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In the so-called post-genomic era we face a formidable challenge as

scientists – to make sense of the huge amount of sequence information

generated by an ever-growing list of completed genome projects. Although it

was once thought that sequencing of the human genome would immediately

lead to advances in our understanding of human health and disease, this goal

remains largely unrealized. Even with significant progress in the annotation

of genes based on predicted function, the overwhelming complexity of gene

regulation and protein expression has made it difficult to globally map

regulatory pathways that control basic cellular processes. Confronted with

these hurdles, the past ten years have seen a rapid increase in the devel-

opment of new technologies that enable systems-wide analysis of cellular

processes. These technological advances depend on the tools of many

disciplines, including computational biology, chemistry, protein biochem-

istry and mass spectrometry. It has become clear that we must make use of

strengths in each of these fields to begin to reap the rewards of the genome

sequencing efforts. In this volume, we have chosen a number of topics that

highlight advances in technologies that enable scientists to approach bio-

logical questions using global rather than single gene and/or protein

methods.

To begin this volume, Thomas and co-workers provide a comprehensive

look at methods to assign function to genes in sequenced genomes. This

review is an ideal starting place for the volume as it outlines computational

efforts that make use of raw sequence information, curation of published

literature, inheritance prediction and pathway mapping to better define

gene function. Although the biological function of genes is something that

can, in principle, be gleaned from basic homology of sequences to other

related proteins, this link is often tenuous at best. Specific functional

annotations can be significantly strengthened by analysis of homology

among multiple species, something that is now possible with the completion

of many new genome sequencing projects. Even more importantly, we must

rely on the published literature to be able to make annotations that can be

backed up with real experimental data. Finally, we need to develop methods

to link this information into networks that are defined by the biological

process in which they are involved. The addition of new search algorithms

and network databases is already beginning to enable the transition from

gene sequences to comprehensive maps of complex biological processes.

Transitioning from ‘sequence gazing’ and annotation of predicted function

at the level of gene sequence homology, we have selected a few reviews that

shift the focus to proteins. One way to enhance our understanding of protein
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function is to develop technologies that enable direct

imaging of protein expression and localization. The

advent of a host of stable fluorescent reporter molecules

has provided the cell biologist with veritable toolbox of

reagents that enable specific proteins to be tagged and

monitored visually. Although simple fusion protein tech-

niques have opened the door to many new cell biological

studies, it still remains difficult to dynamically image

protein trafficking and localization for many proteins.

Foley et al. outline some of the most recent advances

in site-specific modification of proteins with reporters.

This review highlights the diversity of methods to selec-

tively tag proteins, thereby facilitating their analysis by

imaging, biochemical and proteomic methods. The future

of this field depends heavily on creative chemists and

biochemists to continue to develop new techniques that

will enable this approach to be adapted to system-wide

studies of protein function.

Continuing with the topic of imaging using reporter tags,

we have selected two reviews that focus on analytical

methods to image protein and small molecules in com-

plex proteomic samples. In the first review, Sadaghiani
et al. outlines recent advances in protein labeling methods

using small-molecule activity-based probes. Similar to the

tools described by Foley et al., this approach enables

proteins to be studied using reporters that include epitope

tags, affinity tags and fluorescent reporters. The differ-

ence in this method is that the labeling of the protein is

facilitated by a small-molecule probe that binds to the

target protein using an activity-dependent chemical reac-

tion. Thus, probe modification provides not only a way to

visualize a given protein but also an indication of its

enzyme activity. Because many enzymes are regulated

by a complex set of post-translational controls, the use of

activity-based probes greatly enhances our ability to dis-

sect protein function by focusing analysis on changes at

the level of enzyme activity.

Although activity-based probes provide a means to

monitor sets of functionally related proteins, these

reagents can only be applied to enzymes for which

specific probes can be designed. The review by Reyzer
and Caprioli outlines mass spectrometry methods that

enable proteins and small molecules to be imaged in

tissues and whole organisms using a direct mass spec-

trometry-based readout. Using this technique it becomes

possible to perform non-biased profiling of both proteins

and small-molecule metabolites in whole tissue sections.

This approach has the potential to facilitate the discovery

of biomarkers, high-resolution mapping of protein expres-

sion in vivo and evaluation of small-molecule pharmaco-

dynamic properties.

In addition to finding ways to globally monitor protein

expression, localization and enzyme activity, other sys-

tems-based approaches have dealt with the problem of
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complexity by focusing on specific sub-sets of the gen-

ome. The reviews by Schilling and Overall, and Diamond
highlight some of the recent advances in the study of

families of enzymes, known as proteases, that regulate

cellular function by degrading other proteins. Schilling

and Overall outline several exciting new mass spec-

trometry-based methods that enable global monitoring

of protease expression, activation and substrate profiling.

These methods are likely to have a dramatic impact on

our understanding of how groups of related enzymes (i.e.

proteases) function in regulatory networks. Building on

this theme, Scott Diamond highlights some of the

advances that can be used to profile the substrate speci-

ficity of an expressed protease. Using techniques ranging

from screening of libraries of diverse fluorogenic sub-

strates to profiling cleavage specificity using phage dis-

play and other genetic tricks, it is now possible to assign

specificities to proteases that can then be used to search

for substrates. These technical advances are already being

translated to other classes of enzymes and will probably

have an important role in helping to establish functional

networks in the genome.

Continuing along the lines of focused, systems-wide

approaches, two reviews address advances in the study

of proteins that are post-translationally modified with

glycans. In the first review, Bond and Kohler highlight

new methods for the isolation and biochemical evaluation

of glycoproteins. These methods make use of a number of

chemical tricks in which sugar monomers are modified

with chemical ‘handles’ to enable the isolation of glyco-

proteins as well as the mapping of glycosylation sites.

These methods rely heavily on chemical synthesis

methods as well as on analytical methods such as mass

spectrometry. Such systems-wide analysis of glyco-

proteins will undoubtedly lead to a better overall under-

standing of the roles of glycosylation in diverse cellular

processes.

In the second review focused on glycoproteins, Timmer
et al. discuss recent advances in the application of probes

to study the enzymes that regulate glycosylation. Relating

back to the review by Sadaghiani et al. that introduces

small-molecule activity-based probes, this review high-

lights some valuable additions to the list of probes that

can be used to profile families of related enzymes in the

genome. In this case the focus is on proteins that have

important roles in the post-translational modification of

glycosylation, a process that has crucial functional role in

both normal cellular physiology and disease pathology.

Some of the most exciting classes of proteins also

represent the most technically challenging targets for

large-scale profiling. Post-translationally modified

proteins are a group that both fascinate and frustrate

biochemists because of their key biological functions

and daunting molecular complexity. Histones and their
www.sciencedirect.com
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myriad modifications, including acetylation, methylation,

phosphorylation and the many combinations thereof,

represent a prototype case study of the remarkable man-

ner in which cells convert an individual gene sequence

into hundreds of functionally distinct protein species.

Hunt and co-workers describe exciting breakthroughs

in mass spectrometry methods that are enabling, for

the first time, large portions of sequence to be read from

intact histone proteins. These efforts promise to deliver

the first method by which combinations of post-transla-

tional modifications can be profiled on single proteins.

Complementing the aforementioned genomic and pro-

teomic methods, investigators are also employing small

molecules as probes for the global interrogation of protein

function. The discovery of specific pharmacological tools

to perturb protein function is a well-recognized challenge

and one that is creatively addressed by the small-mol-

ecule microarray (SMM) technology described by Duff-
ner et al. These SMMs have the potential to offer the first

general platform for the systematic discovery of protein–

ligand pairs on a genome-wide scale. Bioactive small

molecules can also be unearthed using cell-based screen-

ing, a topic that is often referred to as chemical genetics

and is covered by two captivating reviews in this series.

Gangadhar and Stockwell describe the identification of

small molecules that regulate cell-death pathways in

mammalian systems through novel mechanisms. These

previously obsure cell-death pathways uncovered by

chemical genetics experiments might offer new thera-
www.sciencedirect.com
peutic targets for the treatment of diseases such as cancer.

Chemical genetic studies have also illuminated many

exciting aspects of plant biology, a subject that is

reviewed by Kaschani and van der Hoorn. As the authors

describe, plants possess special metabolic, cell, and sys-

tems biology pathways that have been found to be sensi-

tive to small-molecule perturbation. Finally, natural

small-molecule signaling pathways, such as those

mediated by nuclear hormones, have also proven to be

a rich source of discovery and innovation for chemical

biologists, as delineated by Biggins and Koh. Nuclear

hormone systems not only are a rich source of drug targets,

but also have provided fertile ground for researchers

interested in engineering innovative tools to control gene

expression with unparalleled versatility and selectivity.

Taken together, this collection of reviews, although

diverse in the overall subject matter and technological

focus, is unified by the overarching goal of dissecting

biological function on a global scale. Scientists have

learned a great deal since the completion of the human

genome project less than a decade ago. Perhaps most

importantly we have learned that it is going to take

creative input from many disciplines to begin to ‘trans-

late’ the genome and unlock the great potential this

information has for the betterment of mankind. We hope

that you will agree that this compilation of reviews

provides an up-to-date survey of some of the most excit-

ing technological advances in systems biology that are

likely to help us reach this goal.
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