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Computational prediction of membrane-tethered transcription
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Abstract

Background: Sequestration of transcription factors in the membrane is emerging as an important
mechanism for the regulation of gene expression. A handful of membrane-spanning transcription
factors has been previously identified whose access to the nucleus is regulated by proteolytic
cleavage from the membrane. To investigate the existence of other transmembrane transcription
factors, we analyzed computationally all proteins in SWISS-PROT/TrEMBL for the combined
presence of a DNA-binding domain and a transmembrane segment.

Results: Using Pfam hidden Markov models and four transmembrane-prediction programs, we
identified with high confidence 76 membrane-spanning transcription factors in SWISS-PROT/TrEMBL.
Analysis of the distribution of two proteins predicted by our method, MTJ1 and DMRT2,
confirmed their localization to intracellular membrane compartments. Furthermore, elimination of
the predicted transmembrane segment led to nuclear localization for each of these proteins. 

Conclusions: Our analysis uncovered a wealth of predicted membrane-spanning transcription factors
that are structurally and taxonomically diverse, 56 of which lack experimental annotation. Seventy-five
of the proteins are modular in structure, suggesting that a single proteolysis may be sufficient to
liberate a DNA-binding domain from the membrane. This study provides grounds for investigations
into the stimuli and mechanisms that release this intriguing class of transcription factors from
membranes.
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Results and discussion
Computational analysis of protein databases reveals a
large number of predicted transmembrane
transcription factors
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Figure 1 (see the figure on the next page)
The domain structure of predicted TMTFs is shown. Pfam-predicted DNA-binding domains, transmembrane segments and
bipartite nuclear localization signals are shown for linear protein models and identified by SWISS-PROT/TrEMBL accession
number. The total number of proteins predicted for each species is given. Colored icons represent various DNA-binding
domains. Predicted transmembrane segments for each program are represented by a filled box. Protein lengths are drawn
approximately to scale; positions of domains are approximate. Arrows in MTJ1 and DMRT2 indicate sites for truncated
protein localization experiments shown in Figure 2. The scale of proteins O80659 and Q9SGP0 is reduced by half. Orthologs
of predicted TMTFs not shown are: Luman (Q9UE77 Homo sapiens), SREBP-1 (Q60416 Cricetulus griseus, Q9WTN3 Mus
musculus, P56720 Rattus norvegicus, Q9XX00 Caenorhabditis elegans), SREBP-2 (Q9UH04 H. sapiens, Q60429 C. griseus), and
AFLR Reg (P43651 Aspergillus parasiticus). Open reading frames (ORFs) for O65420, O43989, Q17928 were extended using
additional nucleotide sequence available in the NCBI database (indicated by stippled rectangles).
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Figure 1 (see the legend on the previous page)
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TMTFs translocate to the nucleus on deletion of the
predicted transmembrane helix
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Figure 2
Subcellular localizations of predicted and truncated TMTFs
in COS-7 cells were detected using anti-Myc antibodies. Full-
length proteins are localized to intracellular membrane
compartments, but truncated forms (∆∆) lacking predicted
transmembrane segments accumulate in the nucleus. Nuclei
are stained with Hoechst. (a) mouse MTJ1; (b) human
DMRT2.
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