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Colorectal cancer, one of the most challenging malignancies, still has a limited number of recog-
nized prognostic and predictive markers indicating appropriate treatment. MACC1 (metastasis-as-
sociated in colon cancer-1), a novel regulator of tumor growth and metastasis has recently been
identified as an important prognostic factor of metastatic disease in colorectal cancer. The mecha-
nism of MACC1 activity remains undetermined. Here we apply a combination of fold recogni-
tion and homology modeling algorithms to draft MACC1 function. The applied methods revealed
that the MACCI1 protein consists of four domains: ZU5, SH3, and two C-terminal death domains
(DD). Previously a similar domain architecture (ZU5-DD) was observed in other proteins, in-
volved mainly in signal transduction and apoptosis regulation. Based on the specific aspects of
the closest homologues’ biology functional hypotheses on MACC1 are proposed. A broad range
of bioinformatic analyzes indicates that MACC1, besides its involvement in signal transduction
from the MET receptor, links MET signaling and apoptosis.
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INTRODUCTION

Colorectal cancer is one of the most challeng-
ing malignancies. Currently there are no well recog-
nized molecular prognostic factors other than his-
topathologic description identifying subpopulations
of patients who can benefit from more aggressive
adjuvant treatment after primary radical surgical
therapy (UICC stages I and II). A recent report by
Stein et al. (2009) described a newly identified gene
MACCI (Metastasis-associated in colon cancer-1) as
a novel key regulator of tumor growth and metas-
tasis. Those authors presented results indicating the
importance of MACCI expression as a prognostic
factor of metastatic disease and thus a promising
aim for further studies. Increased MACCI expres-
sion was shown to be associated with induced cell
migration and metastasis. MACCI was also outlined
as responsible for other aspects of carcinogenesis —

including cell proliferation and tumor growth (Stein
et al., 2009).

Stein and coworkers in their report provided
a simple bioinformatic analysis of MACCI protein.
By application of several basic sequence annotation
methods they identified a single internal protein
domain (SH3) and predicted several potential short
functional regions located throughout the sequence
of this protein. In the final conclusions the authors
suggested that MACCI is a transcription regulator
of the MET proto-oncogene, despite the fact that no
clear links to any known DNA-binding activity were
identified.

In response to the observations of Stein et al.
(2009) on MACC1 activity one more point should
by noted. As postulated previously (Wyrwicz et
al., 2004) a usage of statistically unverifiable bioin-
formatic methods — like searching for short poten-
tially functional motifs — should be used with great
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caution. Stein et al. (2009) reported the presence of
proline-rich motifs, Epsl5 homology motifs, inter-
action sites for clathrin and retinoblastoma protein,
and motifs potentially recognized by SH3 and SH2
domains. Eight out of the eleven functional regions
indicated by Stein and coworkers are at least par-
tially located within domains described here (not
shown). In such a situation the effect of mutation or
deletion of such motifs cannot be treated as a proof
of its functionality — e.g., the PXXP motif analyzed
in the original Stein et al. (2009) report is located di-
rectly before the SH3 domain. Therfore creation of
a protein construct lacking this fragment may rather
interrupt the proper functioning of this domain than
confirm a functionality of the motif (Gurtner et al.,
2008).

Previously we applied advanced methodol-
ogy of protein structure prediction augmented with
structural modeling in identification of distant sim-
ilarity of various yet-unknown genes (Knizewski et
al., 2008; Kokoszynska et al., 2008a; 2008b; Wyrwicz
et al., 2008, Wyrwicz & Rychlewski, 2008). Since
the prediction of protein structure can be highly
useful in elucidation of its likely molecular activ-
ity (Wyrwicz & Rychlewski, 2007) we applied a
broad range of bioinformatic algorithms of protein
structure prediction to broaden the knowledge of
MACCI1 biology.

METHODS

Homologs of MACC1 were collected from
the NR (non-redundant) database of NCBI (Na-
tional Center for Biotechnology Information) us-
ing PSI-BLAST (Altschul et al., 1997). The collected
sequences were clustered at 70% sequence identity
with Cd-hit (Li & Godzik, 2006) and aligned with
ClustalW (Thompson et al., 2002) and PCMA (Pei et
al., 2003) algorithms. The globular domain regions of
MACCI were assessed with GlobPlot (Linding et al.,
2003) and submitted to the Protein Structure Predic-
tion MetaServer (http://bioinfo.pl/meta) (Bujnicki et
al., 2001) — a server uniting a number of fold rec-
ognition (including 3D-PSSM (Kelley et al., 2000)
and INUB (Fischer, 2003)) and homology modeling
methods (FFAS3 (Jaroszewski ef al., 2005), MetaBa-
sic (Ginalski et al., 2004)). Secondary structures were
predicted with PsiPred (McGuffin ef al., 2000) and
Jpred (Cuff et al., 1998). The obtained results were
analyzed by 3D-Jury — a consensus fold recognition
method (Ginalski et al., 2003; Wyrwicz et al., 2004).
Sequences of proteins with similar domain compo-
sition (SH3BP4, UNC5, ANK) were analyzed inde-
pendently with the same methods. The structural
templates of protein domains were mapped to the
multiple sequence alignment of MACC1 homolo-

gous sequences and manually adjusted based on
the results of secondary structure prediction, amino
acid properties and the presence of functional resi-
dues (Wyrwicz & Rychlewski, 2007). The homology
models of single domains were reconstructed with
Modeller 9 (Sanchez & Sali, 2000). Visualizations
of models were performed with Swiss-PDB Viewer
DeepView version 4.0 (Kaplan & Littlejohn, 2001)
and PyMOL (http://www.pymol.org).

RESULTS AND DISCUSSION

As depicted in Fig. 1, MACCI1 consists of
several distinct functional regions: ZU5 (PfamA
(Finn et al,, 2006) domain PF00791), SH3 (SH3_2
— PF07653) and death domains (DD — PF00531;
for detailed sequence-to-structure alignments refer
to Figs. 2-5). The first domain belongs to the ZU5
family which is typically found in receptor and cy-
toskeleton proteins, including ankyrins and netrin
receptors (Fig. 2). The structure of this domain was
recently resolved by Ipsaro et al. (2009). In various
experimental studies ZU5 has been shown to form
a novel type of protein—protein interaction interface
probably involved in binding of spectrins (Sikorski
et al., 2000; Zhang et al., 2004). Here specifically, the
co-localization near the cell membrane allows high
affinity binding of ZU5 to signal transduction pro-
teins (Ipsaro et al., 2009).

The second domain of MACCI protein is a
small SH3 domain that forms a (-barrel structure
with numerous conserved hydrophobic residues
whose side chains pack into the barrel’s core (for
alignment compare Fig. 3). This domain, properly
predicted by Stein et al. (2009) in fact belongs to the
SH3_2 family by the PFAM classification of protein
families (Bateman et al., 2000). Other members of
SH3_2 are present in a number of proteins including
homologous SH3BP4 protein, tight junction proteins
and a number of membrane proteins. This domain
mediates protein—protein interactions of protein tyro-
sine kinase-dependent signal transduction pathways

[ zus | 5 MACCI

-G ws  SHIBP4
EEBETER @7 /-« ANK
NDEEE B T :» UNCs

O & @58 - UNcscL

Figure 1. General overview of the domain composition
of MACC1, SH3BP4 and related proteins (ANK, UNCS5,
UNC5CL).

Following domains are defined with letter code: ZU5, SH3,
DD (death domain), ANK repeat (ankyrin repeat motifs),
IG (immunoglobulin domain), TSP (thrombospondin do-
main), TM (transmembrane domain).
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57096388 MACCL C.familiaris (_226) VIVCKLS! NHDLSCY o LH=PSK (342}
194209704 MACCLl E.caballus {_200) VCKLN NHDLECY . TEIVCLHZLGE (316}
114612256 MACCLl P.troglodytes {_200) LAEVTL. NHDLSCY o3 LHELGK (_316)
75042101 MACCL P.abelii {_200) LAEV NHDLSCY o3 LHELGK (_316)
47077257 MACCL H.sapiens {_200) LAEVTL NHNLSC s LHELGK (_316)
94393364 MACCL M.musculus {_200) IAETIAVCKLN KLNHDLSCy LYSLDOR (_316)
1094786816 MACCL R.norvegicus (_261) I I KLNHDLSCY KIVCLHELDR (_377)
1263415905 MACC1 M.domeatica (_191) TVIVCELGS] (P 4 T S0y £ LTCLYESHE (_307)
149641347 MACCL O.anatinus {_200) TLT (P 1 IVCLHECHE (_316)
47225531 MACC1 T.nigroviridis (_124) ISRIGI PG 4 GLNNNYET] KL (_240)
Peipred MACCL H.sapiens H £

Jpred MACCL H.sapiens

158255854 SH3IBP4 H.sapiens {_305) TRIVCELDS! T T i SQZIKNDLFSKST\-'GLQCLR DSK(_421)
B2100967 SHIBP4 5. qui {_310) THI T ik SVVV--KIESROTTEILCVREDCK (_424)
1482329594 SH3IBP4 X.laevis {_300) TSI W I T i IIIDVQGBL SVALGGHASALNMVGIKCLREDAK (_416)
181340060 SH3BP4 D.reriec {_304) IETRIVCELDS: T 1 T] VY-~ VCIRZDCK (_418)
Psipred SH3IBP4 X.leavis EEEEEEEE H EEEEEEEEE HHEEEEEEEE

1167996 ANK3 H.sapiens {_566) NVNLVSSPIHSGF I TRITC AN HG--ERRGI [VL (_684)
74002181 ANKZ H.sapiens {_984) VALSSSPIHSGFLVSIFM) I TRVTCILVEKRHRLA' MV--EGEGL : (1102)
215598574 ANKl H.sapiens {_942) NISPVASPVHTGF O TRITCILVEPQKLS' LA--EEEGL (1060}
1814195 ANK C.elegans [} 9§GJWSKLEERTFLISFL T I Q- -PIRVTCEY LRED! LS--EGEEL IgIL (1114)
28558750 ANE D.melancgaster {_920) NVVIARSQVHLGFLVSFLVD I TRITCEYVEPQR! LM IIIL £5¢ (1038)
178646 ANK H.sapiens {_901) NISPVASPVHTGF O TRITCILVEKPQKLS' LA--EEEGL P (1019)
(PMID 19141864) ANE H.sapiens EEE

28558750 ANK D.mel {1068) STAVPOVEAIF GPHAL-~~~ A LGOGVA VT 1 TLR(1185)
1814195 ANK C.elegans {1155) DEMYFAVVTRVROEVHCVGP] ISSVVPRVQATI PREMV VT A TLR(1272)
1167996 ANK3 H.sapiens {.723) I ILSSTT e W A VPDEIVEKILG VT A T BLLC{_B40)
215598574 ANKl H.sapiens {1099) DFZLYFVIMSRL KSKL L A VPDELVTELLGHN VT 3 T-SLRLLC (1215)
149039901 UNCSA R. narvnqxcus i Jatjmmmmsmtsﬂ'rur -—MLLD?DIIPR KIYEL LHKPE--DVRLPL--AGCQT! SCGZP LTRZ 2 r‘Rfa)ﬂ"[ 501)
11559982 UNCSB R. g {_531) SQHLLGL LTI IPQEKFYDL! INKTE--ST! S--EGS VTCG TGI’-LI.CI'#’V mWU:mutmem[ 648)
74211267 UNC5C M.musculus i -lssjmsummsc'rm'rrus LIT-NSGVSLL. L} POERVYEMYVTVHRKE -~ 'M--EDSQTLL SCGEZPGALL A TQLKN( QGO (_580)
116875765 TJP1 H.sapiens {1542) FH: S5I-| II PE, \"EBIWC SI L LE LM ' PHCD- ONKCLPGDPNYLVGA (1658)

Figure 2. Multiple sequence alignment of ZU5 domains of MACC1 and SH3BP4 proteins with ANK, UNC5 and TJP1

protein families ZU5 domains.

Corresponding sequences are defined with GenBank entries (coded with GenBank identifier — gi) and organism of ori-
gin. Numbers in brackets refer to positions of presented sequence fragments. Observed (Protein Data Bank entry 3F59_
A) and predicted (Psipred, Jpred) secondary structure elements are coded with letters (H, a-helix;, E, 3-strand).

47077257 MACCL H.sapiens (544) QDRTLNFSH : : ISKEQVMFMSDSVET EQI (639)
94393364 MACCL M.musculus (543) VR~ TSKEQ EQI (638)
109478816 MACCL R. gi (603) (O SKEQ LTTENLLEQI (698)
114612256 MACCL B. lod (544 o TSKEQ LEQT (639)
75042101 MACCL P,abelii (544) QURTLNFTHY ST i TSKEQ EQT (639)
5T096288 MACCL C.familiaris (569) QDENMNENY (N IAREQVI EQI (664)
1594209704 MACCL E.caballus (544) QDENLNFTH (O, I TTENLIEQT (639)
126341905 MACCL M.domestica (535) 5 TSREQVI EQR (630)
149641347 MACCL O.anatinus :5umnasx.sn.m T SF EQM (639)
47225531 MACCL T.nigroviridis (432)TDRFVSLQ IWQVIDE‘TGIRZS‘!D\&WNHSZT}
73994175 SH3BP4 C.familiaris  (648)@D g LAGPELSTSVLLEQT (743)
26334531 SH3BP4 M. musculus (648) QORP @ ”, GRARPSLESGPELSTSVLLEQT (743)
TE5TEE2 SH3BP4 H.sapi (€49) QORP ) SGPELSTSVLLEQL (744)
126314579 SH3IBP4 M.domestica (652) QERP T YQ--ER T oy IRPCFFS STSVLLEQT (747}
146232994 SH3IBP4 X.laevis (644) QDRP A F LLEQI (739}
443264 SH3 pdb 1SHF B ( 1)=———mm—mmm VTEEVE i (_59)
187937026 SH3 R.nor (162} FUGILEDFPEDEDTTNWLRCYFYEDTG (249)
163644267 SH3 H.sapiens (162) POGHSVDRMARPRAES LESTVE. (LS| LKDFPEEDDPTNWLRCYYYEDTE (249}
74140485 SH3 M.musculus (162) POGATMDRMERFRAES LEETS LKDFPEDEDTTNWLRCYFYEDTG (249)
130483684 SH3 O.cuniculus (162) POGGGVDRLEAPRAES LEETT IKDFPEEDDETNWLRCYYYEDTV (249)
114051670 SHI B.tauvrus (162) POAAGIDRMAAPRAE L Vi IFaVEE LEDFPEEEDPTNWLRCYYYEDTI (249)
94733288 SH2 D.rerioc (162) PR---TDLLSAPRAE VR--DRTEL! SF IKAL 0246}
114686256 SH3 P.troglodytes (156) ARGRECDQRAEPEEN! ¢ L = LS| LKDFPEDDDPTNWLRCYYYEDTT (243)
126030343 SH3 pdb 2DYB A (164) > IHEDALEETVR- -5 LS LKDFPEECDETNWLRCYYYEDTT (251)
74191245 SH3 M.musculus (1} YLy D E g -————-] ) LVGHYDK--KPVGPGPGFPATFP (_83)
119616059 SH3 H.sapiens (__1)==———-MSVPH SPDL EQ SNRLT (_83)
2058303%7 SH3 D.rerio SPDi LVGMYDE--Q0000LOOLANDPS (_83)
219454567 SH3I B, floridae TPETPD: DRPFSPTPQGGOPQOQPL (86)
115712742 SH3 S, TAEAP! IYESPNHPNTNTSPHKEVON (_86)
BE554398 SH3 B.taurus SPDe EPAAP o LA(123)
6978709 SH3 R.nor SPDL (177
16804779 BSH3 L.monccytogenas : 1115}
66821645 SH3 D.discoid (177} LATCRVIHSCTPTHHA (244)
24638565 SH3I D.melancgaster (176) TDLHRKLEAY ARVEQSRVENAYD-KTAM ————(253)
15207833 SH3I M, fascicularis {398) RSEL CHATY maamrzmnmsmcdsn
23308741 SH3 D.reric (605) KGRQIYVRAQFEYDPVEDELIPCKEAGIRGR G696}
BE560957 SHI C.elegans (_26) QVDHFDPYT! 'r@w?mwm---'a‘:m TV (110}
20807361 SH3 T. (_30) AEGL T 1TQVSID VTGNY (117}
66360367 SHI pdb 1WYX A (1) B (_69)

WYN_A

ar

Flgure 3. Sequence-to-structure alignment of putatlve SH3 domain of MACC1 and SH3BP4 proteins and SH3 do-
mains of resolved structure and its homologous sequences.
For detailed description refer to Fig. 2.

— it participates in the formation of stable protein
complexes and regulates protein function by binding
to their proline-rich motifs sequences.

The remaining two C-terminal domains be-
long to the death domain family (DD) — both of a
six helical bundle fold (Figs. 4 and 5). The prediction
was confirmed by the quality assessment tool 3D-
Jury with a confidence score up to 61.18 and 50.83
for the first and second DD domain, respectively,
with earlier tests indicating that predictions achiev-

ing a minimum 3D-Jury score of 50 are associated
with less than 5% of erroneous fold prediction (Gi-
nalski et al., 2005).

The typical function of a death domain is
formation of oligomeric signaling complexes in
regulation of apoptosis.
self-association with DDs of other proteins in in-
duction of pro-apoptotic signals. MACC1 has a
unique double DD architecture (compare Fig. 1)
and for the best of our knowledge such composi-

This domain mediates
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94393364 MACCL M.musculus {637) QIALPFESL, IQALK He REFLYE e, SAVEL (745)
109478816 MACCL R.norvegicus {697) QIALPFENL, —#VL H IVEE REFLYE =IO THTSAVEL (805)
57096388 MACCL C.familiaris {663) QITLPFEKIL, IVE REFLYE AH-IFIOEAA SAVEL (771)
194209704 MACCL E.caballus {638) QIALPFRKF| ="" LY I Kl AH-FTOEAR {746)
114612256 MACCL P.troglodytes {638) QIVLPLEKL ", DY 1K LY |:ﬁn AR T OER {746)
75042101 MACCL P.abelii {638) QIVLPLEKL, . oI IX H-—-THRNTREFLYEWT VALK ., T (748)
47077257 MACCL H.sapiens {638) QIVLPLEXI, . DOIL K H--TERNTREFLYE A ., (746}
149641347 MACCL O.anatinus (638) QMAFPFRKLY W H-~ ADRNKRRFLYE ~@I00TV! (746)
126341905 MACC1 M.demestica (629) QARLPFRRH ", MQVEK H-~VDRNRRSFLYE KIwCs SAVKL {737)
47225531 MACCL T.nigroviridis (526)NMTMPFRKI4 uf 'VDAILRRCL v”'hn H=-~MEKTRREFLHE} = FIODTV (634)
Jpred MACCLl H.sapiens HHHHHHI HHHHI [HHHHHH HHHH

Psipred MACCL H. sapiens

158255854 SHIBP4 H.sapiens {743) QILRPCKFLag¥ L E TEEC ; t QRED LK i Lade kg (853)
148232994 SH3IBP4 X.laevis (738) QILRPCKF IG5-LRCF RVE W - SEGHEKKS! LKI ~@100F (847}
82100967 SH3IBP4 S.qui {746) QILKPCKF Y MEN YT W W . VLI TTAVEL (856)
181340060 SH3BP4 D.rerio {740) QILKPCMCLGY L GACVIEE oL = (850)
Peipred SH3BP4 X.laevis [HHHHH HHI HHHH

189537864 DD D.rerio {651) : M"'N(\l—'wbﬂs IRHQHRENF 'FHWARG——--QOGAGPGAVOR E-VEDIVTLGKRKYEE (757)
47224527 DD T.nigroviridis {709) LKLGD L QIGH] T RIK AL 5 DE-IEDTVRIGRRKYSE (815)
149061635 DD R.norvagicus (116) PTV IRHEF SQTGOPGAVGH EE-VRATLELGRHEYQD (221)
12083587 DD M.musculus (782) GF : TRHEFREDLOGOGRAM rswu;-----moopmm EE-VRATLELGRHEYQD (887)
15928880 DD H.sapiens {760) L IRHEFREDLDY: =) RGO AEE-VRAVLELGRREYQD (865)
114635446 DD P.troglodytes {761} TGF 4 TRHEFREDLD:: 1 Ta) Nels) AEE-VRTVLELGRREYQD (866)
92BO1E88 DD M. £ i laris {576) L BTV IRHEF R FSH. = ==-ROAGQPGAVGL AEE-VRAVLELGCREYQD (681)
73982554 DD C.familiaris {621) LTOEN PAV ¥ IRHEF] R FSHAZ-——--RORGOPGAVGLE ;up.ﬂ\"{_- AEE-VRAILELGROKYED (726)
118091336 0D G.gallus n'm LNLGNAETGY LTQANI IS TARRVGA, —*’@'r: TYRQIERI DEQTLDMEF SKAQ-——--QNSGDPDCVSE DE-VEATTELGRRKYRE (883)
146387314 DD pdb 20F5_H (. LroENLds WP AVE By IRHEFREDLDS0TREMIF SHAS-- - - -ROAGOFGAVGLY IAEE-VRAVLELGRRKYQD (106)
pdb 20F5_H HHHHHIIIIHHHH HHHHHH HHHH

114582591 DED P.trogledytes 1) TH( T F: E& YL KL : RV LER : HLLR (_83)
3133283 DED H.sapiens (1) oy T FLCRDV: ‘II DE. KL ARVRV DLiAA R({_83)
16923994 DED R.norvegicus (1) =====] MALSE FLCRDV: o2 QLSFARIA KR R(_88)
18653884 DED M. herpesvirus 1) £ P 1PLPVILEINTLVG STFFLLOVGFIIERLAS (_84)
190613686 DED pdb 3CLI_A 1) v REVVLFLINVE- zmrum.ma —=—————-RLTFPLIAE ROLPHLOPREDERAL—- (_91)
pdb 3CL3_A HHHHHHHH HHHHHHHHHH HHHHHHHHHHRH HHHHHHHHHH HHHH HHHHHHHH

Figure 4. Sequence-to-structure alignment of putative DD of MACC1 homologs and DD retrieved from PDB.
Additionally the death effector domain (DED) sequences, structurally aligned with DD domains are presented. For de-

tailed description refer to Fig. 2.

94393364 MACCL M.musculus (_724) AHLEQEN TP oA 5

109473816 MACEL R.norvegicus {_784) ARLIQEAV 1 ",

114612256 MACCL P.troglodytes  (_725) ARLIQEAA! EIPHJGN .

75042101 MACC1 P.abelii (725} ARLT TR "

57096388 MACCL €, familiaris {_750) AHLIQERA MEAYE TP H -

47077257 MACCL H.sapiens {_725) ARLIQERA IR o

154209704 MACCL E.caballus (_725) AHLIQERA TP DFgY I

1263415905 MACC]1 M. domastica {_716)MHLIRETADITS EAYEIPHQ! )

149641347 MACCL ©.anatinus (_725) AHLIQDTYV. W

Jpred MACE1 H.sapiens JHH}

Paipred MACCL H.aapiens = HHHHHHH HHHHHAHHHEHEEHHHHHEHH @~ HHHHEHE 1HHF

47225531 SH3BP4 T.nigroviridi ( 613) AQLIQDTV. hEEG- ] K AGE i 5 TGVLY ITEROA ( 732)
148232994 SHIBP4 X.laevis (_B26) VRLIQD VEVAS-Fy 1 - TGTLI! TLRAA [_945)
B2100967 SHIEP4 5.quing (_635) ARLVMDFVLETTIED: ® 5" I TGTLIL (_954)
181340060 SHIEF4 D.reric (_B29) ARLVMDF e ITHRWRHITGSLILYYCIDLLIASS [ 948)
158255854 SHIBP4 H.sapiens (_B32) VRLIQDF 7, I TGTL nh_ A(_951)
Paipred  SHIBEA X, leavis e T e i
70780355 DD H.sapiens (1399) GTEQAEMEMAVISEHTE oF LLEGE 1 WS 10T - -~ GEIJTMIBGSGRO (1489)
109086299 DD M.mulatta {1440) GTDQAEK-HRVISER) Bl-QF LL T T Mos1o- SGRQ (1529)
194226396 DD E.caballus {1397) GTORADMEMAI ISEH B OF LL - SGRQ (1487)
73979191 DD C.familiaris (1432) GTORADMEMAIISE QFEVEDT L Iog- SGRE (1522)
194044193 DD S.scrofa (1300) GTEGPD-KMAVIDEmie: oF LL TS NSGRD (1389)
160707911 DD M.musculus {1411) DTDRVEMRMAVIREH QF e it SGRQ (1501)
149410750 DD O.anatinus {_663) GTDRADLEMAT ISERE QFiz 2 T SGRQ (_753)
47226452 DD T.nigroviridis (1503) AMERTELEMAVIDE (e : N R QPP (1593)
183448218 DD pdb 2YVI A {_13) GTEQAEMEMAVISE! QF L e .. b
pdb 2YVI A e e = o

189537864 DD D.reric {_658) EGYLTQTNI L, GERK [_754)
47224527 DD T.nigroviridis (_717) PGYL L, RDL RE [_812)
149061635 DD R.norvegicus (_123) PGFLTQSNLZSVES A SUAESQTGO- -~ = ~PGAVGHEV RS D = == === = QDVAEEVRA: K (_218)
120823587 DD M.musculus {_T89) PGFLTQSHLISW o S In HE [ _884)
15928880 DD H.sapiens (_767) PGFLTRSNIAEV L, L ODVAEEVRN R (_862)
114635446 DD P.troglodytes (_768) PGFLTQSKL sV L, -~ —-~--~QDVAEEVR: RE [_863)
9280188 DD M.fascicularis {_583) PGFLTQSKIASW RE [_678)
73982554 DD C.familiaris {_628) PGFLTQSHLI e (_723)
118091336 DO G.gallus {_785) PGYLTOANL R - -—----—-QDIADEVERL R [_880)
146387314 DD pdb 20FS_H —8) TGFLTQSNIISV.GE Q RE (_103)
pbozorsE S HhR

114582591 DED P.troglodytes (__89) LVSDYRVI ar FLME MGRGKISKERSFLOLVVELEKLNI L RIDL (_174)
3133283  DED H.sapiens q 89] Lvsnmvmnsm!bxswss TFLMKDY 1SKERSFLDLVVELEKL SPRNT IQKYRQS [_174)
16923994 DED R.norvegicus i__94) F! I IGSDQLNLIER! IH---—--—-—-—-RIDLETKIQKYTQS (_179)
18653884 DED M.herpesvirus (__90) YFSP LTGDQ- LGRER: KA Egi AR (_170)
190613686 DED pdb 3CL3_A (__95) Yrspvmw@m TFLSKDT-————-~ ————ZGSRSI‘PWYCM——LBLL.: RSLS MGL (_178)

pdb 3CL3 A

Figure 5. Sequence-to-structure ahgnment of putatlve second DD of MACC1 homologs and DD retrleved from PDB.
Additionally the death effector domain (DED) sequences, structurally aligned with DD domains are shown. For detailed

description refer to Fig. 2.

tion has not been reported previously (Reed et al.,
2004).

The functional information on a given protein
should be analyzed in the spectrum of functions of
its closest homologs. The homolog of MACC1 point-
ed by Stein et al. (2009) SH3BP4 (SH3-domain
binding protein 4; gil7657562) — possesses an over-
all sequence identity of 43% between human ortho-
logs and as expected carries all the above-mentioned
domains (Fig. 1). SH3BP4 also harbors an additional
N-terminal SH3 domain, which represents a differ-
ent subgroup of SH3 family (SH3_1 - PF00018). The

SH3_1 of SH3BP4 exhibits a high degree of similar-
ity to the SH3 domains of SRC tyrosine kinase re-
ceptors (about 40% identity to human SRC proteins;
gi1125707). What should be mentioned here, SH3BP4
also known as TTP (transferrin receptor trafficking
protein) was reported to be involved in the control
of internalization of specific protein receptors via
clathrin-mediated endocytosis, but the exact mecha-
nism of its action remains uncertain (Tosoni et al.,
2005).

Previously a similar domain architecture
(ZU5-DD) was observed in other proteins (Reed et
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al., 2004), including those related to sensing of extra-
cellular signals, like members of the family of netrin
receptors (UNC5 family). As reported previously,
UNCS5s are transmembrane receptors down-regulat-
ed in a number of cancers. UNC5s associate the cy-
toplasmic domains of different receptors and partici-
pate in the induction of apoptosis when not bound
by their ligands (Freitas et al., 2008). Closely related
ZUD proteins (UNC5-like, cytoplasmic inhibitors of
NF-kB protein activation) blocks NF-kB-dependent
transcription by binding to its target sequences. No-
tably, ZUD is a homolog of UNC5 and the major
difference here is associated with missing N-termi-
nal transmembrane region (Gentleman et al., 2004).
Other proteins with a similar domain composition
belong to the family of ankyrins (ANK) — proteins
playing a role of an interface between the cell mem-
brane and the cytoskeleton (Bialkowska et al., 1994).
Ankyrins also participate in signal transduction
through binding a number of integral membrane
and cytoskeletal proteins (Rubtsov & Lopina, 2000).
Apart from that, several lines of data link ankyrins
to regulation of cell accumulation. As reported by
Del Rio et al. (2004) DD of kidney ANK interacts
with the cell death-associated receptor FAS to pro-
mote FAS-mediated cell death in renal epithelia. This
mechanism is somehow conserved for some plant
ankyrin-repeat containing proteins (Dong, 2004).
The applied methods of distant homology
mapping (MetaBasic) clearly indicate that there
are no additional genes encoded in the human ge-
nome which can exhibit similar domain composition
(ZU5-DD). Also, our detailed analysis clearly shows
that neither of the described proteins contains any
known DNA-binding module, which is strongly sup-
ported by literature data on the functions of these
proteins. All the genes mentioned above encode a
death domain in the 3’ terminal part of the open
reading frame. Unexpectedly, MACC1 and SH3BP4
have two C-terminal domains belonging to the death
domain family — both comprising a six helical bun-
dle fold (Figs. 4 and 5). The typical function of DD
is formation of an oligomeric signaling complex in
regulation of apoptosis. This domain mediates self-
association of death domains with other proteins,
which initiates a signal leading to apoptosis (Lahm
et al.,, 2003). Notably, two DD architecture as seen
for MACC1 and SH3BP4 has not been reported pre-
viously. It partially resembles the composition ob-
served for other related protein domains from the
same structural superfamily (Death clan; CL0041
(Finn et al., 2006)) which apart from DD contains
death effector domain (DED), caspase recriutment
domain (CARD) and PAAD (Pyrin/DAPIN) domain
(Weber & Vincenz, 2001). A tandem composition of
domains from this clan is observed in various pro-
teins, e.g. in caspase-8 and 10 (double DED), FAS-as-

sociating death domain-containing protein (FADD)
with a DED-DD composition (Sheikh & Huang,
2003) or caspase-2 DD-CARD (Baptiste-Okoh et al.,
2008). Here we assume that MACCI can form simi-
lar mutual interdomain interactions. Although do-
mains belonging to the death clan are not restricted
to apoptosis regulators, such tandem composition is
observed only in proteins directly involved in regu-
lation of programmed cell death (Reed et al., 2004).

To give an insight into the structure of MACC1
DDs we searched PDB for similar domain composi-
tions with sequence approaches (Psi-BLAST vs PDB),
profile-profile approaches (Meta-Basic vs double DD
query), and structural methods (3D-HIT). We identi-
fied three experimentally determined structures with
such composition of double death clan domains as
found in FADD (DED-DD, PDB: 2GF5), Molluscum
contagiosum virus subtype 1 protein MC159 (DED-
DED, PDB: 2BBZ) and Kaposi’'s sarcoma associated
virus VFLIP protein (DED-DED, PDB: 3CL3, chain
A). Modeling revealed that MACC1 lacks a needed
15-20 amino-acid helical linker between the two do-
mains to form a structure observed for FADD, while
the double DED domains of either vFLIP or MC159
represented highly similar structures (C-alpha at-
oms’ RMSD — 1.58 A over 73% of aligned proteins;
Deep View PDB Viewer; not shown). Finally, vFLIP
was selected for modeling of inter-domain relations
of MACC1 DDs (Fig. 6). The analysis of conserva-
tion of hydrophobic patches and characteristic sur-
face features of such tandem composition confirms
the invariability of the relative position of the do-
mains (Yang ef al., 2005).

Figure 6. Superimposed structure of double death effec-
tor domain (DED)

(grey, Protein Data Bank entry 3CL3_A) and two putative
Death domains (DD) of MACC1 protein (red, DD1; yel-
low, DD2) modeled with Modeller 6.2, according to the
structural alignments shown in Figs. 3 and 4. N-terminal
and C-terminal parts are marked respectively with N and
C letters.
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According to Stein et al. (2009) MACCLI is a
crucial regulator of MET (mesenchymal-epithelial
transition factor) — a proto-oncogene encoding a
membrane receptor for hepatocyte growth factor,
HGF (Dudkowska et al., 2007). As previously report-
ed, the upregulation of MET/HGF signaling leads to
invasive growth via both metastasis and induced an-
giogenesis. The MET receptor has a dual anti-apop-
totic and pro-apoptotic role in different cell types
and in response to diverse stress conditions. While
the knowledge on MET is expanding continually,
the specific aspects of the balance of pro- and anti-
apoptotic activity MET remain only partially known.
MET, when activated by its ligand, is able to induce
cell survival. The activated MET induces PI3K-Akt-
dependent signaling leading to anti-apoptotic re-
sponse. When no ligand is bound to MET, the recep-
tor is subject of caspase-dependent cleavage leading
to the formation of a pro-apoptotic fragment of MET
(p40). The mechanism of protection of MET from
limited proteolysis remains undiscovered (Street
et al.,, 2000; Ma et al., 2003; Dudkowska et al., 2007;
Moumen et al., 2007). Based on the results of fold
recognition we propose that MACCI1 can regulate
the HGF/MET signaling via interaction with the in-
tracellular part of the MET receptor as observed for
both SH3BP4 and UNCS5s. Concluding, the structur-
al modeling of MACC1 has revealed an unexpected
domain composition with direct links to regulation
of apoptosis, which should be addressed in further
experimental studies.
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