s [R] Y
SIRMEAE  DASEET AR AT W R B Y T
A o

73. Schneider AC, Fox D, Itani O, Golowasch J, Bucher
D, Na:hm F: Frequency-dependent action of neuromodula-
tion. eNeuro 2021, 8. ENEURO.0338-21.2021.

22 ] RN B 2 TC I 2 ALRORR T H B 270
R P S DA R G g = B oy I e i 1 L B O S D
D7 ¥R STGLP M TR X R X & . A1 B IMI Y4k
W AR (LI ) RS0 T il ) OB PRI, T AN R R
FLESRHROR 48 78 i BRI B W R 3l g 27 BN [ Y
HLJE. IMIL AN Y 8595 i P bR 2 3 L 2L
R BOE RIS, BT . Tt — 2P
T AN IMI 53 X0k 717 Bl Y 22 3 o TS RE T
MRZER R B — N RRRAE, BB M 45 B
AAMRHIER AR o

74. Neyton J, Trautmann A: Acetylcholine modula-
tion of the conductance of intercellular junctions between
rat lacrimal cells. J Physiol 1986, 377:283-295.

75. Cruz-Bermudez ND, Marder E: Multiple modula-
tors act on the cardiac ganglion of the crab, Cancer borealis.
J Exp Biol 2007, 210:2873-2884.

76.Lane BJ, Kick DR, Wilson DK, Nair SS, Schulz DJ:
Dopar;ine maintains network synchrony via direct modu-
lation of gap junctions in the crustacean cardiac ganglion.
Elife 2018, 7: €39368.

MR & W 2% SE B R TG PR —Fh B INTERL
R B 45 A 8 R A R R DA i e R A AR A,
A IR o VEBEBIIT T PR ARG, 5-FE @ REA
Z WL R AU T AR DA 2 T R A 2 ), R E
SR AR AT A Y K LS X PR SRR 5
KT g, AER MRS R ER, A2 OERA
MerrfEHL, ISR 2 S BRI AER k. AT,
Z WL T AR B RAR &, TR TR . At
TR T — Lk 8] 4 50 T AR A IR 46 425 [7) 2
BT

77. Buchberger AR, DeLaney K, Johnson J, Li L: Mass
spectr?metry imaging: A review of emerging advancements
and future insights. Anal Chem 2018, 90:240-265.

X R S FBR AR P BB 7 VAR — AN 7R ) 25
i

o

78. Buchberger AR, DeLaney K, Liu Y, Vu NQ, Helfen-
bein K*, Li L: Mass spectrometric profiling of neuropeptides
in Callinectes sapidus during hypoxia stress. ACS Chem
Neurosci 2020, 11: 3097-3106.

P8 R — R e TS, RIZE DRI 15 25 Fh
SRS BN . RAFFEAWTALALH) O2 FREEXT 2
5 IS L ) 22 JER SR T AR S o AHLAT T8 AN ) i
PR AL [7] e SR BE A [R) LR b o o 2 25 5
KBS G ] i SR RS N R 28

79. DeLaney K, Buchberger AR, Atkinson L, Grun-
der S, Mousley A, Li L: New techniques, applications and
perspectives in neuropeptide research. J Exp Biol 2018,
221:jeb151167.

80.DeLaney K, Hu M, Hellenbrand T, Dickinson PS,
Nusb;{;m MP, Li L: Mass spectrometry quantification, lo-
calization, and discovery of feeding-related neuropeptides
in Cancer borealis. ACS Chem Neurosci 2021, 12:782-798.

XIS HOBE T WA AR R 2l 4 i AL 5 S e
MARG P RMAIR. EHFERERE, BERIFMA L
AR IR AR 24 K, X A 22 IR A LA R AN 2
RIS 5 B O AE AL R R

81.Hu M, Helfenbein K, Buchberger AR, DeLaney K,
Liu Yf ii L: Exploring the sexual dimorphism of Crustacean
neuropeptide expression using Callinectes sapidus as a model
organism. J Proteome Res 2021, 20:2739-2750.

TEX IR, MR (N B e TR R Ao
MARIERZE . IR, CRTEETE & IFE Rk
S NFI, (EHAZE B IR A A — LR 22 5

82. Christie AE, Miller A, Fernandez R, Dickinson ES,
Jordan A, Kohn J, Youn MC, Dickinson PS: Non-amidated
and amidated members of the C-type allatostatin (AST-C)
family are differentially distributed in the stomatogastric ner-
voussystem of the American lobster, Homarus americanus.
Invertebr Neurosci 2018, 18:2.

83.Dickinson PS, Armstrong MK, Dickinson ES, Fer-
nande; R, Miller A, Pong S, Powers BW, Pupo-Wiss A,
Stanhope ME, Walsh PJ, et al.: Three members of a pep-
tide family are differentially distributed and elicit differen-
tial statedependent responses in a pattern generator-effector
system. J Neurophysiol 2018, 119:1767-1781.

MZIKAEVFZ WAL, W e — DL F Y 2 A
RRIFEH o« ASCRY], HEX—W AR, IRZR 5
¢ B /RIE M Z R D IERR LY R GE Rl 28T 3 A
AFEREm, I HAESEE IR A A .

84. Nusbaum MP, Marder E: A neuronal role for a



crustacean red pigment concentrating hormone-like peptide:
neuromodulation of the pyloric rhythm in the crab, Cancer
borealis. J Exp Biol 1988, 135:165-181.

85. Szabo TM, Chen R, Goeritz ML, Maloney RT,
Tang LS, Li L, Marder E: Distribution and physiological ef-
fects of B-type allatostatins (myoinhibitory peptides, MIPs)
in the stomatogastric nervous system of the crab Cancer bo-
realis. J Comp Neurol 2011, 519:2658-2676.

86. Cruz-Bermudez ND, Fu Q, Kutz-Naber KK, Christie
AE, Li L, Marder E: Mass spectrometric characterization
and physiological actions of GAHKNYLRFamide, a novel
FMRFamidelike peptide from crabs of the genus Cancer. J
Neurochem 2006, 97:784—799.

87. Oleisky ER, Stanhope ME, Hull JJ, Dickinson PS:
Isoforr*ns of the neuropeptide myosuppressin differentially
modulate the cardiac neuromuscular system of the Amer-
ican lobster, Homarus americanus. J Neurophysiol 2022,
127:702-713.

AT C ZUE R R AR TT R A AL, VR &
PAR 28 R JULA 1 28 AN [l 45 A 5 DS 1 S O e 22
TR SR, LI 5 228 JOk IV 28 R0 1] B85 25017 4 45 -
EER R

88. DeLaney K, Hu M, Wu W, Nusbaum MP, Li L:
Mass ;pectrometry profiling and quantitation of changes in
circulating hormones secreted over time in Cancer borealis
hemolymph due to feeding behavior. Anal Bioanal Chem
2022, 414: 533-543.

2RI Z2 RPN SE AR P BE 2 B 4540 22 T ] %
MZ R AEFEDIE T BN B L7 K
ZERAY AT, KRR G R AR RS Al A A2 T
WAL AATXE 69 R 2 ke T 7, IF
TR T H v — T 8 SR T ] B A

89.Cook AP, Nusbaum MP: Feeding state-dependent
modulztion of feeding-related motor patterns. J Neurophys-
iol 2021, 126: 1903-1924.

AINJEAE o 2R 00 e 22 ] e 4 4 Y L) IZ T
FEo VE%@EQ’%Tﬁ/\%‘Lﬂ/‘J ML, BIEAFT AR AR
2RI, RO TR, AT s [l g Ehag . fi
ﬂ]?’“ﬂmﬁ 149 221> IR TR AR BRI £ 1 Bl ) v 2
IR MR TS, AN TR Bk (] s IR E2 X STG FL e
HARKHAF IS .

90. Perkins MH, Weiss KR, Cropper EC: Persistent ef-
fects (;? cyclic adenosine monophosphate are directly respon-
sible for maintaining a neural network state. Sci Rep 2019,
9:9058.

VR BIESE T 4 G U8 1 7038 e 0 B 1 G % 1Y
SR i) RUBE T 2 Y Elﬁ%”’rﬁtﬂﬁhﬁ&ﬁo cAMP 1] P4
AERFAS T AT AR 38 A2 Sl O 2 10 A (PKA),
I A AT R, AR R S B, T
B JE PRAFES A MRS I IR AR I 15 min. ZEIXFME L
T, FRERUVHRE cAMP BFFSAATE, A ZH PKA
UKEHY .

91. Perkins MH, Cropper EC, Weiss KR: Cellular ef-
fects of repetition priming in the Aplysia feeding network
are suppressed during a task-switch but persist and facili-
tate a return to the primed state. J Neurosci 2018, 38:6475—
6490.

92.Bedecarrats A, Puygrenier L, Castro O’ Byrne J,
Lade 8, Simmers J, Nargeot R: Organelle calcium-derived
voltage oscillations in pacemaker neurons drive the motor
program for food-seeking behavior in Aplysia. Elife 2021,
10:e68651.

AT AT REZ FTALRY , BT AT MR R K 1Y
ey, EEPIITIRRE CPG N AEEEX T AL
HINTERR 2 TCHAL | B30 A R A A B SR Bl R RE SR
7 A T A D A N A PR

93. LeMasson G, Marder E, Abbott LF: Activity-dependent

regulation of conductances in model neurons. Science 1993,
259: 1915-1917.

94. Turrigiano G, Abbott LF, Marder E: Activity-dependent

changes in the intrinsic properties of cultured neurons. Sci-
ence 1994, 264:974-977.
95. Turrigiano GG: The dialectic of Hebb and home-

ostasis. Philos Trans R Soc Lond B Biol Sci 2017, 372:20160258.

96. Wu YK, Hengen KB, Turrigiano GG, Gjorgjieva J:
Home*gstatic mechanisms regulate distinct aspects of cor-
tical circuit dynamics. Proc Natl Acad Sci U S A 2020,
117:24514-24525.

IATE A, WRSESTR T I i . A A
JRCREL SR 3K g AR Ao 2 [ g D 48] 4% J22 T b A 454 T
B 2R - VR KB T A AT ARG A B AE K
WAL SE R 2F IR A s B ) 28 AR 1 O AZ AL o AT Kot 2
N, SRR A Kt BS54 32 B R S AT B 52«

97. Cannon J, Miller P: Synaptic and intrinsic home-
ostasis cooperate to optimize single neuron response prop-
erties and tune integrator circuits. J Neurophysiol 2016,
116:2004-2022.

98. Cannon J, Miller P: Stable control of firing rate
mean and variance by dual homeostatic mechanisms. J Math

Neurosci 2017, 7:1.



99.Miller P, Cannon J: Combined mechanisms of neu-
ral ﬁri*ng rate homeostasis. Biol Cybern 2019, 113:47-59.

AR SCAIA T BAT A 1k e 28 T S R Y
FERIBLRI AT PEER AL, FFER I T PR RILE ] ASEAF Y
FAt

100. O’ Leary T, Williams AH, Franci A, Marder E:
Cell types, network homeostasis, and pathological compen-
sation from a biologically plausible ion channel expression
model. Neuron 2014, 82:809-821.

101. Tyssowski KM, Letai KC, Rendall SD, Tan C,
Nizhnik A, Kaeser PS, Gray JM: Firing rate homeostasis
can occur in the absence of neuronal activity-regulated tran-
scription. J Neurosci 2019, 39:9885-9899.

102.Northcutt AJ, Schulz DJ: Molecular mechanisms
of hor;::ostatic plasticity in central pattern generator net-
works. Dev Neurobiol 2019, 80:58-69.

KRNI ERA SR, BAE T MY 2 %
TS KA A B — Te i HE S ) P A
AR ZETORY B AR BOAH R SCRR - 2R L T
— AT R & e, KT T RER IS SRR S
FIRL, P ATES ] N TE 4 A PR AR S

19§.Santin JM, Schulz DJ: Membrane voltage is a di-

rect feedback signal that influences correlated ion channel

expression in neurons. Curr Biol 2019, 29:1683-1688 e1682.

B IR R R IR A TC RS — A R
ik, 75 ZEAEAL AL PRIFE RN 18] OR339, R
ARGy de— A KB R, W] DA 1 S0 O s i 1A 1 L B
5 TTX JUERAAEE = M2 UURRA, SRS B
SR AR — A~ HE R <41 7 9522 o W5 AU
Fe T 30 B 28 U RO 15 (4 G s O R Y, (B
R Ty Z AR YIRS RIS B R, X R T4
V7. GPCRs HI4HHE P B A VE H

104. Khorkova O, Golowasch J: Neuromodulators, not
activity, control coordinated expression of ionic currents. J
Neurosci 2007, 27:8709-8718.

105. Temporal S, Desai M, Khorkova O, Varghese G,
Dai A, Schulz DJ, Golowasch J: Neuromodulation indepen-
dently determines correlated channel expression and con-
ductance levels in motor neurons of the stomatogastric gan-
glion. J Neurophysiol 2012, 107:718-727.

106. Daur N, Nadim F, Bucher D: The complexity
of small circuits: the stomatogastric nervous system. Curr
Opin Neurobiol 2016, 41:1-7.



