Proteomics

The First Maps of the
Human Proteome

A group of researchers led by Prof. Bernhard Kiister
has published one of two initial comprehensive maps
of the human proteome. Following the first complete
sequencing of the human genome in 2001, a second
key to unlocking the mystery of life has now been
found with the mapping of the proteome - in other
words, all the proteins in the human body.

Link

www.wzw.tum.de/proteomics
https://www.proteomicsdb.org/

Die ersten Karten des menschlichen Proteoms

Eine Gruppe der TUM um Prof. Bernhard Kuster hat im Mai 2014
zeitgleich mit einer Gruppe von US-Forschern eine der beiden
ersten wirklich umfassenden Karten des menschlichen Proteoms
vorgelegt — der Gesamtheit aller EiweiBe, die unser Kérper bil-
den kann. Gene liefern den Bauplan fiir Proteine und die Min-
chener haben den Nachweis fir 92% oder 18.097 der aus dem
menschlichen Genom abgeleiteten EiweiBgrundformen erbracht.
Diese Grundformen sind allerdings erst der Anfang, da Menschen
Uber eine Vielzahl von Mechanismen verfligen, um Proteine ver-
schiedenen Bedirfnissen entsprechend abzuwandeln. Dennoch
konnten die Forscher bereits eine Reihe fundamentaler Erkennt-
nisse aus den vorliegenden Proteinkarten gewinnen. So wurden
offensichtlich hunderte Gene im Lauf der Evolution stillgelegt da
flr sie keine Proteine mehr zu finden sind. Gleichzeitig scheinen
neue Proteine im Entstehen begriffen zu sein, die bislang ganzlich
unbekannt waren.

Die Arbeit wurde vor allem durch zwei methodische Fortschritte
mdglich: Zum einen erlaubt die Massenspektrometrie heute Spe-
zialisten, binnen weniger Tage das Proteom menschlicher Gewe-
be zu analysieren und dies zu Kosten von wenigen 1.000 Euro.
Zum anderen ermdglicht eine von der Kister-Gruppe zusammen
mit der Firma SAP entwickelte Datenbank der internationalen For-
schergemeinschaft, ihre bislang in vielen Einzeldateien verstreu-
ten Analyseergebnisse zusammenzutragen und gemeinschaftlich
auszuwerten.

Im Fokus steht auch der medizinische Nutzen. So konnten Bern-
hard Kister und sein Team anhand ihrer Daten bereits die Wirk-
samkeit von Medikamenten aus dem Proteinprofil von Krebszellen
vorhersagen.

Langfristig wollen die Forscher tber das biologische Verstandnis
des Proteoms und des Genoms die personalisierte und zielgerich-
tete Therapie von Patienten weiter voranbringen.
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Picture credit: RCSB Protein Data Bank

The protein p53 is encoded by the TP53 gene and functions as a tumor suppressor. It is also known as the “guardian of the genome”
because it is intimately involved in repairing damaged DNA. In most human cancers, TP53 is mutated, rendering it functionless.
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Proteomics

lonizing peptide samples for mass spectrometry. Guided via a thin glass capillary (left), the samples encounter high electric voltage and are trans-
ferred into an aerosol (electrospray ionization). The resulting ions enter the metal capillary (right) leading into the vacuum of the mass spectrometer.
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Picture credits: Filser

Inside the mass spectrometer, the ions are accelerated. The resulting ion beam enters a magnetic field, which deflects the individual ions according
to their mass and charge. The above image shows a so-called stacked electrode, which is part of the optics that focus the ion beam.

Faszination Forschung 15/14 31



Proteomics

‘ omplex projects call for dogged determination —
and Bernhard Kister, TUM Professor of Proteom-

ics and Bioanalytics, has what it takes; his work is more
complex than most people can imagine. At the end of
May, the results of his research were announced to the
world. According to Kister’s article published in the sci-
entific journal “Nature,” the human organism is made up
of at least 18,097 different proteins. A study published
at the same time by a team led by Akhilesh Pandey from
Johns Hopkins University in the US arrived at the slightly
lower figure of 17,294 proteins. The two teams have pro-
duced by far the most comprehensive map of the hu-
man proteome to date. Bernhard Kister’'s group main-
tains that they have so far accounted for 92 percent of all
proteins in the human body. “Nature” dedicated its front
cover to the finding, confirming the human proteome as
one of the great scientific discoveries of the year.

The human genome codes for the proteome

The term proteome, coined in 1994 by Australian Marc
Wilkins, describes the entire set of proteins in an organ-
ism and is based on a more well-known word ending in
“ome”: the genome, or the genetic blueprint of an organ-
ism. As far back as the 1990s, the sequencing instru-
ments of genome researchers were already running at full
speed. By 2003, the DNA sequence of humans was more
or less correctly decoded. Geneticists soon announced
that they had also solved the human protein puzzle. In
simple terms, they calculated that each gene encodes a
protein, so the number of genes corresponds to the num-
ber of proteins. Based on this interpretation, the human
proteome would comprise 19,629 proteins, all stored and
named in freely accessible databases. Many, however, are
just predictions derived from computer analysis of the
human genome. Now, 15 years after the decoding of the
genome, 2014 could well become known as the year the
human proteome was decoded. Scientists have mapped
the proteome and, as a result, arrived at a more solid and
accurate prediction for the number of human proteins. >

Bernhard Kiister’s group collected protein samples from 60 different
tissues, 13 bodily fluids and 147 cancer cell lines. Here, a gel electro-
phoresis apparatus is being loaded with protein samples to separate
them according to size.
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Genes and Proteins

Our genes contain the blueprint for the production of proteins. The
process starts with the unpacking of the DNA of the chromosomes
and its transcription into messenger RNA. At the level of the ribo-
somes — the protein factories of the cell - many individual amino
acids are linked together to form a protein following the blueprint
of the messenger RNA, but with all kinds of chemical modifica-
tions, if required.
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The catch is that, unlike the genome, which barely chang-
es in the course of a person’s life, the proteome is highly
dynamic. Proteins are constantly generated, transformed
and broken down, depending on the organism’s exposure
to stimuli, environmental factors, diseases and drugs. The
proteome is highly complex, as it reflects all facets of our
life and our environment.

Back in 2001, an international research project called the
Human Proteome Organization (HUPO) was set up along
the same lines as the genome research project. The ulti-
mate target is to analyze every protein in every tissue — in-
cluding their changes over time and variants of the basic
form. This undertaking would mean analyzing 500,000,
possibly even a million proteins. “That is a lot of proteins,”
noted the journal “Nature,” skeptical of the hugely ambi-
tious plan in 2001. The researchers are still a long way off
their ultimate target, but now two research groups have at
least reached the first milestone. The basic number of hu-
man proteins has been determined, the variants of which
will be identified in further research.

Mapping the human proteome

Progress in mapping the human proteome was aided
by advances in mass spectrometry (MS). This method
is as important to proteome researchers as sequenc-
ing instruments are for genome researchers. Kister has
five mass spectrometers available at his chair, each one
worth some EUR 750,000.

Over the last 18 months, these machines were tasked
with drawing a map of the human proteome. Bernhard
Kuster’'s team analyzed 60 different tissues, 13 bod-
ily fluids and 147 cancer cell lines. Most of the tissue
samples were provided by TUM'’s pathology labs, and as
Kister confirms, laughing: a number of saliva and even
ear wax samples were acquired from his own people for
analysis. After that, the researchers followed a straight-
forward work flow. First of all, the proteins from any bio-
logical source were broken down using a protease, an
enzyme that cuts all proteins into pieces called peptides
at precisely defined positions within the amino acid se-
quences. After a few hours of lab work, the reaction tube
contains an impressive 100,000 peptides instead of the
original approximate number of 19,000 proteins.

The next step is pre-separation. “Even the most mod-
ern mass spectrometers are not able to handle the com-
plexity of 100,000 peptides all at once,” stresses Klster.
So a liquid chromatography technique is used to send
around 50 different peptides every second to the meas-
urement chamber of the directly connected mass spec-
trometer. “Modern MS devices can properly identify five
to ten peptides per second in a repetitive process along
the liquid chromatographic time frame of several hours,”
he explains. A mass spectrometer needs ions — it cannot
measure neutral particles. To generate ions from peptides,

Picture credit left: ediundsepp, right: Filser



the scientists use electrospray ionization, a technique for
which John B. Fenn won the Nobel Prize for Chemistry in
2002. Bernhard Kister explains, “That was a very impor-
tant development because it allows us to ionize even large
proteins and peptides without destroying them.” Subse-
quently, and through controlled manipulation of the trajec-
tory of the ions in electrical fields under high vacuum, the
ionized peptides are separated in the mass spectrometer
according to their ratio of mass to charge. At the end, the
detector records a huge spectrum of signals from which
the mass and quantity of each peptide can be determined.
In a second analysis step, the device determines their
amino acid sequence, and within one hour, the instrument
can churn out data for over 20,000 peptides.

But what can be done with this huge volume of data?
What goes together? Which peptides belong to which
protein? The next step is to complete a giant jigsaw puz-
zle aided by information from the genome. “Our work
would be much more difficult without the decoded ge-
nome. We need the amino acid sequences that can be
derived from genes to piece together our peptide analy-
sis data efficiently,” explains Kuster. For this, a computer
must first virtually reproduce the protease breakdown
of all of the predicted 19,629 proteins and, if needed, of
other sequences present in the genome. Next, a math-
ematical algorithm compares the amino acid sequences
determined in the measurements with those of the theo-
retically calculated peptides. One by one, the machine
checks which puzzle pieces it can and cannot combine
and assemble into proteins.

The biggest coherent data set of the human
proteome

In this way, the Munich-based scientists identified some
80 percent of all human proteins. This work thus comprises
the largest single data set of the human proteome. In ad-
dition, the team re-analyzed several dozen individual MS
data sets on tissues and cell lines that other groups had
uploaded to public databases. “The main starting point

“If we knew the protein
profile of, for instance, a
tumor, we might be able
to administer drugs in a
more targeted way.”

Bernhard Kister

Proteomics

for our study was the idea that we could use the world’s
existing knowledge by bringing it all together,” empha-
sizes Kuster. Examples of such internationally available
databases include PeptideAtlas and ProteomeXchange.
The problem is the lack of software and computer archi-
tectures capable of performing comparative analyses of
the terabyte-scale data volumes. Hence, some databases
are currently little more than data dumps. Just over two
years ago, therefore, Kister hit on the idea of collaborat-
ing with SAP to develop a new database and software.
The result is ProteomicsDB — an all-in-one database and
software system running on computers at SAP’s head-
quarters in Walldorf to perform a comprehensive analysis
of the human proteome. Klister sees the platform as a tool
for all scientists engaged in human proteome research:
“It’s available to anyone.” New data sets are continuously
being added to ProteomicsDB - the Pandey group’s sets
have already been loaded — and in mid-September 2014,
updated results were made public. At that stage, 18,248
of the 19,629 predicted human proteins were actually
available, or 93 percent of the number forecast by the ge-
nome researchers. >
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proteins can be identified in most cell types and tissues. In
addition, many tissues are characterized by the presence
of specific proteins.

The proteome map also raises some fundamental ques-
tions for scientists, such as how to find the seven percent
or so of all predicted proteins that have remained elusive
until now. This is undoubtedly due, in part, to the detec-
tion limits of mass spectrometry, as proteins with just 100
molecules per cell or even fewer remain under the radar.
Detecting highly insoluble proteins is also proving to be
a challenge. To identify this last seven percent, the TUM
scientists are appealing to the world’s experts in the field
for help — one of the sections in ProteomicsDB is called
“Adopt a protein”. “There are very good labs out there do-
ing in-depth research on a small region of the map, and
we invite them to add their data to ProteomicsDB,” ex-
plains Kuster.

It may turn out that some of the currently gray areas in
the proteome map don't even exist. A number of genes
are permanently inactive, having been switched off as hu-
mans evolved. One such inactive area can be found in the
human nose. In order to smell, organisms from mice to

- ~
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Picture credit: Filser

men need special receptors on the surface of sensory cells
in the olfactory epithelium located far back in the nose.
Based on the predictions, we should have 853 of these ol-
factory receptors. But Bernhard Kister and his group have
been able to account for only one in four of these. Perhaps
this is one reason why our sense of smell is much less well
developed than that of, say, mice and dogs.

Previously unknown proteins

Another surprising finding is that the term “gene” might
have to be interpreted more broadly than it has been to
date. It is clear that our bodies create proteins whose
genes have not yet been recognized by the genome re-
searchers.

Our cells are home to some 10,000 large RNA molecules
with functions that remain unexplained. Some are referred
to as transcripts of unknown coding potential (TUCP).
Others are called long intergenic non-coding RNAs (linc-
RNA). Some play a role in the regulation of stem cell prop-
erties and cell differentiation, for example. The attribute
“non-coding” is not quite accurate, however, because the
TUM team has identified 430 proteins originating from
such non-coding lincRNA sequences. They were able to
assign these by comparing the proteins found with amino
acid sequences that can be derived from the lincRNAs. At

Proteomics

present, no one knows why these “genes” are translated
into proteins, but they may well represent evolutionary
processes in which nature “tries out” new proteins with
perhaps novel properties.

Protein patterns can determine drug efficacy

“Our map is only the starting point,” says Kister. Scien-
tists are sure to find more surprises while filling in the re-
maining spaces on the human proteome map and asking
questions of the database. But what is the point of pro-
teome research, apart from gaining a better understanding
of basic biological principles? According to Kuster, there
are already indications of possible medical implications, as
proteins are the targets for almost all medicines. It seems
that certain protein patterns influence the effectiveness of
such drugs. Kister and his team were able to show that
the efficacy of 24 cancer drugs on 35 cancer cell lines bore
a clear correlation with their protein profiles.

Says Kuster, “This edges us a bit closer to even more in-
dividualized treatments for patients. If we knew the protein
profile of, for instance, a tumor, we might be able to admin-
ister drugs in a more targeted way. This would also create
a rationale for investigating new drug combinations and,
generally, aligning treatments more closely with a patient’s
individual needs.” Bernhard Epping/Barbara Wanker! (TUM)
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