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A new family of regulators of G-protein-coupled receptors?
David P. Siderovski*, Andrew Hessel*, Stephen Chung*,

Tak W. Mak* and Michael Tyerst

Organisms as diverse as fungi and humans use G-protein-
coupled receptors to control signal transduction pathways
responsive to various hormones, neuroregulatory molecules
and other sensory stimuli [1]. Continual stimulation of these
receptors often leads to their desensitization, which is
mediated in part by the consecutive actions of two families
of proteins — the G-protein-coupled receptor kinases, which
phosphorylate the agonist-occupied receptors [2], and the
arrestin proteins, which subsequently bind to the receptors
[3]. We now present evidence that a group of proteins — the
G0S8/Sst2p family — may be a third class of receptor-
desensitizing factors.

Addresses: *Quantitative Biology Laboratory, Amgen Institute, 620
University Avenue, Toronto, Ontario, M5G 2C1, Canada. fSamuel
Lunenfeld Research Institute, Mount Sinai Hospital and Department of
Molecular and Medical Genetics, University of Toronto, Toronto, Ontario
M5G 1X6, Canada.

Correspondence to: David P. Siderovski
E-mail: dsiderov@amgen.com.

Current Biology 1996, Vol 6 No 2:211-212

Results and discussion

We have previously reported the cloning of genes thought
to regulate the switch from GO to G1 phase of the cell cycle,
including GOS8, a gene of unknown function expressed in
acute leukemias of both myeloid and lymphoid lineages [4].
We have searched sequence databases using the amino-acid
sequence of GOS8 and identified a group of proteins with
similarity in three discrete sequence motifs, GH1, GHZ and
GH3 (Fig. 1). The GH domain (for G0OS8-homology) was
also identified in sequences near the amino-terminus of G-
protein-coupled receptor kinases, specifically in the region
thought to contain recognition site(s) for activated receptor
complexes [2]. We did not observe similarity among the
GO0S8/SstZ2p family to other domains of the receptor kinases.

We have identified proteins containing the GH domain in a
wide range of eukaryotic organisms, including humans, C.
elegans, Aspergillus (Emericella nidulans) and Saccharomyces
cerevisiae. 'The protein most closely related to GOS8 is
human BL34/1R20, a B-cell-specific immediate-carly gene
product whose expression is markedly increased by various
mitogenic stimuli [5]. Full-length or partial GH domains
were also identified within a partial open-reading frame

Figure 1
Protein sequence alignment of GOS8/Sst2p GH1
family members and G-protein-coupled Hum GOS8 80 WSEAFDELLAS-KYGLAAFRAFLKSEFCEE--NIEFWLACEDFKKTKSPQKLS 129
receptor kinases. Regions of homology were G2 | am sraa K geLonvas 23
: i 2 g |cel co5B5.7 38 WQQSFDTLMSF-KSGQKCFAEFLKSEYSDE--NILFWQACEELKREKNSEKME 87
identified by a BLAST search of the NCBI non- L¢ |cer Fi6mo.1 38 WSQSFENLMKH-RAGQKYFAEFLKGEYSDE--NILFWQACEELKREKNAEKTE 87
f : 9 T | Cel C29H12.3-C 158 WAQSFEGLLGN-HVGRHHFRIFLRSIHAEE--NLRFWEAVVEFRSSRHKANAM 207
redundant protein sequence database using @ 8 |cel c29m12.3-n 29 WAAGNCANVLNDDKGKOLFRVELFO ST AEE _NLAFLEAMEKLKKINKISDEKY 79
; : : Eme F1bA 541 NNARLNHILOD-PALRLLFREFLRFSLCEE--NLSFYIDVSEFTTQYHKFDKV 590
the BLOSUM®G0 scoring matrix, aligned by the Ysc Sst2p 417 NLNKLDYVLTD-PGURYLFRRHLEKELCVE--NLDVFIEIKRFLKKMTILKKL 467
Wisconsin Package GAP and PILEUP <, | pro GPRKL 51 GELNFHKNFNEVL-GYLLFKDFCENDSEEPTQQLKFFEQTKLFEKTECYDERK 102
: 2 @ | Hum PARKL 51 GEVIFEKIFSQKL-GYLLFRDFCLNHLEEARPLVEFYEEIKKYEKLETEEERV 102
programs, and exported into MALIGNED for S & | Hum PARK2 51 NEITFDKIFNQKI-GFLLFKD! S INEAVPQVKFYEE IKEYEKLDNEEDRL 102
. . 8 £ | Hum GRKS 50 3 DKQPI-GRLLFR( RPGLECYIQFLDSVAEYEVIPDEKLG- 99
output of block alignment (quantify mode) and 2%‘ Hum GRK4 DKQPI-GRRLFRQ PTLKR-HIEFLDAVAEYEVADDEDRS- 67
. © £ | Hum GRK6 CERQPI-GRLLFREFCATRPELSRC-VAFLDGVAEYEVTPDDKR-- 67
consensus line (Conserved mode). The human g g:‘ Bov RhoK CLEQPT-GKRLFQOFLRTHEQHG-PALQLWKDTEDYDTADDALRP- 104
. . . 8 [cel F19c6.1 49 EVTYAFVVEKQPI-GKLLFHEFCQATNSQYHOCCOFLTKVEEYETSDDDGQSR 100
S194 sequence is derived from a partial cDNA © = | cel w02B3.2 51 GDMKFDKIFNQKL-GFLLLKDYAENVSESPCPQIKFYEAIKEYEKMETPDERL 102
clone (Genbank accession L40394), ¢ hEoRs
presumably missing the amino-terminal 33 GH2 GH3
amino acids of GH1. The hypothetical open- Hum GOS8 131 KARKIYTDFIEKEA-PKEINIDFQTKTLIA 170 FTTAOKRVYSLMENNSYPRFLESEFY 195
. > | Hum BL34/1R20 119 KAREIYKAFVHSDA-AKQINIDFRTRES 158 FDEAQKVIYTLMEKDSYPRFLKSDIY 183
readlng frame C29H12.3 of C. elegans @E Hum S194 24 RVEEIWQEFLAPGA-PSAINLDSHSYEIT 62 FEDAOEHIYKLMKSDSYARF-PPVEC 86
. . ¢ y 3 S |Cel CO5B5.7 89 KARIIYEDFISILS-PKEVSLDSKVREIVN 128 FEDAQHQIYQLMARDSYPRFLTSIFY 153
contains two GH domalns, denoted ‘—-C’ and % c |cel Flem9.1 89 KARIIYEDFISILS-PKEVSLDSRVREIVNTNMGRPSA 125 128 FDEAQONQIYTLMORDSYPRFLASNIY 153
N . . . @G |Cel C29H12.3-C 210 LGKVILSTYLAEGT-TNEVFLPFGVROVIERRIQDNOI 246 251 FDEAIKHVEQVLRNDPYVRFLOSSQY 276
—N’ for carboxy-terminal and amino-terminal, &S |Cel C20H12.3-N 81 YAKEILETYQGSINLSSSSMK--SLRNAVASETLOMEE 116 117 FAPAIKEVRRLLENDQFPRFRRSELY 142
. Lo S |Eme Flba 605 AAYGLYNAFLAPGS-PCELNIDHALRNSLASRMTKAVG 641 657 FEMAQOTSVFKLMSSDSVPKFLRDPKY 682
respectively. Percent similarity of sequence Ysc Sst2p 503 MAYHTYSSYTMIGS—PYQINTHHNLRONISDIMLHPHS 539 660 FEIVSNEMYRLMNNDSFOKFTQSDVY 685
motifs to GOS8, as calculated by GAP o , | Dro GPRKL 104 MARDIYDNFIMEEMLSHTYEYSKHAVASVOKYLLKNEV 141 146 FEPYLEEIFTQLKGKPFKKFLESDKF 171
. . . . B & |Hum PARKL 104 RSREIFDSYIMKELLA SATEHVOGHLGKKOV 141 146 EEICONLRGDVFQKFIESDKE 171
al|gnments usmg the PAM-250 SCOI’Ing m&ltI'IX, §-§ Hum |%AR§2 igg RSRQIYDAYIMKELLSC QAVEHVQSHLSKKQV igé i:}]g EEICESLRGDIFQKFMESDKF };%
€ | Hum GRK KGKEIMTKYLTPKSPVFIAQVGQDLY FSACAQSVHEYLRGEPFHEYLDSMEFF
ranged from 70 % (BL34) to 36 % (BARKI) for Zg Hum GRK4 69 CCLSILDRFFNDKIAAPLPEIPPDVV' 106 111 FEECTRVAHNYLRGEPFEEYQESSYF 136
‘T 2 | Hum GRK6 69 CCRQLTONFLSHTGPDLIPEVPROLVTNCTORLEQGPC 106 110 FOELTRLTHEYLSVAPFADYLDSIYF 135
GH1, 59 % (BL34) to 27 % (C29H12.3-N) for S & | Bov Rhok 106 KAQALRAAYLEPQAQLFCSFLDA! ARAGAGDGL- 142 143 FOPLLRAVLAHLGOAPFOEFLDSLYF 168
S § [cel F19¢6.1 124 DEQEFWCSFLSDEVIS-TCITTA {DDEPRSDI-- 158 159 FTEPYRLTCQYLTDAPFKEFAESMYF 184
GH2, and 77 % (BL34) to 38 % (GRK4) for G = | cel W02B3.2 104 KARETYDHHIMVEMLAHAHNYSKESLOHVOYHLLKQNV 141 146 FHRYVLEICDQLRGDIFORFLESDKF 171
a A O h F roon ¢ ¢ s ¢
GH3. Colour denotes the prevalence of each

amino-acid in a column (orange, most prevalent;
green, second most prevalent; purple, third most
prevalent). Related amino-acids: A/G (denoted
by a); F/Y (db); R/K/H (+); D/E (=); ILIVIM (N);
S/T; N/Q) were considered equivalent for both
block alignment and consensus line.
Abbreviations: GPRK/GRK, G-protein-coupled

receptor kinase; BARK, B adrenergic receptor
kinase; Hum, human; Cel, C. elegans; Ysc, S.
cerevisiae; Eme, E. nidulans; Dro, D.
melanogaster; Bov, bovine. SwissProt (sp),
GenPept (gp), and NCBI sequence ID (gi)
accession numbers (in order): sp:P41220,

sp:Q07918 and Q08116, sp:P34295,
gp:L40394, gp:U23169, gi:1066938 and
1065702, sp:P38093, sp:P11972,
sp:P32865, sp:P25098, sp:P35626,
sp:P34947, sp:P32298, gi:539594,
sp:P28327, gi:642184, gi:722362.
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Figure 2
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Effect of GOS8 expression on pheromone sensitivity in yeast. (a)
Pheromone-supersensitive (sst2) and wild-type (SST2) yeast strains
were grown on media containing indicated concentrations of « factor.
Haploid yeast strains BC159 (MATa leu2-3,112 ura3-52 his3-A1
ade2-1°¢) and BC180 (BC159 sst2-A2) were transformed with the
URA3*, GAL10/CYC1-promoter expression plasmid pEMBLyex4
(vector) or pEMBLyex4G0S8 (G0S8), grown in liquid selective
medium containing 2 % glucose and lacking uracil, and spotted (2000
cells per well) onto YEP-agar containing either 2 % glucose (-) or 2 %
galactose (+) and indicated concentrations of synthetic « factor; plates
were incubated for 4 days at 30 °C. The darker hue of colonies grown
in 2 % glucose is the result of red pigment produced by adenine
auxotrophy. (b) Immunodetection of galactose-induced GOS8
expression. Yeast strains as above were grown to mid-log phase in
liquid selective medium, lysed with glass beads in SDS—PAGE buffer
containing 1 mg mi~! Pefabloc SC and 4 mM benzamidine, and
immunoblotted with crude rabbit antisera raised to a synthetic peptide
overlapping the GH3 motif of GOS8 (amino acids 185-199). Specific
detection of GOS8 protein (25 kD) was performed with anti-rabbit
horseradish peroxidase secondary antibody and enhanced
chemiluminescence; detection of the non-specific protein band of
higher molecular weight serves as control for lane loading.

(ORF) encoded by the human fetal brain ¢cDNA library
clone S194, and within hypothetical ORF's from the genome
of C. elegans (COSBS5.7, F16H9.1, C29H12.3). The fungal
GH proteins FIbA (E. nidulans) and Sst2p (S. cerevisiae) were
previously reported to be 30 % identical, and both are
involved in the control of asexual reproduction. FIbA is
required for the initiation of conidiophore development in
Aspergillus [6]. Sst2p expression is induced in yeast by
pheromone signalling and acts to promote recovery from G1
arrest and reversion to asexual reproduction [7].

To determine the functional significance of the sequence
homology shared by the G0S8/Sst2p family, GOSS was con-
ditionally expressed under the control of the heterologous
GAL10 promoter (inducible by galactose) in haploid yeast
responsive to a factor mating pheromone. As observed pre-
viously [7], haploid yeast lacking S$§72 were unable to
recover from G1 arrest induced by 0.01 uM « factor,
whereas wild-type yeast were at least 100-fold less sensitive
to pheromone (Fig. 2; lethal arrest at 1pM « factor).
However, upon galactose induction of GOS8 expression,
both wild-type and pheromone-supersensitive yeast strains
continued to grow in the presence of up to 10 uM « factor.
The expression of a GOS8 deletion mutant lacking most of
the GH domain (deletion of amino-acids 105-193) did not
decrease the sensitivity to pheromone (data not shown).

The ability of human GOSS to affect pheromone sensitivity
in yeast underscores the functional relevance of the
sequence homology shared by the GOS8/Sst2p family. The
GH domain is not only present in GOS8 and Sst2p, but also
in proteins which directly interact with activated receptor
complexes, so the observed negative regulation of
pheromone signalling by GOS8 and Sst2p may be mediated
by their direct association with the activated pheromone
receptor complex. Indeed, recent work characterizing the
epistatic relationships between genes of the G-protein-
mediated pheromone signalling pathway and gain-of-func-
tion 872 mutations points to Gpalp (G protein a subunit)
as the direct target of Sst2p action [8]. De Vries er a/. [9]
have recently provided evidence for such an interaction:
they described the identification of human GAIP (Go-inter-
acting protein), which contains a GH domain and was
shown to interact specifically with Go;;.
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