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The centrosome is a complex cell 
organelle in higher eukaryotic cells 

that functions in microtubule organiza-
tion and is integrated into major cellu-
lar signaling pathways.1-3 For example, a 
tight link exists between cell cycle regu-
lation and centrosome duplication, as 
centrosome numbers must be precisely 
controlled to ensure high fidelity of 
chromosome segregation.4 The analysis 
of the centrosome’s protein composition 
provides the opportunity for a better 
understanding of centrosome function 
and to identify possible links to cellular 
signaling pathways.5,6 Our proteomics 
study of the Drosophila centrosome 
recently identified 251 centrosome can-
didate proteins that we subsequently 
characterized by RNAi in Drosophila 
SL2 cells and classified according to 
their function in centrosome duplica-
tion/segregation, structure maintenance 
and cell cycle regulation.7 Interestingly, 
functional characterization of their 
human orthologous proteins revealed 
the highest functional conservation in 
the process of centrosome duplication 
and separation. To analyze functional 
and biochemical interdependencies fur-
ther, we carried out an analysis of the 
gene ontology (GO) annotation of the 
identified Drosophila centrosome pro-
teins, as well as of the human centro-
some proteome.5 The GO analysis of the 
group of proteins that did not show a 
centrosome, chromosome segregation or 
cell cycle related phenotype in our RNAi 
assays suggests that these molecules may 
constitute linker proteins to other cellu-
lar signaling pathways. Furthermore, the 
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results of our GO analysis of components 
of the human and of the Drosophila cen-
trosome reflect the somatic and embry-
onic origin, respectively, of the isolated 
centrosomes, implicating the Drosophila 
centrosome proteins in developmental 
signaling and cell differentiation.

GO Analysis of Different 
 Functional Classes of Drosophila 

Centrosome Proteins Reveals 
Distinct Ontology Groups

To reveal similarities or differences 
between distinct functional groups in 
the centrosomal proteome, we analyzed 
the enrichment of GO terms using the 
DAVID Functional Annotation Tool 
(david.abcc.ncifcrf.gov/).8,9 Enrichment of 
biological process level 3 annotations was 
tested for groups of proteins affecting (1) 
centrosome duplication and separation, 
(2) centrosome structure and (3) proteins 
that showed no phenotype related to cen-
trosome, cell cycle or chromosome segre-
gation in our functional analysis of MS 
identified centrosome candidate proteins 
(Fig. 1). The enriched GO annotations 
of the proteins implicated in centrosome 
duplication/separation and structure 
maintenance partly overlap, with mem-
bers of both groups being implicated 
in cell cycle processes and microtubule 
cytoskeleton and spindle organization, 
respectively. GO terms that relate to 
meiosis or microtubule organizing center 
organization were exclusively enriched in 
the centrosome structure maintenance 
group, whereas proteins functioning in 
centrosome duplication and separation 
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Figure 1. (a) the enrichment of GO annotation terms (biological process level 3) in the phenotypic classes “centrosome duplication/separation.” “Cen-
trosome structure” and “no phenotype” were analyzed using daVId Functional annotation tool with the 251 MS-identified centrosomal candidate 
proteins as background. Bars indicate the fold enrichment of the respective GO terms in the phenotypic classes. (B) Semantic similarity scores (i) within 
and (ii) between the three protein sets. Scores were calculated with the Bioconductor package ‘GOSemSim’ (Version 1.8.2). n gives the total number 
of proteins, n effective gives the number of proteins with GO annotation sufficient for score calculation. p values for score differences were calculated 
using the Mann-Whitney u test.
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Figure 2. Comparative GO term enrich-
ment analysis reveals functional homol-
ogy between the drosophila and human 
centrosome proteome. GO term enrichment 
in the category biological process level 3 was 
analyzed for all proteins classified as human 
centrosomal, centrosome candidate and 
centrosome novel5 using the daVId bioinfor-
matics tool and the whole human genome 
as the background. the drosophila centro-
some proteome was analyzed accordingly 
and statistically significantly enriched terms 
(p value < 0.01) were compared between 
the two datasets. Less informative terms 
not directly related to centrosome structure 
or function were merged and labeled with 
the term of the next higher level of the GO 
hierarchy (italic).

shared the terms protein biosynthesis, 
metabolism and complex assembly as 
well as microtubule-based movement, as 
expected.

The centrosomal candidate proteins 
that showed no phenotype in the func-
tional analysis are not overlapping with 
either of the two other phenotypic groups. 
The enrichment of terms such as tissue 
development or transport in the “no phe-
notype” group reflects an involvement of 
those proteins in biological processes not 
directly related to those specific for centro-
some duplication/separation or structure 
proteins. This might indicate that this 
subset of centrosomal proteins forms a dis-
tinct group that links the centrosome to 
other pathways or processes without hav-
ing a function in centrosome key events 
like duplication, separation or structure 
maintenance.

Semantic Similarity  
of Protein Sets

The functional similarity of a set of gene 
products can be measured based on the 
Gene Ontology (GO) annotations associ-
ated with them. We used the method of 
Wang et al.10 to quantify similarity scores 
within and between sets of functionally 
related proteins. For a given protein pair, 
the algorithm computes a similarity score 
between 0 and 1, taking into account the 
network topology of the GO database. 
Thus, for functionally unrelated proteins 
the score tends towards 0 and for related 
proteins the score tends towards 1.
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centrosome-related functions in the two 
species. If the latter hypothesis was true, 
then non-homologous proteins would 
be involved in the same centrosome-
regulatory processes in the two species. 
To test this hypothesis, we performed a 
comparative analysis of GO term enrich-
ment between the proteomic datasets 
(Fig. 2). At first glance it is surprising 
that only ~17% of the GO terms were 
enriched in both datasets. These terms, 
however, are rather general and are associ-
ated with ~73% of all human and ~58% 
of all Drosophila proteins analyzed. 
Interestingly, centriolar proteins or those 
directly associated with centrioles, such as 
Sas6, Centrin2, Centrobin or PLK4,11-13  
make up a large portion (56%) of the 
factors associated with terms specific for 
human centrosome proteins. This finding 
is consistent with the fact that the human 
centrosomes were isolated from cells pri-
marily in interphase of the cell cycle, in 
which the relative centrosomal abundance 
of centrioles is significantly higher than in 
mitotic centrosomes rich in pericentriolar 
material (PCM). The remaining 44% of 
this group are primarily microtubule asso-
ciated-(EB1, CLASP1, LIS1) and PCM 
proteins (NDE1, CEP120, 14-3-3 ε).  
In conclusion, approximately 2/3 of each 
of the two different centrosome proteomes 
are involved in major processes of micro-
tubule cytoskeleton organization and cell 
cycle regulation and about 50% of these 
have no known orthologs in the respective 
other dataset. This suggests that a signifi-
cant portion of these important functions 
is mediated by different proteins in the 
two species. The annotations of roughly 
1/3 of the proteomes do not overlap and 
this is likely due to the different sources of 
the centrosomes, as discussed above.

For each of the three protein groups 
defined by their RNAi-mediated pheno-
type (structure, duplication/segregation, 
no phenotype), we calculated the average 
semantic similarity score (Fig. 1B). The 
group of proteins without centrosome 
phenotype upon RNAi was found to have 
an overall score of 0.30, which indicates 
a rather low functional similarity of its 
participants. Yet for the other two protein 
groups associated with duplication/segre-
gation and structure related phenotypes, 
the score was clearly higher (0.51 and 
0.48, respectively). This emphasizes the 
assumption that each of these two groups 
consists of proteins that share similar 
functions.

We also calculated the semantic simi-
larity between the three groups (Fig. 1B). 
When comparing the structure or dupli-
cation/segregation group with the “no 
phenotype” group, moderate scores of 
0.34 were found. In contrast, comparison 
between the structure and the duplica-
tion/segregation group resulted in a higher 
score (0.49). This suggests an interrelation 
of the two protein groups, which is in line 
with the hypothesis that centrosome struc-
ture maintenance and centrosome dupli-
cation are associated cellular processes.

GO Term Enrichment  Analysis 
of Human vs. Drosophila 
 Centrosome Proteome

Comparison between the Drosophila7 
and the human centrosome proteome5 
revealed an overlap of only ~45% and 
led to the question whether the differ-
ences between the two datasets are due 
to the source/method of preparation 
of the centrosomes or whether indeed 
non-homologous proteins fulfill similar 


