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A novel transactivation
domain in parkin

Although Parkinson’s disease (PD) 
is the second-most-common
neurodegenerative disease, the causes 
of PD are still largely unknown. PD is a
multifactorial syndrome that, in many
cases, is not inherited1. Nevertheless,
Polymeropoulos et al.2 recently found
mutations in the gene that encodes a-
synuclein, a protein present in
presynaptic vesicles, in autosomal
dominant PD. In addition, Leroy and 

co-workers3 have identified mutations 
in another gene that has a ubiquitin-like
domain in familial PD.

Recently, Kitada and co-workers4

reported a gene defect that causes
Autosomal Recessive Juvenile
Parkinsonism (AR-JP), a hereditary form
of PD. The function of the respective
gene product, parkin, is unknown, but
the protein contains an N-terminal
ubiquitin-like domain and a C-terminal
ring finger4. In the course of our
systematic study of disease-associated
genes5,6, we elucidated the modular
architecture of parkin and several
homologous proteins. We report the 

identification of a novel domain, the 
IBR (for in between ring figures) domain,
and predict that parkin possesses DNA-
binding and transcriptional activities.

Sequence-database searches with
parkin (excluding the ubiquitin-like
domain), using the BLAST tools7,
revealed a large family of mostly
uncharacterized proteins that all share
significant sequence similarity over 200
residues (see Figs 1 and 2; for some
members, E , 10210). For only two of
these proteins is functional information
available: (1) the Drosophila
melanogaster ariadne protein, which is
involved in axonal path-finding in the

PROTEIN SEQUENCE MOTIF

               
             C  C              C      H  C    C                         C        C
  PML1_Human/57 CQQCQAEAKCPKLLP---CL-----HTLCSG--CLEASGMQ------------------CPI------C
 RAG1_Mouse/290 CQICEHILADPVETS---CK-----HLFCRI--CILRCLKVMGSY--------------CPS------C
 PAF1_Human/244 CALCGEWPTMPHTIG---CE-----HIFCYF--CAKSSFLFDVYFT-------------CPK------C
  BMI1_Human/18 CVLCGGYFIDATTIIE--CL-----HSFCKT--CIVRYLETSKY---------------CPI------C
  RPT1_Mouse/15 CPICLELLKEPVSAD---CN-----HSFCRA--CITLNYESNRNTDGKGN---------CPV------C
  BRC1_Human/24 CPICLELIKEPVSTK---CD-----HIFCKF--CMLKLLNQKKGPSQ------------CPL------C
  CBL_Human/381 CKICAENDKDVKIEP---CG-----HLMCTS--CLTSWQESEGQG--------------CPF------C
Rad5p_Yeast/914 CSICTTEPMDLDKALFTECG-----HSFCEK--CLFEYIEFQNSKNLGLK---------CPN------C
 GOLI_Drome/126 CAICIEAYKPTDTIRILPCK-----HEFHKN--CIDPWLIEHRT---------------CPM------C
 YNC4_Caeel/782 CPSCKTRPKDCIMLK---CY-----HLFCET--CIKTMYDTRQRK--------------CPK------C
  TRF2_Mouse/34 CSACKNILRRPFQAQ---CG-----HRYCSF--CLTSILSSGPQN--------------CAA------C

              
     Parkin/238 CITCTDVRSP--VLVFQ-CNSR---HVICLD--CFHLYCVTRLNDRQFVHDPQLGYSLPCVAG-----C
      RBCK1/270 CPVCYSVLAPGEAVVLRECL-----HTFCRE--CLQGTIRNSQEAEVS-----------CPFIDNTYSC
  K08-Caeel/191 CCVCDGKEKVIFDLG---CN-----HITCQF--CFRVRVVQDVHHFHIMGQTSY---------------
    Ariadne/133 CEICFSQLPPDSMAGLE-CG-----HRFCMP--CWHEYLSTKIVAEGLGQTIS------CAAHG----C
  Ariadne-2/153 CPVCASSQLGDKFYSLA-CG-----HSFCKD--CWTIYFETQIFQGISTQIG-------CMAQM----C
  C27-Caeel/153 CDICCSMDELSGLS----CN-----HRACAE--CWQAYLTNKIVSDAQSEIE-------CMAPN----C
  Yk1-Caeel/129 CSVCAMDGYTELPHLT--CG-----HCFCEH--CWKSHVESRLSEGVASRIE-------CMESE----C
  F56-Caeel/184 CQVCFESQMGQHCIKFQPCS-----HVFCKS--CTFNYYISIAKGFVSKPMS-------CLAEG----C
Ykz7p_Yeast/179 CIICCDKKDTETFALE--CG-----HEYCIN--CYRHYIKDKLHEGNIIT---------CMD------C
  AB-Human/1306 CPVCVSPLGCDDDLPSL-CCM----HYCCKS--CWNEYLTTRIEQNLVLNCT-------CPIAD----C
  Y161_Human/20 CKLCLGEYPVEQMTTIAQCQ-----CIFCTL--CLKQYVELLIKEGLETAIS-------CPDAA----C
Ymg8p_Yeast/180 CCICMEMEKGVRMIKLP-CENANVEHYLCRG--CAKSYFTAMIQENRISSVR-------CPQ------C
   AC-Arath/136 CGICFETFLSDKLHAAA-CG-----HPFCDS--CWEGYITTAINDGPGCLTLR------CPDPS----C
    LC-Caeel/93 CPLCAAKMPGSAFPKLKGCQ-----HRSCRA--CLRQYVELSITENRVEVP--------CPE------C
  T16-Arath/207 CSICCEDRQSEMMLSLK-CT-----HKFCSH--CMKTYVEGKVKTSEVPIR--------CPQVQ----C

              
     Parkin/418 CPRCHVPVEK--NGG---CM-----HMKCPQPQCRLEW---------------------CWN------C
      RBCK1/435 CPQCRIVVQK--KDG---CD-----WIRCTV--CHTEI---------------------CWV------T
  K08-Caeel/313 CPKCHVATER--NGG---CA-----HIHCTS--CGMDW---------------------CFK------C
    Ariadne/291 CPRCSVTIEK--DGG---CN-----HMVCKNQNCKNEF---------------------CWV------C
  Ariadne-2/311 CPKCHICIEK--NGG---CN-----HMQCFN--CKHDF---------------------CWM------C
  C27-Caeel/285 CPKCMATIEK--NGG---CN-----QITCKNTGCKFQF---------------------CWM------C
  YK1-Caeel/287 CPQCHSCIEK--AGG---CN-----HIQCTR--CRHHF---------------------CWM------C
  F56-Caeel/369 CPKCLVYIEK--DEG---CN-----KMHCTK--CNASF---------------------CWL------C
Ykz7p_Yeast/341 CPKCSVNIEK--NGG---CN-----HMVCSS--CKYEF---------------------CWI------C
  AB-Human/1472 CPSCQAPIEK--NEG---CL-----HMTCAK--CNHGF---------------------CWR------C
 Y161_Human/185 CPKCKVYIER--DEG---CA-----QMMCKN--CKHAF---------------------CWY------C
Ymg8p_Yeast/402 CPKCKVVVER--SEG---CN-----KMKCEV--CGTLF---------------------CFI------C
   AC-Arath/294 CPKCKRPIEK--NQG---CM-----HITCTPP-CKFEF---------------------CWL------C
   LC-Caeel/266 CPRCKTYIVKMDDGS---CN-----HMVCTM--CNAEF---------------------CWL------C
   BI-Aedae/133 CPRCQVLIVKMDDGS---CN-----HMVCAI--CGSEF---------------------CWL------C
  T16-Arath/378 CQQCRIMIEL--AQG---CN-----HMTCR---CGHEF---------------------CYS------C

Figure 1
Alignment of selected ring-finger proteins (upper panel) with the first (central panel) and second (lower panel) ring fingers of IBR-family mem-
bers. Numbers indicate the positions of the domains in the respective sequences. Amino acid residues are colored according to the Clustal
X residue code14. PSI-BLAST searches7 and profiles11 derived from the first and the second ring fingers identify several classical ring-finger
proteins. Furthermore, in reciprocal searches with classical ring fingers, parkin-related proteins scored above known ring-finger proteins.
Aedae, Aedes aegypti; Arath, Arabidopsis thaliana; Caeel, Caenorhabditis elegans; Drome, Drosophila melanogaster.
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central nervous system (M. Aguilera et
al., unpublished; EMBL accession number
X98309); and (2) mouse RBCK1 [for RBCC
(Ring finger, B box, coiled coil) protein
interacting with PKC1], which Tokunaga
et al.8 identified in a yeast two-hybrid
screen, using protein kinase Cb1 as bait. 

Tokunaga et al.8 classified RBCK1 as an
unusual member of the RBCC family9. In
contrast to the coiled coil of RBCC
proteins, the coiled-coil region of RBCK1
was predicted to precede the ring finger.
In addition, Tokunaga et al.8 proposed
that a second B box is present in RBCK1.

Despite the highly significant
sequence similarity shared by
RBCK1 and parkin, the ring
fingers predicted by Tokunaga
et al.8 and Kitada and co-
workers4 do not correspond to
each other. Closer examination
of the discrepancy revealed
that RBCK1 has a modular
architecture that is completely
different from that proposed by
Tokunaga et al.8 and that
relates it to parkin and several
other homologous proteins
(Fig. 2). 

We were unable to confirm
the existence of the two
proposed B boxes in RBCK1.
The conserved histidine
residues typical of the B-box
domain10 are not present in
either of the two cysteine-rich
regions of RBCK1. Neither
profile11 nor PSI-BLAST7

searches detected any of the
family members when starting
with B-box sequences. By
contrast, our searches
identified the proposed C-
terminal B box as a ring finger,
which confirms the existence
of the reported ring finger in
the equivalent position in

parkin4. Thus, the ring finger in parkin
corresponds to the proposed B box in
RBCK1. The (first) ring finger of RBCK1
matches the ring consensus (Fig. 1), and
PSI-BLAST searches with this sequence
identified classical ring-finger proteins,
yielding significant E values of 1025. We

PROTEIN SEQUENCE MOTIF

                                                                                                     
                                        C         C                  C       C       C  C     H     C
     Parkin/314 RYQQYGAEECVLQMG-------GVLCPRPG-----CGAGLLPEPDQRK----VTCEGGNGLGCGFA---FCRECKEAY-HE--GEC
      RBCK1/338 DYQRFLDLGVSIAENRSTL---SYHCKTPD-----CRGWCFFEDDVNE----FTCPV-----CTRV---NCLLCK-AI-HER-MNC
   K0-Human/237 EYQRKATERLIAVDDK------GVTCPNVS-----CGQSFFWEPYDDDGR--SQCPD-----CFFS---FCRKCFERN-C----VC
    Ariadne/205 KYQQLITNSFVECNQL------LRWCPSVD-----CTYAVKVPYAEPRR---VHCK------CGHV---FCFACGENW-HD-PVKC
  Ariadne-2/224 KYQQFAFKDYVKSHPE------LRFCPGPN-----CQIIVQSSEISAKR---AICKA-----CHTG---FCFRCGMDY-HA-PTDC
  C27-Caeel/199 KYRKMMVASYIEINAL------LKWCPGVD-----CGRTVKVSHGEPRL---VVCT------CGSR---FCFSCGQDW-HE-PVNC
  YK1-Caeel/200 KYERFLLRDMVNSHPH------LKFCVGNE-----CPVIIRSTEVKPKR---VTCMQ-----CHTS---FCVKCGADY-HA-PTSC
  F56-Caeel/255 KYEAHMLEKAIREMDD------SMECPNEN-----CQMVAYLTDSQRNL---VECSY-----CNYS---FCNLCKGTF-HG-VSRC
   Ykz7p_Yeast/ KLMDSSIKSFVQKHNRN-----YKWCPFAD-----CKSIVHLRDTSSLPETRLHYSPFVK--CNSFHR-FCFNCGFEV-HS-PADC
     14608/1377 KYEKALLRGYVESCSN------LTWCTNPQG----CDRILCRQGLGCG----TTCSK-----CGWA---SCFNCSFPEAHYPASCC
  Y161_Human/93 RYKKLQFEREVLFDPC------RTWCPAST-----CQAVCQLQDVGLQTPQPVQCKA-----CRME---FCSTCKASW-HP-GQGC
Ymg8p_Yeast/261 RYEKMFYNQAATRL--------SKYCPYACVTCRRCDSWCTKEDLDDAM---IQCQK-----CHFV---FCFDCLHAW-HGYNNKC
   AC-Arath/207 KYTSYFVRSYVEDNRK------TKWCPAPG-----CDYAVNFVVGSGNYD--VNCR------CCYS---FCWNCAEEA-HR-PVDC
    LC17H11/163 KYEAFSLRRYLMTEAD------ARWCPAPD-----CGFVFIATKCAACPQ--LKCQRPD---CGTL---FCYHCKREW-HS-NQTC
    BI_Aedae/39 KYEDFMVRRVLLADPD------SRWCPGPD-----CSYAVVASGCASCPR--IRCERPG---CDVQ---FCYHCKAEW-HP-DQTC
     ATT16H5-13 SFEEANVCSKNNG---------KIYCPYPN-----CSFLLDPQECLSSGRCCVECPV-----CERF---VCVDCGVPW-HA-SMSC
    AC04747/229 MWEQKTKDELIPVMD-------RVYCPNPR-----CSTLMSETELSGLNIGVRRCCVK----CGEP---FCVKCKVSW-HN-NLSC
    EST-HS39918 KYRRYLFRDYVESHYQ------LQLCPGAD-----CPMVIRVQEPRARR---VQCNR-----CNEV---FCFKCRQMY-HA-PTDC
   EST-EST87362 KYQHLITNSFVECNRL------LKWCPAPD-----CHHVVKVQYPDAKP---VRCK------CGRQ---FXFNCGENW-HD-PVKC
  EST-HSAA84279 RYLFRDYVESHYQ---------LQLCPGAD-----CPMVIRVQEPRARR---VQCNR-----CNEV---FCFKCRQMY-HA-PTDC
    EST-HS03085 NLCLRRWLVADPLVVSQ-----LPDCGYAVIAFG-CASCPK-----------LTCGREG---CGTE---FCYHCKQIW-HP-NQTC
   EST-HSA71220 RYDRLLLQSSLDLMAD------VVYCPXPC-----CQLPVMQE---------PGCTMGI---CSSCNFAFCTLCRLTY-HG-VSPC
  EST-HSAA61107 --KRVIQRALEEMESKEWLEKNSKSCPC-------CETPIGKL---------DGCNKMT---CTGCMQYFCWICMGSL-SR-ANPC
   EST-EST96945 KYRRYLFRDYVESHYQ------LQLCPGAD-----CPMVIRVQEPRARR---VQCNR-----C-----------------------
  EST-HSAA42330 -YEEFMLRRYLASDPD------CRWCPAPD-----CGYAV----------------------------------------------
   EST-HS642152 -----------------WLLTNSKPCAN-------CKSPIQKNE---------GCNHMQ---CAKCKYDFCWICLEEW--------
   EST-AA776581 -----------------------------------------------------LCDEQIQ--CPTCQFVWCFKCHSPW-HE-GVNC

Figure 3
Alignment of selected IBR fingers. Twelve distinct human expressed-sequence tags (ESTs) that contain the IBR finger are also aligned and in-
dicate that a large family of paralogs is present in humans. Amino acid residues are colored according to the Clustal X residue code14. Aedae,
Aedes aegypti; Arath, Arabidopsis thaliana; Caeel, Caenorhabditis elegans; Drome, Drosophila melanogaster.
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Figure 2
Modular architecture of parkin and selected homologs. Database accession numbers are given in
parentheses. Parkin (AB009973), its close homolog the Caenorhabditis elegans (Caeel) protein K08-
Caeel (Z81586) and RBCK1 (U48248) each contain a ubiquitin-like domain. Ariadne (X98309), ariadne 2
(AJ010169), Ykz7p_Yeast (Z28242), C27-Caeel (AF003137), an Arabidopsis thaliana (Arath) protein,
AC-Arath (AC004512), and YK1-Caeel (U61944) have the same domain architecture. Other proteins of
the family are AB-Human (AB014608), Ymg8p_Yeast (Z38114), Y161_Human (D79983), F56-Caeel
(U13644), YK1-Caeel (U61944), LC-Caeel (U80847), BI-Aedae, (U84248) and T16-Arath (AL024486).
Mutations in parkin that lead to Autosomal Recessive Juvenile Parkinsonism (AR-JP) and mutations in
the RBCK1 gene that abolish transcriptional activation are indicated.
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conclude that the entire family 
contains two C3HC4 ring fingers, 
which are separated by a new class of
putative metal-binding (zinc-finger-like)
cysteine-rich region of the type C6HC. 
We have named this region the IBR 
finger (Fig. 3). 

To our knowledge, this is the first
report of two ring fingers being 
present within one protein9. We also
identified a ubiquitin-like domain in the
N-terminal part of RBCK1 (Fig. 1;
residues 50–120; E values for ubiquitins
were ,1024 in BLAST searches with 
the N-terminal part of RBCK1). Given 
that RBCK1 and parkin have the same
overall modular architecture, we
anticipate that the proteins share
functional similarities.

Gel-mobility-shift experiments have
shown that RBCK1 is a DNA-binding
protein8. Moreover, in vivo transcription
assays that employed constructs in
which RBCK1 was fused to the DNA-
binding domain of Gal4 showed that the
ring–IBR–ring region alone is able to
induce gene expression12. Mutations in
two conserved residues of the first ring
finger abolish transcriptional activation12

(see Fig. 1). The importance of the first
ring finger of parkin is supported by
recent studies that identified a single
Thr240→Arg point mutation in patients
who had AR-JP (Ref. 13). This mutation
maps to a region adjacent to the
conserved second cysteine residue of
the ring finger (Fig. 1) and places a
positively charged residue in a position
in which only hydrophobic residues are
normally found (Fig. 2). Other disease-
causing mutations also affect the
ring–IBR–ring arrangement4,13. The
considerable number, and species
distribution, of proteins that contain this
modular architecture [it is present in
plants, animals and fungi, and there are
at least 12 distinct human paralogs (Fig.
3)] suggests that the ring–IBR–ring
arrangement is widely used to regulate
gene expression.
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