Differences in spike waveform adaptation between broad

and narrow spiking neurons in Area V4 of the awake macaque
NN4 Jude F. Mitchell, Emily B. Anderson, & John H. Reynolds

The Salk Institute for Biological Studies, Systems Neurobiology Lab

Introduction Hypothesis 2: Attentional feedback depolarizes Hypothesis 3: Attentional feedback depolarizes
o . . . neurons, reducing spike height neurons, reducing burstiness
1) The neocortical circuit is comprised of neurons that differ markedly in their ‘ o g | P | g ’ 9
biophysical properties, which is reflected in the shape of extracellular action potentials. Example with original rate distribution 400 2nginal distribution Matched distribution 40 Example of attention-dependent reduction in burstiness Why would we predict this?
T . “y s . . ayp s © ¢ e s NSRS o0 % Y R
= e e A R ol SR I L e
2) Here,.we dlStIﬂQIUI.Sh between broad _splklng (puta’Flve pyramllds) and narrow splqug .| = S oo ¥ EngE s T e e S Srevious studies have shown that
(putative fast-spiking) neurons, and find that the different spike adaptation properties Unattend 8 200 5 5 R R NS et S M PRI S S PRt e depolarization reduces burst firing
. . . . . . . > o . : el e N . .
of these populations are consistent with those described in the intracelluar literature. g 094/ o A0 i L B e e e T R :\’;Icpé’gfmi'gﬁ" ;‘gggogi e(mggefg?
. . . . . . . . — ":,:;“ 0"'“ ',::' oo ”:.0 ',..m “&‘:“ '?:, %:' ,w‘:“:i:',,"’:. m""' :’:50. ,,‘.X.?":;: . :""‘: ,“6‘:'“ ',:‘:‘.:g:‘ ‘. y , "y
3) We also use spike adaptation as a window into the internal state of individual neurons, € 092! % 5 20 4;&;»,;?.} SR AR e T e T fon 1993, 1998, 2001.)
: : = = R ARSI IRE, S S R R e T ',“*.’;,ér"o, RPESTN
to test novel hypotheses about the neural mechanisms of attention. g R L R e
4) Consistent with the hypothesis that attention depolarizes neurons, we find g 09 £ ® Population reduction in burstiness
< o n
attention-dependent reductions in spike height and burst firing. 0.88' © 5 ' o
@
+/-1 SEM o " narrow o ®
086! | | | mzir76l_u1 0 8 . 101 ° broad OO . d
o = 10 20 30 40 0 50 100 0 50 100 o . 0 06 ©
Waveform shape depends on spike histo prois! (ms) Fiing rate n previous 200ms 2 2
n O 10 20 30 40 S e
1000 - ' - P~ ™ | Attention-dependent height reduction varies Time lag (ms) § N ) /,/C/)' ro?é .
6l Example with match rate distribution . with strength of attentional modulation S, Un ﬁ' d S o  Bplo °
Action potential height = i < 0.04 | D= atend = R R
adaptation arises largely ] = S " narrow ND ol 5 | 10° . e fo' o |
from cumulative inactivation 2 o | Fa 0.96 = _ o ° broad T 5 Y Broad: p =0.001
of voltage-gated sodium g o 5 = 0.02 ) o . I Attend L-/'i 2 Narrow: p < 0.0001
. _ O 1.2 x @ 5 Q . O += IR — R ———— 7. _ S, oA o/ i, " . . A
S e .l — < Y o m RO BEEy .20 & " ms Unattended Log B.I.
(Colbert et al., 1997; CE)-D PrelSI 0 to 2 ms (n=2285) g 1 5 0.92- .% - O-%Obo_@b%';g . g
: _ 000 elSI 2104 ms (n= 0.9 = © o o . . -
Msrfl';ita;d ‘é%%@?’ 1997, < ereiol 4t 3 ms (o7l I o —0-0.02| Reductions in low frequency power do not explain
. . PrelSI 32 to 100 ms (n=5856) : i.r.ni icant Correlation © . — | . . . . =
wor Y [Peshoemom eary o7 s 05071, p <= 0.000 2 3 o reduction in burstiness with attention
100 200 300 400 500 600 0 0 s 100 200 800 0.88 8D-0.04 'X‘Ifd‘idorg;g g;sirfg;t;ong _ _ _ _ . . . .
Time (us) Pre ISI (ms) +/- 1 SEM 2 AU e The burstiness index is senstive to low frequency Could reductions in B.1. with attention reflect the
mzir76_u1 = Narrko?p>'o.1 R~ 097 o changes in the autocorrelation (below, red). reductions in low frequency power reported
H OtheSiS 1 N 14 h ld sh o 10 20 30 40 =002 5 0 0.5 by Mitchell et al. (20097
o o . . . g . . . . . . . = N/ | \UARB.L filter :
less sp|ke adaptat|on than broad We find a significant reduction in action potential height with attention even after oo
controlling for the amount expected from the attention-dependent elevation in rate 004, 150 ) =0 100 0.12
Stronger spike height adaptation (Wilcoxon signed rank test; entire population, p < 0.005, narrow spiking neurons, Time (ms) 0.1 Narrow unattend
~. < 0.05, broad spiking neurons with significant increases in rate with attention, p < 0.05). x 107 0 Narrow attend
among broad spiking neurons J P 6f g 0.08 : =
Why would we predict this? 5 O =
| Methods N 5.1 e - CA.
While most cortical neurons exhibit spike height 1.01} oo 2 ' . 0.04| \\\\/\
and frequency adaptation, fast-spiking inhibitory _ : ' ' ' ? ARG iy
inhibitory interneurons (FS) undergo little or no x 1 - CUE SI:JFFLE ~ :AUSE " RF\ p SHUFFLE SACCADE 10’ 10° 0.02y | VM’é i
adaptation (McCormick et al., 1985; 2099 ‘ '~ N ( 7 & % P N [ 4 R Log Frequency S = P
Martina and Jonas, 1997; = : - TaSk ) ) /‘33 Here, we introduce a burstiness filter (gray) that 10 10
! S Adaptation Index is 4 4 RE RF t4 & iders bursts without low f taminati Log Frequency
Gonzalez-Burgos et al., 2005). = 0.98; the normalized height . ‘,.,l‘RF PR~ & I - l,_.,l‘aF considers bursts without low frequency contamination.
If our narrow spiking population rof _ divided by the A\ ~o ) \_ ST T S7 7 . : : : :
Iargely Corresponds to FS neurons, ;—8 0.97 mean normalized Two of Four Identical Stimuli Shuffle Locations Stimuli Pause Stimuli Shuffle Locations Fixation Point Off LOW frequency redUCtIOnS RedUCtlon N burStIneSS
then we would expect less adaptation I height for all spikes Stimuli Cued by Flash on Random Trajectories on Random Trajectories Sacade to Targets
within this population P 0.96 with a prelS! > 100ms (500ms) (350ms) (1000 ms) (550ms) Wi among narrow and broad only among broad
0.95 +/- 1 SEM Narrow spiking RemOVing IOng timescale ¢ j— | | J é I I. I I |
' ' ' More T 4 i . . % " narrow //// I= narrow -
_ 50 1% 150 Bursty — . drift in waveform shape 2  broad - - broad °
Stronger spike frequency preiSt (ms) 12« broag mzir4_u1 3 o : Lo
i " ' ' - S ) - ,’/ O
adaptation among broad = narrow ol - S 0 Z ° aoE o9
spiking neurons P el o - broac g O s | E = 0 gaeR
1_-.:-!. 0® o < 8_ 9.62500_ = e IWO
® ® narrow 3 @ Yt LI o © w = O iT < 2 2 © M pff¥m .
0.2 @ O broad © = : s g m © 0.‘3 ® o ® o $ m ) O ) “— m " Oy
0 ® o £Y0095 ". ©0e°° e ‘0 . £~ 67 , ® 0%, o 2000 9 " . e .
3 ol o0 0L © o c V Lk s ee. ., % _ o e | | . | 2, ol " Broad: p <0.0001 S0l = Broad: p = 0.0001
e % B & ©° @ 2w 0.9! - " e %O .3" o , = 4! . o oo ® 200 400 600 800 1000 £ 10 | Narrow: p < 0.0001 5 Narrow: p > 0.6
= S 8e 60 g g 7 5 . ® e ° Time recorded (seconds) < ) = |
3 - ° ©o ; ° ° 3 E_0.85- - ’ © o2t L ® e ® “‘. o ©® @ E »  | 0 | | | 0
in ® < 2 m " © e 0 “ o 300 | 10 10
D -04 1 e e o o 0O f‘ o > = ST . Unattended low frequency index Unattended filtered burstiness index
c% 0.8/ Significant correlation Less Of ., " ° Cr‘ “e o o
0.6 p < 0.0001 Rs =-0.39 bursty -J. --"'-'.hI ° e °¢ 3 = b0
% 0.75- * . . . . . . . > C -
180 200 250 300 350 400 450 200W fsoooI i 400 500 200 300 400 500 c% 20001 | o on CI usion
v i aveform duration Waveform duration . . L _ _ . . . .
Dark bols indicat that sh d individuall Dark bols indicat that sh d individuall
e oo e el o1 D s e < 0001) Spike waveform distribution significantly bimodal . D sore (seortys) ™ 1) Measurement of spike waveform adaptation provides a window into the internal
40, Hartigan's dip test p < 0.0001 ( ) S _ ., channel dynamics of neurons in the awake behaving macaque.
References Hartigan's dip test p < 0.01 (N=118, visually-responsive) o X 1.4 . . . . . L,
Cobert ot al (19571 I N et e i 2009) 50 L 2) Consistent with intracellular studies, we find that narrow spiking neurons show
olbert et al. 14 eurosci 17:6512-65 emy et al. (2009) Neuron 61:906-916 D 1.21 : : : _
Gonzalez-Burgos et al. (2005) J Neurophysiol 93:942-953 Steriade et al. (1993) J Neurophysiol 70:13850-1400. 0 — e % % less Splke helght and frequency adaptatlon than broad Splklng neurons.
Martina and Jonas (1997) J Physiol 505:593-603 Steriade et al. (1998) J Neurophysiol 79:483-490. = c = 1} : : : : :
McCormick et al. (1985) J Neurophysiol 54: 782-806 Steriade et al. (2001) J Neurophysiol 85:1969-1985. S = ‘ 3) COnS.IStent Wlth the hypOtheSIS that _atten_tlona_l feed_baCk depOIarlzeS neurons,
Mitchell et al. (2009) Neuron 63:879-888. Wang and McCormick (1993) J Neurosci 13: 2199-2216 B | 1 8 Autocorrelation(t) - Shuffle predictor autocorrelation(t)y < 0.8} , . - we find attention-dependent reductions in spike height.
= T e 200 400 600 800 1000 : : : o
Support This work was supported in part by The Swartz Foundation and NEI grant #R01 EY13802 to J.H. Reynolds. Crdos 4w Shufile predictor autocorrelation() Time recorded (seconds) 4) This led to the novel to the novel discovery that attention reduces burst firing.




