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Introduction
CYP51, the lanosterol α-demethylase involved in the main step of cholesterol biosynthesis, is the only P450 family that has orthologs in multiple phyla of the animal,
plant, fungal and bacterial kingdoms. It has been postulated to be the ancestral P450 isoform. Recently it has been found to be involved in important pathological
pathways of some diseases including cancer. Because of its conserved ancestral origin, a study of the main regulation sequences in the CYP51 promoter across the
species, would give important information for the comprehension of the diseases.
Phylogenetic footprinting is an approach used for the prediction of transcription factor binding sites through the identification of conserved motifs in the upstream
sequences of eukaryotic orthologous genes. This is based on the assumption that functional elements, such as transcription factor binding sites, evolve more slowly than
non-functional ones over the time, because functional and important elements have been preserved during evolution. In this work we observed that treatments with a
CYP51 inhibitor caused growth alterations in organisms evolutively very distant. We hypotised that this could be due to a similar CYP51 regulation and a specific
algorithm, SS-footprinter, was implemented to search sequences and transcription factors conserved across evolution.

Promoter Description
CYP51 5’ flanking region

URS2 UAS1 URS1 UAS2 CRE SRE

D1: AACGACGTTAC

D2: TGCCTGAATTTTTTTTTCTTGGTATGAGCACATCCTATGTGCATCTCCACGAGTTAACGACGTTACGTACTCGCATGTATTCRE

Results

Figure 2

To investigate how the induction is regulated we constructed
a reporter vector expressing PhoC activity under the con-
trol of 1500cb upstream the starting point of CYP51 gene.
Strain Y150 was transformed with the construct reported
in Figure 1 and PhoC secreted in the growth medium,
measured as P-nitro-phenyl-phosphase (PNPP) activity is
shown in the Figure 2. Results are normalized with cellular
number. A 10 fold increase in the PhoC expression was ob-
served in cells transformed with plasmid carrying the short
deletion D1 (AACGTTTAC) and more than 20 fold of in-
duction when were transformed with plasmid carrying D2
deletion.

SS-Footprinter
Footprintera is a well known tool for searching conserved sequences using a phylogenetic criteria. The program
solves the Sequence Parsimony Problem (SPP). This problem consists of searching for those sequences of a
given size that minimize the overall number of mutations along a phylogenetic tree. Unlike SPP, the conserved
sequences we are searching for are characterized by two conserved subsequences, spaced by a not conserved
subsequence of bases. We call the two conserved subsequences box and the length of the non conserved one
gap. Hence, a Spaced Sequences t = 〈b1, g, b2〉 is characterized by two boxes B1(t) = b1, B2(t) = b2 together
with a gap G(t) = g. Therefore, we considered a variation of SPP over spaced sequences:

Definition (Spaced Sequences Parsimony Problem (SSPP)). Let d(−,−) be an evolutive distance function
between two spaced sequences and let S = {S1, . . . , Sn} be a set of sequences with an associated phylogenetic
tree T = 〈S ∪V,E, r〉, with r root, E edges, V = {v1 . . . vm} auxiliary nodes of the tree. Let bm, bM , gm, gM be
respectively the minimal and the maximal sizes allowed of boxes and gaps. The Spaced Sequences Parsimony
Problem is to find a set R = {rS1

, . . . rSn
, rv1 , . . . , rvm} of spaced sequences such that bm ≤ |B1(ri)| , |B2(r1)| ≤

bM , gm ≤ g(ri) ≤ gM for i ∈ S ∪ V , ri is in Si for i ∈ Si and such that it minimizes∑
(k,j)∈E

d(rk, rj) (1)

We developed SS-Footprinter to solve SSPP. A sample output of the program is shown in the figure below. Each
coloured item represents a conserved spaced sequence solving SSPP at its position in the CYP51 promoter.

Fixed a maximum amount of mutation k that bounds the maximal allowable sum (1), assuming that
l is the maximal length of the sequences and n is the number of the organisms, SS-Footprinter takes
O
(
n
(
lk (bM − bm)

2
+ 42bM bM

))
steps in the worst-case.

aBlanchette M, Tompa M., FootPrinter: A program designed for phylogenetic footprinting, Nucleic Acids Research. 2003 Jul
1; 31(13):3840-2.

Plasmid Yepsec

Figure 1
Plasmid Yepsec is a high copy number plasmids carry-
ing the phosphatase acid gene of Morganella morganii
(PhoC) as reporter gene. PhoC secreted in the growth
medium, measured as P-nitro-phenyl-phosphase ac-
tivity. Results are normalized with cellular number.

Gel Shift
Detection of Transcription Factors that Binds
to CYP51 Regulatory Elements by in Vitro

Mobility Shift

Figure 3
A schematic representation of the binding factor in
each promoter fragment is reported. The two factors
bounded to the oligo 1 seems to be responsible of the
CYP51 repression. When the fragment is deleted the
CYP51 expression strongly increase. Considering the
highly conserved nature of CYP51 and the glucose
adaptability we investigate if other conserved genes
could contain the same regulatory sequence.

Conclusions
We have identified a transcription factor which bind
the same sequence in yeast and human CYP51 pro-
moter by the implementation of an algorithm for fast
online analysis. The developed program is innovative
because identify spaced and/or mutated sequence de-
pending on the evolutive distance. The validity of our
approach has been tested with other available tech-
niques. Another target of our work is that such a
search can give a list of genes in different organism
that are potentially regulated by the same transcrip-
tion factors in the same experimental conditions.


