Structure and monomer/dimer equilibrium of guanylyl cyclase

Supplemental Information

Structure and monomer/dimer equilibrium for the guanylyl cyclase domain of

the optogenetics protein RhoGC

Ramasamy P. KumarT, Benjamin R. Morehousef, Josiane Fofana, Melissa M. Trieu, Daniel H. Zhou,

Molly O. Lorenz, and Daniel D. Oprian”
Department of Biochemistry, Brandeis University, Waltham, MA 02454
Author Information
1 These authors contributed equally to this work
Corresponding Author

"Department of Biochemistry, Brandeis University, 415 South St., Waltham, MA 02454. Telephone:
781-736-2322. Fax: 781-736-8487. E-mail: oprian@brandeis.edu.

Running title

Structure and monomer/dimer equilibrium of guanylyl cyclase

Table of Contents

Figure S1. Sequence alignment of guanylyl cyclases.

Figure S2. Enzyme activity as a function of substrate concentration.

Figure S3. Dependence of guanylyl cyclase activity on enzyme concentration.

Figure S4. Structural superposition of the B. emersonii GCryo, monomer and mammalian AC
References

S-1



RhoGC

Human-GUCY1A3
Human-GUCY1B3
Chlamydomonas
Synechocystis

RhoGC

Human-GUCY1A3
Human-GUCY1B3
Chlamydomonas
Synechocystis

RhoGC

Human-GUCY1A3
Human-GUCY1B3
Chlamydomonas
Synechocystis

RhoGC

Human-GUCY1A3
Human-GUCY1B3
Chlamydomonas
Synechocystis

Structure and monomer/dimer equilibrium of guanylyl cyclase

457
—————— TEAKEYESVTVFFS

SMOGQVVQAKKFSNVTMLF'S|
—-MHKRPVPAKRYDNVTILFS

TNFTVISSRTS—---TKDMMATLNKLWLEYDATAK--R
VGFTAICSQCS-—---PLOQVITMLNALYTRFDQQOCG—--E
VGFNAFCSKHASGEGAMKIVNLLNDLYTRFDTLTDSRK
————— SAPAQEHPEATVLFSPDIVGFTEIASRSS----PLEVCSLLDELYQRFDAATE--E
GIDPFTKMGGDRRPITILTSPLRGFTSTSEGLN--—--PEEVVKVLNIYFGKMADVITH-~-

koo %k o * . * e 545

49y Bon THE TsaE wTs s =8 o =
YLGVTGAPDVVPDHAERACN----FAVDIIEMIKSFKTITGESINI

YCVAGGLHKESDTHAVQIAL----MALKMMELSDEVMSPHGEPIK
YMTVSGLPEPCIHHARSICH----LALDMMEIAGQV-QVDGESVQT
YMVVCNVTVPCDDHADVLLE----FALRMHEEASRVASSLGEPVRI
ILVLFGAPTSQQDDALRAVACGVEMQLALREVNQQVTGLGLQPLE
-%73 577 s 8 g % . 2 Res
ESTSKAGHIHISESTYHFIKSK-—---
ESCSVPRKINVSPTTYRLLKDC——--
ETTGEKGKINVSEYTYRCLMSPENSD
ESHGEAGQIHISEACYCCLRSK--—-

W-GVYK I
L-DVYK I
NPFVYK \Y
YPQLYK ik
-HGGTI M

* e %
IGLNSGPVTAGVLGD—LNPHﬁgEVGDT AS
IGLHSGSVFAGVVGV-KMPRY|CILFGNN A
IGIHTGEVVTGVIGQ-RMPRYCILFGNT dy
VGMHSGPVVAGVVGR-KMPRFICILFGDT A

dE

IGINTGEVVVGNIGSEKRTKY|GIVVGAQ [ESYTTGGQIFISSTTLEAAGDRV-—--

ek ek k * « o % * o« o ke ek ok

5 %ﬁz s 2 « & 2 . : s -
--FVTQPLDVME

PGFVFTPRSREE
POFHLEHRGPVS
ERFEIRERGNIT

162 €2 £ €

Figure S1. Sequence alignment of guanylyl cyclase catalytic domains from proteins with annotated
crystal structures. Sequence comparison of guanylyl cyclase domains from B. emersonii, human, C.
reinhardtii, and Synechocystis PCC6803. The multiple sequence alignment was generated using Clustal
Omega(1). Conserved amino acid residues involved in catalysis are boxed and numbered according to
RhoGC, the guanylyl cyclase domain from B. emersonii as reference.
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Figure S2. Enzyme activity as a function of substrate concentration. The concentration of GTP was
varied while enzyme ([GCgpo] = 10 pM) and metal ion ([Mn*"] = 10 mM) concentrations were fixed. The
Vinax($)™
(So.s)™+ S™
velocity, S is the concentration of GTP, S5 is the substrate concentration where the Rate = V,,,,/2, and n
is the Hill coefficient: Sy5=0.9+ 0.1 mM, V,,,, =16+ 1 uM/s, and n = 1.2 £ 0.3. While it is not possible
to confidently distinguish cooperative from non-cooperative rate behavior with these data, a Hill-type

equation was used here for consistency with other guanylyl cyclases.(2)

data (solid circles) were fit to the equation Rate = (solid line) where V,,,, is the maximum
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Figure S3. Dependence of guanylyl cyclase activity on enzyme concentration. A, Data for
GCwCCrpo-Mn from Figure 84, replotted on an expanded scale to more clearly illustrate non-linear
dependence of activity on enzyme concentration. B, Control experiment showing that non-linear
dependence of activity on enzyme concentration is not a consequence of non-specific protein interactions.
The conditions of this experiment were identical to those in Figure 84 except that the total protein
concentration was maintained at 50 uM using bovine serum albumin (BSA) to compensate for decreasing
concentrations of GCgp,. The same non-linear dependence of activity on enzyme concentration was
observed in this experiment as was found in the absence of BSA, clearly showing that the non-linear
behavior does not result from non-specific protein interactions. The dotted curve is a fit of the data to
equation 1 with Kp =49 + 30 uM and ke = 13 £ 3 57
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Figure S4. Structural superposition of the B. emersonii GCry, monomer with the crystal structure of the
mammalian AC (PDB entry 1CJU) complex with substrate analog ddATP showing the location of
conserved catalytic residues. GCgry, molecule A was superposed on the mammalian AC molecule A.
GCryo molecule B was duplicated from A and superposed on mammalian AC molecule B. Cartoon
representation of GCgrp, and mammalian AC molecules are colored in cyan and salmon, respectively.
Active site residues are shown as sticks. Active site residues for GCry, and AC are identified before and
after the slash, respectively. Only one of the two symmetry-related active sites in the structure is shown

for clarity.
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