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Supplementary Figure 1. Calcium binding to PA-Rac1. (a) Melting curves of PA-Rac followed by CD spectroscopy. The esti-
mated Tr, of metal free (green) and calcium bound (blue) samples is 55 °C and 57 °C, respectively. (b) Affinity of calcium binding
to PA-Rac1 determined by microscale thermophoresis. Error bars correspond to the standard deviation from six measurements.
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Supplementary Figure 2. Comparison of HDX characteristics of LOV2 peptides. Each box corresponds to one peptide and
contains five different colors according to the legend for the incubation times of 10, 45, 180, 9oo and 3600 s (bottom up). MS/MS
confirmed peptides are marked with diamonds. Secondary structure elements are taken from DSSP (Define Secondary Structure
of Proteins) analysis of PA-Rac1 (pdb 2wkp)3®. (a) Effects on the LOV2-Rac interface in the presence of calcium (Drel of PAcad -
Drel of LOVad) (b) Effect of calcium binding on isolated LOV2 (Dyel of LOVcad — Drel of LOVingq). (¢) Calcium influence on light
activated PA-Rac1 (Dyel of PAca) — Drel of PAn)).

Supplementary Figures 3-5. Overview of peptides evaluated during HDX analysis of LOV2 and PA-Raci. Full page views of
individual comparisons are provided with deuterium incorporation plots of all 25 and 73 peptides, respectively. Zoom in on the
region of interest for full details. Supplementary Figures 3, 4 and 5 correspond to LOVmea (cyan) + LOVcaa (magenta), PAmgd
(green) + PAm¢i (orange) and PAcad (blue) + PAcai (red), respectively. Individual deuterium incorporation plots show the time
dependent increase in relative deuterium levels in the main panel. D;e values are shown as the mean of three independent
measurements and error bars correspond to the standard deviation. A software-estimated abundance distribution of deuterated
species is presented in the lower sub-panel on a scale from undeuterated to all exchangeable amides deuterated?.



MRGSHHHHHHGSL (392-404)

8 T T
7k E
6F E
5E E
N E
3E E
2k E
1E E
0 . . . .
10 45 180 900 3600
Incubation Time [sec]
DH.L " oll—xu  ollh—n n’ﬂLn uL "
oll—n olh—s olbh—n oll—n  olh—mn
PRLPDNPIIF (420-429)

8 T T T T T

7E E
6F E
5E E
4F E
3E E
2k E
1F E
oEL 1 \ . .

10 45 180 900 3600
Incubation Time [sec]

OHL; 6 olll—e ollh—s om'Ls 0 ’ﬂlL 6
ol—s olh—s ollh—s olli—s ollli—s

LQGPETDRATVRKIRDAIDNQTEVT (453-477)

oF 3
7E E|
6F El
3 El
4F El
3f 3
2F E|
1E E|
[ . . . .
10 45 180 900 3600
Incubation Time [sec]
0L 2 0 2 o 2 o 2 0 L 2
[\] 2 0 2 o 2 o 2 0 2
FHLQPMRDQKGDVQY (494-508)
8 . . . . -
7
6
5
4
3f E
oF E|
1E E|
o , , , .
10 5 180 900 3600
Incubation Time [sec]
o 12 [ 12 o 12 o 12 0 12
LIKKTAENIDE (531-541)
8 T T T T T T
43 ——— LOVue |1
[ L0 E|
5F E|
4f E|
3f El
2f E|
1F E|
ot . . . .
10 45 180 900 3600
Incubation Time [sec]
D-’fﬂh\ 9 0. 9 0 9 D.Jd“ig 0 -'d”L 9
o 9 0 9 o 9 o 9 0 9

Dm

MRGSHHHHHHGSLATTL (392-408)

O AN WA O N ®
L

10 45 180 900
Incubation Time [sec]

N A N S I

0l 15 odhs  olhts ofl1s ol 15
ASDSF (430-434)
8 T T T T T
7k 3
of E
5E E
a4f E
3E 3
2F E
3 E
0t

10 45 180 200
Incubation Time [sec]

e athe ot ol

o 3 olils 0 3 0 3 0 3

VQLINYTKSGKKFWNL (478-493)

O . N WA OO N®

10 45 180 900 3600
Incubation Time [sec]
0 "’HL 14

0L14 Oj’hl—m um1¢ Oﬂ"le

0 14 o 1“0 14 0 “ 0 4

VQLDGTEHVRDAAEREGVM (512-530)

oF - —
LOVieq
r LOVeag | ]
s 1
3L 1
ol . . . .
10 45 180 900 3600

Incubation Time [sec]
A, A, A, A,

0 17 [ 70 7 0 70 7

IKKTAENIDE (532-541)

10 45 180 900
Incubation Time [sec]

gJﬂhls uJ[mxa onh'Ls on”ls

ATTL (405-408)
8 T T T T T T
7k E
6F E
5E E
4F E
3k E
2F E
1k E
0t . . . .
10 45 180 900 3600
Incubation Time [sec]
urrﬂz oJ_Hz nJﬂz eJ_Hz or—l_ﬂz
o= 1z o= 12 o= 2 ot 12 ot 12
LQLTE (435-439)
8 T T T T
7k E
6F E
5F E
4F E
3k E
2F E
1k E
0
10 45 180 900 3600
Incubation Time [sec]
0H~3 ol 3 ol 3 ol_3 OH'\—S
0l—3 o3 ol—3 (L] o3
LINYTKSGKKFWNL (480-493)
8 T T T T T T
7
6
5
4
3
2
1
obu . . . .
10 45 180 900 3600
Incubation Time [sec]
nmwz otb—1z  ollk_12 o~d’L12 oJﬂHLu
oll—12 ofh—12  odl_12 odi_1z  odli_qp
EREGVML (525-531)
8 T T T T
7k
6k
5F E
Fas E
3f |
2b ]
1k E
obu 1 . . .
10 45 180 900 3600
Incubation Time [sec]
u:fm"s o5 o-liNs o-illls orrm"s
o-liNs o-fllhs o-Ails o-1illls o-JliNs
NIDE (538-541)
8 T T T T T T
7k E
6F ]
5E E
4F E
3k E
2F ]
1k E
0t . . . .
10 45 180 900 3600
Incubation Time [sec]
o’_ﬂ_‘z ol 2 ol 12 ol 112 o’_ﬂ_‘z
ollhz ol 112 ol 1z ol Fl2 ol 112

Dre\

FVITDPRLPDNPIIF (415-429)

VITDPRLPDNPIIF (416-429)

8 T T T T T 8 T T T T
7E 7E
6F 6F
5F E 5F E
4F k| o af E
3F E 3 E
2F E 2F E
15 | 1F ]
oEL L L 1 . okt L L L v
10 45 180 900 3600 10 45 180 900 3600
Incubation Time [sec] Incubation Time [sec]
u”Lm oll—10  oll—1w0 0”1‘—10 umwo oLa oll—g olk—g umLs odhLQ
oll—10 ol—10 ol olb—to  ollh—1o o9 oll—9 ol—9 o9 ollh—g
LQLTEYSREEILGRNCRF (435-452) LQGPETDRATVRKIRDAIDNQTE (453-475)
8 T T T T T T 8 T T T T T T
7 TE E
6 6F E
5 5F E
4 o af E
3 3k E
2F E 2F E
15 E 1E E
ot : : : : ok - : : :
10 45 180 900 3600 10 45 180 900 3600
Incubation Time [sec] Incubation Time [sec]
oJ"Lm ok 15 oM oLm niws oLm ok ok 2 ofl_» oLm
oll—1 016 o016 [ ol 2 oh—2 otz o2 olm
INYTKSGKKFWNL (481-493) TKSGKKFWNL (484-493)
8 T T T T T T 8 T T T T T T
7 7
6 6
5 5
4 4
3 3
2 2
1 1
[ : : : : ok : : : :
10 45 180 900 3600 10 45 180 900 3600
Incubation Time [sec] Incubation Time [sec]
OMn oth—r  odll_n oJ[ﬂLu uJ'mLu udhgs oill_g ollh_g oflll_g oﬂﬂka
oll—1 ofl—vn ol odb—n  odlh_n ol s ol ol g ol g ol g
REGVML (526-531) LIKKTAE (531-537)
8 T T T T 8 T T T T
7E 7E
6F 6F
5F E 5F E
af E o 4f ~ E
3F E 3= T
2F E 2F E
1F E 1F E
oEL L L L L okt L L L L
10 45 180 900 3600 10 45 180 900 3600
Incubation Time [sec] Incubation Time [sec]
4 :H-h 4 olllg ollly o-Allly 0 :d-h 4 0 Jﬂl\ 5 oI5 oI5 o-Alins 0 ,J'HL 5
o1y o-llla ollla olllg anllly oAlllls o-llns o-lills o-flins o0-lllls
NIDEAAKEL (538-546) AAKEL (542-546)
8 T T T T T T 8 T T T T T T
7 7F E
6 6F
5 5F E
4 o 4f E
3F E 3 E
2F E 2 E
1F E 1F E
oEL L . L . okt L L L v
10 45 180 900 3600 10 45 180 900 3600
Incubation Time [sec] Incubation Time [sec] IHE
[ JI”L 7 oLz oLz 4 Jhl 7 0 Jm'L 7 0 ,l'ﬂﬂ 3 odlhs oflhs o1k o1l
o7 oMLy oy oy otz oftlng o i3 o-lls o1l o1l



MRGSHHHHHHGSL (392-404) MRGSHHHHHHGSLATTL (392-408) ATTL (405-408) FVITDPRLPDNPIIF (415-429) VITDPRLPDNPIIF (416-429) PRLPDNPIIF (420-429) ASDSF (430-434) LQLTE (435-439) LQLTEYSREEILGRNCRF (435452) LQGPETDRATVRKIRDAIDNQTE (453-475)

: : : : 7 7 7 7 7 7
o o o o o o o o o o
5 5 5 5 5 5 5 5 5 5
& o o o o o 4 54 o4 & 4 s
s s s 3 3 3 3 3 3 = i 3
2 2 2 2 2 2 2 2 2} 2
h B ] B ' ' ' ' '

0 E—T E 0 E—T e 0 E— W 0 E— 0 B w5 0 Ca— E T & W W wm i [ 0

nutsin i ) nunstn i nunsion i nusion e el noten Tmefee nston e sl nsoten e nsotonTme e

e S S N S [ S Y

N T Y S A L N W T
e

of L} " by L
S e L 1| A1 R S| A NP HPA )

LQGPETDRATVRKIRDAIDNQTEVT (453-477) VQLINYTKSGKKFWNL (478-493) LINYTKSGKKFWNL (480-493) INYTKSGKKFWNL (481-493) "TKSGKKFWNL (484-493) FHLQPMRDQKGDVQY (494-508) VQLDGTEHVRDAAEREGVM (512-530) EREGVML (525-531) REGVML (526-531) LIKKTAE (531-537)
. H H H ) H H H
) s | B s . s s B
) = ° ) |5, o
H 2} 2| / | | | 2
" vt trolsed ) N " st ot ) " s rolsed ) N s nolsod N st olsed " e -~ B [ —— P e
Y PR Y U U AP SO WY W I U WP I U T [ AT U VI VO T Y U D S P P T P SR A ) ol ol ol ol e o oy by uilhs
U W E U U P EPY UP U U P P I TR B O e i Y e Y Y T T B T M ol ol odhy odhy ol
LIKKTAENIDE (531-541) [ NIDEAAKELIKC (538-549) AAKELIKC (542-549) AAKEL (542:562) u L (546-563) LISYTTNAF (563-571) LISYTTNAFPGEYIPTVFDN (563-562)
: . , ] . .
o o o o o
s N K 7—% - s R
aa d &4 g e o
. 3 3 3| 3|
2| 3 2| 2| 2| 2|
L L LI B e L L I I I I R R R R L U B L e )
[C bt sed b tneised bt neised bt neised tsin oo bt e s e s et b eies
B N T O e o O S T VT o O T e U P Y Y e Y P P P P Y Y A A T Y I O T N
e T o B T o T e o e e L e T T Lt L e e L L T T T T T

ISYTTNAFPGEYIPTVF (564-580) ISYT ) T (567-580) PGEYIPTVF (572-580) DNYSAN (581-586) 'SANVMVDGKPVNLGL (584-598) NVMVDGKPVNLGL (586-598) VMVDGKPVNLGL (587-598) MVDGKPVNLGL (588-598) 'VDGKPVNLGL (589-598)
s s s s = s s s s
s < ) < < a5 / S a3 N
2| 2| 2| —— 2| 2| 2| 2% 2 f——‘
0 i £ I E T i I T T L — LI — T
atsionteised [ [ [ [ [ s neised s netsed st netsod
Y PO U SR T PR W VI W Y W U T N N T DR I VR DR DR I S G S PR W PO T T N VA % KRN R S T W PR N
I WY T P B T T T T N T D) N Y WY Y I I I Y T [ WP W LU N U D JU N A,
WDTAGL (599-604) WDTAGLED (599-606) YDRLRPLSY (607-615) YDRLRPLSYPQT (607-618) YDRLRPLSYPQTD (607-619) YDRLRPLSYPQTDVF (607-621) YDRLRPLSYPQTDVFL (607-622) FSLVSPASF (625-633) 'SLVSPASF (626-633) LVSPASFHHVRAKWYPEVRHHCPNTPIIL (626-65
7 ; ; ; ; ; ; ;
g N g4 o G4 2 P .
3 3 s s s s s s
2| 2 I 2 2| | [ R B
T L T L T L L L L I L L L
Pt e o Pt o sod Pt tneised Pt tneised s teised st teised st toiood st teiood st teiood N

S o, de NN W RN W W N W [ EPR U IR @ ohg I o, ol
LI Ao b JL P N S R I N do o o ok N oL, U T T T W)
VGTKLDL (656-662) VGTKLDLRDDKDTIE (656-670) VGTKLDLRDDKDTIEKL (656-672) DLRDDKDTIE (661-670) DLRDDKDTIEKL (661-672) RDDKDTIEKLKEKKLTPITYPQG (663-685) MAKEIGAVKYLEC (688-700)

Tﬁf
iﬁﬁ

o,
o,
;

0 Ea— 0 i ] E= i E— i E— i — % i — ) i — =0 i — = i o D
cubton s [ st e ncuoton e ot e ot e st tiefc [ - st Tive
ds P Y U | 1 N VR VA VY T P B I U PO R Y LY PR R SV WY IV P P A AP UM TR

Y W Y Y WY WY WY T Y T VY W

D S Y A OO W WY WS WY WY WY Y DY S DN WY WY W B F VY U DAY DO S D I DAY DY B Y T S S TN W N EY SN S O

AKEIGAVKY (689-697) AKEIGAVKYLEC (689-700) SALTQRGLKTVF (701-712) 'SALTQRGLKTVFDE (701-714) SALTQRGLKTVFDEA (701-715) 'SALTQRGLKTVFDEAIRA (701-718) ALTQRGLKTVF (702-712) LTQRGLKTVF (703-712) TQRGLKTVF (704-712) AIRAVL (715-720)
& a o o g & S e o
I T 0 . e L % — =
st et eastopneted st et easioTnetod ressiorTnatod et Tneped
[P G RPN U W o o ohn oda S W U [ Y T VY W T T e ol dle ol
LI T U T S Y R e bl [ U TS U U U VY Y D Y e

IRAVL (716-720) IRAVLCPP (116:723) VLCPP (719723)
H ] ]
U et T et U ettt
fIS TR L ! B
J. e O




wrcsHHHGSL 692400 RGSHHHGSLAT 072408 e os0 [ —— A —— [ —— J—— e s LaurersreaLommcRr 5452
o o el R - o e - e e
Y e e G Y N W WY U G Y AP
T L L e I U L U UV (U A U (A W

LQGPETDRATVRKIRDAIDNQTEVT (453-477) VQLINYTKSGKKFWNL (478-493) LINYTKSGKKFWNL (480-493) INYTKSGKKFWNL (481-493) "TKSGKKFWNL (484-493) FHLQPMRDQKGDVQY (494-508) 'VQLDGTEHVRDAAEREGVM (512-530) EREGVML (525-531) REGVML (526-531) LIKKTAE (531-537)
.
: ol | . j . H . H
: < : : : : S <
. ok S e e T N e Y Y N A | A | N S | O O A | A PR [ M | T 9
[ U RN U WY WA A R N Y B B T o T S T T R U W S A
LIKKTAENIDE (531-541) NIDEAAKELIKC (538-549) AAAKELIKC (542-549) LIKCVVVGDGAVGKTCLL (546-563) 'VVVGDGAVGKTCLL (550-563) LISYTTNAF (563-571) LISYTTNAFPGEYIPTVFDN (563-582)
5 N | | 6| ® | 6| 5
“ ® Fa 4 Sl Fa &9 ;o 74
3 3 3| b 3 3| 3 3
2 3| 2 2 zf 2 2 2 2
e e — — e e T — R - T e
. - o R - o e e I i
O O T e T e T T N N S s S O T T L Y e e U Y Y U U S e
o N T T o L S e T L e e L T L O O T T I P
ISYTTNAFPGEYIPTVF (564-580) IsYT ) T (567-580) PGEYIPTVF (572-580) DNYSAN (581-586) 'SANVMVDGKPVNLGL (584-598) NVMVDGKPVNLGL (586-598) VMVDGKPVNLGL (587-598) MVDGKPVNLGL (588-598) 'VDGKPVNLGL (589-598)
! : : | : !
| > : e R i e B
o - o N o o e e o
[ W U D VIR TN Y U D P R Y D P S P T T A R . P P N U Y VR T W T U U S U DY DR TR VO S DY I I PR U W N S
[V W ST P VY Y I I TS U T R DY T VD M VN T T R L e O O o N I O O T O T I T N T v =
WDTAGL (599-604) 'WDTAGLED (599-606) 'YDRLRPLSY (607-615) 'YDRLRPLSYPQT (607-618) 'YDRLRPLSYPQTD (607-619) 'YDRLRPLSYPQTDVF (607-621) 'YDRLRPLSYPQTDVFL (607-622) FSLVSPASF (625-633) (626-65
: : : ; : : j : : :
. ;s 34 4 4 P 3 4 4 e 34 /
Y st " vt nelsed T ekt ° - oo [ T ot P ot Y et Y st " ot
P R P AR | PR Y WP AP VO P I N N VY A Y WY U W T WY U U VO P S AN W U W U U WY U WA O PN U Y U P I U U Y SRV VR WV I T
e O I I D N O I O Y I e O L P IV Y T U P IS D O P I IV DO O D O T T IO T
HHVRAKWYPEVRHHCPNTPIIL (634-655) VGTKLDL (656-662) VGTKLDL GTKLDL (656-672) DLRDDKDTIE (661-670) DLRDDKDTIEKL (661-672) RDDKDTIEKLKEKKLTPITYPQG (663-685) KLKEKKLTPITYPQG (671-685) KLKEKKLTPITYPQGLAM (671-688) MAKEIGAVKYLEC (688-700)
: : : y ) : | : P
5 5| ] H L8 b . 5| = 5 H
2 2| 2 2 2 2 3 2 2 2| 5___‘/
o - R - . - s I et
E [P PR P UV W WY I Y WY U Y DR Y I TS VY Y VO PR U D VR VR PO T DU U P TR R PR P PR VN IR Y U VY WA A G U T o
k i T e N N T T T T T e o e L N T s T A L Y T
AKEIGAVKYLEC (689-700) ‘SALTQRGLKTVF (701-712) 'SALTQRGLKTVFDE (701-714) 'SALTQRGLKTVFDEA (701-715) 'SALTQRGLKTVFDEAIRA (701-718) LTQRGLKTVF (703-712) TQRGLKTVF (704-712) AIRAVL (715-720)
: > % : . ri > ,:
: : | : 4 : 1"
o o - N - o e e e e
[ A U AN S S I I U LY T TR P P Y Y WA WY N D VY Y Y Y U U U U I Y I PR T U R N T TR N D VO S Y T Y E S P A P
LI R U U S A U U W G U DY PO PR P B U DR DY U Y Y DY PV N I I I I I VIR Y Y T W VE P W T Y S Y VR N G P D
IRAVL (716-720) VLCPP (719-723)
: : :
N ot o e T eortnoted
e N O s L T L | e 1 A 6
e N LT L A



q*I(q)10° (A?)

In(l(g)) a.u.

75 T T T 1
0 1 2 3 4
710° (A?)
c .
dark
— light
4
3 .
g
2
1
0 i T T T ) T v T d T
0 20 40 60 80 100
r(A)

Supplementary Figure 6. SAXS data of dark and light state PA-Rac1. (a) Kratky plots of averaged dark-state data (blue) and
light-state data (red). The latter were extracted from SVD analysis of time-resolved solution scattering experiments. (b) Guinier
plots of dark- and light-state SAXS data, showing a slightly increased R for the light state data. The light state data are shifted
vertically for better visualization. Both liner fits (green) fulfill the criteria of gmaxRg < 1.3. (c) Pair distance distribution functions
of dark and light-state data of PA-Rac1 calculated using GNOM#8.
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Supplementary Figure 7. Control experiments for the PA-Rac solution scattering studies. (a) The reversibility of the character-
istic light-induced changes during the dark state recovery is visualized by heat map representations of Kratky plots (cf. Supple-
mentary Fig. 6a) calculated from the scattering curves at the various time points. (b) Dark-state recovery kinetics of PA-Raci
after an initial 500 ms blue-light illumination pulse. The reported light state amplitude corresponds to the contribution of the
PA-Rac1 light state scattering signal obtained by SVD analysis. A single exponential decay function was used to fit the data and,
considering the temperature dependence of rate constants, the extracted half-life of 70 s at 10 °C nicely corresponds to the 43 s
obtained for PA-Rac1 at room temperature®,
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Supplementary Figure 8. NMA of PA-Rac1. (a) Three individual substructures of the clam-shell opening mode obtained for pdb
2wkp?®. The substructures are colored according to Figure 1a with darkened colors along the opening movement. Metal ions are
omitted for clarity. (b) Difference spectra of calculated radial density distributions of individual substructures from the PA-Rac1
normal mode shown in panel a versus the calculated scattering curve of the dark-state crystal structure (pdb 2wkp)8. The red
line corresponds to the open conformation and additional spectra correspond to the clam-shell closing mode passing the crystal
structure (dashed black line) towards a closed state (purple spectrum). The axis settings are analogous to Figure 5d for easier
comparison.



Supplementary Figure 9. Comparison of Rac-GTPase interactions with different effectors. All structures are aligned based on
the GTPase domain and shown in the same orientation as PA-Raci1 in Figure 1a. For easier comparison PA-Raci is also included in
the central panel ¢, to illustrate the overlap of the calcium binding site with all effector interaction regions. (a) Structure of hu-
man Rac3 with the CRIB domain of PAK1 (pdb 2gme, Structural Genomics Consortium). (b) The complex of human Rac1 with
protein kinase C-related kinase 1 (PRK1, pdb 2rmk)>'. (c¢) PA-Rac1 (pdb 2wkp)8. (d) Crystal structure of human Raci with arfaptin
(pdb 1i4t)>. (e) Rac1 bound to its effector phospholipase C beta 2 (PLC-f2, pdb 2fju)3.
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WEB-ENHANCED OBJECTS — SUPPLEMENTARY MOVIES

Supplementary Movie 1. Animation of time-dependent changes in deuterium incorporation upon calcium binding in the dark.
The time series of PAcad — PAmfd comparisons is presented with colors corresponding to the differences in D, according to the
bar-legend. Red or blue colors reflect an increased or decreased deuterium uptake, respectively, upon calcium-coordination.
FMN and GTP are shown as orange and gray stick models, respectively, and the calcium and magnesium ions as purple and gray
spheres. The animation is related to Figure 4a.

Supplementary Movie 2. Animation of time-dependent changes in deuterium incorporation upon blue-light illumination in
the presence of calcium. The time series of PAc,) — PAcaa comparisons is presented with colors corresponding to the differences
in Dye according to the bar-legend. Red or blue colors reflect an increased or decreased deuterium uptake, respectively, upon
illumination in the presence of Ca*>*. FMN and GTP are shown as orange and gray stick models, respectively, and the calcium and
magnesium ions as purple and gray spheres. The animation is related to Figure 4b.
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