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Back to the future — unravelling eukaryal-like control networks in archaea

ic. Summary of research proposal
The evoletion of life has resuled in three fundamentally distnct dasses of crganisms: the sulkaryotic
domain and two prokaryotic domains, the bactera amd the more recently discowersd archaea.
Comparative genomics and biochemical anatyses have indicated that the profaryotic archaea and the
eukarga are cessly relabsd with respect to celbdar information processing syst=ms, such as
replication, tramscription, translation, as wel as protein modificaton and turmcver., A st of 55 proteins
Fas been found to be completely conserved in anchaea and eukarya, but is not encoded by any of the
bacterial genomes. ‘Whereas the majorfy of this archaealeukaryal core of proteins has been
demonstrated to play an important role in information processing, a significant numiber of these welk
consareed proteims has not yet bean subjacted to detaled analysis, meither in anchaea nor in eukanya.
Becent shudies in the apolicant’s group have suggested that ome of these proteins, the Mult-Frotein
Bridging Fackor (MEF), is a sc-called “master global requistor” of the archaeal ceil It was observed
that MEF interacts with archasakeukaryal core proteins thak bave potential regulatory functions, and
Include basal transcription factors, riboscmal probeins and a probeasome regulatony-subunit

This project aims at the identification and functional charactenzation of global regulatory
meztwverks that control the medulation of the archaeal cel's probeome composition, by regulation at the
lewed of transcripbion, transiation and prot=ofysis. In owr working hypothesis, master global requlators
{smch as MEF) interact with specific regulatory components: of the respechve information procsssing
machineres. Suffviobur soffarkus ks a thermophilic archazon that serves as a model ceganism since
Iks comiplebs genome sequence, gensbc systems, and funchioral genomics tools hawe recently besn
establited by active parbcipation of the applicant’s group. Potential regulatory networks will be
analysed ()} by monkoring global phenctypes (ransoripbome, proteome) in 5 sodfrtarcus wild-type
and to-be-generated mustant strains {slencsd or enhanced sspression of selected target genes), (i)
by identfying & wivo iInkeractions of potential regulators with profeins and DA fragments, and (i6) by
in pitre functional charactenzaton of selected regulstory proteins amd ther @rget protens and/or
DfiA. Ulbmabedy, this study should contribete to unraveling the global lation nebwork in archaea,
gain insight in the mechanism of archaeal signal transduckion, and provide detads on the swolubon of
the wellconserved archaeal-sukargal information processing systems.

Heywords: Archasa, Evelubion, Tramscripton, Translation, Proteasome
1d. NWO Council area
ALW {Aard- en leverswebsnschappen; GeoyLife sciences)

le. Host institulisn
Laboratory of Microbiclogy, Wageningen Unhrersky, the Netherlands
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adyesting functonality. lacob & Momod (1561, 1953) plonesred with the regulation at transcripbon
lewsl, and also provided the firsk sadence for allosteric regulation of probeins. Specific regulation of
the flow from geme to protein can ocoor at all possible levels in e information processing from DA
o Prot=m (Fig. 2)c () DNA - fransient modification that affects local tramscription achvity (binding of
Fistone (-Bks) proteins; methylation); () DHA/RMA - transcripbion regulaton by specific and global
regquiatory peoteins (activaben and repression, by single- and multiple-component  regulatony
proteins), (18] ANA - transient modification that affect i translaton (binding of proteins, small RMAS
and metabolibes to mANAY (W) RNAProtzin - translation regulation by specfic interactons that affect
ribosome functiomality (=.9. stringent response in bacteria); and {v) Frotein - transient modification
{e.g. assisted folding by chapsrones, complex farmation with partmer probeins, aliosteric reguiation by
metabolbes, modficatons such as phosphorylation, methylation, acetylation and ublguitinglation).
Another imporant level of functonal regulation concems the tumover of mENA and protein, by
RHases {degradosome complex In bacteris; exosome comples i archaza and sukarga, see below)

and proteases (ClpXP in bacterda, probeasoms in archazs and sukarya; see balow).
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Discovery of the Archaea — a missing link in tie evolution of the Evkaryotic Celf

Permanent modificatons at D& level are the result of (1) iImperfect replication of the genome before
el division (point mutabons during “vertical gene transfer™), (i) damage of bicchemical (DA binding
agents) or bophysical (UV light) origin, and (W) recombination wia the exchange of genetic material
from parent genomes {seosal recombination], or via the exchange DRA fragmenis with any crganism
{“herizontal geme transfer”). As orgmally predicied by Chares Danwin {1853), the evolutionary drift of
geretic Information (DHA seguences) is the basks for the diversty of Ifz forms. ClassFication of life
Fas infally Bzen peformsd on the basks of monpiclogy, later i combimation with biochemistry. Untld
thres decades ago, e was divided into two domains: the prokarya and the sukarya (reviewed by
Sranber and Wan Miel 1962). Af first glance, the morphology of organisms that belong o the prokanga
domain s very similar, apparently lacking the complex compositon of eukaryobc cells. Because of
their momphological smilarty, the co-sxdsbemce of two fundamentally dfferent types of prokaryotes
wias mot recognized before the introduction of mwlecular dassification techniques i the 1970s.
Comparison of ublguitces sequences such as the bulding blocks of the protein synthess machineny
{riosomal BNA and prof=in} were used to compose unbversal phylogenetic tress. By rrhudul:lng
mokecslar analyses to =stablish phylogenstic relations, a surprising discovery was made: the obtaine;
pirylogenstic tree (Fig. 3} strongly seggested that early in the celular esclution bwo domains diverged
wthin the prokargobss: the archasbacteris and subact=ria. It was concluded that IF= should be
divided Into three distinct types of Iving systems (Woese and Fox, 1997} To stress their disbnct
mature, the mital names of the prokaryotic domains were later adjested to archasa and baciena
Woese =f &% 1550).

Bacfesla  Emkarga Aschasa

Figure 5. The Tree af Life.
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characterization of differsnt regulatory factors, the produced proteins will be wsed for generating
antbodies that will be cruclal for mmunoprecipiation (incl. ChiP and ChIF-on-chip) experiments of
WF 5. A FhD stodent will be appointed in the first year of the project, with the goal to use Dl
micrearray analysis to get insight In the modulation of gene expression in response to diferent stress
skuations, amd in fo-be-generated 5 sodatancus mutanks (WPE). & sacond PhD skudent vl start in
the begimning of the s=cond year, in a sub-project om the application of the recently developed
mickeoslar genetics took of 5 so¥staricus (WP4). The overproduction of TAP-tagged proteins kas high
prionty, ko be used for biechemical amalysis of complex formation and targst profeins (WFZ). In
addibon, the disnaption of genes that pobestially encode glotal regulators will be 2 main geal, to be
analysed at the protmome levasd l:l‘I'P‘i] as well as at the Franscriptome level (WP3). The main task of
the Postdoo(s) will b= to apoly a range a blochemical analyses (WPS), most of which have been usad
before i different projects within Sie applicant’s growp (induding G5T pull-down 2ssays, yeast 2-
Frybrid screening). Av wirs Probein-Protein anakyses will be performed with the recombinant proteins
{with or without tagsfusions) from W2 Based on the spedfic anbbedies (spin-off of WF2), diferant
types of iImmuncprecipiations will be performed, including the ChiF-lke methods to get insight in
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Cost estimates

3a. Budget

costs (kE) raise [ fte 2005 2006 2007 2008 2009 total
Staff

Applicant 70% [ 0.6 63 67 70 75 B0 355
Postdoc 35% / 1.0 48 51 56 [510] 64 279
PhD-1 35% / 1.0 30 37 41 45 153
PhD-2 35% / 1.0 31 38 42 46 157
Technician 35% [ 0.2 7 i 8| Q 9 41
Non-staff

Equipment a0 20
Consumables 30 30 30 30 30 150
Travel 10 10 10 10 10 50
Other 15 15
TOTAL 253 234 253 271 239 1250
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Krab, K., Peters, FALDL, Voo dev Ogat ) de Wi, W1, Ofmann, LF. (1954) Medatian of dectron tansher
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Back to the future — unravelling eukaryal-like control networks in archaea

ic. Summary of research proposal
The evoletion of life has resuled in three fundamentally distnct dasses of crganisms: the sulkaryotic
domain and two prokaryotic domains, the bactera amd the more recently discowersd archaea.
Comparative genomics and biochemical anatyses have indicated that the profaryotic archaea and the
eukarga are cessly relabsd with respect to celbdar information processing syst=ms, such as
replication, tramscription, translation, as wel as protein modificaton and turmcver., A st of 55 proteins
Fas been found to be completely conserved in anchaea and eukarya, but is not encoded by any of the
bacterial genomes. ‘Whereas the majorfy of this archaealeukaryal core of proteins has been
demonstrated to play an important role in information processing, a significant numiber of these welk
consareed proteims has not yet bean subjacted to detaled analysis, meither in anchaea nor in eukanya.
Becent shudies in the apolicant’s group have suggested that ome of these proteins, the Mult-Frotein
Bridging Fackor (MEF), is a sc-called “master global requistor” of the archaeal ceil It was observed
that MEF interacts with archasakeukaryal core proteins thak bave potential regulatory functions, and
Include basal transcription factors, riboscmal probeins and a probeasome regulatony-subunit

This project aims at the identification and functional charactenzation of global regulatory
meztwverks that control the medulation of the archaeal cel's probeome composition, by regulation at the
lewed of transcripbion, transiation and prot=ofysis. In owr working hypothesis, master global requlators
{smch as MEF) interact with specific regulatory components: of the respechve information procsssing
machineres. Suffviobur soffarkus ks a thermophilic archazon that serves as a model ceganism since
Iks comiplebs genome sequence, gensbc systems, and funchioral genomics tools hawe recently besn
establited by active parbcipation of the applicant’s group. Potential regulatory networks will be
analysed ()} by monkoring global phenctypes (ransoripbome, proteome) in 5 sodfrtarcus wild-type
and to-be-generated mustant strains {slencsd or enhanced sspression of selected target genes), (i)
by identfying & wivo iInkeractions of potential regulators with profeins and DA fragments, and (i6) by
in pitre functional charactenzaton of selected regulstory proteins amd ther @rget protens and/or
DfiA. Ulbmabedy, this study should contribete to unraveling the global lation nebwork in archaea,
gain insight in the mechanism of archaeal signal transduckion, and provide detads on the swolubon of
the wellconserved archaeal-sukargal information processing systems.

Heywords: Archasa, Evelubion, Tramscripton, Translation, Proteasome
1d. NWO Council area
ALW {Aard- en leverswebsnschappen; GeoyLife sciences)

le. Host institulisn
Laboratory of Microbiclogy, Wageningen Unhrersky, the Netherlands
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