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A functional genomic approach, based on systematic
data gathering, was used to characterize a family of
proteins containing a tripartite motif (TRIM). A total
of 37 TRIM genes/proteins were studied, 21 of
which were novel. The results demonstrate that TRIM
proteins share a common function: by means of
homo-multimerization they identify speci®c cell
compartments.
Keywords: cell compartmentalization/functional
genomics/nuclear bodies/RBCC/tripartite motif

Introduction

The complete or partial sequence information on the
genomes of several organisms is now available (Goffeau
et al., 1996; Blattner et al., 1997; The C. elegans
Sequencing Consortium, 1998; Dunham et al., 1999;
Adams et al., 2000; The Chromosome 21 Mapping and
Sequencing Consortium, 2000). This information allows
the study of molecular mechanisms at the level of large
numbers of genes, thus modifying the way biological
questions are addressed. Large-scale surveys of protein
contents, protein subcellular localization and of potential
interacting partners have, indeed, provided relevant func-
tional information (Shevchenko et al., 1996; Martzen et al.,
1999; Ross-Macdonald et al., 1999; Brent, 2000; Uetz
et al., 2000; Walhout et al., 2000). Such systematic data
gathering on a protein family may provide further

information towards the assignment of function to
homologous protein sequences.

We tested this postulate on the emerging tripartite motif
(TRIM) protein family (also known as the RBCC family)
(Reddy et al., 1992; Borden, 1998). The TRIM is
composed of three zinc-binding domains, a RING (R), a
B-box type 1 (B1) and a B-box type 2 (B2), followed by a
coiled-coil (CC) region (Reddy et al., 1992; Borden,
1998). Genes belonging to this family are implicated in a
variety of processes, such as development and cell growth,
and are involved in several human diseases. PYRIN/
MARENOSTRIN, MID1 and MUL are mutated in familial
Mediterranean fever, X-linked Opitz/GBBB syndrome and
mulibrey nanism, respectively (Quaderi et al., 1997; The
French FMF Consortium, 1997; The International FMF
Consortium 1997; Avela et al., 2000), whereas PML,
RFP and Tif1 acquire oncogenic activity when fused to
RARa, RET or B-raf, respectively (Takahashi et al., 1988;
Grignani et al., 1994; Le Douarin et al., 1995).

Very little is known about the biological and molecular
mechanisms mediated by the TRIM genes (Friedman
et al., 1996; Kim et al., 1996; Le Douarin et al., 1996;
Moosmann et al., 1996; Quignon et al., 1998; Wang et al.,
1998; Nielsen et al., 1999; Pearson et al., 2000; Zhong
et al., 2000b). To tackle this issue, we devised a strategy
based on a bioinformatic approach combined with sys-
tematic functional data gathering (Figure 1). The collected
data are summarized in Table I and are accessible through
our web page (www.tigem.it/TRIM). The pertinence of
this approach is demonstrated by the identi®cation of a
common molecular property shared by TRIM proteins.

Results

The TRIM family
To identify TRIM family members, we ®rst screened the
dbEST databases using a consensus of the B-box domain.
We identi®ed a total of 37 TRIM members in mammals
(TRIM1±37), 21 of which were previously undescribed
(TRIM1±17 and 34±37). In addition, we found 34 new
alternative splice forms and a TRIM expressed pseudo-
gene y (Figure 2A). Eighty-one sequences have been
deposited in the DDBJ/EMBL/GenBank database.

These extensive data allowed us to de®ne the sequence
patterns of the TRIM-speci®c RING domain and the
consensi of the B1 and B2 domains (Figure 2B). The B1
and B2 domains have different lengths and consensi and,
when found together, the type 1 B-box always precedes
the type 2. A predicted CC region invariably follows
(Figure 2). The B-boxes appear to be critical determinants
of the TRIM motif, since, at variance with the R and CC
domains, they were only found within this protein family.
The C-terminal portion of these proteins may contain
known domains, such as the RFP-like (B30.2), the
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NHL, the TSS-PHD-BROMO, the ARF or uncharacter-
ized sequences (Figure 2A) (Vitale et al., 1996; Cao
et al., 1997; Slack and Ruvkun, 1998; Venturini et al.,
1999).

We found that while some of the above-de®ned domains
can be present or absent, their order from the N- to the
C-terminal end of the protein is always maintained (R-B1-
B2-CC-Cterm; see Figure 2A). Notably, this arrangement
is conserved throughout evolution, further supporting its
functional relevance (Bellini et al., 1995; Shou et al.,
1996; Frank and Roth, 1998; Slack et al., 2000). These
features suggest that the TRIM may serve as an integrated
functional structure, rather than a collection of separate
modules.

To study the evolutionary history of the TRIM gene
family, we determined their chromosomal localization
(Table I). The TRIM genes are dispersed throughout the
genome, with the exception of two clusters located in the
HLA region in 6p21±23 (TRIM10, 15, 26, 27 and 31) and
11p15 (TRIM5, 6, 21, 22, 34 and TRIMy). The RH raw
data and a schematic representation of the clusters can be
accessed through our web page (www.tigem.it/TRIM).
With the exception of TRIM31, the genes within the
6p21±23 and 11p15 clusters share the same R, B2, CC and
RFP-like domain composition. Interestingly, in the HLA
chromosomal region this conserved C-terminal domain is
also present in the butyrophilin gene, which encodes an
unrelated protein lacking the TRIM (Henry et al., 1998).
In contrast, TRIM3, distally located on chromosome 11p
arm, lacks the RFP-like domain and contains an NHL
domain at the C-terminus of the predicted protein product.
Sequence comparison of RFP-like domains shows that
TRIM genes within each cluster are more similar to each
other than to other members of the family (data not
shown). This observation is compatible with possible
recent duplications of ancestor TRIM genes in these
regions.

We performed systematic expression analysis of TRIM
genes by both northern blotting and RNA in situ
hybridization using adult and embryonic mouse tissues.
The results revealed heterogeneous expression patterns
among the TRIM genes, thereby suggesting independent
evolution of their regulatory regions. A short description
of the expression patterns for each of the TRIM genes is
presented in Table I and the RNA in situ hybridization data
of 22 TRIM genes are accessible through our web site

(www.tigem.it/TRIM). Two examples of the expression of
TRIM genes during development are presented in Figure 3.

TRIM proteins homo-multimerize through their
CC region
We investigated whether the common structural traits of
the TRIM translate into shared functional features. The
presence of a CC region strongly suggested the possibility
of cross-interaction among TRIM proteins (Lupas,
1996). To investigate TRIM protein homo- and hetero-
dimerization properties, we took advantage of the inter-
action-mating technique, an extension of the two-hybrid
system. Consistent with previous work, we con®rmed the
homo-interaction of TRIM18 (MID1) and 27 (RFP) (see
Figure 4I) (Cao et al., 1997; Cainarca et al., 1999).
Similarly, TRIM1, 3, 5, 6, 8, 9, 10, 11, 21, 23, 24, 25, 26,
29, 31 and 32 were shown to homo-interact. Heterologous
interaction, instead, is uncommon among family members
and only a few putative interologs were mapped
(Figure 4I). The ability of TRIM6, 8, 11, 23, 28, 29 and
30 to homo-interact was con®rmed by in vitro and/or
in vivo co-immunoprecipitation experiments (Table I;
Figure 5I) (Reymond and Brent, 1995). Notably, TRIM28
and 30, which scored negative in the two-hybrid screen,
were shown to homo-interact both in vivo and in vitro.

To map the structural determinants responsible for their
self-association, we generated TRIM mutants carrying
individual deletions of relevant protein regions [R,
B-boxes (BB), CC, RFP-like, and N- or C-terminal
regions; Figure 5A] and analyzed them by interaction
mating and in vivo co-immunoprecipitation. Deletion of
the CC region resulted in the loss of self-association, while
deletion of the other regions only partially affected binding
(Figure 5B±D, F and I). Isolated CC, but not isolated R
or BB, was able to self-associate, suggesting that the CC
region is necessary and suf®cient for homo-interaction
(Figure 5E).

Given the strong self-association properties found for
essentially all of the TRIM proteins, we hypothesized that
their CC region mediates the formation of higher order
complexes. We tested this assumption using gel ®ltration
analysis of in vitro translated TRIM proteins. Each tested
TRIM protein (TRIM6, 8, 11, 23, 28, 29 and 30) eluted in
fractions corresponding to high molecular weight com-
plexes (Figures 4J, 5G and H). Comparable results were
obtained using cell lysates overexpressing TRIM proteins

Fig. 1. Schematic outline of the strategy used in the ®rst phase to identify and clone full-length TRIM cDNAs and in the second phase to ®nd
common functional features through systematic data gathering. Hs, Homo sapiens; Mm, Mus musculus.
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(not shown). Similar results were previously gathered for
TRIM18 (MID1), 19 (PML) and 28 (TIF1b) (Cainarca
et al., 1999; Grignani et al., 1999; Minucci
et al., 2000; Peng et al., 2000). Gel ®ltration analysis of
the various TRIM deletion mutants indicated the critical
involvement of the CC region in the formation of high
molecular weight complexes. Wild-type TRIM proteins
elute as multimeric complexes, while the DCC mutant
proteins elute in fractions corresponding to monomers. In
contrast, deletions of either BB, R or RFP did not affect the
formation of high molecular weight complexes (Figure 5G
and H). Together, these results suggest that the diverse
TRIM proteins form high molecular weight complexes
in vivo as a consequence of the self-association properties
of their CC regions.

TRIM proteins identify cell compartments
A few TRIM proteins have been previously characterized
for their subcellular localization and shown to be associ-
ated with speci®c compartments, such as nuclear bodies
(PML/TRIM19, TIF1/TRIM24 and RFP/TRIM27) or the
microtubules (MID1/TRIM18 and MID2/TRIM1) (Dyck
et al., 1994; Le Douarin et al., 1995; Cao et al., 1998;

Buchner et al., 1999; Cainarca et al., 1999; Schweiger
et al., 1999; Zhong et al., 2000b). We therefore investi-
gated the subcellular localization of all TRIM proteins in
living cells using green ¯uorescent protein (GFP) tech-
nology. Results are summarized in Table I and are
accessible through our web links (www.tigem.it/TRIM).
The great majority of TRIM proteins localize to discrete
cytoplasmic or nuclear structures sometimes associated
with a diffusely stained background. In the case of
cytoplasmic TRIM proteins, these putative structural
domains are associated with ®laments (TRIM1, 2, 3 and
18; Figure 4C), or assume a cytoplasmic ribbon-like
structure (TRIM29; Figure 4A). Other TRIM proteins are
concentrated in `cytoplasmic bodies' of variable size
(TRIM4, 5, 6, 9, 10, 12, 14, 21, 22, 23, 26, 27, 30 and 32;
Figure 4B, D and H), occasionally located around the
nucleus (TRIM13; Figure 4F). Nuclear TRIM proteins
localize to structures best described as `nuclear bodies'
(TRIM8, 19, 30 and 32; Figure 4E) or `nuclear sticks'
(TRIM6). The members of the bromodomain-containing
subfamily (TRIM24, 28 and 33) associate with speci®c
chromatin regions, consistent with the proposed role of
this domain (Figure 4G) (Jacobson et al., 2000).
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To de®ne better the compartments identi®ed by TRIM
proteins, we performed co-localization studies using com-
partment-speci®c markers. U2OS cells were transiently
transfected with the multiple GFP±TRIM fusion constructs
and the green ¯uorescent signals were compared with

distinct compartments outlined by speci®c antibodies.
Based on the TRIM localization pattern observed (cyto-
plasmic speckled, nuclear speckled, ®lamentous, etc.; see
above), co-localization experiments were performed
with markers of the Golgi apparatus, endocytic vesicles,

Fig. 2. The TRIM protein family. (A) Schematic representation of the TRIM proteins identi®ed in the screen described in Figure 1. Color coding is as
follows: red squares, RING domain; light blue squares, B-box type 1 domain; dark blue squares, B-box type 2 domain; marine blue squares, B-box of
TRIM alternatively spliced isoforms not following type 1 or 2 criteria; green rectangles, CC region; orange rectangles, NHL repeats domain; yellow
rectangles, RFP-like domain regions; brown squares, TSS domain; purple squares, PHD domain; magenta rectangles, bromodomain; black squares,
ARF domain. (B) Alignments of the RING, the B-box type 1 and the B-box type 2 domains. The consensus sequences are indicated above. Conserved
and similar amino acids are boxed. TRIM9, 24 and 36 double backslashes indicate a discontinuity in the sequence. Abbreviations are as in Figure 1.
R, B1 and B2 consensi were built with 33, 14 and 35 mammalian sequences, respectively. Orthologous sequences were omitted for obvious reasons.
Please note that TRIM37 in the R domain and TRIM19 and 23 in the B2 domain do not respect the spacing between conserved residues.
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clathrin-coated pits, mitochondria, coil bodies, PML-
speci®c nuclear bodies, spliceosomes, BRCA-1-speci®c
nuclear bodies, intermediate ®laments, tubulin and actin.
The experiments are summarized in Table II and the images
can be visualized through our web site (www.tigem.it/
TRIM). The results show that, with the exception of MID2/
TRIM1 and MID1/TRIM18, none of the TRIM proteins
co-localizes with the tested structures. Furthermore, an
internalization assay showed that the investigated TRIM
proteins do not co-localize with rhodamine-conjugated
transferrin, a marker for recycling endosomes. Therefore,
our studies strongly suggest that most of the TRIM proteins
de®ne novel subcellular compartments.

Disruption of the TRIM CC region was always associ-
ated with diffuse localization (see, for example, the DCC
TRIM6, 8 and 29 mutants; Figure 6). In contrast,
independent deletions of R or BB induced relocalization
of the mutant protein to aberrant cellular structures
(Figure 6). For example, deletion of the R domain in
TRIM6 and 8, or of the entire BB region in TRIM 6 and
29, causes formation of new structures, different in shape,
size and number from those observed with the full-
length protein. Deletion of the B1 domain in an R-B1-B2-
CC-type TRIM was indeed suf®cient to alterÐalthough

less dramaticallyÐsubcellular localization (Figure 6),
indicating that the integrity of the TRIM is absolutely
required for proper subcellular localization of TRIM
proteins. The contribution of other regions of the TRIM
proteins, instead, varies from protein to protein. Deletion
of the C-terminal region of TRIM6 had no effect, while a
similar deletion in TRIM8 and TRIM29 resulted in protein
mislocalization (Figure 6). The importance of the RFP-like
domain in proper localization of TRIM18 (MID1) has
been demonstrated in Opitz syndrome (Cainarca et al.,
1999; Schweiger et al., 1999).

Together, these results suggest that TRIM proteins
de®ne a variety of different cellular compartments as a
consequence of their propensity to form high-order
molecular weight structures. In particular, it appears that
the CC region of the TRIM is indispensable for the
formation of high molecular weight complexes and
cellular compartments, while the R and B-boxes (and in
given examples other domains) cooperate for proper
subcellular localization.

Some of the arti®cially created deletion mutants mimic
naturally occurring TRIM alternatively spliced isoforms
(Figures 2A and 5A). TRIM21b, for example, lacks the
CC region, does not homodimerize and presents a diffuse

Fig. 3. TRIM expression pattern during mouse embryonic development. TRIM2 is preferentially expressed in the central nervous system and gut.
(A and B) Sagittal sections of E12.5 and E14.5 embryos, respectively. (C) A coronal section of an E12.5 embryo. All three panels reveal high
expression of TRIM2 in the nervous system (in particular in the telencephalon, cranial and dorsal root ganglia, and eye) and in the gut (midgut and
duodenum). Higher magni®cation panels highlight expression of TRIM2 in the neural tube and in the dorsal root ganglia (D) and in the inner neural
layer of the retina (E). (F and G) Expression in the adult brain, particularly high in the hippocampus. TRIM8 is mainly expressed in the kidney, gut
and central nervous system. Coronal and sagittal sections of E10.5 and E12.5 embryos (H and I) show expression in the central nervous system. The
higher magni®cation panels show a high level of expression at the E14.5 stage in: the eye (lens and inner neural layer of the retina) (J); the primitive
glomeruli of the developing kidney (K); the villi of the gut (L); and the dorsal root ganglia (M).
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nuclear and cytoplasmic localization pattern, while the
longer R-B2-CC-RFP isoform (TRIM21a) is capable of
homodimerization and concentrates in discrete cyto-
plasmic speckles (Figure 5F; Table I; www.tigem.it/
TRIM). Likewise, upon co-expression, the shorter
TRIM30b isoform was shown to displace the a isoform
from the cytoplasmic bodies it identi®es (G.Merla and
A.Reymond, in preparation). Moreover, deletion of the BB
or the C-terminal domain of TRIM11, one of the few
diffuse TRIM proteins, confers a compartmentalized
pattern to the protein (www.tigem.it/TRIM). These data
allow us to speculate on an even more subtle involvement
of the TRIM proteins and their alternatively spliced
isoforms in the regulation of compartmentalization.

Discussion

Nature often uses the same structures to perform functions
that are similar at the biochemical level, but might be very
different in a physiological context. This effective and
`economical' way of handling functions is achieved by
duplicating structures, hence generating gene families.
The analysis of the entire human genome is expanding
both the number and size of such families, creating the
need to develop new approaches to identify the functional
properties of their members. Towards this goal, we
implemented a combinatorial strategy. After de®nition of
a protein family with in silico and classical molecular
biology approaches, we systematically investigated the

Fig. 4. TRIM proteins homomultimerize and associate with speci®c subcellular structures. Subcellular localization of TRIM29 (A), TRIM4 (B),
TRIM2 (C), TRIM5 (D), TRIM8 (E), TRIM13 (F), TRIM28 (G) and TRIM9 (H). U2OS and HeLa cells were transfected with plasmids encoding
EGFP±TRIM fusions. All TRIM proteins localized to particular subcellular compartments: TRIM29, to cytoplasmic ribbon-like structures; TRIM2, to
cytoplasmic ®laments; TRIM4, 5 and 9, to `cytoplasmic bodies'; TRIM8, to speci®c nuclear bodies; TRIM13, around the nucleus; and TRIM28, to
speci®c chromatin regions. (I) Interaction-mating matrix of 32 TRIM ORFs fused to the LexA binding domain (bait) or to the B42-SV40 NLS-HA-tag
domains (preys). Color coding is as follows: red squares, homodimerization; dark green squares, homodimerization previously reported and detected in
the present assay; dark blue squares, homodimerization previously reported and not detected in the present assay; yellow squares, heterodimerization
detected in either bait-X/prey-Y or bait-Y/prey-X orientation; light green squares, heterodimerization detected in both bait-X/prey-Y and bait-Y/
prey-X orientations; orange squares, heterodimerization previously reported and not detected in either bait-X/prey-Y or bait-Y/prey-X orientation; light
blue squares, co-presence without direct interaction in a protein complex reported (Grignani et al., 1996; Cao et al., 1997, 1998; Cainarca et al., 1999;
Zhong et al., 1999a). (J) Superose 6 gel ®ltration of in vitro translated TRIM6, 23, 28 and 30 proteins. Their elution peaks correspond to formation of
homomultimeric complexes. Elution of proteins of known molecular weight (kDa) is indicated above.

A.Reymond et al.

2146



function of all family members. Our scheme allowed us to
show that a given structural motif, the TRIM, de®nes a
family of proteins and a cellular function (compartmental-
ization), thereby allowing the assignment of a common
function to homologous proteins.

Cells set apart speci®c functions even without the help
of membranes, thus rendering the process dynamic and
¯exible to physiological changes. These functional com-
partments are de®ned by speci®c proteins and are found
both in the nucleus and in the cytoplasm. Our data indicate
that the TRIM-containing proteins may serve a funda-
mental role in de®ning such subcompartments. TRIM
proteins present the expected features that one can
hypothesize as being necessary to ful®ll this task; triggered
by homodimerization, they form high molecular weight
complexes that identify subcellular niches. Consistently,
PML (TRIM19), but not other proteins localizing within
the PML nuclear bodies, is necessary for the correct

constitution of this compartment (Ishov et al., 1999;
Zhong et al., 1999b).

Formation of distinct cellular compartments by TRIM
proteins is strictly dependent on the integrity of the TRIM.
The CC domain is necessary and suf®cient for homo-
multimerization, an essential step towards compartmental-
ization. Nevertheless, the other TRIM domains are also
involved. Independent deletions of the R or BB regions
result in the formation of different subcellular compart-
ments. We hypothesize that TRIM domains, besides the
CC region, provide the protein±protein interfaces for the
recruitment of other proteins, to specify cellular compart-
ments. Consistently, these domains were shown to
contribute speci®c interaction moieties (Li et al., 1994;
Bellini et al., 1995; Friedman et al., 1996; Hasegawa
et al., 1996; Kim et al., 1996; Le Douarin et al., 1996;
Moosmann et al., 1996; Nielsen et al., 1999; Pearson et al.,
2000; Zhong et al., 2000a). Notably, the TRIM proteins,

Fig. 5. Characterization of TRIM deletion mutants. (A) Schematic representation of the deletion mutants and the TRIM18 domains. The color coding
is as de®ned in Figure 2A. (B±F) Interaction-mating assays between strains carrying TRIM8 (B), TRIM11 (C) and TRIM29 (D) deletion mutants,
TRIM18 domains (F) and the naturally occurring TRIM21a and b isoforms (E). EGY42 bait strains containing plasmids that expressed LexA fusions
were mated to EGY48 derivatives that contained B42 fusions. Numbers (1±3) indicate the degree of b-galactosidase activity on GAL plates. No
activity was detected for the interaction represented by open squares. Please note that some residual binding is still apparent in the combinations
TRIM8DCC/TRIM8WT and TRIMDCC/TRIM8DB1. (G and H) Gel ®ltration of in vitro translated TRIM8 (G) and TRIM11 (H) deletion mutant
proteins. The monomeric sizes are as follows. TRIM8: WT, 61 kDa; DR, 53 kDa; DB, 56 kDa; DCC, 50 kDa; and TRIM11: WT, 51 kDa; DR, 43 kDa;
DB, 48 kDa; DCC, 40 kDa; DRFP, 35 kDa. (I) Co-immunoprecipitation experiments of HA-tagged TRIM18 mutants and Myc-tagged TRIM18
expressed in Cos7 cells.
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despite sequence and structural similarity, have no or little
propensity to heterodimerize, have distinct patterns of
expression and are not functionally interchangeable (Peng
et al., 2000; this work), suggesting that they are single
functional entities. Further studies are needed to clarify the
role of TRIM proteins in compartmentalization and to
identify other factors involved in this process.

Materials and methods

Bioinformatics
We created a reformatted, Blast-searchable version of the Unigene data-
base (http://hercules.tigem.it/UNIBLAST/uniblast.html), which allowed
us to identify EST matches. EST assembly and contig elongation were
performed using `The EST Extractor' tool (http://hercules.tigem.it/
BLASTEXTRACT/estextract.html). We identi®ed further members
with recursive dbEST searches using the blastn/tblastn programs with
the above isolated contigs as search keys. The cDNA clones were
obtained from the IMAGE consortium and sequenced. Suitable libraries
were screened to retrieve the full-length cDNA, when necessary. The low
stringency conditions used for these library screenings allowed the
isolation of additional members of the TRIM family.

cDNA clones and plasmids
TRIM1: the full-length human and murine cDNAs were received from
B.Franco. TRIM2: the human clone KIAA0517 was received from
Takahiro Nagase, Kazusa DNA Research Institute. IMAGE clone
1380964 was used to screen a 15.5 d.p.c. mouse embryo cDNA library
(Clontech) and to retrieve the full-length murine gene. TRIM3: IMAGE
clone 1380964 was used to screen a 15.5 d.p.c. mouse embryo cDNA
library (Clontech) and to retrieve the full-length murine gene. TRIM4:
IMAGE clone 268148 was used to screen an NT2 cell cDNA library
(Stratagene) and to retrieve the full-length gene. TRIM5: IMAGE clone
29808 was used as template. TRIM6: IMAGE clone 664116 was used as
template. Murine probe was ampli®ed from genomic DNA using the
database sequence entry AA571501. TRIM7: IMAGE clone 925222 was
used to screen a human skeletal muscle cDNA library (Clontech) and to

retrieve the full-length gene. TRIM8: IMAGE clone 159487 was used to
screen an NT2 cell cDNA library (Stratagene) and to retrieve the 3¢ region
of the gene and its 3¢UTR. The full-length gene was reconstructed by PfuI
PCR ampli®cation (Stratagene). TRIM9: KIAA0282, received from
Kazusa DNA Research Institute, was used to screen a mature NT2 cell
cDNA library (Stratagene) and to retrieve the full-length gene. TRIM10:
IMAGE clones 424725 and 465060 were used as templates. TRIM11:
IMAGE clone 554746 was used as template. TRIM12: IMAGE clone
463322 was used as template. TRIM13: IMAGE clones 294505 and
546282 were used as templates. TRIM14: clone KIAA0129 was received
from Kazusa DNA Research Institute. TRIM19: human PML-3B open
reading frame (ORF) was used as template. TRIM20: received from
D.Kastner. TRIM21: received from E.Chan. TRIM22: received from
N.Mechti. TRIM23: received from J.Moss and M.Vaughan. TRIM25:
received from M.Muramatsu. TRIM26: received from T.Chu and
J.Gruen. TRIM27: received from L.D.Etkin. TRIM28: received from
E.O'Leary and J.V.Bonventre. TRIM30: received from H.Cantor.
TRIM31: received from J.Iovanna and P.Pontarotti. TRIM32: received
from R.A.Friedell. Plasmids allowing the expression of proteins fused to
the GAL4 DNA binding domain, the Myc-tagged EGFP or the
hemagglutinin (HA) tag were engineered from the pCDNA3+ vector
(Invitrogen). These vectors were subsequently modi®ed, together with the
two-hybrid technology plasmids pEG202 and pJG4-5 (Gyuris et al.,
1993), to present a common multiple cloning site. The full-length ORF of
the TRIM genes was ampli®ed with PfuI polymerase (Promega or
Stratagene) and cloned in the above vectors. Deletion mutants were
created using the Quick-change mutagenesis kit (Stratagene) and
appropriate oligonucleotides.

Mapping
Oligonucleotide primers were designed based on the TRIM cDNA
sequences and were used to screen the HGMP Genebridge 4 whole-
genome radiation hybrid panels. Ampli®cation results were submitted
to the Whitehead Institute/MIT servers (http://www-genome.wi.mit.edu/
cgi-bin/contig/rhmapper.pl). This server returned an MIT framework
linked to the subject STS with a LOD score >3.0. The cytogenetic band
location was inferred using both the MIT and the Genethon framework
maps (http://www-genome.wi.mit.edu/cgi-bin/contig/phys_map and
http://www.cephb.fr/quickmap.html). Primer sequences, ampli®cation

Fig. 6. Subcellular localization of TRIM6, 8 and 29 deletion mutants.
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conditions and results, together with mapping location, can be retrieved
from our web site (www.tigem.it/TRIM).

Expression studies
Northern blot ®lters from human adult or mouse tissues (Clontech) were
hybridized with TRIM cDNA probes following the manufacturer's
recommendations. Sense and antisense 35S-labeled riboprobes were
transcribed using 3¢UTR murine cDNA fragments corresponding to the
different TRIM genes, cloned in pBS vector and linearized with
appropriate restriction enzymes. Mouse embryo tissue sections were
prepared and RNA in situ hybridization performed as described (Rugarli
et al., 1993). In panels with the entire embryo, the white color represents
the signal. In the micrographs showing sections after double exposure, the
red color represents the in situ hybridization signal and the blue shows the
nuclei stained with Hoechst 33258 dye.

Protein±protein interactions
Interaction-mating techniques, an extension of the two-hybrid technol-
ogy, are described. The bait plasmids express the cDNA fused
directionally to the ®rst 202 residues of LexA under the control of the
constitutive ADH promoter. On the other hand, prey plasmids express
cDNAs fused to the B42 activation domain, the SV40 T NLS and an HA
tag under the control of the inducible GAL1 promoter. The pSH18-34
vector carrying the lacZ reporter gene driven by six LexA-operators was
used. EGY48/EGY42 diploids for every pairwise combination were
generated by mating (Gyuris et al., 1993; Finley and Brent, 1994;
Reymond and Brent, 1995). The two-hybrid technology used in this
report is based upon a transcriptional activation event that occurs in the
nucleus. Hence, it can produce false negatives. For example, in this assay
we did not detect the previously identi®ed PML homo-interaction (Perez
et al., 1993). Co-immunoprecipitation experiments were performed as
described in Meroni et al. (2000). In vitro translated and labeled TRIM
proteins were analyzed by size exclusion chromatography on a Superose 6
HR10/30 column (Pharmacia) equilibrated in 20 mM HEPES pH 7.5, 1%
glycerol, 0.4 M KCl, 1 mM EDTA, 1 mM phenylmethylsulfonyl ¯uoride,
1 mM dithiothreitol. Fractions were collected and separated by
SDS±PAGE. Proteins of known size were gel-®ltrated to determine the
molecular weight eluted in each fraction.

Subcellular localization
HeLa and U2OS cells were transfected by calcium phosphate precipi-
tation and the FUGENE (Boehringer Mannheim) procedure, to obtain low
and high expression levels, respectively. EGFP ¯uorescence was detected
on both living and ®xed cells using epi¯uorescence (Olympus BX-60
equipped with 3CCD color camera Hamamatsu Photonics C5810) and
confocal microscopy (Bio-Rad MRC-1024). Images were analyzed with
the Adobe Photoshop software. A western blot analysis of transfected
cells with anti-GFP monoclonal antibody (Clontech) was performed to
control correct expression of the EGFP±TRIM fusion proteins. The
fusion of EGFP to TRIM proteins has no in¯uence on their localization,
as shown by: (i) EGFP±TRIMX and HA±TRIMX co-localizations;
(ii) EGFP±PML and endogenous PML co-localization; and (iii)
EGFP±MID1 and endogenous MID1 co-localization. The following
compartment-speci®c markers were used: monoclonal anti-PML
(PGM3); monoclonal anti-Giantin (324450; Calbiochem); polyclonal
anti-Rab2 (sc-307; Santa Cruz Biotechnology); monoclonal anti-AP2
(AP.6; Af®nity Bioreagents); monoclonal anti-clathrin (X22; a kind gift
from Werner Boll); monoclonal anti-mtHSP70 (MA3-028; Af®nity
Bioreagents); monoclonal anti-cytochrome c (65981A; PharMingen);
monoclonal anti-BRCA-1 (AB-1; Calbiochem); monoclonal anti-p80
coilin (kindly provided by Angus Lamond); monoclonal anti-SC-35
(S4045; Sigma-Aldrich); monoclonal anti-b tubulin (KMX-1; Boehringer
Mannheim); and monoclonal anti-vimentin (V9, sc-6260; Santa Cruz
Biotechnology). Orange Red-conjugated MitoTracker, rhodamine-
conjugated transferrin and rhodamine-conjugated phalloidin are from
Molecular Probes. The internalization assay was performed as previously
described (Lanzetti et al., 2000).

Accession numbers
The human, murine and alternatively spliced TRIM cDNA isoforms are
deposited in DDBJ/EMBL/GenBank with the following accession
Nos: from AF220014 to AF220039, from AF220121 to AF220144,
AF230976±77, from AF230401 to AF230412, from AF230385 to
AF230400. Details can be accessed through www.tigem.it/TRIM.
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