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The GOLD domain, a novel protein module involved in Golgi
function and secretion
��������	�
�	�	
	��	�������	�����

����������	
���	�����
����������
���������������
	
������	
���	������	�����������������	
���	�����
�
�
������ �	�
�����
����	���!�"#$%&��'(�)

������*�������������	����)�+,
	����	�	����-����)��
)���)���

Abstract

Background: Members of the p24 (p24/gp25L/emp24/Erp) family of proteins have been shown
to be critical components of the coated vesicles that are involved in the transportation of cargo
molecules from the endoplasmic reticulum to the Golgi complex. The p24 proteins form hetero-
oligomeric complexes and are believed to function as receptors for specific secretory cargo.

Results: Using sensitive sequence-profile analysis methods, we identified a novel �-strand-rich
domain, the GOLD (Golgi dynamics) domain, in the p24 proteins and several other proteins with
roles in Golgi dynamics and secretion. This domain is predicted to mediate diverse protein-
protein interactions. Other than in the p24 proteins, the GOLD domain is always found
combined with lipid- or membrane-association domains such as the pleckstrin homology (PH),
Sec14p and FYVE domains. 

Conclusions: The identification of the GOLD domain could aid in directed investigation of the
role of the p24 proteins in the secretion process. The newly detected group of GOLD-domain
proteins, which might simultaneously bind membranes and other proteins, point to the existence
of a novel class of adaptors that could have a role in the assembly of membrane-associated
complexes or in regulating assembly of cargo into membranous vesicles.
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Results and discussion
Identification of a conserved domain in p24 and other
Golgi proteins
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The domain architecture and evolutionary history of
GOLD-domain proteins: functional implications
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Figure 1
A multiple alignment of the GOLD domain was constructed using T-Coffee [32] and realigning the sequences by parsing high-scoring pairs from PSI-BLAST
search results. The PHD-secondary structure [15] is shown above the alignment, with E representing a � strand (upper-case letters indicate predictions
with > 82% accuracy, and lower-case letters denote predictions with > 72% accuracy). A search with the lumenal region of Caenorhabditis elegans p24-
family member K08E4.6 (region 20-191) recovers RALBP from Todarodes pacificus, the squid ortholog of SEC14L2 (E = 7 x 10-3, iteration 1). A reciprocal
search with RALBP_Todarodes pacificus (region 189-343) recovers GCP60 (E = 2 x 10-10, iteration 1), FYCO1 (8 x 10-4, iteration 1), SPAC23H4.01c (10-3,
iteration 2), KIAA0420 (10-3, iteration 2) and K08E4.6 (7 x 10-3, iteration 2). The 80% consensus shown below the alignment was derived using the
following amino-acid classes: h, hydrophobic (ALICVMYFW, yellow shading); l, the aliphatic subset of the hydrophobic class (ALIVMC, yellow shading);
a, aromatic (FHWY, yellow shading); s, small (ACDGNPSTV, green letters); u and p are the tiny subsets of the small class (u, GAS, green shading) and
polar (p, CDEHKNQRST, blue letters). Y denotes a conserved tyrosine residue. The limits of the domains are indicated by the residue positions on each
side. The numbers within the alignment indicate poorly conserved inserts that are not shown. The different families are shown on the right. A, p24
family; B, Osh3p family; C, CG9528 family (Sec14-like proteins with an amino-terminal PRELI/MSF1p� domain); D, Sec14-like proteins; E, GCP60 family;
and F, FYCO1. The sequences are denoted by their gene name followed by the species abbreviation and GenBank Identifier. Ce, Caenorhabditis elegans;
Dm, Drosophila melanogaster; Hs, Homo sapiens; Sc, Saccharomyces cerevisiae; Sp, Schizosaccharomyces pombe; Top, Todarodes pacificus.

Secondary Structure           ....eEEEe...eEEEEEEE........eEEE......eEEEEEEE..........e....    ....eeeEEEe....eEEEEEE........eEe...eee.EEEEEE.
K08E4.6_Ce_ 7505550        34 FQCFFQPVDLAKHKTLEVDYQV-----------IDGGDLNINFMIL----HGA-NILKQDQ    LKVDGSHRIELNQ-PGDYQVCF    DNSFSYQSRKVVF-FEIFLFD  119\
TMP21_Hs_5803201           41 RKCLREEIHKDLLVTGAYEISD-----------QSGGAGGLRSHLKIT--DSAGHILYSKE    DATKGKFAFTTED-YDMFEVCF  1 SKGTGRIPDQLVI-LDMKHGV  130 |
P24B_Hs_6679189            38 KQCFHEEVEQGVKFSLDYQVIT-------------GGHYDVDCYVEDP--QGNTIYRET--    KKQYDSFTYRAEV-KGVYQFCF    SNEFSTFSHKT---VYFDFQV  120 |
IL1RL1LG_Hs_5803040        43 KQCFYQSAPANASLETEYQVIG-----------GAGLDVDFTLESP----QGVLLVSES--    RKADGVHTVEPTE-AGDYKLCF    DNSFSTISEKL---VFFELIF  125 |
ERP1_Sc_6319319            32 RKCFHKELSKGTLFQATYKAQI---YDDQLQNYRDAGAQDFGVLIDIEETFDDNHLVVHQK    GSASGDLTFLASD-SGEHKICI  1 PEAGGWLIKAKTK-IDVEFQV  131 | A
ERP2_Sc_6319312            42 ECLYYDMVTEDDSLAVGYQVLT-----------GGNFEIDFDITAP----DGSVITSEK--    QKKYSDFLLKSFG-VGKYTFCF    SNNYGTALKKVEITLEKEKTL  127 |
ERP6_Sc_6321436            29 RKCFLKELSKDTLLKGSYNLEV---YDDKLADYALPSYNDYGIVIDVEEVFDNNHRVVHQQ    GSPSGDFSFLALE-SGEYKICL  1 SRVNNWVGKTKTK-LEIEFEV  128 |
ERV25_Sc_6323630           33 QVCIRDFVTEGQLVVADIHSDG-----------SVGDGQKLNLFVRDS--VGNEYRRKRD-    FAGDVRVAFTAPS-STAFDVCF    ENQAQYRGRSLSRAIELDIES  121/
OSH3_Sc_6321864             1 --METIDI-QNRSFVVRWVKCG-RGDVINYQIKPLKKSIEVGIYKKL---KSSVDDHASAV 89 GNTMVQGDLEVKDTDYYYAFIL    DNSSSKNAKKK---ILFNASV  183\  B
SPAC23H4.01c_Sp_2656001     1 --METVEI-RSKSLLIQWLTVE-SNSLLSWQLHVKRKSIKFDIYHK----KNDTSSLLDGS 39 SEKPSEGSVYIEN-GGLYAFVF    DNTFSKTKPKT---VTFLLTA  131/
Q03606_Ce_732178          549 STYTSTATWRGYPVEVVIPIET-AGCVLTWDFDVLKNDCEFSLYFSTE--KIEQPAVRDGA 50 EGDSMQGSHYCSR-AGTYIMQW  7 GHSSTFDFGSHKCRLIYYYEI  705\
CG9528_Dm_10728608        514 NLYKSVDLKAGFAHELLIRNED-PKSVLTWDFDVMRNDLHFTLYRVTQE-LPEKNDSAVSY 22 HKESVQGSHVMHH-NDSYLMHW  1 SPSGAQ--------LNVFYEV  629 | C
SEC14L1_Hs_4506867        523 TIYQSASVFKGAPHEILIQIVD-ASSVITWDFDVCKGDIVFNIYHSKR--SPQPPKK-DSL 36 EGESVQGSHVTRW-PGFYILQW 17 DVLASLQVSSHKCKVMYYTEV  674 |
KIAA0420_Hs_14133203      570 ETYHSASVLRGAPHEVAVEILE-GESVITWDFDILRGDVVFSLYHTKQ--APRLGAREPGT 27 EGESIQGSHVTRW-PGVYLLQW 17 DVLTALHSPGPKCKLLYYCEV  713/
H06O01.3_Ce_3217563       276 DYDQLTTVYAGDKHLIQIKVKR--PSRISWTYMTDEDDIGFEIHYDKT--GSCDKLTEMET  9 TNVPITGHLDVTD-VGNYVLEF    DNYYSWFSAKQ---LRYNIEI  380\
H41C03.1_Ce_3319466       277 KDLVCTNIGPGKSAVFTYTVDK-SVTEPVYIVINRFCDRTFGMGIW----HGDDECLEIDE 12 MPTVDYLRLRMPG-AGVYKIKW    GNEQAWIRSLT---LYHRVRF  383 |
F28H7.8_Ce_17560342       281 DQLHKVSVSASKHRMLIYKVDK--PDTELLMYSHNENDITITLYYS----KNK-NVSENDL 11 LPAMDLFDYNCEY-PGYYYIKL    ANEASWLLPSTY--RIIVIEK  385 |
F20G2.3_Ce_17559966       269 SNADHMSVSAGKTGFVEVEVKT--GQTLSWEI-HSNGHFAFAIYELPL--VPNNSDDVSNY 13 TIVPCIDKLVCPS-SATYRLWF    GNQHAWFHTLK---IDYVAKV  376 |
F18A11.2_Ce_17533309      268 VSLLAISVPAGKYTVQKFSWKK-------------GDEVEFFLHN-----ESSFHYFMFHS 21 LSQIDSWKYTVPI-DGFYFIRY    GNHNSWYFSTT---VNVNHFI  370 |
C11H1.5_Ce_17550350       287 DALEGFHVGARKNRHVVVNVTS--AKDLKWYF-STDGDIYFGIFFEG---DATNNNVEENE 17 KLVHEIDGISMNR-IGKYHIVF    CNKHSWIHRRC---VQFYGQI  397 | D
C34C12.6_Ce_17552454      296 PKSSHKDVSPAEKFVFKIQVPN--GKKLLWDF-TASGELQFAIFRGNN--RNDLVFPSLHL  2 NKLNEEGSLDNVS-DSEISFEF    QNLSGYFTLK----LEYTVAI  391 |
CG13893_Dm_7291980        259 RDFVEAQVPKGDKLKLHFKVNVEEQKILSWEFRTFDYDIKFGIYSV----DDKTGEKRSEV  7 NEMDEIGYISTRP-NTTYTVVF    DNSASYLRSKK---LRYWVDL  361 |
SEC14L2_Hs_7110715        277 QYEHSVQISRGSSHQVEYEILF-PGCVLRWQFMSDGADVGFGIFLKTK--MGERQR-AGEM 11 HLVPEDGTLTCSD-PGIYVLRF    DNTYSFIHAKK---VNFTVEV  383 |
RALBP_Top_1346953         217 ETMETITVGSGDKIYVEYEIEN-ENTYIKWEYKTEEHDIGFGLFRK----NGDEWEEVVPI  5 SIMTLDGSHKCKD-PGTYALCF    DNSFSMMTSKN---VRYTAEV  316/
Y41E3.7_Ce_17543338       273 GHEGIIKVGHGETVTVRVPTHE-NGSCLFWEFATDHYDIGFGVYFEWT--VADSNQVSVHV 64 HEEVYAGSHRYPG-RGIYLLKF    DNSYSLWRSKT---LYYRVYY  433\
CG14232_Dm_7293638        327 DGDGVITIGHGDTVTVRVPTNM-NGKCIFWEFATDSYDIGFGIYFEWA--KPVTNEVTVHV 55 YNEVYVGSHSYPG-EGVYLLKF    DNSYSIWRNKT---LYYRVYY  478 | E
GCP60_Hs_15826852         390 DADSVITVGRGEVVTVRVPTHE-EGSYLFWEFATDNYDIGFGVYFEWT--DSPNTAVSVHV 40 HEEVYAGSHQYPG-RGVYLLKF    DNSYSLWRSKS---VYYRVYY  526/
FYCO1_Hs_13470092        1362 EGSRELFVRSSTYSLIPITVPE-AALTISWVFSSDPKSISFSVVFQEA--EDTPLDQ-CKV  9 HKENIQGQLKVRT-PGIYMLIF    DNTFSRFVSKK---VFYHLTV 1466   F
consensus/80%                 p.....pl..s....h.h...................ph.asl........sp........    .......p.......u.Y.h.a    ss..u....p....l.h.h.h
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Figure 2
A phylogenetic tree of the GOLD-domain-containing proteins is shown along with the various architectures, drawn approximately to scale, and the
phyletic distributions of individual architectural classes. The RELL bootstrap values for the major branches are shown at their base. The thickness of a
given branch is approximately proportional to the number of proteins contained within it. PH, pleckstrin-homology domain; OxB, oxysterol-binding
domain; Aco, acyl-CoA-binding domain; Sec14, domain found in Sec14 proteins; RUN (for RPIP8, UNC-14 and NESCA) and FYVE (for Fab1p, YOTB,
Vac1p and EEA1).
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Figure 3
A multiple alignment of the PRELI/MSF1p� domain was constructed using T-Coffee [32] and realigning the sequences by parsing high-scoring pairs from
PSI-BLAST search results. The PHD-secondary structure [15] is shown above the alignment with E representing a � strand (upper-case is for predictions
with > 82% accuracy; lower-case denotes predictions with > 72% accuracy). The 100% consensus shown below the alignment was derived using the
following amino-acid classes: h, hydrophobic (ALICVMYFW, yellow shading); l, the aliphatic subset of the hydrophobic class (ALIVMC, yellow shading);
a, aromatic (FHWY, yellow shading); c, charged (DEHKR, pink letters); s, small (ACDGNPSTV, green letters) and p, polar (CDEHKNQRST, blue letters).
The limits of the domains are indicated by the residue positions on each side (except for the unfinished genome of Cryptosporidium parvum). The numbers
within the alignment are poorly conserved inserts that are not shown. The different families are shown on the right. The PRELI and Kisir subgroups
contain stand-alone versions of the domain, whereas the CG9528 family comprises Sec14-like proteins with an amino-terminal PRELI and a carboxy-
terminal GOLD domain. The sequences are denoted by their gene name followed by the species abbreviation and GenBank Identifier. At, Arabidopsis
thaliana; Ce, Caenorhabditis elegans; Cpar, Cryptosporidium parvum; Dm, Drosophila melanogaster; Hs, Homo sapiens; Mm, Mus musculus; Sc, Saccharomyces
cerevisiae; Sp, Schizosaccharomyces pombe.

Secondary Structure       ..eEee .e.....HHHHHHHHHHH......... eEEEEEe..eee.....eEEEEEe.e... ..HHHHHHHh......EEEEEEEEEe.....
PRELI_Hs_6456753        2 VKYFLG-QSVLRSSWDQVFAAFWQRYP--NPYSK HVLTEDIVHREVTP-DQKLLSRRLLTKTN RMPRWAERLFPANVAHSVYVLEDSIVDPQNQ
LOC159595_Hs_18576021   2 VKYFLG-QGVLQSSWDQVFTAFWHQYP--NPYSK HVLTEDTVHREVTA-DQKLLSQQLLTKTN RMSHWAKQLFPANVLHSVYILEDSIVDPQNQ
LD36516p_Dm_16769532    5 ASTCRT-ETVFDYSWMNVVVAYWNRYP--NPSST HVLTEDTIQREVR--DGKLFSRRLLSKTN PVPKWGARFYNN---VPVKIVEDSVLDPVKK
YLR193C_Sc_6323222      2 VLLHKS-THIFPTDFASVSRAFFNRYP--NPYSP HVLSIDTISRNVDQ-EGNLRTTRLLKKSG KLPTWVKPFLRGI--TETWIIEVSVVNPANS
SPAP8A3.10_Sp_7491304   2 TAICTD-KTELNASWNTVSSAWLTRYP--NPYSL HVVSADVLERYVDD-EGRLYTERLLVKQG RLPRWASDLLNV---NKSYILERSVIDPSKQ
B0334.4_Ce_17531303     1 MKLWDSPNTSFPYSFDEVASAFWDRYP--NSHAK HIISEDVLERQIT--DNTIVTKKLIVKQG5RVPRWISRMTDI---QVVPVIEESVYDKVSK

Kisir_Dm_17864286       1 MKIWTS-EHIFNHPWETVTQAAWRKYP--NPMTP SIIGTDVVERRVV--DGVLHTHRLVQSKW YFPKWTHALIGTA--KTCFASERSTVDPERK
C20orf45_Hs_7705610     1 MKIWTS-EHVFDHPWETVTTAAMQKYP--NPMNP SVVGVDVLDRHIDP-SGKLHSHRLLSTEW GLPSIVKSLIGAAR-TKTYVQEHSVVDPVEK
BAB71083_Hs_16551121    1 MKIWSS-EHVFGHPWDTVIQAAMRKYP--NPMNP SVLGVDVLQRRVDG-RGRLHSLRLLSTEW GLPSLVRAILGTSR-TLTYIREHSVVDPVEK
F15D3.6_Ce_17506649     1 MRIWSS-EHIFDHEWETVAQAAFRKYP--NPLNR SITGIDVVKQTLE--AGKILTERIIQSHF SIPSWATKLTGFS--GTQYSHEYTVIDPTRK
YLR168C_Sc_6323197      1 MKLFQN-SYDFNYPWDQVTAANWKKYP--NEIST HVIAVDVLRRELKDQGKVLVTERLITVKQ GVPKWIMMMLGGT--NMSHVREVSVVDLNKK
SPBC36.10_Sp_7491627    1 MKIFES-CHLFQYPFEQVSAAHWQKYP--NEHAT HVIAVDTLDRKVLD-NGVLYTERLITCHQ ALPRWILKLIDGA--QDCYIRETSYVDLKAR
YDR185C_Sc_6320391      1 MKSFQK-SYEFDYPWEKVTTANWMKYP--NKIST HVIAVDVLRRELKEHGDVLLTERLITIRQ NTPHWMSILVGNT--NLAYVREVSTVDRRDR

At5g13070_At_15240002   2 VKAYRQ-EHVYKHPWERVSAASWRKFA--DPENK4HILEVDTLNRKLDTETGKLHTTRALTIHA PGPWFLHRIIGQ---DICHCVESTVVDGKSR
BAB32324_Mm_12862000    2 GVTVDV-HQVFQYPFEQVVACFLRKYP--NPMDK NVISVKIMEEKRDESTGVIYRKRIAICQN VVPEILRKVSILKV-PNIQLEEESWLNPRER
SEC14L1_Hs_4506867      3 QKYQSP-VRVYKYPFELIMAAYERRFPT-CPLIP MFVGSDTVSEFKSEDGAIHVIERRCKLDV DAPRLLKKIAGV---DYVYFVQKNSLNSRER
KIAA0420_Hs_14133203   63 QRYQSP-VRVYKYPFELVMAAYEKRFPT-CPQIP VFLGSEVLRESRSPDGAVHVVERSCRLRV DAPRLLRKIAGV---EHVVFVQTNILNWKER
Q03606_Ce_732178        3 QTYRSP-VRIYKHPFEIVMAAYEMRFPT-CPQIP IFVGSEVTYEYKSVDGAEWVIDRKCQLNV EAPYLVKKIAGV---DYVYFSQKNSLDRRKR
CG9528_Dm_10728608      3 QKFQSP-VRVYKYPFELVMKAYERRFPT-CPQMP IVLDCEVIKDESLEDGAKRNTSRRCKLAV DAPYIFKKLIGV---DHVYFLQHNFLDLANR
CVMUMN_5807_Cpar          MVFFSK-KHLYPFSWENVVNAFWNKYP--NDLQS HVKRVDIVNIYFDEKDKVLYTKRLFSLKY NLPKLLERIIGSS--LSGLAIEESKCDFNEK
consensus/100%            ..........h...a..l..s...pas..s......h...c................p.........s.....h............p.s.hs....

Secondary Structure       EEEEEee..eeeeEEEEEEEEEEEE........ eeEEEEEEEEe.........hhHHHHHHHHHHHHhhhhh.HHHHHHHHHHHHh...
PRELI_Hs_6456753          TMTTFTWNINHARLMVVEERCVYCVNSDNSGW- TEIHREAWVSS-----SLFGVSRAVQEFGLARFKSNVTKTMKGFEYILAKLQGEAP 174\PRELI
LOC159595_Hs_18576021     TMTTFTWNINHARLMVVEKQCVYCMNSNNSGW- TEIRREAWVSS-----SLFGVSRSVQEFGLAQFKSNVTKTMKGFEYILAKMKCKAP 174 |
LD36516p_Dm_16769532      TFTTFTRNLGMTKIMKVDEIVVYSEQKDGS--- TLAVRRAYISS-----QVFGFSRAIRAFGIERFKANGNKASNGFNYVLRRMFPDSL 171 |
YLR193C_Sc_6323222        TMKTYTRNLDHTGIMKVEEYTTYQFDSATSS-- TIADSRVKFSSG----FNMGIKSKVEDWSRTKFDENVKKSRMGMAFVIQKLEEARN 172 |
SPAP8A3.10_Sp_7491304     ELKSETFNLDHVKILRVIEYSRFIQSSENCSK- TIVDTIAKFVSP----LRFGLGRRVQKYSLKRFQEQLSSSRRGLLYVIQQKFQPS  171 |
B0334.4_Ce_17531303       KLVTYTRNVSHISLFQLHERCIYKSSEDNQQHH4TDVLRSVTVSI-----DCGRMSSVYEKVLLMGFKKSINNTTKGLFEKLEERFGVKN 180/

Kisir_Dm_17864286         QMVLKTNNLTFCRNISVDEVLYYEPHPSDASK- TLLKQEATVTVF-----GVPLSHYMEDLLTSTISTNAGKGRQGLEWVIGLINTEVK 170\Kisir
C20orf45_Hs_7705610       TMELKSTNISFTNMVSVDERLIYKPHPQDPEK- TVLTQEAIITVK-----GVSLSSYLEGLMASTISSNASKGREAMEWVIHKLNAEIE 172 |
BAB71083_Hs_16551121      KMELCSTNITLTNLVSVNERLVYTPHPENPEM- TVLTQEAIITVK-----GISLGSYLESLMANTISSNAKKGWAAIEWIIEHSESAVS 172 |
F15D3.6_Ce_17506649       EFSLTTRNLNGSSFLRVDEKLTYTPAHEDPNK- TILKQDVIVTIT-----LPAFADYCEKTFLSIYSQNANKGRQGVEWVIDHLKKEYE 170 |
YLR168C_Sc_6323197        SLTMRSCNLTMCNLLKVYETVTYSPHPDDSANK TLFQQEAQITAYG---SIRKLCNKMEDWSVQRFCENAKKGKMGFDAVLQVFSENWE 175 |
SPBC36.10_Sp_7491627      TLTLLTSNLTFSDRLRVDETVTYSPHPELEA-- TVFQQEARIEALA---CMKRLSNLIEQWSVDGFGKKASRGKEGFESVLEKINMSVF 172 |
YDR185C_Sc_6320391        SLTMRSCNMTFPHILKCYETVRYVPHPKNPSNV TLFKQDAKFLSGV---PTKTFSEKVENWGVKRFSDNAVKGKVGFDSILAMFNDIWK 175/

At5g13070_At_15240002     SMQLTTKNISLKKFIEVEERIRYDPHPDNPSAW TVCSQETSIRIKPLS-ALASMAEKVEQKCAEKFMQNSAKGREVMERICKYMEAESA 181\CG9528
BAB32324_Mm_12862000      NMAIRSHCLTWTQYASMKEESVFRESMENPNW- TEFIQRGRISIT----GVGFLNCVLETFASTFLRQGAQKGIRIMEMLLKEQCGAPL 175 |
SEC14L1_Hs_4506867        TLHIEAYNETFSNRVIINEHCCYTVHPENEDW- TCFEQSASLDIK----SFFGFESTVEKIAMKQYTSNIKKGKEIIEYYLRQLEEEGI 175 |
KIAA0420_Hs_14133203      TLLIEAHNETFANRVVVNEHCSYTVHPENEDW- TCFEQSASLDIR----SFFGFENALEKIAMKQYTANVKRGKEVIEHYLNELISQGT 235 |
Q03606_Ce_732178          TLDIEATNISFSSRINVKENCTYYVHAENENW- TCFEQSASLDVK----NFFGLESAVEKLAVRQYGANLAKGKEILEFFIEELLKKTT 175 |
CG9528_Dm_10728608        TLSIEAVNESFSSRIEIFERCRYYAHPDNSEW- TCFDQSATLDIK----NFFGFEHSMEKMGMKQYTQTTLKGKEIIEFFIGQLREEGI 175 |
CVMUMN_5807_Cpar          RLISNGTNHSFNNFFLIRETCGFSSNNECPES- TLYMQNMAFKLFGEKNKLNRMNKLFESTVVNLLNEKSQSGIKVMYNKIDQIKSMLN    /
consensus/100%            .h...s.s......h.h.c...a.............h.................h.p.hp............ps...h...h........
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