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Darwin@® famous finches and Venter @ marine microbes

LA JOLLA, CA bAlthoughthe Gal #pagosfinches were to play a pivotal rolein theinception of
Darwin@theory of evolutionthroughnatural selection, hehad noinkling of ther significance
when he collected them during his voyage onthe HMS Beagle.

Similarly, it is hard to predict theimpact the vast amountof marine microbial DNA Bcollected
during the Sorcerer 11 Global Ocean Sampling Expedition by J. Craig Venter, Ph.D., and his
team Dwill have on our undestanding of the natural world.

QOf anything, thisisjug the beginning,Osays Gerard Manning, Ph.D., director of the Razavi
Newman Center for Bioinformatics at the Salk Inditute for Biological Studies. OVeQe starting to
explore this trove of sequences now, butit may bedecades before we fully undestandit all.O

Jud like thefamousornithologist John Gould who had to classify the Gal fpagosfinches before
they led Darwin ontherighttrack, Manning and many others have been busy during thelast
couple of monthswading throughroughly 7.7 million sequenced snippds of sea-bome genomic
DNA to impos order onthefloodof daa and to classify theidentified proteins

Ther findingsare detailed in series of papers, pubished in this week@ online edition of the
joumd Public Library of Saence Biology (www.plosorg).

Theauthors are plying therapidly emerging trade of metagenomics (also known as
environmental genomics) tha seeks to examine genomic sngpshots taken directly fromthe
environment.

Metagenormics alows usto sample the 99 percent of all bacteria thet won®grow in thelab,0
explainsManning. GGOS opensa hugewindowinto biological and genomic diversity and,
within this diversity, to better undestand many of the fundamentals of biology.O he adds
Expanding the univer se of protein families

But ingead of whole genomes, metagenomics produces a whole grab bag of bits and pieces for

which scientists have to develop new methodsto extract meaning. In oneof the papers, an array
of scientists, spearheaded by first author Shibu Y ooseph, Ph.D., and his colleagues at the Craig
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Venter Inditute, compared every DNA fragment with every other available DNA fragment to

produce clugers of related sequences. This exhaudive andysis predicted more than 6 million

proteinsin the GOS daa Pnearly twice the numbe of all proteinsever described before Band
laid the groundwork for further studies.

Manning, a co-author on Y 0osph® paper, looke at the other side of the coin. Heran al the
public sequences and GOS daa agang Pfam, a collection of signaure profiles for al known
protein families. Each of these profilesis an average of all known members of acertain protein
family.

Ongead of starting with a human kinase to find a bacterial kinase, for example, you start with all
of them togeher, which makes the search much more sengtive, butalso very computationdly
expendve,OManning says. QVe did almost 350 million comparisons which is probably an order
of magnitudeor two more than anybodyhas ever donebefore.O

Manning and co-author Y ufeng Zha, Ph.D., abioinformatics programmer in the Razavi

Newman Center for Bioinformatics at the Salk, could only accomplish thisrather gargantuan
task with the hdp of Time Logic, acompany in Carlsbad, California The company specializesin
hardware tha accelerates genomic searches. QVe only have oneof ther accelerators, but Time
Logic stepped up and lent us eight more,Osays Manning. Thefina computation took two weeks,
butwould have taken well over a century on atraditiond computer.

The Salk scientists could assign over haf of all GOS sequences to known protein families, and
discovered that certain protein profiles are more popular in the ocean or on land. For example,
gram-postive bacteria are best known for thar hardy spores, butthis ability has been entirely
log in ther marinerelatives.. Flagdla, whip-like extengonspropdling bacteria forward and pili,
short extensonsused to exchangegenetic material between bacteria (also known as microbial
sex), are also less frequent in marine environments.

By comparing our findingswith the Y ooseph clugers, we also discovered hundeds of new
genefamilies that hadn®even been seen before,Osays Zha and addstha by adding the diverse
GOS daa to known profiles, Qve were able to make them more sensdtive and diverse, and so
increase ther power to categorize nove sequences.O

Diversity of microbial kinases

In a separate study, Manning, Zha, andfirst author Natargjan Kannan, Ph.D., a pogdodoral
researcher in thelab of HHMI investigator and UCSD professor Susan S. Taylor, Ph.D., traded
the breadth of the ocean survey for the depth of asingle protein domain. They zoomed in on
kinases, extremely well studied enzymes, which control every aspect of eukaryotic cell biology
and are important cancer drugtargets. They control the activity of proteinsand small molecules
by attaching tiny phogphate groupsto them. By contrast, much less has been known aboutther
bacterial counerparts.

Agan and agan, theresearchers combed the GOS data for bacterial kinases, each time
rebuilding their domain profiles by induding the new members foundin the previousround All
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in all, they dugup 45,000 protein kinase sequences tha fell into 20 distinat families, of which the
eukaryotic protein kinases are jus one Theadditiond 19 families spanned a hugerangeand
induded several tha had never been described before.

CProkaryotic protein-like kinases were consdered to be some sort of nicheplayers, butactudly
they are more prevalent and widespread than histidine kinases,Oexplains Manning. Bacteria were
thoughtto rely mogly on histidine kinases, which are structurally different from protein kinases,
for all ther signding needs

Even thoughthe different kinase families had very little similarity in ther sequence, it emerged
tha 10 key residues were conserved in admog all kinase families, fingaing them as being at the
core of wha it meansto beakinase. Seven of those had been previoudy known to beimportant
in human kinases, butthe other three were unexpected finds

Theother surprising finding was jus how innovdive and plastic the different families were, even
with these core residues, as oneor another family had foundways to eliminae any butoneof the
10 key residues. Using structural modding, and paterns of sequence conservation, Kannan was
able to showthat loss of onekey residuecould be compensated by changes aroundother
conerved regionsof the protein, and tha some of these changes in bacterial kinases are also
seen in specific human kinases.

Says Manning, By looking at all these very distant microbial relatives we can undestand more
even abouthuman kinases and ther relationghip to cancer and other diseases. We go outinto the
ocean, we find al this diversity and andyzing wha® new and wha@ not new reflects back on
the thingswe thoughtwe knew well.O

Research doneat the Salk Ingitute was suppoted by the Razavi-Newman Founddion.

Sorcerer |1 Global Ocean Sampling Expedition

Thecircumnavigaing Sorcerer |1 Expedition, named after thesailboa J. Craig Venter
trandormed into a marineresearch vessel, was ingired in pat by thejourneys of theHMS
Beagle and the HMS Chdlenge in the ningeenth century. But unlike those pionesring
expeditions the Sorcerer |1 team led by J. Craig Venter and a globe-spanning nework of
collaborators are after tiny microbes, classifying the species they encounger not by ther
appearance but by thar uniquegenetic code

The current studies andyze samples collected from surface waters during thefirst phase (or first
third) of thevoyage, which led the Sorcerer Il from Newfoundbnd throughthe Panama Cand
and Galapagosl|sland on to French Polynesia. Venter@ crew siphonel seawater througha series
of inareasingly finefiltersto collect the microbes, which they sent back to theJ. Craig Venter
Inditute in Maryland.

In thelab, the scientists shredded the collected gendtic material in millionsof randomsnippds

and then determined their sequence. Based on overlapping sequences, computer programs can
then assemble longe stretches and merge them into longe pieces of a genome. These so-called
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GaffoldsOare atreasure trovefor a diverse groupof scientists, who try to squesze as much
information as possible from thelargest metagenomic daaset ever collected. For more
information aboutthe expedition, please goto: theJ. Craig Venter Ingitute (URL:
www.sorcerer2expedition.org and www.venterinditute.org)

About the Salk Ingtitute:

The Salk Inditute for Biological Studiesin La Jolla, California, is an indgpendent nonpiofit
organization dedicated to fundamental discoveriesin thelife sciences, theimprovement of
human hedlth, and thetraining of future generations of researchers. Jonas Salk, M.D., whos
polio vaccineall buteradicated the crippling disease poliomyelitisin 1955 opened the Inditute
in 1965with a gift of land from the City of San Diego and thefinandal suppot of the March of

Dimes.
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