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Plexin B3 is a neurally expressed transmembrane receptor protein participating in growth cone remod-
elling and synaptic plasticity. Despite their biological importance no plexin promoter has been character-
ized so far. Regulation of mouse plexin B3 transcription was investigated using in silico analysis of
promoter and inititation area, 50RACE, reporter-gene assays, gelshift and co-expression experiments. As
a result we have described a novel 50 exon and show that a 234 basepair region upstream of it exhibits
promoter activity. Further analysis indicated that this region contains predicted binding sites for myeloid
zinc finger protein 1 (MZF-1) and neurogenin 3 (Ngn3). Oligonucleotides corresponding to the recogni-
tion sequences of these factors produced a specific mobility shift in EMSA. Expression of the reporter gene
attached to the 234 region was increased 2-fold by Ngn3 and reduced twice in response to MZF-1 over-
expression. These results help to better comprehend mechanisms used for plexin B3 transcriptional
regulation.

� 2008 Elsevier Inc. All rights reserved.
Plexins emerged in evolution with the appearance of
multicellular animals. The family of plexins comprises two genes
in Caenorhabditis elegans and Drosophila and nine genes (A1-4,
B1-3, C1, and D1) in mammals [1,2]. Plexins are receptors for sem-
aphorins—secreted or membrane associated proteins that play an
important role in axon and dendrite guidance. In addition, the
plexin family controls adhesion and migration in a variety of
non-neural cell types. It is therefore implicated in regulation of
organogenesis and cancer formation [3,4].

Plexin B3, a receptor for semaphorin 5A, is a bifunctional mole-
cule that can, induce growth cone collapse or promote cellular
migration and growth on the context-dependent manner. Sema5A
can activate Met signalling by plexin B3 leading to the invasive
growth [5]. Plexin B3 can also stimulate neurite outgrowth through
homophilic interaction in trans. This highly specific interaction is
mediated by the extracellular Sema domain [6].

Mouse plexin B3 gene is located on chromosome X and spans
�17 kbp. It is predicted to encode a 1902 amino acid protein
(Accession No. NP062533). The expression of B3 is scarcely detect-
able before birth. Postnatally it is predominantly expressed in cen-
tral nervous system, peaking at P9 and remaining relatively high to
adulthood [6–8]. Plexin B3 is expressed also in several normal tis-
sues of the epithelial origin and in many tumor tissues [9]. Modern
human specific haplotype of plexin B3 has been associated with
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brain white matter volume and verbal performance [10] in accor-
dance with its neurite growth promoting effect, indicating that
plexin B3 is involved in brain development and functioning.

In the present study, we characterized the genomic organiza-
tion of the mouse plexin B3 promoter, mapped the transcriptional
start sites, determined the minimal region required for transcrip-
tional activity, and analyzed its regulation by transcription factors
MZF-1 and Ngn3. This is the first promoter to be described for the
plexin gene family.

Materials and methods

50RACE. FirstChoice� RLM-RACE Kit (Ambion) was used along
with rat (Ref636622) and mouse (Ref636601) total brain RNA
(BD BioSciences) following the manufacturer’s instructions. Nested
gene-specific primers used for amplification are listed in Supple-
mentary Materials. PCR products were cloned into pCR2.1�- TOPO�

(Invitrogen) and recombinant plasmids were sequenced.
Database analysis. Nucleotide sequences lying 4 kbp upstream

of the annotated translation initiation sites of mouse, rat and hu-
man plexin B3 genes were aligned with ClustalW [11]. Transcrip-
tion factor binding sites were predicted using the MatInspector
software [12] and TFSEARCH [13]. Also, the CpG Island Searcher
program (http://cpgislands.usc.edu/) was used.

Plasmid construction. PCR-amplified mouse plxnB3 promoter frag-
ments were cloned into pCR2.1�-TOPO� vector (Invitrogen). Prim-
ers used are listed in Supplementary Materials. Fragments were
subcloned into Acc65I and XhoI sites of pSEAP2 Basic (Clontech)
vector. Short fragments of 234 and 437 bp were generated by

http://cpgislands.usc.edu/
mailto:andres.veske@ttu.ee
http://www.sciencedirect.com/science/journal/0006291X
http://www.elsevier.com/locate/ybbrc


12 L. Tiismus et al. / Biochemical and Biophysical Research Communications 375 (2008) 11–15
restriction endonuclease treatment of pSEAP/772 construct (using
Acc65I with Mph1103I or Bsp1407I, respectively).

Mouse MZF-1 and Ngn3 coding regions were PCR amplified
from mouse brain cDNA and cloned into the EcoRI and Acc65I sites
of pFLAG-CMV-4 (Sigma).

Cell culture. NIH3T3 (mouse embryonic fibroblast), Neuro2A
(mouse neuroblastoma) and B10F10 (mouse melanoma) cell lines
were cultured in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS), penicillin
(100 U/ml) and streptomycin (100 mg/ml).

Secreted alkaline phosphatase assay. Experiments were carried
out in 24-well plates. SEAP reporter plasmid (0.8–1 lg) and
b-galactosidase internal control plasmid (0.25 lg) were transiently
transfected using Lipofectamine 2000 (Invitrogen) according to
manufacturer’s protocol. For cotransfection experiments 0.8 lg of
pSEAP/234, 0.8 lg of transcription factor expression constructs in
pFLAG-CMV-4 and 0.4 lg of b-galactosidase internal control plas-
mid were used. Each transfection was performed in triplicate and
repeated at least five times with every cell line. Cells were
harvested 48 h after transfection and analyzed with Great EscAPE
system (BD Biosciences Clontech) and b-galactosidase Enzyme
Assay System (Promega) according to manufacturers’ protocols.
The relative alkaline phosphatase activity was normalized to
b-galactosidase activity and was calculated as a ratio of construct’s
activity to pSEAP2 Basic activity.

Preparation of nuclear extracts and electrophoretic mobility shift assay
(EMSA)

Nuclear extracts were prepared and EMSA was carried out using
the online protocol suggested by the molecular cloning laboratory
manual (www.molecularcloning.com). Protein concentration of
the nuclear extracts from cell lines was measured with Bradford
reagent (Sigma). 2000 cpm of labeled double stranded DNA oligo-
nucleotide (listed in Supplementary Materials) was used per reac-
tion and mixed with 0.75 lg of nuclear protein mix and 1 lg of
non-specific competitor poly-dCdI (Serva). The final mix contained
also 45 mM NaCl, 6 mM Hepes–KOH pH 7.9; 60 mM KCl; 0.15 mM
DTT and 10% glycerol. Unlabeled oligos were used as specific com-
petitors in 250-fold excess. Reactions were incubated at room tem-
perature for 15 min.
Results

Characterization of mouse plxnB3 transcription start sites

To determine the transcription start sites (TSSs) of mouse
plxnB3, RLM-RACE was performed using mouse total brain RNA.
A total of 26 clones revealed five different 50 ends in three different
genomic regions (Fig. 1B): (1) near the beginning of the first coding
exon 35 nucleotides upstream of ATG (Accession No. EU529858);
(2) at positions �1432, �1449, and �1474 (EU529860,
EU529859, EU529857) in the second exon clustering together with
previously described TSSs available from GenBank entry for mouse
plxnB3 (Fig. 1C); and (3) 1969 basepairs upstream of the start co-
don (EU529857). The latter marks the beginning of a yet unde-
scribed 50 exon ranging from �1969 to �1684. The following
intron (�1683 to �1467) is flanked by consensus sites used by
the major spliceosome. One alternative splicing event was ob-
served whereby second exon was joined with exon three at posi-
tion +54 instead of the conventional �5 (EU529857). This leads
to the elimination of ATG at +1 and translation could potentially
be initiated at position +217.

50 RACE analysis was also carried out for rat plexin B3 gene. In
case of the first exon in rat, the start site was 23 bp downstream
from mouse plxnB3 TSS, at �1946 (EU643794). Major TSS in the
second exon was at position �1432 (EU529862), with alternative
sites at �1474 (EU529864) and �1419 (EU529863). No clones
starting from coding (third) exon were detected. The splice sites
were identical to the mouse gene. Alignment of mouse, rat and hu-
man plexin B3 promoter areas revealed that human plxnB3 does
not share the first exon with rodents but has a completely different
one further upstream according to GenBank ESTs.

A panel of cDNA-s derived from mouse tissues (mainly from
various brain regions) was used to analyze the usage of first two
exons by semiquantitative PCR. As expected, plxnB3 was rather
difficult to detect in embryonic mouse tissue, but the mRNA level
rose fast postnatally. Both exons were equally expressed all over
the brain, but were not detected in other tissues (Supplementary
Fig. 1).

Functional analysis of the promoter activity of the plxnB3 gene 50

flanking sequences

To identify cis-acting sequences that regulate plexin B3 transcrip-
tion, a series of secreted alkaline phosphatase reporter constructs
containing fragments of the mouse plxnB3 gene 50 flanking region
were generated, ranging in length from 234 bp to 1.9 kbp and cover-
ing possible activating regions in front of three first exons, (see Fig.
2). The constructs were transiently cotransfected with the b-galacto-
sidase reporter (to control for differences in transfection efficiency)
into Neuro2A and NIH3T3 cell lines (which are plxnB3 positive and
negative, respectively, Fig. 3B). Mouse melanoma cell line
(B16F10) was also used and showed similar results with Neuro2A
(data not shown).

The longest fragment (1904 bp) did not exhibit any transcrip-
tion activating abilities (Fig. 2). The same was observed for short-
er fragments in front of the second exon (1301 and 376 bp). The
region just in front of the third exon (�269 to +78) had little
promoting ability in both cell lines. High levels of alkaline phos-
phatase activity were observed in case of pSEAP/437 (�2364 to
�1927) and its truncated version pSEAP/234 (�2161 to �1927).
They showed 7- to 14-fold increase in reporter-gene expression
in Neuro2A but only 2- to 3-fold in NIH3T3, thus being specific
for plexin B3 positive cells. Approximately 4-fold increase of
activity was detected in case of pSEAP/772 (�2699 to �1927),
which is a longer variant of the former two. Such results suggest
the presence of repressor elements between positions �2699 and
�2365.

Identifying nuclear factor binding sites within plxnB3 proximal
promoter

Analysis of promoter core elements showed the presence of
initiator (Inr), but no TATA-box, TFIIB recognition or downstream
core promoter elements (BRE or DPE). The sequence up to
10 kbp upstream from mouse plxnB3 translation start site was
also screened for CpG islands, but none were found during that
process. MatInspector and TFSEARCH software detected several
potential regulatory elements that may have functional impor-
tance for plxnB3. The highest core similarity and matrix similar-
ity scores (both 1.00) were achieved with two factors: myeloid
zinc finger protein 1 (MZF-1) and TG-interacting factor belonging
to TALE class of homeodomain factors (TGIF). The binding sites
of these factors were present in the proximal promoter in
several copies (Fig. 1C, Supplementary Table 2). One TGIF site
located immediately in front of TSS, thus potentially playing an
important role in transcription initiation, overlapped with a
neurogenin 1/3 (Ngn1/3) binding site.

To obtain experimental evidence for the efficiency and speci-
ficity of transcription factor binding to plxnB3 promoter (from

http://www.molecularcloning.com


Fig. 1. Genomic organization of mouse plxnB3 promoter. (A) Location of plexin B3 gene on X-chromosome and exon–intron structure of representative mRNA AK140240.
(B) TSSs of plxnB3 identified by 50RACE. Boxes indicate exons, numbering is relative to the translation start site. Corresponding GenBank Accession Nos. are at the end of each
line. (C) Nucleotide sequence of plxnB3 promoter area. ATG at +1 is in bold, exons are in uppercase and introns in lowercase. The minimal region showing promoter activity is
shadowed and potential transcription factor binding sites are underlined. Closed arrows mark the TSSs identified during this study, open arrows mark the TSSs of previous
GenBank ESTs.
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�2161 to �1927), the protein binding was surveyed by EMSA
using Neuro2A, B16F10 and NIH3T3 nuclear extracts. 32P-labeled
double-stranded oligonucleotide probes containing the binding
sites of MZF-1, TGIF, and Ngn3 were generated. Also, oligonucle-
otides with mutated core sequences for these factors were used
to confirm the specificity of the binding event (Fig. 3A). In case
of TGIF, no specific shift was observed. A specific DNA-protein
complex appeared with MZF-1 and Ngn3 probes. This shift was
successfully out-competed with a 250-fold excess of non-labeled
oligonucleotides. Also, mutating the core sequence (Ngn3



Fig. 2. Functional analysis of mouse plxnB3 promoter by SEAP reporter assay. Neuro2A and NIH3T3 cell lines were transfected with different reporter-gene constructs
indicated on the left. Numbering is the same as in Fig. 1. SEAP activity was measured and normalized to b-galactosidase activity and is presented as fold increases over the
pSEAP2 Basic activity. Results shown are the averages (means ± standard deviations) of three independent experiments performed in triplicate.

Fig. 3. PlxnB3 promoter is regulated by MZF-1 and Ngn3. (A) EMSA: Neuro2A, B16F10, and NIH3T3 nuclear extracts were incubated with 32P-labeled oligonucleotides
corresponding to predicted binding sites of MZF-1, TGIF, and Ngn3 in plxnB3 promoter. Same oligonucleotides with mutated core sequences were used as negative controls.
Unlabeled oligonucleotides were used in 250-fold excess for competition. (B) Semi-quantitative analysis of Ngn3, MZF-1, and plexin B3, and control HPRT mRNA expression
by RT-PCR in mouse cell lines. Mouse brain mRNA was used as positive control. (C) The influence of Ngn3 and MZF-1 over-expression on plxnB3 promoter construct pSEAP/
234 activity. Empty pFLAG was used as negative control and results were calculated relative to it.
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CTGG ? ATGG, MZF-1 GGGG ? GAGG) prevented formation of
that complex. We therefore concluded that MZF-1 and Ngn3 are
able to physically interact with plxnB3 promoter and this may
have a biological significance.

Over-expression of MZF-1 and Ngn3 affects the activity of plxnB3
promoter

Next we examined whether MZF-1 and Ngn3 could transacti-
vate the pSEAP/234 construct in Neuro2A and NIH3T3 cells. As
MZF-1 is expressed with or without corepressor-binding N-termi-
nal SCAN-domain, we used both full-length and the truncated iso-
form. MZF-1 repressed transcription—an effect that disappeared in
case of DMZF-1 indicating the requirement of SCAN-domain for
this process. Ngn3, on the other hand, clearly possessed activating
properties. The results of three independent experiments are sum-
marized in Fig. 3C.

Discussion

Plexin B3 is an important receptor in neural network develop-
ment and subsequent functioning of the brain. The aim of this
study was to describe the promoter of mouse plexin B3 as the reg-
ulation of plexins on transcriptional level has not been studied.
Intriguingly, the region predicted to contain plxnB3 promoter
according to database ESTs did not show any transactivation
although several TSSs mapped there. Instead we report a novel
50UTR exon of this gene and point out a 234 bp sequence with tran-
scription promoting properties in front it. Sequence analysis indi-
cated that this promoter is TATA-less with Inr elements. EMSA
analysis revealed that consensus binding sites for MZF-1 and
Ngn3, but not for TGIF, are involved in its regulation. When over-
expressed in cell culture, Ngn3 increased and MZF-1 decreased
the activity of plxnB3 minimal promoter. Our results prove for
the first time experimentally that the mouse plxnB3 gene expres-
sion is regulated by MZF-1 and Ngn3 factors.

Neurogenin 3 is a proneuronal bHLH protein that participates in
many signalling and metabolic pathways. Among other functions
Ngn3 regulates receptor-mediated axon growth repulsion, dendritic
and synaptic plasticity, and apoptosis [14–16]. Expression patterns
of Ngn3 and its close relative Ngn1 overlap in many aspects with
plexin B3 in CNS, and are likely to regulate its transcription.

MZF-1 is involved in the apoptosis, proliferation and differenti-
ation of myeloid progenitors [17], and also plays a role in supres-
sion of tumorigenesis and has been shown to repress
transcription in non-hematopoietic cells [18]. Plexin B3, function-
ing in the signaling pathway in the control of cell migration and
invasive growth, might well be regulated via MZF-1, and it may
be important for down-regulation of plexin B3 expression in
non-neuronal tissues.

In summary, we successfully identified and described the
mouse plexin B3 promoter. The unique features of found promoter
provide help in gaining a greater insight into the complicated net-
work of transcriptional regulation of plexin B3.
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