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Abstract

Background: Recently, several members of a vertebrate protein family containing a six trans-
membrane (6TM) domain and involved in apoptosis and cancer (e.g. STEAP, STAMPI, TSAP6), have
been identified in Golgi and cytoplasmic membranes. The exact function of these proteins remains
unknown.

Methods: We related this 6TM domain to distant protein families using intermediate sequences
and methods of iterative profile sequence similarity search.

Results: Here we show for the first time that this 6TM domain is homolog to the 6TM heme
binding domain of both the NADPH oxidase (Nox) family and the YedZ family of bacterial
oxidoreductases.

Conclusions: This finding gives novel insights about the existence of a previously undetected
electron transfer system involved in apoptosis and cancer, and suggests further steps in the
experimental characterization of these evolutionarily related families.

Background

A family of vertebrate proteins containing a six transmem-
brane domain (6TM) has been recently implicated in
apoptosis and cancer. Up to date, this family contains four
vertebrate members: STEAP, STAMP1/STEAP2, TIARP and
TSAP6/pHyde. STEAP (six-transmembrane epithelial anti-
gen of the prostate) was the first described member of this
family and identified as a prostate-specific cell-surface
antigen overexpressed in cancer, located at the cell-cell
junction of the secretory epithelium of prostate, and

found as well in both colon and bladder cancer cell lines
[1,2]. STAMP1 (six transmembrane protein of prostate 1),
also known as STEAP2, also overexpressed in prostate can-
cer, has been located in the trans-Golgi network and shut-
tles to plasma membranes, which suggest a role in the
secretory/endocytic pathways [3,4]. TIARP (Tumor necro-
sis factor-alpha-induced adipose-related protein) is a cell
surface protein induced by TNF-o and IL-6, probably
implicated in resistance to insulin [5,6]. TSAP6 (tumor
suppressor activated pathway-6), also known as pHyde
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Y986_PSESM 66 PCW WRRCLCLWCFAYWLHNTMYALFILG . ... ...
YAH5_PSEPK 66 SCW VWRRCLCGLWFAYIVLHILCYLFFILG . ........... ... ... ......
YAJ1_PSEAE 66 PCW AVRRCLCGLV'CFTYVLLHLSAYYVFI LG. .

Y538_PASMJ 68 PCLQVLRRALCLVAVFYVWLHVYAYLALELG.

YG46_XANAC 77 AVWI RFRRVLCLYAFFYATVHLAAYLTLDL

Y1G5_BORBR 74 PALVRLRRNCCLFAFFYCGSLHFLAVWWDR

YT80_RALSO 74 NVLI RI RRMLCGLYTFFYGTLHFLI WLLVDRG. .

YR47_CAUCR 78 PRLVRFRRTVCGLFAFAYVALHLLAYVGIDL. .. .................ooun..
Y304_BRUME 78 1 TLLRYFRALCLLAFYYALNHFTI'YNVLDCG .

YD82_RHI ME 74 VNWLRYRRALCLLAFYYVNVHFLTYNVLDCT.

YJ20_AGRTS5 77 VNLI AYRRALCLI AFYYVLAHFTVYLVL DR

YP37_DEI RA 71 TVAARI RKALGLLAAFYAVLHFCI YLRGCD.

QITNFGB_G ovi 82 PCLLCERRYLCLLTFAFSVLHTWSCI EH. .

*
YEDZ_ECOLI 71 PLLI RTRRLLCLWCFAVWATLHLTSYALLELGV. ... ... ...
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*
........ NNLALLCKELI TRPYLTLEI | SWI LLALAFTSTCANGRK. LG KHWCCLH. NFVYLVAI . LAPI HYL 166

... LDWGCLGVELVKRPYI | VEALAFLCLLALAVTSNRYSCRR. LG SRVKKLH. RLVYVI LG LCLLHVF 160
... LDVGCLAVELRKRPYI | VEALGFLCGLLVLAVTSNRYSCRR. LG. ARVKKLH. RLVYAVLG LCGLLHFL 160
. LDWGCLGI ELSKRPYI | VENLGFVCLFLLAI TSNRFAVRK. LG SRWKKLH. RLVYLI LG LGLLHVL 160

. YDFSLFVGELVNRCYLI | GAI AFLI LTLNALSSVSYLKLK. NG KWFYLH. CLCYYALL. LCAI HYV 162
. GFVTCI FEEI LKRPYI TVEFAAVLLLNPLAI TSTCGYWRR. LK. RNVGRLH. MLI YPI GL. LAVLHFW 171
. LDPVSNLCDVGERPFI TVEFAAFVLNAALAATSTCWANRK. LG KRVGQVLH. RAVYAI GL. LAl LHFW 168
LDPASNVKDI AKRPFI TVEFAAFVLNI PLAATSTNAMRR. LCGRRVWQWLH. RLVYVTGV. LGI LHYW 169
. FFD\N\CLV\KDI LKRPFI TLENLCFMLLI PLAVTSTNGWI R. NGRAAWSRLH. RLVYLI VP. LCVAHYY 173
. LNLSAI I TDI VRRPFI TI €M SLALLVPLALTSNNVS| RK. LG RRWSSLH. KLVYI Al A. GCSAVHFL 172

. LLLPAI VADI ARRPFI TI GNAALVLLI PLAVTSNI VS| RR. LG GRVNKLH. RLVYVI AA. ACALHFA 168
. LI LGSI AGDI LKRPYI NLENACLI | LI PLALTSNRVSI RR. LG. SRNTLH. KLVYLVLI . VGVLHFV 171
. FSLCGRI VEDVTERPFI TSGFAALLLLLPLVLTSCKGSVRR. LCFARVTLLH. RLVYLAAA. LGALHYW 165
. VLCCSLCCNVFFLPRDVGFCVELGI FALLANLPLALTSTOVAVRT. LK. CAWKCLH. CGVFFAAF. LI VLHTL 177

@BYN59_Anasp 273 ASPLNYRRALGVGAFVLSWHTTHMI CHS. .. ... ... ... ... ... .. .... .. LEWNFAAFFFLPPCFCI CNAAGAVALI LNTPAAFTSVESVICKS. LG KYVRCI H. LLSVPALL. LSAI HAV 368
QQ7LK5_d oac 91 KKLVAI RACNAI NASI FI FPHVCI YLYYVLK . oo . YTFPEVI CKCSI ELFTAAYI LAGI | AFI | NNPLFI TSLK. KVRRKMNGVKVKKLQ. RWAYLFYL. LVYCGHI L 190
Y572_TREPA 87 CRVNGLRAELAI TAAILTLGHNIAH. . .. ... ... ....... . GRDYLVRLCGSTGEL STGFLVAGAVSMLVLLNSI LAVTSFK. VVRRRNVGAKTVKRVQ RLAYLFYG LTYVHLS 183
STEA_HUVAN 155 DKWWLTRKGFGLLSFFFAVLHAI YSLSYPNVRRSYRYKLLN. . .. V\AYCCVCCNKEDA\II EHCVVRNEI YVSLEI VGLAI LALLAVTSI P. SVSCSLTWREFHYI CSKLCI VSLL. LCTI HAL 270
BNFT2_STEAP2_Honsa 296 ETWLCCRKCLCGLLSFFFAMVHVAYSLCLPVRRSERYLFLN. . .. MAYCGQVHANI ENSVNEEEVVRI ENYI SFGI NSLCLLSLLAVTSI P. SVSNALNVREFSFI CSTLGYVALL. | STFHVL 411
(B6SF6_TSAP6_Honsa 296 DHWLCHRKCI GLLSFFCAALHALYSFCLPLRRAHRYCLVN. . .. LAVKQVLANKSHLVWWEEEVVRNEI YLSLGVLALCTLSLLAVTSLP. SI ANSLNVREFSFVCSSLCFVALV. LSTLHTL 411
QIWB1_TI ARP_Musnu 284 DHWVLCRKCLCLVALCGFAFLHVI YTLVI PI RYYVRWRLRN. . .. ............ ATI TCALTNKCSPFI TSYAW NDSYLALGI LCFFLFLLLCI TSLP. SVSNMWNVWREFRFVCSKLCYLTLV. LCTAHTL 399
QBPAY4_Xenl a 283 DTWWLCRKCLGLVALAYAFLHAI YTLVNMPI RYYVRVWSAN. ... ... YII TQI KTNNTYEFLNYYAWLSDSYVALGI LCFFFYVLLCI TSLP. SVSNAVRVWREFRFVCSKLCGYLTLYV. LCTAHTL 398
QBP7H1_Xen 284 DQWVLCRKCLCGLI ALSYALLHAI YTLVI PI RYYVRYRI NS. . NI | TQI LKNETRTFCNTLAVRTDAYI ALGI LCFFFYVLLCI TSLP. SVSNAVAVREFRFVCSKLCYLTLV. LCTGHAL 399
QL2209_| L2114 Sacce 146 LALLPLHKVI SRI WLESI LHTWFYL. . . .. ... YYNYI NDTLYVKNVRKLPNI YGVI ALGLFLLI Al TSVR. YARR. WSYRVFYYVH. YVSTVILI LVFLHYHAR 238
YGRO_YEAST 130 TCFI PEEKVFSRI | TVI CLLHCI FFI | KW . ... Al CDNVSLKCKLI LKTENFAGFI | SI LVLFLLI CSI G PVRR. YNYRLFY! VH. NLVAVAFI LLTPI HSR 225
C24B_ HUMAN 94 DRNLTFHKMVAWNI ALHSAI HTI AHLFNVEWCVNARVNNSCPYSVAL SEL CRCNES ARKRI KNPECCLYLAVTLLAGI TGWVI TLCLI LI | TSSTK. TI RR. SYFEVEWTH. HLFVI FFI . CLAI HGA 223
NOX1_HUVAN 95 DHNLTFHKLVAYNM CLHTAI HI | AHLFNFDCYSRSRCATDGSLASI LSSLSHDEK. KCCSVLNPI CSRNTTVEYVTFTSI ACLTGVI NTI ALI LMWTSATE. FI RR. SYFEVEWYTH. HLFI FYI L. CLCI HGI 223
QBJON4_noxA_Enmeni 91 DENI WFHRQVAYATLVFTI LHVAAHYVNFYN. . .. ... ... ... . . | ERKCLRPETALCI HYACPAGVTCGHVNLFCVNLVYTTAHH. RI RQ. CSFETFWYTH. HLFI PFLL. CLYTHAT 190
QXYS3_Di cdi’ 95 DKNI VFEKLI AWI CFATFCHVIVAHFNNFRLYCDI TP. . . . CEYKRI LCI CYPNLTPI KYA. FATLAGVTGHVVCI VWLNYTSAVE. SI RR. PNFECFWYTH. HLFVVFFG LLVVHCL 205
Q7Z7G3_NOX4_Honsa 99 DKSRTFHI TCGVTI CI FSGVHVAAHL VNALNFSVNYSED. FVELNAARYRCECPRKLLFTTVPCLTEVCMWWVLFLNI TASTY. Al RV. SNYCI FWYTH. NLFFVFYM LLTLHVS 209
Q@B6MXO_Di cdi 659 DKYNTFHKLI GYTLI | ASFLHTI GW VGNAVATCKPEN. . . . | FYDCLAPHFKFRPTVVEN FNSLPGVTGFI M SFLI I NAI LSLK. 1 1 RK. SNFELEYYSH. HLFI GFYV. LLI LHGT 770
061213_Caeel 1067 DSAI AFHKI VALFAAFVWATLHTVCHCVNFYHVCGTCSCECLAC, . LFCEAFFCSNFLPSI SYWFFSTI TCLTGI ALVAVNCI | YVFALP. CFI K. RAYHAFRLTH. LLNI AFYA. LTLLHGL 1181
QVQH2_Dr one 1047 DSHI GFHKI AACTALFFSVLHTVCGHI VNFYHVSTCSHENLRC. . ... LTREVHFASCYKPCI TFWLFCTVTCTTGVNLFI | NCI | FVFAHP. Tl RK. KAYNFEWNVH. TLYI GLYL. LSLI HGL 1161
QONRD9_DUOX1_Honsa 1124 DAAVDFHRLI ASTAI VLTVLHSVCHVVNVYLFSI SPLSVLSC. . . .......... LFPCLFHCDGSELPCKYYWFFCTVPCLTEVVLLLI LAl NYVFASH. HFRR. RSFRCEVWLTH. HLYI LLYV. LLI I HCS 1240
QUHF9_Homsal 783 DAAVDFHRVI ANAAVVLAI LHSAGHAVNVYI FSVSPLSLLAC. ... ......... | FPNVFVNECCSKLPCKFYWFFCTVPCNTGVLLLLVLAI NYVFASH, HFRR. RSFRCEVWLTH. HLYI LLYA. LLI | HCS 899
QV7N2_Dr onme 339 DHHVYLHKLTGI TI SVLSLI HTI NHLFNFSI | VI NCPNI . . NAGHYTI CEVWLLTCRPCLFCLI PGCANPTGVALLAI LVVNFVCSCP. FVRRKGSFEVFEYWTH. LLYVPFWI . LCLFHCP 453
Q6PH1_Homsa 308 DCNI CFHCLNGYVVVCGLSLVHTVAHTVNFVLCACA. . . . EASPFCFVELLLTTRPCGI GW VHGSASPTGVALLLLLLLNFI CSSS. Cl RRSCHFEVFYVTH. LSYLLVWL. LLI FHGP 417
P92950_FROL_Ar at h 203 ESSI KYHI VLGHLVM | FTSHCLCYFI YW . .. .. ... e | SKNCLVSKNLEVCRTAVSNLAGEI ALVAGLMWVTTYP. KI RR. RLFEVFEFYSH. YLYI VFNL. FFVFHVG 299
P92949_FRQ2_Ar at h 213 ESSI KYHI VLGHVWNALFTVHCLCYI | YW . .. ASVHEI SCM MCTKGVSNLAGEI ALAAGLVIWATTYP. KI RR. RFFEVFFYTH. YLYI VFML. FFVLHVG 308
FRE2_YEAST 310 TSFI MFHKVLGRMVELCAM HCSAYT. ... ..o ... SYTVANKTWATSKNRL YWCFGVAALCLACTWVFFSFA. VFRK. YFYEAFLFLH. | VLCANFFYACVEHW 402
FRE3_YEAST 310 TSFI MFHKVWLCGRNNVFLOAVI HCAAYT. ... ... .o ... SYSVFYKCWAASKEETYWCFGVAALCI VCVIWFFSLA. NFRK. FFYEAFLFLH. | VLCALFFYTCVEHW 402
FRE4_YEAST 303 TSFI VFHKVWLCGRNVVFLCAI | HAAGFT. - NYYLYYKKVNTVRLRVYVKFGI ATTCLACNLI FFSI A. AFRR. HYYETENALH. | VFAALFLYTCVEHVT 395
FRE5_YEAST 304 TAFI TYHKWLCRFNLVECCTI HAI CYT. . YHAYI ENYVKYVKYSCLWTSCGRHAMI | VCI LVFFSFF. FFRR. HYYELFVI TH. | | LAl GFFHACVKHCY 396
FRE6_YEAST 317 NSFI SFHKVI GRI MWWLNATI HSLSYS. . . LFAI | NHAFKI SNKCLYVKFGI ASI TVLCVLLVLSLG. | VRK. REYEFFLYTH. | | LALLFFYCCWCHVK 409
FRE1_YEAST 288 STFNFYHKVWSAYVCFNLAVVHSI VNTASGVKR. . ..o CGVFCSLVRKFYFRWGI VATI LNVSI | | FCSEK. VFRN. RCYEI FLLI H. KAMNI NFI I AVYYHCH 380
FREL _CANAL 269 ATFI MYHRVI SRVDVLLI | VHAI TFSVS. . . . CKATCKYKNRNVKRCFNI WETVSTI CGGFI LFCANL. FFRR. KCYEVFFLI H. | VLVVFFVWWCGYYHLE 361
FRP1_SCHPO 151 EKMNYVHRRLSCYAI M CAIHCFAYI . .. ... ... .. .. ... .. .. ... CLAACCKRALLTARVTI | GYVI LGLMWVI NI VSSLP. FFRR. REYEVWFFVLH. HNVCSI CFLI TI VLHHR 241
FRE7_YEAST 191 EKI NI YHQWASI LCLFESWHVI PFLRCARH. . ... ... ... . ECGYERNHGRVKASCMRSGVPPI LFLNLLVLSSLP. | ARR. HFYEI FLCLH. W LAVGFYI SLFYHVY 287
@BYTTO_Anasp 80 DLI LCFHRYTSI VAFLFLLAHPITLFINN. ... ... ..o PEI'LCLLI\FFCAF’VRAR . AAVI ATLALI Al I VTSI W RKGLNI CGYENVRI AH. Gl LAVI | VSFCLCHVL 174
YE62_ARCFU 29 SYIVKAHRLFGYI SVGFLLFHPLLEVLPR. ... .. ... ... ... ... .......... QFECSI CPFCAFVKI | TTCNSAI LLEI AGWAVNLTLAVTSVL. RKRLFKNYRKVRTFH. Gl LAVWLI TWGYHVL 130
.
Figure |

Representative multiple alignment of the ACRATA domain. It is viewed with the Belvu program [33]. The colouring
scheme indicates average BLOSUM®62 score (correlated to amino acid conservation) in each alignment column: cyan (greater
than 3), light red (between 3 and 1.5) and light green (between 1.5 and 0.5). The limits of the domains are indicated by the res-
idue positions on each side. The TMHMM helix transmembrane [29, 30] consensus prediction is shown below the alignment.
The asterisks above the alignment mark the conserved histidine residues mentioned in the text. Different groups of the
ACRATA sequences are shown by coloured lines to the left of the alignment: red, YedZ family; yellow, STEAP family; violet,
Nox family. The sequences are named with their swissprot or sptrembl identifiers, and also, if necessary, with their gene name.
Species abbreviations: Homsa, Homo sapiens; Glovi, Gloeobacter violaceus; Anasp, Anabaena sp.; Cloac, Clostridium acetobutylicum;
Musmu, Mus musculus; Xenla, Xenopus laevis; Sacce, Saccharomyces cerevisiae; Emeni, Emericella nidulans; Dicdi, Dictyostelium dis-
coideum; Caeel, Caenorhabditis elegans; Drome, Drosophila melanogaster; Arath, Arabidopsis thaliana. Complementary information

is accessible at: http://www.pdg.cnb.uam.es/STEAP.

[7-10], is a p53 inducible protein which regulates apopto-
sis and the cell cycle via direct interaction with Nix (a pro-
apoptotic Bcl-2 related protein) and Myt1 kinase (a nega-
tive regulator of the G2/M transition) [9]. TSAP6 has been
shown to be interacting with TCTP (Translationally con-
trolled tumor protein) and could be implicated in its
secretion [10].

In this work we present evidence of remote homology of
this family to other two families: the mainly eukaryotic
Nox and the bacterial YedZ (Fig. 1), both involved in
redox functions [11-17]. The Nox family is involved in the
production of reactive oxygen species (ROS) [11,12]. The
first member of the family (gp91phox) was discovered in
phagocytes and contains an N-terminal transmembrane
heme binding domain and two C-terminal domains with
binding sites for both flavin adenine dinucleotide (FAD)

and NADPH (Fig. 2) [11-13]. Originally, ROS were
thought to be used just as a mechanism of host defence.
The discovery of gp91phox homologues in several other
tissues has suggested their implication in many other
functions, such us signal transduction, cancer, mitogenic
signalling, cellular growth, angiogenesis, and modifica-
tion of extracellular matrix proteins [11-14|. Regarding
the bacterial YedZ family, the only experimentally charac-
terized member so far is the Escherichia coli YedZ protein,
which binds a single heme and is involved in electron
transfer to the molybdopterin cofactor in YedY, its operon
neighbour gene [16-18]. The exact function of the operon
YedZ/YedY remains unknown.

Methods
To do the sequence analysis of the new domain we took
advantage of the possibility of connecting distant protein
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Figure 2

Schematic representation of the domain architec-
ture and common features in representative proteins
containing the ACRATA domain. The representative
sequences selected correspond to: YEDZ,
SW:YEDZ_ECOLI; STEAP, SW:STEA_HUMAN; TSAPS,
SP:Q80ZF3; NOXI, SW:NOXI_HUMAN; NOXS5,
SP:Q96PH2; DUOXI, SP:Q9NRD9. NOXI, NOXS5, and
DUOXI, belong to the Nox family. The proteins are drawn
approximately to scale. The domains are named and located
according to the Pfam and SMART protein domain databases
[34-37]. Abbreviations: SP, SPTREMBL; SW, SWISSPROT.

families via intermediate sequences [19] and methods of
iterative profile sequence similarity search: HMMer
[20,21] and PSI-BLAST [22] over the Uniprot 90% non
redundant sequence database [23]. We used NAIL to view
and analyse the HMMer results [24]. The alignment of
transmembrane regions using standard substitution
matrices might be inaccurate because of the different roles
played by amino acids in globular proteins and in trans-
membrane media [25]. In the case of the ACRATA
domain, the regions to be aligned mostly consist of amino
acids located in transmembrane regions (Fig. 1). For this
reason, we used a method based on a hidden Markov
model (HMMer hmmalign), which does not rely on a gen-
eral substitution matrix [20,21], using as a guide both the
transmembrane predictions from TMHMM [26,27] and
the results of multiple sequence alignment using T-Coffee
[28,29]. The genomic neighborhood of the bacterial
sequences (YedZ family) was analyzed to find potentially
related genes in operons using STRING [17,18].

Results

The global hidden Markov profile [20,21] generated for
STEAP and related vertebrate proteins (STEAP family,
henceforth) localized the first bacterial sequence (SpT-
rembl Q7VKI9 from Haemophilus ducreyi) with an E-value

HMMer E-values / Uniref 90%

~ . 0.00087 T
STEAP

*

.
.
.
R

Figure 3

HMMer E-Values between the ACRATA domain con-
taining families. The numbers correspond to HMMer E-
values from global profile search results [20, 21] that connect
independently each family with the others. The arrows indi-
cate the profile search direction, for example: the YedZ fam-
ily profile search finds sequences of the STEAP family with a
0.00087 E-value and the global profile of the YedZ/STEAP
families (dotted line) detected the Nox family with an E-value
of 0.032.

of 0.63. This protein belongs to the large YedZ family of
bacterial oxidoreductases. The corresponding YedZ global
profile detected the STEAP family (most similar member:
SpTrembl Q8IUE7, human STAMP1) with an E-value of
0.00087. The global profile of STEAP and YedZ detected
the Nox family with an E-value of 0.032 and the corre-
sponding Nox global profile localized the YedZ family
with an E-value of 0.007 (Fig. 3). Only the regions from
transmembranes 3 to 5 were considered to build the pro-
files because the transmembranes 1, 2 and 6 are highly
variable among families. We have named this 6TM
domain the ACRATA domain after Apoptosis, Cancer and
Redox Associated TransmembrAne domain.

To investigate the consistency of our results we performed
iterative database searches using the PSI-BLAST program
[22]. We used as query the most conserved region of the
ACRATA domain in E. coli YedZ protein (residues 71-
166). These searches detected all of the ACRATA domain-
containing families after 15 iterations (using a cut-off of E
=0.005 for the inclusion of retrieved sequences in the pro-
file). None of these profile searches retrieved new
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Figure 4

Phylogenetic tree of selected ACRATA domain con-
taining proteins. The scale bar represents the number of
inferred substitutions per 100 sites (amino acid residues).
The tree branches for YedZ proteins are in red, STEAP
branches are in yellow, and Nox branches are in violet.
Organism name abbreviations are as in Fig. |. We generated
trees using a Bayesian, Neighbor Joining, and Minimum Evolu-
tion methods, and found that all three gave the same topol-
ogy suggesting that the overall structure of the tree is
correct. For illustrative purposes only the Neighbor Joining
tree is shown [38-40].

unrelated sequences, and reciprocal searches produced
convergent results. Therefore, we have concluded that
ACRATA is a previously undetected, conserved domain
that is commonly found in members of the STEAP, YedZ
and Nox protein families. The similarity between these
proteins was suspected before [30]. However, no align-
ment, domain definition or substantial statistical evi-
dence was provided to demonstrate the evolutionary
relationships of these proteins.

The complete conservation of two histidines in all
ACRATA domain containing proteins (Fig. 1) indicates

http://www.biomedcentral.com/1471-2407/4/98

that the STEAP protein family could bind at least an heme
group, as was previously experimentally characterized for
Nox and YedZ families [13,16], or for other analogous
proteins such as cytochromes [31].

Discussion

Experimental evidence show that Nox and YedZ families
share heme binding capabilities and also involvement in
electron transfer chains [11-13,16]. For the STEAP family,
the electron transfer capability is consistent with the pres-
ence of an N-terminal cytoplasmic NADP oxidoreductase
coenzyme F420 dependent domain, being the only excep-
tion the STEAP protein itself (Fig. 2). Therefore we con-
clude that ACRATA domain is a heme binding 6TM
domain that originated before the onset of eukaryotes
(ancestral, YedZ), transmitted by vertical descent in a con-
ventional manner (Nox family), and further expanded in
vertebrates (STEAP family) (Fig. 4).

Although the mechanism of action of the ACRATA
domain could be the same in all the proteins containing
it, its variable cellular role is made conspicuous by the dif-
ferent effects produced by the modifications in the expres-
sion of the corresponding genes. For example, the knock-
out of the whole YedYZ operon seems not to affect E. coli
in a number of conditions tested (Brokx, S.J. and Weiner,
J.H. personal communication). Very differently, changes
in the expression patterns of human genes containing the
ACRATA domain could be related with apoptosis or can-
cer [1-14]. The well known functional flexibility of oxi-
doreductases is exemplified in bacterial proteins such as
cupredoxins and cytochromes, normally involved in elec-
tron transfer during respiration but that can enter in
eukaryotic cells to induce apoptosis or inhibition of cell
growth [32], or in the Nox family, with functions as differ-
ent as host defence in phagocytes or extracellular matrix
modification [11,12].

Conclusions

We have described for the first time a 6TM domain present
in three protein families (STEAP, YedZ and Nox): the
ACRATA domain. The common functions of the proteins
of those families suggest that this domain is involved in
electron transfer, mediated by its heme binding
capability. We hypothesize that STEAP, STAMP1, TSAP6,
and TIARP have this function, and that they form part of
electron transfer systems involved in cellular regulation,
apoptosis, and cancer. Additional experimental
approaches using different members of the ACRATA
domain-containing families are required to confirm these
hypotheses.
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