Prediction of protein network and functions for yeast
using multiple types of genomic data
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1 Introduction and Methods

The problem of predicting a global protein network and protein functions, using all available genomic
data about a given organism, is one of the main issues in current computational biology. By protein
network, we mean a graph with proteins as vertices and with edges that correspond to various binary
relationships between proteins. More precisely we consider below the protein network with edges
between two proteins if (i) the proteins interact physically, or (ii) the proteins are enzymes that catalyze
two successive chemical reactions in a pathway, or (iii) one of the proteins regulates the expression of
the other. This definition of protein network involves various forms of interactions between proteins
which should be taken into account for the study of the behavior of biological systems. Unfortunately,
the experimental determination of this protein network remains very challenging nowadays. There
is therefore an incentive to develop methods in order to predict the protein network from various
genomic data generated by high-throughput technologies such as gene expression data [1], physical
protein interactions [3], protein localization [2], phylogenetic profiles [5], or regulatory and metabolic
pathway knowledge [4].

Recently, we have developed a method to infer protein networks from multiple heterogeneous
genomic datasets in a supervised context [6]. The systematic experiments highlight the accuracy
improvement resulting from the integration of heterogeneous data, and from the supervised learning
approach. Because of the sapce limitations we present the detail of the method in a companion
paper [6], and we focus in this study on the possible applications of the methods using the result of
protein network predicted by our method. We conducted a prediction of biological functions for all
hypothetical proteins of the yeast using four datasets: gene expression data, yeast two-hybrid systems,
localization data, and phylogenetic profiles. Finally, we confirmed the validity of our prediction with
respect to domain.

2 Results and Discussion

We conducted a comprehensive prediction of protein network for all proteins of the yeast. We used
four datasets for proteins of Saccharomyces cerevisiae: gene expression data obtained from DNA
microarrays, protein interaction data obtained by yeast two-hybrid systems, localization data obtained
from chromosomally tagged green fluorescent protein fusion proteins, and sequence data encoded into
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phylogenetic profiles. The predicted network enabled us to make new biological inferences not only
about unknown protein interactions, but also about missing enzymes in biochemical pathways. Next,
we predicted the biological functions for hypothetical proteins, based on an assumption that if two
proteins are close each other in the predicted network, the proteins are likely to work in similar
biochemical pathways or play similar biological functions. We related all the hypothetical proteins to
some biological functions. Table 1 shows the examples of candidate proteins and their numbers, which
are predicted to be involved in metabolic pathways.

As an example of the function prediction, we focus on the cysteine metabolism pathway. Five
proteins known to work in the cysteine metabolism pathway belong to Cys Met Meta PP (Cys/Met
metabolism PLP-dependent enzyme) family in the PFAM database. The hypothetical protein YLLO58W
predicted to work in the cysteine metabolism belong to Cys_Met Meta PP family. We guess that the
protein YLLO58W might work in the cysteine metabolism, because Cys_ Met Meta PP family is known
to be associated with the cysteine metabolism. These results show a possibility of predicting biological
functions of hypothetical proteins, and show the usefulness of our method.

Table 1: Examples of the candidate proteins

Metabolism Number of candidate proteins Examples

Glutathione 39 YPL225W, YJR119C, etc.

Starch and sucrose 25 YORO059C, YGR149W, etc.
Cysteine 5 YLLO58W, YNL191W, etc.
Aminophosponate 4 YDL119C, YNLO83W, etc.
Selenoamino acid 1 YJR137C
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