Reviews and Monographs Eaud=kar

0) D)Lt S i
Progress in Biochemistry and Biophysics
' 'j 2022,49(7):1226~1242

www.pibb.ac.cn

HETTHEBERNATEEREEX

FEME B & HER E AT
(R AL SEE TR, KHE 300072)

BT MZICREER A RN S B S Ml A e (o I PR A SRR Ar i, PP RS | TSRO fE B g Ty R 2 4R
PR S S PRETBREAT 55 T 7 A e I sy B2 . Sh VR R O™ AL A sOe R, RO S A v SRk B
AN, Bl TTA T A Sl L. TR (LR A0 B P A2 A ) B v BT AR P, LR Sl AR T kARG D e o
SR, AR R Sl VR R (S A U T 4 R i TR A R, X RS AR P 7 A ) AR ) AR R B Na 2K 376 A KT
TELE R Z R Trh, SR RO fih (o7 Rl SRR A, 30 A ) I T 78 P DR o 2 T i 2 iy A A AL
RHERZR o (HJE, HLAE RS b sl i A Y 0 SR (o B A0 o AR T SRy 2, A A (B T AR P s T A SR A s, T
7 HE I EE AR PSR B S L Y B A i o T I B AR SC DT s, I R S A BE A 1 i e 2 T ) I ] G S
FRAERERE . HE 5 VAP AN R e AE J) o A SO e Gl BB RO RE S S A7 75, SRS TRARAR BRI AR [ 415G T 1)
(B AT AR YR Ry A MR BT S e Ml U 29 G 45 T3 PR (L ] A8 PR X o 2 C i B ) T 2, i X RS I FL R LA T
T T AT

Kgia Moo, (FEHES, ShfEf L, MR BEIE, nlAEE

FESES Q424

M RGIENRNXT AR 78, AR
EEFEHNRS ., ERER T i ek A s
ST . WEE . MRS L R RN i e SRR 5 L
PRIz SR ARG 2, SE LA I 25 Fh 5
BIREE . B AR 28 2R G0 AN a7 A 3 N PRBE T 14 3y
AR R MR ) — AR, X TER
K TAERLH G H S, PRI, R 5588
B e 08 VE BRI M TG 5 22 R N B R e A A
T o] A A PN o 22 ST AR FEAE A W2 IR B Bl T Bl A
K Giash . IR DIRE R 7= A A OC 24
SRR 2P WO I Ry Y SN N T R SE SRy i Zee ot
SR Bl 0 r= AR A, T LHLAR A 2 TR ROULZ IR
M5 S i X TR P4 R G S B A4
BLHR - DG

P2 TO R — AL TR ARSI T v i, &
TE B 25 iy AR BB % 77 A B Y oRS B 0 B AR A
(action potential) J¥41] ., HZAHE—M oS, My
R LR (axon initial segment, AIS) %
GRAFTRAT I PRI 2 TIN5 fil i A

DOI: 10.16476/j.pibb.2021.0255

TN e, BT RERS X BTl 5 B TR
PR o BRI R G A R A ATS He Ak S il
LR, RIS 2 S = R —
AL, PREHIE SR A . YERES L S HORUT 40
5% b B TR S S ARG A 1] N B
J 45 Na' sl Ca™ FL I, 22 40 i 23 7 A A el e
(all-or-none) MYEMALHFAREN, BISIPERLAL, IX
IES VS &S LN I SUN ERE e i EAVIve T RO o
HREEN, SR s RO IR Zoo i Al
FIRM 2R 2 A LA BESCRG A B SRR
B, e R Z B0 20 b s e 67 Y ELIE fih % £
BT ALS ', SRJA B r AR S 2 AR AR 58 LA LRI
li) £ 3 R AN IS AR . (A, PR ATS Ab Fry ik
RS R AR LB T B 22T R I 23 5 R 2 )
BIREI,

« FRHARREIES (61771330, 62071324) FKHTT [H AR %
J4: (19JCQNJC01200) #EBHITH .

s SR RN

Tel: 022-27402293, E-mail: jiangwang@tju.edu.cn

Wicks B . 2021-08-27, #2532 H M. 2021-11-09




2022; 49 (D

FREM, %: HETHREENTEERESEX

<1227

SRR 81 RS 0 s P PR 2 e, i
FLARTIC R I 220 SO i [0 {E (spike threshold) 45
il o IR A SRR = A B AR, B
A Y YRR R B BB R, MZEoeA R s
YERAL, B BT A2 — A EE(E, A
JERTASVE o ik F I ) Sh 2 AR AN SRS T ) 8
ANFEME, 2 240 M f R FE I 2 4R (spike
initiation) FYAPIRASASALIEG . Rl b, R H(E
Xof JIES HL S B 2 W A R d e R U s e I s -
SRR DO AL, BIER AR R 2R & T Y
fik &5 B ATS,  BRAR Y B AT AR PR R I i 22T
it AT S A PCE R R . H2, BAERSEh
SR LA BT A7 B A R AR S s 2
PRV B 25 S o B 2 T L B A% 2 5 S5O Ak
fs] /1 T A% P R R S R A B BN A A — S E AR
Y17 R R R (Y T AR A A b 22 0 B ET AR TG
MRS B AT S f A B S E A R, MR
S s AR B 2 A 0 AT SE PR A AR

VAR, 4% 2R3 R FH A S 00 sl A A £ B
Dy % TR B A AT AR PEREA T T AR SY o KRS
KRR R B R, (HAT — e
LA BB R ALS B Z [B] 1) 25 57 IR R o A SCHEAY
R BUEME SR B AL RS L, SR ARG
TR B {E T AR K = AR R R ST R, IFhe
(5 (] ] AR P 2T 2 G R T B, TR A
SRk L BE R WF S D A TR, T LR
BRIAEREN 56 ATS AL BIME, T ST R
1o/ 12746 LA AL 10 1 FL

1 HERMAFENBREIRR

SVERALAY ARG B e . A 4
R L AR B BN IR A RS, MR T o
PR EERAL, AR oM A B Tk SRR B
G PR, AN A SERAL™ A o 3 H Wik & 5)
A HLASE ) I 885 R F, e e SCOR s rL BRI 1, SO
VLA (A B R B . XA BB S L o A
AT R BRI BN A B R E, DA I A ]
4 240 Jfd e )32 %) 43 R [ R (subthreshold) i |
(suprathreshold) W25, 11 SR 4 i A9 2o Al AL 7 B
WA, AR A, IR 2B R B 2
LA, PRV A2 T W g 5 SR B ) i
R R, ATLGARIF A OB BE, IR AR
FEREHOR 28 T s e raAL i 2t Ak AR A AL T
RAAE , OXF IOL PR 8 7

BIVEHLAL A AR 5 AR - %) Na' 38 18 Fl K38
B UG, Na#iE e S OCH] . T8 AR
(inactivated) 3 FCIRZS, Horp HAG T @R
WHIEA AT LA Na B U T Na e 4o iy
WeBE = TAnMa N, Br A Na' e 3 i) 5 Tm) 2 i i
MRS o R 1] B PN %) Na e A5 S BB H 2o
b, A R T = A sh AR A ) AR . AR E T
Na'iH 8, K 7E4HME P B9 B i Tarf ok . I,
FH K T 38 7 A 0 H U DA PN O ) A, A
7 1] 5 Na FL A B o 36 gt ) i Ah 1) K i 25
FEUREHE BN AL, PR 2 ie, dEmA R
FreAshifER A TR . BTl RS A
AR AR . FESIMERLALEIRTT, FfE B AR R
AN T H BT RO A, 4H MR Y Na®
TH T T OGP AR T E o RER R, YRR R IR
SR BER, R Na 038 g W s, i
0 NaH i IS s I F 8 i KOs I, DT A S
L7 A PR A . ISR BT, 5 R R fle
R R e H AR N3 108 3 119 /N A A

TR EN R, DR ETT AIS 2
SIVERLAL B EE fil A A 0, T DA AN B AR Y
A FEL (L P AR A R R e 28 T A B 25 £ R R
FERE R T HERAC S, BB )
YRR T SRS B3 R MR O s 58, 3K M7
AL R H R S A R 0 B o sh VR S %
VR MBS ECHE TS FepilE, M B n] AR
PERIBCR R IR R 5 AISM AR RS, XAKAE
JA T 4.3 AT IS . ALS MU AAR 2 18] (A 47 i A
199 {2 S B HIOB B (EAS B0 ph 28 0k H3 i
H A LTI 50 . XA BT, BT AR
[ (L F18) T 285 P X AL o 26 T 3 R o S P MBS
i, SRR T AR WA il ko7 B Y ALS [ A2
P

4 5% fi iy A AR 5 1) H AR Ca™ . Na'uig
NMDAHIE R}, ML Ius7ER 58 XRS5 Ca™
FCHL, . Na'Jift B, 5 NMDA Jiceg, 17, s [, axst
R T3 A AT 4 B TE R LA S BT R (B S
TR, EATREASIG SR AR S fikdi A2 iy 744
5 — Fi iR £k P #% & (supralinear integration) ]
e T B AR SE H F A S AR 2 AR ALS,
P AC 2o R R o HTHAR DGR 5T
A3 R 5 SRy L ) P AR AR R R RE I DL
I 6 A3 28 68 2 PR 2 A Rl 28 0T B S g A 1Y 5
M 7200 T EEEAT SCRR SR T A 9% AR P (BRI . AR



<1228+ EMUEEEYIEER

Prog. Biochem. Biophys. 2022; 49 (D)

IR B R LA RN ATS A i R 0 B ST R
SRR, XA E A B SR 2R
J& Na'JiltH,

WAL, BRSO 18 v LA MO A 3 e 2%
B 1, kR DR Oy g A S B b 2R ST AGE
PN ) ) LS EZT R 1] @ e AN R T S 11 4
B, AT DL B i A A T i Ak, B LAAH N ()
Py B AT DA S SONF e 40 BB 1 e/ N R B
B o 33X FE A s B) PN SR I8 45 PR Sy o 1
i, NFRILEPEEH L (rheobase current) . 5L [+,
B SR S (R T I AR TR R, AN S AR
L (AR T IO 0. SRS AN, ek
T T B2 T I AR — FR A 1 S Ak v fih 2 (1Y)
SEMRRTE, EATE AR BTN, LU )
VS B (AR SN PRI o AR SCPIr e 2 55 R A
A 1

2 MEBRENELTZE

FI A A Sl 1 A7 1 {8 A s A9 8 7 1247 4
i, 3 RSETBOE AR T . BT RO
RN S R/ W B S R 51 R 125
(phase space separatrix) 7775 XEET L HE
T B IRSCE | Fe St sl 1T .
2.1 ETHREHENTZE

BT ROE MR s MRS RN, BER
IR AT 3 AR £ N S ON IS (BYSE- 2
B G =R 73156 2 (B pr S iU PV IR 3 1N
[ S AR FIAH 25 (B R S

— %k

BME

v

Z S

) RO A G — B TR A . B R
BOEM =Bratal Aok, BT TR 3 Mo ke
NI, AE R A A X B % Hodgkin-Huxley
(HH) 2 osim ) it indtyl v i fil i i . HH
I Hodgkin Al Huxley 3T 54 8 £ U 4h 2 A4 5
YRR AR A R A 2, REAE R Al I B P T B
SHEBE FRITZMAER, —iR S8k
BRI . a FESHPERRAIET P iR, SREUBE
HL IR VX ¢ (8 — B S5 dvrde; b, ZESIERLAE -
FHAHIY, B 5E — B R dV/de 1F 1) 28 B TR 2 b
WEK RS2 65 e A8 Ve RN, RIS 2] £ %6 107 )
HLE 7, R H e SCR i B . T ZE U B Y 2
— 70 R S 007 T A5 A S P B A T T o A
Ky, 0K, BUEEH R T 205 E . A LSk
K REEE, #1010 mV/ms "> 224 12 mV/ms
15 mV/ms ™, 20 mV/ms " 21 25 mV/ms """ FlI
40 mV/ms " A A BE SR IR Fi 0 SR A R PR R
EK,, B K, dVide S RAB 5 0.033 4% 1314,
B KT dyrde HEAE ) 20 £5 5, IR E R 15~
20 mV/ms 7' A5 R ]S 800k O R AE A IR a0
T a ZESIER IR R RPN, SREUBH R V% i
6] ¢ B B S8 e b, BfE S8 e i
JE AR AE IR 20 ¢, F FABRIE R Vide ik B ik
i B2 (H AL G 2 5 50 mV/ms® ) Bl 6 AR
1E B A5 e FE Vee B PN SR IR ) £ % 7 1 I L R
Vi B8 SCRTCRRL BRIAE o = B B o] S 50k D 2
PR TR VTR A ¢ 9 =B S8 P Vide, BRI SR
& V/de 55—~ W (R FT h I0E A S Rl S 07, 1), oL

=%

\4

dv/de
d&vde

K

th

—

d*v/de

>
>

t

t

\4

>
>

t

Fig.1 Time derivative method of spike threshold calculation
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Table 1 Spike threshold of the neurons in different areas of the nervous system
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WS R S L2/3 A4 T —49.6+1.0 (20)1] -25.8+2.4 (1)
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Variability and Significance of Spike Threshold in Neurons”

Y1 Guo-Sheng, ZHAO Qiang, WEI Xi-Le, WANG Jiang™

(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract The neurons can transform different spatiotemporal patterns of synaptic inputs to the action potential
sequences with high temporal precision. This flexible and reliable information coding strategy plays a crucial role
in the process by which the nervous system generates the specific activity patterns required by dynamical
situation or specific task. The initiation of an action potential follows an all-or-none principle. When the
depolarization of membrane potential exceeds a threshold value, the neuron fires an action potential. The action
potential threshold is highly variable within and between cells, and its specific dynamics depends on the stimulus
input and firing history. In particular, the spike threshold is sensitive to the membrane voltage changes preceding
the action potential. Two primary biophysical mechanisms for such state dependence of the spike threshold are
Na" inactivation and K" activation. In most neurons, the action potentials are initiated in the axon initial segment,
and the threshold variability at this site is the crucial factor that determines how neurons transfer spatiotemporal
information. However, the action potentials in electrophysiological experiments are recorded in the cell body or
proximal dendrite. The threshold variability at these sites is higher than that in the axon initial segment, which
mainly arises from the backpropagation of axonal action potentials. Based on somatic recordings, it is shown that
the spike threshold dynamics determines the transformation principle of spatiotemporal information in the
neurons, which enhances the temporal coding, feature selectivity, gain modulation, and coincidence detection. In
this paper, we first introduce the conception of spike threshold and its calculation methods. Then, we present an
exhaustive review on the main findings of the spike threshold variability and its origins in recent years, and
mainly discuss the significance of spike threshold variability for neuronal coding. Finally, we raise several key

issues on the spike threshold that need to be addressed in the future.
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