Frequency
(Hz)

Stationary/peak

Fluctuation/peak

f-ChR2 TC (a)

5

10

20

30

40

50

125

200

333

500

0.54+0.06,n=4
# b(ns), c(ns), d**
0.58+0.06,n=4
# b(ns), c(ns), d***
0.57+0.07,n=4
# b(ns), c¥**, d***
0.54+0.06,n=4
# b¥, cxxx grxx
0.52+0.05,n=4

kkk ~kokkok Jkkokk
H#b*** ¢ ,d

0.49+0.04,n=4

kkokk  ~kkokk  kokkk
Hb ,C ,d

0.38+0.05,n=4

%k K %k %k %k %k %k 3k %k k.
#b ,c**, d

0.37+0.05,n=4

%k K %k k %k %k %k 3k %k k.
#b ,c**, d

0.36+0.05,n=4

# b****' C**, d***

0.38+0.06,n=4

%k K %k %k %k %k k %k %k
#b ,c*** d

0.99+0.002,n=4
S b(ns), c(ns), d(ns)
0.99+0.009,n=4
S b*, c(ns), d(ns)
0.98+0.01,n=4
S b**, ¢(ns), d(ns)
0.98+0.01,n=4
S b*** c(ns), d(ns)
0.98+0.01,n=4
S b**** ¢(ns), d(ns)
0.97+0.01,n=4
S b**** ¢(ns), d(ns)
0.84+0.05,n=4
S b**** ¢(ns), d(ns)
0.68+0.07,n=4
s b****, C**, d*
0.46+0.09,n=4
§ h¥*rk Rk g
0.27+0.09,n=4
$ b*** c** d(ns)

CatCh (b)

10

20

30

40

50

125

200

333

500

0.6+0.04,n=4
# a(ns), c(ns), d*
0.64+0.02,n=4
# a(ns), c**, d**
0.63+0.008,n=4
# a(ns), c****, d**
0.64+0.01,n=4
# a*, c¥¥** g
0.66+0.02,n=4
#aXxx crrxx d(ns)
0.68+0.02,n=4
# a¥*xx cx*Ek ((ng)
0.74+£0.02,n=4

3k %k %k k %k 3k %k k kK 3k
#a , C ,d

0.78+0.03,n=4

% %k %k k %k %k %k k %k K %k %k
#a ,C ,d

0.79+0.04,n=4

% %k %k k %k 3k %k k. %k Kk
#a ,C ,d

0.82+0.03,n=4

% %k %k k %k 3k %k %k %k Kk
#a ,C ,d

0.98 +0.006, n = 4
S a(ns), c(ns), d(ns)
0.97 +0.0064, n =4
sa* c* dg**
0.89+0.04,n=4
sa** C** d**
0.73+0.08, n=4

S a***' C***, d***

0.63+0.1,n=4

S a****, C***, d***

0.54+0.12,n=4

S a****' C***, d***

0.21+0.08,n=4

S a****, C****, d****

0.11+0.04,n=4

sa**** c**** d****
’ ’

0.05+0.02,n=4
§ grHkEk chkAK gk

0.02+0.01,n=4
§ a*** cx*** d(ng)

f-Chronos (c)

10

20

30

40

0.6+0.009,n=3
# a(ns), b(ns), d*
0.5+0.02,n=3
H a(ns), p** g****
0.37+£0.01,n=3

’ ’

0.32+0.01,n=3

# a*** b**** d****
’ ’

0.32+0.01,n=3

%k 3k %k k %k 3k %k k. kK %k k
#a , b ,d

1£0.01,n=3
S a(ns), b(ns), d(ns)
0.99+0.003,n=3
S a(ns), b*, d(ns)
0.98+0.01,n=3
S a(ns), b**, d(ns)
0.98+0.01,n=3
S a(ns), b***, d(ns)
0.96+0.01,n=3
S a(ns), b***, d(ns)



50

125

200

333

500

0.3+0.01,n=3

kkkk pakokkk  Jkokokok
Ha ,b ,d

0.25+0.008,n=3

Hg** pExEE Jrkk*
? ’

0.22+0.01,n=3

Hg¥* pEEEE JrkE*
7’ ’

0.21+0.01,n=3

B g** pExEF Jrkk*
? ’

0.18+0.02,n=3

# a*** b**** d****
’ ’

0.94+0.05,n=3
S a(ns), b***, d(ns)
0.89+0.01,n=3
$ a(ns), b****, d*
0.89+0.05,n =3
S a¥* Rk Rk
0.7+£0.06,n=3

$a** p**kk  E*k*
7 ’

0.52+0.04,n=3

Sa** b**** d****
’ ’

Chronos LC (d)

10

20

30

40

50

125

200

333

500

0.75+0.03,n=3
#a**, b*, c*
0.82+0.01,n=3

# a***' b**’ C****

0.78+0.01,n=3
#g*Hx PRk CRRER
0.74+0.01,n=3
H#axHx P CREER
0.73+0.01,n=3
#a**** p(ng), c¥***

0.7+0.01,n=3
#a**** p(ns), c****
0.6+0.01,n=3

# a****' b***’ C****

0.57+0.01,n=3

Kk %k k Kk kk kK ko
H#a , b ,C

0.57+0.006,n=3

kK k Kk 3k kK %k k
f#ta*** b*** c

0.58+0.01,n=3

# a***, b***' C****

1+£0.004,n=3
S a(ns), b(ns), c(ns)
0.99+0.001,n=3
S a(ns), b**, ¢c(ns)
0.99+0.004,n=3
S a(ns), b**, ¢c(ns)
0.98 £+ 0.0008,n=3
S a(ns), b***, c(ns)
0.97+£0.005,n=3
S a(ns), b***, c(ns)
0.96 £0.005,n=3
S a(ns), b***, ¢(ns)
0.74+0.02,n=3
$ a(ns), b**** c*
0.53+0.03,n=3
$ a¥, hHHkk ckkk
0.29+0.02,n=3
S a*' b**, C****
0.14+0.01,n=3
S a(ns), b(ns), c*¥***




Legend:

Table EV3. Frequency dependencies of stationary-peak-ratios and photocurrent fluctuations at
physiological temperature. Statistical comparison of data shown in Figure EV1. Whole-cell patch-
clamp measurements at ~ 34 °C in NG108-15 cells expressing ChRs 2 to 3 days after transient
transfection. ChRs were light activated by 50 light pulses of 1 ms at 488 nm (39.43 mW/mm?) at
different frequencies. Stationary photocurrent amplitudes of the different ChR variants were divided
by the peak photocurrent amplitude to show how desensitization is influenced by the frequency of
stimulation using short light pulses. Data are presented as mean + SD. # Significantly different
desensitization levels at the indicated frequency of light stimulation compared to a) f-ChR2 TC, b)
CatCh, c) f-Chronos, and d) Chronos LC. Quantification of the photocurrent fluctuation at the stationary
state (end of the pulse train) of different ChR variants normalized to the stationary current amplitude.
S Significantly different fluctuation amplitudes at the indicated frequency of light stimulation
compared to a) f-ChR2 TC, b) CatCh, c) f-Chronos, and d) Chronos LC. Multiple comparison results were
obtained by ANOVA Bonferroni: p > 0.05 (ns); * p < 0.05; ** p<0.01; *** p <0.001; **** p < 0.0001.



