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research highlights

neuroscience

The genetic essence of our brains
A freely accessible transcriptional atlas offers unprec-
edented possibilities for exploring the human brain.

What is it that makes the human brain unique? Although 
this is probably one of the oldest questions to have fascinated 
humankind, we are still surprisingly far from a clear answer.

To begin to understand how our brains give rise to the 
unique nature of our beings, we must first understand how our 
brains are built and how they differ from those of other spe-
cies. In keeping with its tradition of freely providing brain and 
transcriptome-wide maps of transcript distribution in rodents, 
the Allen Institute for Brain Science has now released an atlas 
of transcript usage across the human brain.

The enormous complexity of the human brain is a function 
of its precise circuitry, its structural and cellular diversity and, 
ultimately, the regulation of its underlying transcriptome, say 
Mike Hawrylycz and Ed Lein, leaders of this project.

Two complete normal brains from adult male donors were first imaged by magnetic res-
onance imaging, then cut into sections, analyzed using histological techniques and finally 
reduced to 900 samples. The samples were obtained from anatomically defined sites and were 
manually extracted and processed for RNA isolation and microarray analysis. A hemisphere 
from a third individual was used to perform confirmatory analysis of the results.

All the gene expression data that were obtained can be visualized in their native three-
dimensional anatomical coordinate space through the Allen Institute’s designated portal 
(http://www.brain-map.org/).

Three-dimensional rendering 
of the expression pattern of a 
gene across the human cortex. 
Image courtesy of the Allen 
Institute for Brain Science.

chemical BiologY

THE PowER of TRICEPS
Researchers describe a multifunctional reagent for identifying extracellular 
interactions.

Biological function is inextricably embedded in molecular interaction. When Bernd 
Wollscheid and his colleagues at the ETH Zurich developed a bifunctional reagent to label 
glycosylated cell-surface proteins some years ago, they wondered if they might extend the 
approach to study extracellular interactions between receptors and ligands. A collaboration 
between the groups of Wollscheid and Erick Carreira, also at the ETH Zurich, has now led to 
TRICEPS, a trifunctional reagent designed for this purpose.

TRICEPS works as follows. First, its N-hydroxysuccinimide ester is used to conjugate 
the reagent to free amino groups on a protein or peptide ligand. Then, its protected 
hydrazine is reacted with cell-surface aldehydes under mild conditions compatible with cell 
survival. Although there are typically no natural aldehydes on the cell surface, they can 
be generated by gently oxidizing sugar groups that decorate cell-surface proteins. Finally, 
TRICEPS contains a biotin to capture the interacting receptor-ligand pair.

“We went through a number of iterations,” says Wollscheid. The key was to find a 
molecule that would be compatible with reactions on the surface of living cells, he 
explains. The researchers show that oxidation with low concentrations of sodium 
metaperiodate to generate cell-surface aldehydes, as well as subsequent cross-linking of 
the TRICEPS-conjugated ligand, can be carried out on living samples.

Using quantitative mass spectrometry, Wollscheid and colleagues compared peptides 
identified by streptavidin pulldown of a TRICEPS-conjugated ligand with those identified in 
a parallel random control. They observed that glycopeptides enriched with a specific ligand 
identified the known cellular receptors for several peptide and protein ligands, including 
insulin, transferrin and an antibody of therapeutic interest.

Importantly, TRICEPS does not link two proteins; rather, it links a ligand with the 
glycostructure of its receptor, thus directing the cross-linking away from the receptor’s 
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protein backbone. “We don’t interfere with the protein domains of the receptor,” says 
Andreas Frei, first author on the paper, “but, in addition, this lets us address the reagent 
in space and time. We first want to couple it to the ligand, and only then do we want to 
capture the ligand-directed interaction with the receptor. Since we have one protein-
reactive moiety and one sugar-reactive moiety, this is perfect.”

The TRICEPS reagent can also be fluorescently labeled, making it possible to follow ligand 
binding to the cell surface by flow cytometry. Some fraction of the ligand will be rendered 
nonfunctional by TRICEPS conjugation, the researchers say, but this merely increases 
the nonspecific signal. “The remaining ligands are more than sufficient to enrich for the 
receptor,” Frei says.

Not only were the researchers able to capture receptor-ligand interactions on cells, 
they could do so in living tissue samples as well. Using primary breast cancer tissue, they 
correctly identified ErbB2 as the receptor for the antibody Herceptin, even though the 
specific tissue sample expressed the receptor at low levels. “We have, for the first time, 
the possibility to look at complex surface interactions of ligands in the context of the 
particular microenvironment for the receptor,” Wollscheid says.

Finally, ligands of increased complexity could be accessible with this reagent. TRICEPS-
labeled vaccinia viruses captured seven cell surface proteins, five of which the researchers 
could functionally validate with siRNA experiments, and which are therefore good 
candidates for cellular interactors with this virus. There are still a large number of viruses 
whose cellular receptors remain unknown.

Wollscheid points out that most interactome mapping efforts are focused on intracellular 
interactions. “I think we have the possibility to unravel the extracellular interactome,” he 
predicts. “We could use it to decode cellular communication as well as ... to study what are 
drugs doing at the cell surface. It’s early on, but that is where we would like to go.”
natalie de souza
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Hawrylycz, Lein and their colleagues went on to perform a series of analyses with the data. 
They looked at the variation of gene expression across large brain structures and saw a robust 
and consistent genetic ‘blueprint’ defining these anatomical areas and their constituent cell 
types. Many of the differentially expressed transcripts are still poorly annotated.

The primary feature that distinguishes the human brain from that of other species is the 
expansion of the neocortex, that outermost layer of the mammalian brain responsible for 
conscious thought and language. Despite the fact that the neocortex is composed of over 
15 billion neurons, the genetic signature of its different regions proved to be relatively 
homogeneous.

“As neuroscientists, we are trained to think that the neocortex is divided into highly specified 
regions,” says Lein. “However, when one looks at the genetic nature of each of these subregions, 
they are surprisingly similar.” The group found that genetic variation across the different neo-
cortical areas followed a graded pattern: the closer two neighboring regions were, the more 
similar their transcriptomes. These findings raise the possibility that the neocortex is more 
open and plastic than originally thought, at least at the molecular level.

Hawrylycz, Lein and their colleagues also used the platform to do across-species compari-
sons of gene expression patterns, and they found a gene, encoding the calcium binding protein 
CALB1, with a profile that was unique to humans.

Now that they have the pipeline and infrastructure to analyze human brains in this semi-
automated way, the group wants to keep the work going. “We intend to profile at least a total of 
six human brains,” including some female brains, explains Hawrylycz.

With this resource in hand, neuroscientists are now in a better position to start defining 
the things that make human brains unique. But with this information will come the bigger 
challenge of understanding how these differences give rise to our human nature.
erika Pastrana
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