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Background

The number of mutations within the BRCA-1 gene are related to
development of breast cancer, ovarian cancer, as well as
prostate cancer and pancreatic cancer.

We have analysed BRCA-1 function and functional mutations
using our previously developed Resonant Recognition Model
(RRM), which is capable to analyse protein biological functions/
interactions, predict bioactive mutations and design de novo
bioactive peptides.

BRCA-1 Protein

BRCA-1 protein is involved in DNA repair.

Certain variations of BRCA-1 protein lead to increased risk of breast
cancer, ovarian cancer, prostate cancer and pancreatic cancer.
Mutations in BRCA-1 proteins are found to be inherited and are
ethnic speciﬁc. These mutations have been spread all along the
BRCA-1 protein sequence, but with most of them clustered
between amino acids in ranges of: 460-555, 800-960,
1020-1220 and 1660-1840.

Methods – Resonant Recognition Model (RRM)

The RRM is physico-mathematical model, which is capable to analyse protein biological functions/interactions, predict
bioactive mutations and design de novo bioactive peptides with desired biological function. The RRM model is based on ﬁndings that
certain periodicities within the distribution of energies of free electrons along the protein are strongly correlated with the protein biological
functions/interactions. The spectrum of biological functions/interactions, as determined so far, versus RRM frequencies is presented below:

Oncogene Vs Proto-Oncogene

The RRM analysis of oncogene proteins, which are involved in
oncogene transformation of the cell, have shown the most
prominent characteristic at frequency of 0.0322, with less
prominent characteristic at frequency of 0.0537. The RRM analysis
of proto-oncogene proteins, which are very homologous to
oncogene proteins, but are not producing cell transformation, have
shown the most prominent characteristic frequency of 0.0537, with
less prominent characteristic at frequency of 0.0322. The
conclusion of this earlier work was that frequency of 0.0322
characterise process of cell transformation, while frequency of
0.0537 characterise cell growth without transformation.
Oncogenes

Protooncogenes

Prediction of BRCA-1 Critical Mutations

When nine BRCA-1 proteins from different species were
compared, the common characteristic frequency was found to be
at 0.1685. This frequency could be characteristic of DNA repair
function of BRCA-1.
BRCA-1

The second prominent frequency common for all analysed
BRCA-1 proteins is overlapping with previously identiﬁed
oncogene frequency. Thus, we identiﬁed two distinct RRM
characteristics within the BRCA-1 proteins, one related to cell
transformation and the other related to DNA repair. Based on
these characteristics, we propose related functional mutations in
human BRCA-1 protein (P38398).
The six most signiﬁcant functional
mutations related to oncogene

BRCA-1 3D

frequency are at positions:

57, 1232, 1492, 1706, 1709 and 1710
The six most signiﬁcant functional
mutations related to DNA repair

Discussion

Majority of mutations in BRCA-1 found to be related to breast
cancer are in the region between positions 1685 and 1804,
which is related to our prediction for both oncogene and DNA
repair functions.
The mutations related to both ovarian cancer and breast cancer
are in the region between positions 1187 and 1243, which is
more related to oncogene function.
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frequency are at positions:

1662, 1668, 1704, 1706, 1748 and 1801

Our ﬁndings show that majority of predicted functional
mutations related to both oncogene and DNA repair functions
are within region experimentally found to be DNA binding region
between sequence positions 1646 and 1859. Speciﬁcally, we
propose that:

• the region between sequence positions 1704 and 1710 is
related to both oncogene and DNA repair functions;
• the region between sequence positions 1232 and 1492 is
predominantly related to oncogene function;
• the region between sequence positions 1662 and 1668 is
predominantly related to DNA repair function.

All predicted functional mutations are positioned within the 3D
structure of BRCA-1 DNA binding segment and highlighted with
CPKs as presented in the 3D ﬁgure above.
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