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Sigma receptors are non-opiate/non-phencyclidine receptors that bind progesterone and/or heme and also several
unrelated xenobiotics/chemicals. They reside in the plasma membrane and in the membranes of the endoplasmic
reticulum, mitochondria, and nucleus. The biology/pharmacology of these proteins focused primarily on their role in
neuronal functions in the brain/retina. However, there have been developments in the field with the discovery of
unexpected roles for these proteins in iron/heme homeostasis. Sigma receptor 1 (S1R) regulates the oxidative
stress-related transcription factor NRF2 and protects against ferroptosis, an iron-induced cell death process. Sigma
receptor 2 (S2R), which is structurally unrelated to S1R, complexes with progesterone receptor membrane
components PGRMC1 and PGRMC2. S2R, PGRMC1, and PGRMC2, either independently or as protein—protein
complexes, elicit a multitude of effects with a profound influence on iron/heme homeostasis. This includes the
regulation of the secretion of the iron-regulatory hormone hepcidin, the modulation of the activity of mitochondrial
ferrochelatase, which catalyzes iron incorporation into protoporphyrin IX to form heme, chaperoning heme to

specific hemoproteins thereby influencing their biological activity and stability, and protection against ferroptosis.

sigma receptors progesterone receptor membrane components labile iron pool ferroptosis
ferrochelatase hepcidin heme chaperone cytochrome P450 hemochromatosis
cancer

| 1. Introduction

Sigma receptors are non-traditional receptors that are not directly coupled to second messengers, like many of the
G-protein-coupled receptors, or to gene transcription, like many of the nuclear receptors. They are also not like the
growth factor receptors that are associated with tyrosine phosphorylation either. The term “receptor” was assigned
to these proteins simply because they bind to a variety of endogenous metabolites and exogenous chemicals with
high affinity, often with K4 values in the nanomolar-to-micromolar range. The term “sigma” was assigned to the
member first identified in this class of proteins because the ligand SKF-10,047 that bound to that protein was a
morphine congener whose pharmacological actions could be differentiated from those of the other known morphine
(opiate) receptors—mu (p), kappa (k), and delta (5) L. Based on the already existing Greek names for the opiate
receptors, the new protein that bound SKF-10,047 was called the sigma (o) receptor simply because of the first

letter S in the name of the ligand. Subsequent studies showed, however, that the pharmacological effects of sigma
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receptor ligands could not be blocked by classical opiate receptor antagonists, such as naloxone 2. It became
clear then that the sigma receptor is not an opiate receptor. Since the features of the binding site in the sigma
receptor were found to have some similarities to an already known binding site for phencyclidine, the idea that the
sigma receptor could be the same as the phencyclidine binding site was entertained for some time. Even this
notion was dispelled subsequently B, This led to the definition of the sigma receptor as a non-opiate, non-
phencyclidine binding site. Continued research in the area of this newly discovered sigma receptor indicated the
existence of two distinct classes of binding sites with overlapping ligand specificities, thus leading to the
classification of two different sigma receptors, sigma receptor 1 (S1R) and sigma receptor 2 (S2R) (for reviews,
Refs. [AIRIBITY  Traditionally, the most widely used ligands to differentiate between the two subtypes were (+)-
pentazocine for S1R and 1,3-di(2-tolyl)guanidine (DTG) for S2R. As such, (+)-pentazocine binding measured in the
presence of DTG is referred to as S1R, and DTG binding measured in the presence of (+)-pentazocine is referred
to as S2R. While this definition seems to be fairly correct for S2R, it might not be true for S1R because of the
significant overlapping affinity of DTG for both subtypes, which could lead to an underestimation of the S1R binding
site. With continued interest in these receptors, several new ligands have now been identified with differential
selectivity toward S1R and S2R. In particular, N-(4-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)butyl)-2-(2-
fluoroethoxy)-5-iodo-3-methoxybenzamide (RHM-4) has been shown to be far superior to DTG as a selective
ligand for S2R in binding studies [&l. Therefore, (+)-pentazocine binding in the presence of RHM-4 rather than in the
presence of DTG might be a better strategy for monitoring the S1R binding site. (+)-Pentazocine and RHM-4 are

both available in a radiolabeled form to monitor the binding sites selective for S1R and S2R, respectively.

Interestingly, the similarity between S1R and S2R exists only in the sharing of several ligands with overlapping
affinities. Successful cloning and the resultant molecular identification of the two receptors led to a surprising
revelation—there is no similarity in the primary structure (i.e., amino acid sequence) between the two proteins
(Table 1) (reviewed in Refs. B9 However, both are integral membrane proteins with one (S1R) or four (S2R)
membrane-spanning transmembrane domains. Subsequently, two other proteins were identified, primarily based
on ligand-binding features, including the binding of steroids, such as progesterone, that seemed to be related to
S1R and S2R, at least at the pharmacological level. These are progesterone receptor membrane component 1
(PGRMC1) and PGRMC?2 (reviewed in Refs. 12[13I14]115)) Again, despite the significant overlap in ligands, cloning
and the molecular characterization of PGRMC1 and PGRMC2 revealed that the latter two proteins have no
structural relationship whatsoever with S1IR and S2R (Table 1). However, PGRMC1 and PGRMC?2 exhibit a
significant similarity between themselves in the amino acid sequence (Table 1). But, S2R has been found to form a
complex with PGRMC1, and some of the pharmacological actions assigned to S2R might actually be mediated by
this complex. This functional connection and the substantial sharing of the ligands form the basis to group all four
proteins under the umbrella term “sigma receptors”. There are several outstanding in-depth reviews on the

historical, pharmacological, biological, and structural aspects of these four proteins, authored by experts in this field
[Q[11][16][17][18][19][20][21]

Table 1. Amino acid sequence identity among S1R, S2R, PGRMCL1, and PGRMC2 determined using the multiple

sequence alignment program Clustal Omega.
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S1R (%) S2R (%) PGRMC1 (%) PGRMC2 (%)
SIR 100 21 24 25
S2R 21 100 21 21
PGRMC1 24 21 100 58
PGRMC2 25 21 58 100

| 2. Sigma Receptor 1 (S1R)

Eﬁﬂrrﬁnﬁﬁcid Sequence and Structure of S1R

1. Martin, W.R.; Eades, C.G.; Thomlpson,_J.A.;, Huppler, R.E,; Gilbert, P.E. The effects of morphine
SiR was first identified at the molecular level in guinea prl)g liver 1£€l. Subsequently, it was cloned from ‘a human
and nalorphine-like drugs_ in the nondep&wdent and m&gphlne—dep_endent chronic spinal dog. J.
placental choriocarcinoma cell'line <2l rat brain <=/, and mouse =2\, The organization of the human gene coding for
Pharmacol. Exp. Thet5_6]1976, 197, 517-532. _ , ,
S1R has been elucidated <. The gene, located in chromosome 9p13, is about 7 kb long and the coding region
chn¥aupel feaBexbiadirepe pe hadie teegliagomastbmsigniaeffecta ot y2ékin@ng it 5ile ehédndineh dagors
and=lsoJoPthaneaceibtit 388y chdjvRGeand édption factor (aryl hydrocarbon receptor AhR). The organization of the
BFANRE BE AELRGRRLA A LISy el "8 MITHAFHR SRR APAG Bl AARBEIAD AR G iR oA
A & AT PR RSO T S Y QI I B AT R R i op Seayer g et the
PSR AB I T R TR P IS RSLE VB 1894 ™y 54081, five crhelices
(identified in red below the sequence in Figure 1A), and nine (B-strands (identified in green below the sequence in
Higare 147 RRREMAcPipgintiracialzatiars REsigUAIERSRCEs RNHARIRES; M eraanc9mntRS idthaty
in tR8-amino acid sequence below 25% (Table 1). Recently, the crystal structures of human S1R 281123 gnd X.
’B?@ﬁib?m,@Y?Eﬁ&%rﬁ’?‘%ﬁﬁ@iﬂquﬁ%k,wwgﬂrﬁéﬁ 39OPIRIBERATINS IV CHRBAHFAEPN KEIgure 18y pithrgch
MORPIRET PRFRASTNS. A TPEIHBIAE FRHAHE G K ARSI EsHpRAHIAUIAG Stesmendelionaenbycal Pserre!
bodyggg;tgigjrgg_%!igand-binding site. The second theoretically predicted transmembrane domain does not

traverse the lipid bilayer but lies within the internal leaflet of the lipid bilayer. Each monomer also contains a cupin-

Iﬁ(e%%Weq?WWéPhoSd ergathreeh:ge nté)rgin (ﬁ?%:(selrget_advances and new clinical potentials. Pharm. Acta Helv.

2000, 74, 211-218.
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BigBahmi(k) Bnkhp lKoiseequécé radrenlecutardiumnctian SR, Mteeptatistddasinpresant rendbfudire (shaded
in yetlenglsaFeticasa@mlica il 2009, 0\6 3te-6

p{ho acid sequence), and B-strands (indicated in green below the

ino acid sequence) according_to,_ the " anahis no acid & quence” of human SiR 23] The
lﬂ.mlgergoltljzzh%; Qfa rasslt, G.; c())Ieman, V§ Bfve, rsto, E%Hrlsto, Ib.L\JJr.T?al\r)loussa, C. (me
homotrimeric structure of human S1R (PDB: K13 each mongmer embrane- ning transmembrane
Sigma enigma: A narrag]ve I’eVIE\SV O]B cephtors. Eﬂ]TE S 6‘2@, E}g, e%%%ag g
domain at the N-terminus, and a second picte ansembrane Pmain at the C-terminus on the membrane

—~

receptors—Fromobaisiaidiology to- v
S1Rlisiadseswiliy.varibipbf Sganae 23!

receptor to bind he and, progesterone boPy
15. ?Pasegawa, - Kasu Fl),IC I, M.; ";«*V*.

T R £ 4
%”.).,h. ?;ﬁlf“;: a7 /“ sed in this present research on the ability of this
) KT

5%

D¢l cgogical r?Jationship of this rece%tor t0.S2R and
> 0 . Perspectives on memprane-associa ed
proteins, PGRMC C%JI%I\({I

the ¢ terone-bindi and P 2 and ajso b f th is.ig thi t
O D S R P IO S P s pective thatapeuic targate. Come Bt PArGe RS i dgesen
res?ﬁr&? on the role of S1R in ironfheme homeostasis. Based on the molecular docking analysis using the

I | J‘fi\

AutoDock Vina program, the researchers deduced the theoretical binding energies for progesterone and heme to

Iigidrd withsi K leiRe Kalcanger-1b M kMembieane pegesiaint REROeSIRIANRIIE 6t Re. Pifgiseapsnds
to KFQLRIBS 4Yitd RIRIRK BRIGSMBRIIRN S DS HR B8 WERIACHGO thudFBe X QERIRS RARS A Hinity binding
of l?dﬂ?ﬁ’g"@ﬁ%l-tg@i]lﬁ.&lcﬂd@/er, to date, only the binding of progesterone to S1R has been demonstrated and

19tudiethilt VA URGSSRFIMEPRIIM 2B Fatdits Galabidlugy SRV 4% ik dRRS YA HeSc\RTRsEY e
obtgiﬁﬁﬂa@)bli@ﬁggtw%f&'ei_thanm-gﬁpgwsr’gmpzafi’tigq_-}r)hibition of the binding of S1R ligands by

progesterone. When determined directly from the binding of progesterone as the ligand to S1R, the value was 95
L BN Miote iy AP RERM G GRS ARV AV AR herih aRd degaed: Lo BIgss!,
simqazrir}gr%grléolztﬂé %%%rzét%gl’lys%igr'ived value. Since S1R is expressed in neural tissues at high levels, it is
1@ nCeikiiblevbal Proggetstiorenanreaibptotainds inentdied aspmerstdrolls meyglaiveg leadbsende Stéheidceffects
in tiBidehiomalng.rBiebt@0& 24,05, 16-36.

thePrqﬁudlé]CLlﬁéi.r%lo%rl!(lhé\l a%al;?s%ﬁr'}é%g’tér’}sng rﬁéﬁ%‘?ﬁ% y mn%tlﬁéi rc])? e@(es it%l%q)é ag& ?Hlsse e%?u’ reF rhoa%t'no eyuertooseceih
valiggt]é%’ ka]éersl%ﬁentally. The theoretically derived Ky value for the interaction of S1R with heme (250 nM)
18reBgtitenStB:; Mssiglity. IGuiSKXR Mysdrie, B.RemEHzdilg BoltiyarreiSmanadeedopirndortersine,
sphihgeapeutid\tatigettisisphinabsiveavd. WP rvgeRytivipEyaRo8v20e8) 670p08ed-2d e endogenous ligands

for S1R.
19. Malar, D.S.; Thitilertdecha, P.; Ruckvongacheep, K.S.; Brimson, S.; Tencomnao, T.; Brimson, J.M.

2.2 K618 OF TR T BYBte it HQQEWSPWQUFBWQS%‘H@S{E%&‘”" neurodevelopmental

disorders. CNS Drugs 2023, 37, 399-440.

2GS RRIPRRALRTLCTRLEHILTS IPRARHR IR & QLS KRG/ hUIE RIRIMAPGERE 18H SRR !
ne%%%e&%%ﬁglj)rllmﬂys l\wglu%&%ﬁ@%r’r@&? ﬁ%e Parkinson’s disease, age-related macular degeneration,

diabetic retinopathy, glaucoma, and many other forms of retinal degeneration. Several detailed reviews are

2l 308 irkeh £R0%nfre Y I tipre EtMBuIaiB, R faHNa L IR tRESPIievs ROERLIRRraet for

cancer/Alzheimer’s disease treatment via its regulation of cholesterol homeostasis. Molecules
2.3.R0n¢tiond Relationship of S1R to Transcription Factor NRF2

22. Hanner, M.; Moebius, F.F.; FHandoLfer, A.; Knaus, H.G.; Strjessnig, J.; Kemgngr, R.; Glossmaan..
NRFZ2 is an important transcription factor that regulates gene expression in résponse to oxidative stress. The ability
Fl. Purification, molecular clonlnc%, and exgressmn of the mammalijan S|gma1-|o|nd|n%r¢,|t<?. Proc..
of this protein to control gene expression is regulated by changes in protein levels, as well as ceffular localization.

Natl. Acad. Sci. USA 1996, 93, 8072-8077.

https://encyclopedia.pub/entry/50483 4/11



Sigma Receptors in Iron/Heme Homeostasis and Ferroptosis | Encyclopedia.pub

2BheKlekadagf N RP2asackii.Cuv) Beijnflulentadbachhinbles GangpatkigrvaGlentrapsmigtfomadtienall and also by
bindixpresissocytoptieriit pzatindy pe db signdatre cepibar(hSigoitdalipnBiod peore 48 wpdd = dremtiGiorrhem not
bouh@96, K215 BBRF2S8anslocates to the nucleus and mediates its effects on the transcription of specific genes
2, BB TT R RO TSR BRSS! DR aRa i chhere o
T e
glucose-6-phosphate dehydrogenase (G6PD), glutamate-cysteine Ilgase catalytic subunit (GCLC), glutamate-
23R8 1iGask AR Eulbunfe RBGPRAINYNY el epiNdeanth S EINalySis HdheeRNARRE NG daRety
rel RECRIHAG AREORGHHI P BE &1 1BNBAIEGREIPHRGR IS GBSt B ISP P¥roxRBEo - ARMENINERREd toprstcell
dea®?05CLC and GCLM are involved in the first step in glutathione synthesis, namely the ligation of cysteine to
2uiBraRIg O forn V0'agygateine Whish iRy IR tRvaing reauine n Oliatiiany.- Fypging puailabilty
in elfja ERterimting £y iopesxBiSA oR St RSO ey BR (B I it rRigTBRIAA AR ARSS B
formyebRsiiisntor teshBIRGeR/fe T SigvrisiBedbriFdary I RetroGHéAti9anis, oRYIawsy Ipshe removal

of lipid peroxides and hydrogen peroxide via glutathione peroxidases (GPXs). During this step, glutathione (GSH)

2|s cgr%/%’rted’ |Ir?t%r8>|<||(aized ATuta %%%%&Sd?rr%lmh nee':\équ rbé] re%ﬂggé] ec{(recggﬂl '8"80% GOt Ie'? cycle. This
redlANRMEIRr 0L AOMAIS Wit RSiE 9u:haRed StugtHia! RiRiER: BIOMIMAIG.A0%na? #ikose
monop%osphate shunt is the primary metabolic pathway that generates this electron donor, and G6PD catalyzes
2®e Sichtnaiatl, tHeRatZ-enitingSsteB unpiniar pEhvkye RieA. irivaing il aus KansdFA20. @spskabstnuasulabiesf i,
geﬂalmmhmfcpengpqipalmgﬂhé) 2016hBBRYGRPeHBdle via the Fenton reaction (Fe?* + H,0, — Fe3* + OH™ +
*), These hydrox I radlcals oxidize_polyunsaturated fatty acids in biological membranes and produce lipid
29 Schmd H. z, R.M.; Dror, R.O.; Kruse, A.C. Structural basis for o1 receptor | 5;
hydroperomdes ROOI—& a process known as Igp geromdaélg% The lipid hydroperoxides also undergo the Fenton

recognition. Nat. Struct. Mol. Biol. 201
reaction to generate lipid alkoxyl radical (Fe + ROOH - Fe® + RO*® + OH"), which perpetuates lipid

3ebrbi@igiofr.;HS@9 ad ROBH S détoxdinawih Huteprindkesconiprmaiientef tbedrigmafldreeptte iron
and Q¥eélsh i dicaneriaty, paimbiayieN pld 08 6RId-edQ8 ZesLitt,id 3Gdrm of cell death called ferroptosis. Since

ARG L1FIARILS N1 il 8L XY P RINELIBES A S BIRAAN LREANIdR, A SiymE AL Sl QB RYIIgRAGS 2
ProfRIe"; ?{ti%'ﬁgygﬁgeeéﬁatoo\ﬂ?cancer activity. Molecules 2017, 22, 1408.

3theractVatiineVé1 Hidh Spesiic QgakdeltsuchAas ZhpPerta 86108, MdreadBiathenelresilesriectkebin and
NRi GHNG $gaeetin s copEopiiptotediemtteaninef aetivingical Biseasesedsd/RdNREARE QR GdEant-
resp&IBe—bleddent) transcriptional activity “Z481. |n a genetic photoreceptor degeneration model in mice, the

2o B AR ERFES BRORIAERI S8 1R G RGBSR DGR B WTRIEBRRRRBHNRF2
o T RFo RO SR oS H R R AT S L MRE? SBnsrUReBBERcsHly ygting pMuller cells (2. In iver cancer

cells, oxidative stress induced by inhibitors (erastin, sorafenib) of the cystine transporter SLC7A11 increases S1R

SrotbamanayiMouN 9ATyd -nNSeshan K ISR R <MY 4 REIBHANTBRDR WEaG R 3R IR
oxidHf @ BHRIOGRSIRINARRIBCEIR 6 SRR MRLE RIS MIGEARPIESKiHERAQRILIAINAS and, at
thejs%me_%g,ome induction of oxidative stress increases S1R protein levels. It is important to note that the S1R-

JEREFANYITthHRE [V AREMBPAGSIHWY Dorepapedit VReIPBUCHALE ana sy, Yothgraipes being
critisahisifiViee siriainierepretialng remavetRitloi orresEaSIdNFRIATIHIOS IRFtREPRRATIAN platdntalnegatively
congigegtutPiphadsaiscensenncsrIMGE e eatophal BEAs OERe dnpibregy N&E3 vitteolgpmagglpgical agents, is

associated with an increase in S1R protein levels BY. This suggests an effective feedback regulation between S1R
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3hdeRepativy aMiiatjdAras adRAbBsitiviiangnivls SRR Bxdresbachartd HeofvarsapathiR F2. Mdgdecellacaincbls
S1Rgapckdrioding characterization of the sigma receptor in the Jurkat human T lymphocyte cell line.

J. Pharmacol. Exp. Ther. 1999, 289, 251-260.

2.4. Protection against Ferroptosis by S1R and Its Relationship to

3IZI' Maurice, T.: Urant, A.; P&@ V.L.: Romieu, P. The interaction between neuroactive steroids and
emochromatosis and Cancer

the sigmal receptor function: Behavioral consequences and therapeutic opportunities. Brain Res.
ThEakERAa ReYr2904 Btwédf—428R- and NRF2-ARE transcriptional activity is directly related to iron

JHOREREREE, A NEIPPREDIBLAMY SijifRa REERASRT D IBYR(R 7 & i HEMRIRIANTE RRARREES the levels
of qﬂﬁ%ﬁfﬁ?&&dﬁ%%bﬁ%@@éﬂ'}@? i@ugmpﬂ,fgieﬂg%sig@_s iron-induced cell death process is accelerated by

the knockdown of S1R B9, This shows that S1R protects against ferroptosis, which is supported further by the

ARy ORa: Bl il SaB0R B €l RRUNAE i d NRIOILST SR [BEERLRNARBon marker MDA
(marﬂc?ﬁ‘Ji%%réﬁ$&éBV%§r§8£Jng's?r%ﬁé’r”}%‘- f?\‘gvkr%)é&donendbP IglF?%:rLg ‘a s%4sgegng _vv?hoe?f cells are treated with
4thaRyskelnyisabagenksdtaa unstioZ lae rikegohistK s SHEY skaasNalBeridrd AFanny, |. Neuronal sigma-1

receptors: Signaling functions and protective roles in neurodegenerative diseases. Front.
ExqQes, 19889 dfPg-iRducgg Jerroptosis have a connection to several diseases, particularly hemochromatosis and

cancer. Hemochromatosis is a genetic disorder of iron overload (521[53] the most prevalent single-gene disease
LN MG B BiRe M iR ki & 1SR Qe R RI0nG Rensfits: PathoRisiologieal in
mul IS L0LR ARG 1EAS UMt 8l RS S IBBAHIGSERIQT I Rtodedeneraiive dRaaras: Mg HERRIRL

exc%cs)%\:}'é %%tér%’l%ﬁgr? %@'iron appear only after decades of life. It is surprising that cellular damage does not

4eco@ionlyhis diveesg av.a Such. PadeGHRAR 1Houn fler Savest d¢head sifiewoel alg ainstsse (rn de then distiden  dstade
ferrvdsBei TRBARoIRdica7@nundrum is also apparent in cancer. Iron is critical for various cellular functions that
are obligatory for cell proliferation, and, accordingly, cancer cells find ways to accumulate iron to support their
43. Ma, i B\OIe of Nrf2 in oxidative stress ang ¥OXICIty. Annu. Rev. F},harmacol. Toxicol. 2013, 503, 401-
grO\Avtzh6 6] "How do cancer cells manage to increase iron levels without being subjected to ferroptosis? It is
obvious that hemochromatosis and cancer must be associated with an increase in antioxidant machinery to
ddre(zrnapatinduyed Tipanpaiaidabbn BiaSatofidisNitidentdiansponesin wansereRadavancadity of the
cysWvarbaigpayeptheasia andrbeyeradsdthiarneatstnrbhtitod@QhdleihcdPBEaBe! which is expected to increase
ARSI JHENEN S RURMT, ProtSHR oS! Bt PR R, A8 PRATARESsid) ReP findings
ol e 8o EPRRLIRIRSY, ARSI SRAS S SR Sy BN ARRRE AR AL SRR s le o
S1R ealth all PR SLLECtE BRI IFHAP MRS s R A BT BRI eLlc i Sa PR dae s g 1
|mpﬂré?{8)zo§@wa?uébﬁ_r§ T%w%\ﬂ,_@géthe S1R-ferroptosis axis is not likely to be the sole basis for the ability of

this receptor to support tumor growth. This receptor is known to regulate a plethora of cellular functions, including
A8t S RHEri Rm &BR Y FolRAPREEANIRBNS:; GROARAIMANG SHBIEQRG I RRSRIT L ohGARRE 2BH of
whithEpide & YORaRoHYREING AddiCtioR - NiBYel Jarae R e ihg-de s an-abm AW SRS Al ARSI R
thafjﬁ'rlgﬁ’r &%Eﬁﬁlaﬁﬁhggﬁﬁ/iyaﬁ' 0?’2&%‘&%@%, particularly in light of the fact that cancer cells are obligated to
4EYQ°W@!H@EGJEEOZh@O,SlJIQPQIUEhRiI; MQ@OH@,"BWJPN&VHG@QVSQ- éﬁmnﬂh%mﬁaﬁiw,s Llarfisefiel of SIR, it is
i””@ﬁﬁ&r@a’ﬁﬁtﬁ thatriigradsve .P@%DW%@IW@?@%W@W@W I%é@%r%@@%@@m%ﬂ
actipitiia hepistpRBRI S iSe B8 PERRY Rieahio B MBI G HRMEE?. Free Radic. Biol. Med. 2019, 134, 604—
616

| 3. Sigma Receptor 2 (S2R)
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43. BEAmihcATi G iSequence/amd, Stricture of 82RuI, B.; Perry, E.; Smith, S.B. Sigma 1

receptor co-localizes with NRF2 in retinal photoreceptor cells. Antioxidants 2021, 10, 981.
It is important to begin this section with the statement at the onset that sigma receptor 2 (S2R) is not the same as

49 oYLR0G A SOBUPHIRT s MATANSh: B reHlen e RARARRE Vi St S B nSIg0a J SESS RO
seV SRR AN ONIRI VRIS ECRRNSS B BRmEM BN abNlirigbah gells NANRES Rign U A%
relabrS Sistd BN B S R R R YR o R AN Gt e &R G o RIDhraME Gt 2P w800
mo?e%ﬁl%pidentity of S2R was not known until 2017, more than 20 years after the cloning of S1R. It was Alon et al.

584 Ban Weresiydesshoin HonlnadgRROITshoVWRd NWISZRAS NBhBGRMCS U ¢ iSitgadidergiceptoan already
knquroteyotsiagaitest TétFdgeasisanshepaicretplatetafdinonéd sS (dedediomalasdeda0 19028 3GUB2R
cona@Boof 176 amino acids; it belongs to a family of proteins in which the prototypical member is the emopamil-
binding %_rotein (EBI%). However, unlike EBP, which possesses steroid isomerase activity, S2R does not possess

51. Bal, T.; Wangz_, S.; Zhao, Y.; Zhu, R.; Wang, W.; Sun, Y. Haloperidol, a sqﬁma receptor 1 antagonist,
any enzymatic activity. S2R has four transmembrane domains and three small stretches of B-strands (Figure 2A).

promotes ferroptosis in hepatocellular carcinomg_cells. Biochem. Biophys. Res. Commun. 2017,
The P(]?L\g(\]{bEVé/-ZZSD protein structure visualization server %' was used to predict the transmembrane domains. The
AIphaFéId model of the amino acid sequence, as per analysis using the Robetta server, yielded a monomer with

SuBabiidmbhbrhie tbMalie Muolecetas patbagenotieithe g jdarshemes yopdaiesis2Reminshdv@r the

profeif. #0bkisBla2&0héBddimer (PDB: 7MFI) 8l Therefore, the AlphaFold model of human S2R was
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4. Progesterone Receptor Membrane Components 1 and 2
(PGRMC1 and PGRMC2)

4.1. Amino Acid Sequences and Structures of PGRMC1 and PGRMC2

PGRMC1 and PGRMC2 are closely related proteins in the amino acid sequence, with approximately 60% identity
(Table 1). But, they do not bear any significant sequence similarity to either SIR or S2R. PGRMC1 contains 195
amino acids and PGRMC2 contains 247 amino acids. Both proteins possess a single membrane-spanning
transmembrane domain, highlighted in yellow in Figure 3A. PGRMCL1 is an integral membrane protein present in
the plasma membrane, mitochondrial membrane, and the membrane of the endoplasmic reticulum. PGRMC2 is
also an integral membrane protein and is found in the nuclear membrane and in the membrane of the endoplasmic
reticulum. The gene coding for PGRMC1 is located in the X chromosome (Xq24). PGRMCL1 is a hemoprotein; the
heme in PGRMC1 is penta-coordinated, and Tyr113 serves as the fifth axial ligand for iron in heme (iron in heme is
already coordinated to nitrogen; one each in the four pyrroles of protoporphyrin IX). This leaves the sixth
coordination surface of heme open, which allows the heme—heme hydrophobic stacking of two heme-containing
monomers (Figure 3B) 2 The resultant homodimer also forms a disulfide link with Cys129, but this covalent
linking is not obligatory for dimer formation. The dimerization of heme-bound PGRMCL1 has been authenticated
with the deduction of its crystal structure 2. The heme-dimerized PGRMCL1 interacts with the EGF receptor 2],
Recent studies by Kabe et al. 22 have identified certain naturally occurring compounds (e.qg., glycyrrhizin) that
specifically bind to heme-dimerized PGRMCL1 and interfere with the interaction of the PGRMC1 dimer with an EGF
receptor, with functional consequences in terms of chemoresistance in colon cancer cells. PGRMC2 also binds
heme; theoretical modeling, according to the AlphaFold program, suggests a monomeric structure (Figure 3B). In
both proteins, the region that is not associated with the membrane contains a-helices and (-strands. The gene
coding for PGRMC2 is located in chromosome 4g28.2. The binding of heme, as well as progesterone, to PGRMC1
and PGRMC2, has been established experimentally.
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Figure 3. Amino acid sequence and structure for PGRMC1 and PGRMC2. (A) Transmembrane and secondary
structure prediction of PGRMC1 and PGRMC2. The region highlighted in yellow in each protein represents the
membrane-spanning transmembrane domain. Predicted a-helices are identified in red below the amino acid
sequence, and B-strands are identified in green below the amino acid sequence. The POLYVIEW program 651 \yas
used for these predictions. (B) Robetta model for PGRMC1 homodimer based on the crystal structure (PDB:
4X8Y). The heme ligand bound to each monomer is shown in yellow. (C) Robetta model for PGRMC2 monomer.

Membrane boundaries were predicted with OPM (Orientations of Proteins in Membranes) server (67,

4.2. Common Structural Features in PGRMC1 and PGRMC2

Among the four proteins that form the focus of this present research, only PGRMC1 and PGRMC2 are structurally
similar. Both bind heme and progesterone. These two proteins are not only similar in amino acid sequence but also
share a homologous cytochrome b5-like heme/steroid binding domain [Z3I74] There are two other proteins that
possess this domain: neudesin and neuferricin. However, unlike PGRMC1 and PGRMC2, which are integral
membrane proteins, neudesin and neuferricin are secreted proteins. Because of their ability to bind progesterone,
and their feature as integral membrane proteins, PGRMC1 and PGRMC2 are called membrane-associated
progesterone receptors to distinguish them from the classical progesterone receptors that function as transcription

factors and are not associated with membranes. Even though S1R binds progesterone, may even interact with

https://encyclopedia.pub/entry/50483 10/11



Sigma Receptors in Iron/Heme Homeostasis and Ferroptosis | Encyclopedia.pub

heme, and is an integral membrane protein, it does not possess the cytochrome b5-like domain. The same is true

with S2R. Therefore, S1IR and S2R are not members of the membrane-associated progesterone receptor family.
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