Blue/Teal =L T1lr1999-GAF ELSTILETTVEKDVRELLGCDRVLIYRFLDDW------ccoccoooaoaao RGIMDVEAVV

T1lr0924-GAF RLEEILQRAVNSIQQLLLSDRVLIYRFLGDG-------------ommmmm SGIVAVEATT
Blue/Green TePixJ-GAF DRQAIFETLVAKGRELLACDRVIVYAFDDN-------c-cocomaoaoo YVGTVVAES-V
SyPixJ1-GAF2 NSEQVFDIAAQEIRLALKADRVIVYRFDAT------------------- WAGTVIVES-V
Violet/Green ={_SyPixA-GAF DLPTIFNTVVQEIRQFLEADRVVIFQFSPDSD---------------- FSVGNIVAES-V
Violet/Yellow ={_ SyCikA-GAF DLSEILNNAVTAVQKFLFVDRLVIYQFHYSQPSLTPLEENQIPAPRPRQQYGEVTYEARR
Green/Red SyCcaS-GAF NLETVLNTTVAEVKTLLQVDRVLIYRIWQDG-===-=-cccccacaaanx TGSAITES-V
| NpCcaS-GAF ELDEVLTTTVAEVREFLQADRVLIYRLWEDG--=------c-cooamanomn TGSAITET-V
Violet/Orange ={_Npun F2164-GAF3 DLRTLFRTATQELRRFLKCDRVVVYQFHPD-------c-cmmmmmm oo = WSGEVIAES-V
UV/Blue Npun F2164-GAF2 DADTIFRVATQEVRQSLKCDRVAIYRFQPD-----c-cccommmmmom o WSGEFVAES-V
Npun_ R1597-GAF2 DLESIFRTSTVELRQLLNADRVAIYRFNPD------------------- WSGEFVFES-V
Red/Green AnPixJ-GAF2 NIDKIFQTTTQEIRQLLKCDRVAVYRFNPD-----------c--co-m-- WSGEFVAES-V
s1lrl393-GAF3 ELQNIFRATSDEVRHLLSCDRVLVYRFNPD-=--=-==c-c-c-eo-omx WSGEFIHES-V
. . * *h . . * *
insert Cys second Cys
Blue/Teal =L_T1rl1999-GAF PPWLS-ALGDVV---m e e e e e e S e e e e e e - GDSCFT- - -EQYVEAY
T1lr0924-GAF LPQYS-ILGQVI--------emcmmmmmcmemmmmememmmmaa HDPCFT- - -KETARRF
Blue/Green {TeP ixJ-GAF AEGWPQARDQ---------— - mm e m oo - VIEDPCFR- - -EHWVEAY
SyPixJ1-GAF2 AEGYPKALGA------=-------c--c-c-ccco-omommon TIADPCFA---DSYVEKY
Violet/Green =f_SyPixA-GAF LAPFKPIINSAI----=---c-----c-ccmcmccocoemema= EETCFS- - -NNYAQRY
Violet/Yellow =f_ SyCika-GAF SPEIDTMLGIMT == === === - e e cecee e me e —- == ENDCFSQVFS-YEQKY
Green/Red SyCcaS-GAF NANYPSILGRTF---------mmmmmmcmc e mmmcmm e e e o SDEVFP- - -VEYHQAY
) NpCca$S-GAF LPEYTKILGETF--------c-cememccmeemmccmcmmmmmm PEEVFP- - -REYHQAY
Violet/Orange ={_ Npun F2164-GAF3 GAGWSSLVEMQEQDGILKTGLISSERCNIKDYG----- SPVKADADTYLK - - - ETQGGMY
UV/Blue Npun_F2164-GAF2 GSEWVSLLEEQRNNPAIVNNVNYCSVRNLADEGGLAGTTGRSHSADSYIQ- - -HTQGKNF
Npun_R1597-GAF2 AEGWISLIDEQLQRPELSENVSECSAKDLA---------- KPPVADTYLQ- - -DTEGGSF
Red/Green AnPixXJ-GAF2 GSGWVKLVGPDIKT----===--=---cecececacaauau== VWEDTHLQ- - -ETQGGRY
s1rl1393-GAF3 AQMWEPLKDLQONNFP------cccmmmmmmmmmmmcmmemo o LWQDTYLQ- - -ENEGGRY
canonical Cys
Blue/Teal ={_T1r1999-GAF KRGRIH-VVNSLEK--ASVAPCYRDLLAHYQVKANLVVPIVVEGR=-=========oc=u=
T1lr0924-GAF LEGRTL-SISDVNQ--AQLQDCYRELLTRLQVQANLVVPLLQGQH-----=--=-=---===
Blue/Green TePixJ-GAF RQGRIQ-ATTDIFK--AGLTECHLNQLRPLKVRANLVVPMVIDDQ-----=-========
SyPixJ1-GAF2 RSGRIQ-ATRDIYN--AGLTPCHIGQLKPFEVKANLVAPINYKGN---------couon-
Violet/Green —f_ SyPixA-GAF QOGRIQ-VIEDIHQ--SHLRQCHIDFLARLQVRANLVLPLINDAI---------------
Violet/Yellow ={_ SyCikA-GAF LKGAVV-AVSDIEN-HYSSSYCLVGLLOQRYQVRAKLVAPIIVEGQ-----------=---~
Green/Red SyCcaS-GAF TKGKVR-AINDIDQ--DDIEICLADFVKQFGVKSKLVVPILQHNRASSLDNES - - - -EFP
X NpCcaS-GAF SLGKTR-AIANVEQ--ADVESCLADFVKQFGVKAKLVVPILQENREADKQRDSKTPASPP
Violet/Orange =L Npun F2164-GAF3 AKGTRFRKVNDISA--AGFSSCYLESLEKFQAKAYIIVPVFRAGN--------=----=---
UV/Blue Npun F2164-GAF2 HRGQIYRVTNDIYS--AGFSDCYIKILEAYQAKAYIIVAIFQGEK-------=-----=-=
Npun R1597-GAF2 SSCEVYRICNDIYN--SGFSDCYIKILEIYQARAYVIIAIYHGQK------------=---
Red/Green AnPixJ-GAF2 RHQESF-VVNDIYE--AGHFSCHLEILEQFEIKAYIIVPVFAAEK---------------
slrl393-GAF3 RNHESL-AVGDVET - - AGFTDCHLDNLRRFEIRAFLTVPVFVGEQ--------------=-
- * .. - -
Blue/Teal =L Tl1r1999-GAF -LWGLLICHQCAHPRNWQDSEIELIKQISTQLAIAILQAELYQKAQ
T1lr0924-GAF -LWGLLIAHHCRSPRLWQREELFLLQRIAEPLTVALQQAEMYEALE
Blue/Green TePixJ-GAF -LFGLLIAHQCSEPRQWQEIEIDQFSELASTGSLVLERLHFLEQTI
SyPixJ1-GAF2 -LLGLLIAHQCSGPRDWHQNEIDLFGQLTVQVGLALERSDLLAQQK
Violet/Green =f_ SyPixA-GAF -LWGLLCIHQCDSSRVWEQTEIDLLKQITNQFEIAIQQATLYEQAQ
Violet/Yellow =f_ SyCikA-GAF -LWGLLIAHQCHHPRQWLDSEKNFLGQIGEHLAVAIVQSLLYSEVQ
Green/Red SyCcaS-GAF YLWGLLITHQCAFTRPWQPWEVELMKQLANQVAIAIQQSELYEQLQ
| NpCcaS-GAF YLWGLLIAHQCDRTRVWESWEIELMKQLATQVAIAIQQSELYKQLQ
Violet/Orange ={_ Npun F2164-GAF3 -LWGLLAAYQNSEVRQWTEEEAGALLQIAEPLSIALQQAEYIEQLR
UV/Blue Npun F2164-GAF2 -LWGLLAAYQNSQPROQWKDSEVRLMVQVATLSSITIQQVQYQQQLY
Npun_R1597-GAF2 -LWGLLAVYENARTRDWQKDEVYLLTQVGTQLGVALQQAEFIQQMQ
Red/Green AnPixJ-GAF2 -LWGLLAAYQNSGTREWVEWESSFLTQVGLQFGIAISHAEYLEQTR
s1lr1393-GAF3 -LWGLLGAYQNGAPRHWQAREIHLLHQIANQLGVAVYQAQLLARFQ
* kK . . % -

Figure S1. Sequence alignment (CLUSTALX) of the chromophore-binding GAF domains of the

experimentally confirmed CBCRs.

CBCRs perceive two colors corresponding to the chromophore configuration of C15-Z or C15-E. The
canonical Cys (blue) and the second Cys (red) correspond to Cys274 and Cys246 in TIr1999,

respectively. The insert Cys is highlighted in green.
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Figure S2. The chromophore structure and the reversible Cys attachment model of Pb/Pg

photoconversion.

Upper left, the assembly intermediate (C15-Z PCB), lower left, the Pb form (C15-Z PVB with an
additional thioether linkage between the second Cys and C10), and lower right, the Pg form (C15-F

PVB without the additional linkage). Note that the chromophore is anchored to the canonical Cys via

Pg (C15-E PVB)

thioether linkage at C3' of ring A. PCB is isomerized to PVB by auto-isomerase activity.
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Figure S3. Absorption and difference spectra of Tlr1999-GAF purified from cyanobacterial cells

(A~D) and E. coli (E~H).

A and E, absorption spectra of P418 (solid line) and P498 (broken line). B and F, the difference spectra
of P498 minus P418. C and G, absorption spectra of denatured P498 (solid line) and denatured P418
(broken line). D and H, the difference spectra of the denatured P498 minus denatured P418. For
comparison, the panel A and panel C were reproduced from Figure 1D and 1E, respectively, in the main

text.
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Figure S4. Treatment of IAM-modified TIr1999-GAF with L-cysteine.

Absorption spectra. The [AM-modified Tlr1999-GAF after dialysis (solid line) was treated with 30 mM

L-cysteine (broken line) and then irradiated with blue light (dotted line).
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Figure S5.

Effects of IAM and DTT on TIr1999-GAF from E. coli in comparison with those from

cyanobacterial cells.

Absorption spectra. A~C, protein prepared from cyanobacterial cells; D~F, protein prepared from E
coli. A and D, 0 h (solid line), 1 h (broken line), and 21 h (dotted line) after reaction of P418 with 50
mM IAM. B and E, 0 h (solid line) and 5 min (broken line) after reaction of P498 with 50 mM IAM. No
further change in the absorption spectrum was observed after 5 min. After incubation for 1 h, P498 was
irradiated with teal light (dotted line). C and F, dialyzed, IAM-modified TIr1999-GAF (solid line) was
treated with 20 mM DTT (broken line), irradiated with blue light (dotted line). For comparison, the

panel A, panel B, and panel C were reproduced from Figure 3A, Figure 3B, and Figure 4A, respectively,

in the main text.



