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Abstract

To functionally characterize numerous novel proteins encoded by cDNAs sequenced by the German Consortium, 800 were
tagged with green fluorescent protein. The subcellular localizations of the fusion proteins were examined in living cells, enabling
their classification in subcellular groups. Their activity in cell growth, cell death, and protein transport was screened in high
throughput using robotic liquid handling and reading stations. The resulting information is integrated with functional genomics
and proteomics data for further understanding of protein functions in the cellular cofgexte this article: S. Wiemann et
al., C. R. Biologies 326 (2003).
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Résumé

ADNCc pour lagénomiquefonctionnelleet la protéomique: le consortium allemand. Pour caractériser fonctionnellement
de nombreuses protéines caractérisées par le Consortium allemand, 800 ont été étiquetées avec la protéine fluorescente verte. |
localisations subcellulaires des protéines de fusion ont été examinées dans des cellules vivantes, permettant leur classificatic
en groupes subcellulaires. Leur activité dans la croissance et la mort cellulaire, ainsi que dans le transport protéique, a ét
testée a haut débit, en utilisant des statons robotisées pour la manipulation des liquides et la lecture. L'information résultante
est intégrée avec les données de génomique fonctionnelle et de protéomique pour améliorer la compréhension des fonctior
protéiques dans le contexte cellulaiReur citer cet article: S. Wiemann et al., C. R. Biologies 326 (2003).
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1. Introduction Consortium as described previously [3]. In brief, we
use mostly the Smart system (Clontech), and size se-
As the human genome has been mostly sequencedect prior to cloning. The size selection procedure
on genomic level [1,2], the identification, isolation and 5 ows for the cloning of long-insert sub-libraries.
functional characterization of the genes and proteins aj jipraries are arrayed in 384-well microtiter plates
remain the next challenges, especially in view of their ;.4 distributed to the seven sequencing centers in
role in disease processes. The lack of perfect geney o ~onsortium. 5end-sequencing is done with all
prediction software and the need for physi_cal clone clones of every plate, ESTs are analyzed for nov-
resources of genes and gene products !'m'ts th_e US€elty and likelihood to contain the complete open read-
of the genomic sequence for direct use in functional ing frame (ORF) of a gene. Positive clones are re-
genomics. The availability of full-length cDNAs has leased for full-length sequencing. Annotation of fin-

proven to_ be pivotal for the process (.)f correct 9€N€ iched sequences is done at MIPS [12], sequences are
identification, and cDNAs also constitute the ideal ;
. . - entered into the EMBL sequence database [13]. All
physical clone resources for functional genomics’ ap- .
roaches. The German cDNA Consortium which was clones are made available through the Resource Cen-
b ter (http://www.rzpd.dg via clone@rzpd.deAnnota-

established in 1997 [3-5], also has been first to de- tions are made public also through the web-site of the
velop and apply systematic high-throughput strategies consortium bittp://mips.gsf.de/projects/cdna

for the functional characterization of encoded pro-
teins [6].

While the cDNAs analyzed by the German cDNA  2.2. ORF identification and sub-cloning
Consortium have already been successfully employed
in single-gene approaches [7-9], their use in high-  The cDNA sequences are systematically screened
throughput applications is especially appealing as for the presence of ORFs with the HUSAR-program
standardized set ups could be installed where a large‘Frames’ fittp://genome.dkfz-heidelberg.deind the
number of cDNAs could be analyzed in parallel to graphical analysis tool ‘ORFfinder’ from NCBhtp:
generate a huge amount of functional information. /awww.nchi.nlm.nih.gov/gorf/gorf.ntill ORFs are
We combine this information with existing knowledge manually annotated and analyzed for their probability
(e.g., chromosomal mapping position, disease infor- g he complete. To allow for their functional character-
mation) to allow for a comprehensive analysis of in- jzation, we use the Gateway cloning system (Invitro-
dividual genes and gene products and their possible gen) [6,14], which is based on cloning by site-specific
involvement in disease processes. recombination. PCR primers for the amplification of

In our initial set-up we exploited the human cD-  oRFs are selected automatically using the PRIDE pro-
NAs that are generated and sequenced by the Ger-gram [15). Amplification is carried out systematically
man cDNA _Con_sornum [3] by determlnl_ng the sub- by two-step PCR using the Expand High Fidelity PCR
cellular localization of the encoded proteins [6,10,11], System (Roche) to optimize the success rate also of
but recently we have extended our research t0 in- onq fragments, the fidelity and the yield of PCR prod-
clude a variety of functional genomics and proteomics ucts. Primers for first-step PCR are designed to con-
Sain both an ORF-specific and a Gateway compatible
segment, which is extended in the second-step PCR to
generate the complete recombination sites. The cloned
ORFs are sequence verified. For functional analysis,
the ORFs are subcloned into Gateway compatible ex-

functional characterization of the majority of the pro-
teins and their splice variants, which have been identi-
fied by the German cDNA Consortium.

2 Materials and methods pression vectors. The resulting expression clones al-
low for protein expression in either bacterial, baculovi-
2.1. cDNA resources and sequencing ral or eukaryotic systems in a native form or as fusion

proteins. The ORFs are cloned without a native stop-
cDNA libraries are constructed and systematically codon in order to allow the generation of both N- and
sequenced at the DKFZ within the German cDNA C-terminal protein fusions.


http://www.rzpd.de
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2.3. Sub-cellular localization CDNA libraries

sequencing
We use the green fluorescent protein (GFP) [16] bioinformatic analysis
to pursue systematic experiments in order to unravel ORF cloning

the sub-cellular localization of the proteins that are

encoded by full-length cDNAs [6]. We produce N-

terminal (CFP) and C-terminal (YFP) fusions with =~ mammalian expression bacterial expression
derivatives of the GFP since the orientation of the flu- ~ Protein localization ) EE‘ETSAZYP L;rrlcfalgﬂgt?gn

orescent tag relative to the ORF of interest in many ;eslé'at;,assm functional - protein arrays and assyas
cases influences the localization of the fusion pro-

tein [11]. Plasmids are extracted from bacteria in 96- Fig. 1. Cloning and data production pipeline within the German

. o cDNA Consortium. cDNA libraries are generated at the DKFZ,
well format using a Millipore system that has been sequencing is performed at: AGOWA GmbH (Berlin), DKFZ

adapted to a Packard Biosciences Multiprobe liquid (yeigelberg), EMBL (Heidelberg), GBF (Braunschweig). Heinrich

handling robot. Vero cells (ATTC CCL-81) are cul- Heine University (Diisseldorf), Medigenomix GmbH (Munich) and

tured in MEM medium supplemented with 10% fetal Qiagen AG (Hilden). Bioinformatic analysis and annotation is

calf serum in 35 mm glass-bottom dishes. Transfec- done at MIPS-GSF (Munich). Functional genomics and proteomics
. . Lo r . approaches are carried out at the DKFZ and the EMBL.

tion and image acquisition is done as described previ- PP redod

ously [6]. . . .
2.5. Data integration and analysis

2.4. Functional assays We have implemented a Microsoft SQL-server
database which serves as a tracking database in the

The GFP-fusion constructs are also employed in €loning process as well as for the processing of cell-

functional assays. Two types of assays have been esbased assays. Raw data and annotation is imported

tablished yet that are compatible with the 96-well for- Via @ Web interface which also allows for example
mat. In a protein transport assay the VSV-G protein the upload_lng of MICroScopiC Images. The database is
is used as a marker for transport to the plasma mem- made publlcl_y ava_|l_able on-line in a gueriable fc_)rmat.
brane [17]. Proteins that have an effect on the trans- Common identifiers are the clone names, links to

. external resources are implemented, e.g., the clone re-
port of the VSV-G protein to the plasma membrane i ’ ’
are candidate regulators of protein secretion. The pro- quest at the RZPDh{tp://www.rzpd.dg the sequence

. . : ; ; entry in the EMBL database [13], GoldenPath [19],
liferation assay relies on the detection of BrdU which

o . . and ENSembl [20] genome browsers, GeneCards [21]
is incorporated into the cellular DNA during S-phase

o . L n and Omim [ttp://www.ncbi.nlm.nih.gov/omin/
OT m|.t03|s [18]. Enhaqced BrdU incorporation is in- Blastp analysis in the Trembl database [22] is carried
dicative of a proliferating effect of the analyzed pro-

) . . out on a weekly basis to provide up-to-date similar-
teins, decreasgd BrdU mcorporat,on |s.expected to oc- ity information on the encoded proteins. The local-
curvyhen protemsreducg the prphferaﬂon rate of cells. ization of fusion proteins within living cells is dis-

Pipetting of assays is carried out with help of ,3veq with microscopic images. The integration of
Packard Multiprobe pipetting robots. Image acquisi- {he resylts from the cell-based assays and from the pro-
tion is done using & 96-well autpmgted fluorescent mi- 1o omics approaches is in progress.
croscope. The microscope, which is a prototype devel-
oped at the EMBL littp://www.embl-heidelberg.de/

Externallnfo/pepperko/index.htjnl performs image 3 Resultsand discussion

acquisition and analysis automatically. Statistical eval-

uation of raw data (e.g., fluorescence intensities in the 3.1. ¢cDNA resources

GFP, BrdU and Dapi channels of the proliferation as-

say) is done with R-statistical software (Version 1.6.0; The German cDNA Consortium (Fig. 1) combines
Gentleman and lhaka, University of Auckland). the capacities and competence of several sequencing
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centers, one of Germany's leading bioinformatics other proteins carry their targeting signals at the C-
institutes and potent functional genomics laboratories. terminal end resulting in a mis-localization of fusion
Biologists, chemists, physicists and informaticians proteins that have the orientation ORF-YFP. Conse-
synergistically produce gene sequence and functional quently we always analyze both, N- and C-terminal
information. The cDNA clones originate from 15 fusion proteins in the determination of a protein’s sub-
human libraries that are enriched in long and full- cellular localization.
length cDNAs. ESTs from over 170000 individual
cDNA clones have been generated. The sequences 0f3.4. Functional assays
over 7500 cDNAs have been completely determined,
resulting in 24 Mb of high-quality sequence. Our While knowledge of a potential domain often helps
clones, which are distributed by the Resource Center, to predict a possible activity and/or localization of a
RZPD, are widely used in the community for single protein, in many cases database searches still do not
gene [7-9] and large scale approaches [23], as well asreveal any similarities to known proteins or domains.
in the projects we have established in the consortium. However, even the presence of a domain does not im-
mediately provide information on the specific activity
3.2. ORF identification and cloning or activities and substrate(s) of a protein, but merely
guides (or misguides) the investigator towards a possi-
ble direction. Instead of only relying on bioinformatic
predictions, we aim at the systematic functional char-
acterization of proteins. We initially group the pro-
teins into functional categories by applying cell-based
screens. These screens focus on disease relevant cel-
lular processes like proliferation, apoptosis and signal
transduction. In order to allow for the parallel analysis
of a large number of proteins, these assays need to be
simple and robust. Because of the heterogeneity of our
set of proteins, the number of assays will be steadily
increasing in order to obtain functional data on a grow-
ing fraction of the total proteins. The data produced
and the results of these assays are published via the
o Web site that is described below. Once candidates have
3.3. Sub-cellular localization been identified in these screens, they are deeply char-
acterized to elucidate their cellular roles and possible
The context of a protein determines the activity disease relation (Fig. 2).
(e.g., availability of substrates), interaction and func-
tion of a protein. The milieu of other proteins, lipids 3.5. Data integration and analysis
and nucleic acids regulates the potential of the protein
to interact with these other molecules. Therefore, the ~ We have implemented LIFEdb, a Microsoft SQL
determination of the natural habitat of any proteinis a database, to serve as tracking database for the ex-
first step towards the understanding of its function [6]. perimental processes, and which also integrates and
Our results of overexpressing novel human proteins as disseminates the information that is produced in the
fusions with the GFP have drastically demonstrated diverse projects. Data on protein structure and sim-
that the position of the GFP relative to the ORF has ilarity, protein localization, protein—protein interac-
dramatic effects on the resulting localization [11]. For tion, and functional information from cell assays
example, signal peptides of secreted proteins are fre-and protein expression are made publicly available
guently located at the N-terminus of proteins, which (http://www.dkfz.de/LIFEdp Expression profiling da-
are masked by the GFP fusion when it is located N- ta [24,25] is integrated to link the information of dif-
terminal to the protein under investigation. However, ferential expression of genes in cancer tissues with

The protein coding regions of over 1100 individual
cDNAs have been subcloned into entry vectors and
sequence verified thus far. ORFs are cloned lacking
the native stop-codon to enable the generation of
both N- and C-terminal protein fusions. The ORFs
are further cloned to produce CFP and YFP fusion
constructs (expression clones) and used in the sub-
cellular localization and functional assays. We have
modified a number of other expression vectors to
be Gateway-compatible to increase the versatility of
the entry clones. These vectors allow for bacterial
expression with fusions to a variety of tags.
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Fig. 2. Information from a suite of functional genomics and proteomics approaches and bioinformatic analyses are integrated in the LIFEdb
databaseh(tp://www.dkfz.de/LIFEd). The work is supported within the German Genome Project (DHGP) and the National Genome Network
(NGFN) by the Bundesministerium fiir Forschung und Technologie (BMBF).

the functional information that is generated. Over- or to-earth biology, as these cDNAs are applied in cell
under-expression of genes also serves as additionalbiology analysis that we adapt to cope with the large
criterion for the selection of primary candidates to be number of clones and proteins.
putinto the assays. The database serves as tool for the The overall aim is to identify novel human cDNAs
integrated evaluation of the diverse data that are ac- and proteins and to functionally characterize these
quired in the experiments. By linking internally gener- proteins in as much detail as possible using large-
ated with external data, the public user of the databasescale approaches and then to concentrate on promising
is enabled to view functional information in a more candidates for in depth research. We focus on disease-
global context. relevant processes that are mostly connected to cancer
in order to connect basic with applied research.

4. Conclusions
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