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research highlights
PROTEIN–PROTEIN INTERACTIONS

Bait and switch
J. Am. Chem. Soc. 136, 11860–11863 (2014).

Protein–protein interactions regulate many 
important cellular processes. However, 
their often transient nature means that 
identifying which proteins interact with which 
partners is far from trivial. One approach to 
identifying protein partners is to start with 
a known protein as a ‘bait’ protein, which 
is then used to covalently label its partner 

protein(s) — the sought-after, so-called 
‘prey’ proteins. Expression of a bait protein 
within a cell enables it to form biologically 
relevant protein–protein interactions with its 
appropriate protein partners — which can then 
be labelled. Subsequent enrichment allows the 
prey proteins to be identified using techniques 
such as protein mass spectrometry. However, 
inefficient labelling can lead to important 
interactions being missed, and the labelling of 
protein pairs that interact non-specifically can 
lead to false partners being identified. 

A team led by Peng Chen at Peking 
University, China, have now developed a 
tool for the crucial labelling step based on 
an unnatural amino acid. This amino acid, 
which can be genetically encoded into the 
bait protein, contains a selenium atom at the 
γ position and a diazirine group at the end 
of the side-chain. After the protein–protein 
interaction forms, the diazirine group can 
be irradiated with light, which induces 
crosslinking between the proteins, irrespective 
of their identity. Subsequently, the unnatural 
amino acid can be cleaved next to the 

selenium atom using H2O2, which separates 
the bait and prey proteins, but cleverly the 
prey protein is left with a selenic acid label. 
This can then be tagged with a fluorescent 
dye or with biotin, enabling enrichment 
and subsequent identification. Splitting the 
prey proteins from the bait simplifies the 
separation of the mixture of prey proteins, and 
also their subsequent identification.

To demonstrate the reliability and 
effectiveness of their approach the team 
profiled the binding partners of an 
Escherichia coli acid chaperone HdeA, under 
conditions of acid stress. Their analysis 
identified a number of previously known 
binding partners — showing that this method 
can reliably label prey proteins — and three 
new potential binding partners.  RJ

PROTEIN FOLDING

Flip to unzip
Angew. Chem. Int. Ed. http://doi.org/f2tfb5 (2014)

Collagen, the most abundant mammalian 
protein, is characterized by a fibrillar 

Gold rush Science 345, 909–912 (2014)

Subsequently, the team found that direct 
exposure to the electron beam disturbed the 
clusters, making imaging impossible, and so 
they turned to a technique commonly used 
for soft biological samples. This involved 
focusing the electron beam at an area 
adjacent to the cluster and imaging for a 
very short time in order to lower the dose of 
electrons. Images of nearly one thousand 
particles were taken and processed (three 
of the particle images are pictured, left) and 

For many molecules, organic and 
inorganic alike, X-ray crystallography is 
arguably the most reliable way to obtain 
detailed information on the positioning 
of atoms within the structure. However, 
crystallography, by definition, requires 
crystals, which are difficult or even 
impossible to obtain in many cases. Direct 
imaging techniques, like transmission 
electron microscopy (TEM), offer the 
ability to ‘see’ individual molecules and 
assemblies, but rarely do they give a clear 
atomic-level picture of a given structure

Now, a team made up of researchers 
from Finland, Japan and the USA, led by 
Roger Kornberg at Stanford University, 
have used sophisticated TEM techniques 
to determine the structure of a gold 
nanoparticle with atomic resolution. They 
achieved this without invoking any prior 
knowledge of the structure, or making 
any assumptions about the packing of the 
individual atoms within the cluster. A newly 
synthesized gold cluster, stabilized by 
thiolate ligands, was first analysed by mass 
spectrometry, photoelectron spectroscopy 
and thermogravimetric analysis to narrow 
down the number of possible structural 
formulae prior to imaging.

the electron density averaged over all of 
them to give a map containing 68 peaks 
(pictured, right, with peaks highlighted 
in pink) — the number of gold atoms in 
the cluster. More strikingly, the packing 
of the atoms did not always fit with the 
face-centred cubic pattern that is normally 
associated with gold, demonstrating the 
power of this technique for elucidating 
surprising structural insights with 
atomic precision.  CH
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structure that underpins its function in 
ligaments, tendons and skin. This fibrous 
superstructure is built on triple helices — 
and these helices are stabilized, in part, by the 
hydrogen bonding enabled by proline and 
hydroxyproline residues in the polypeptide 
chain. Unnatural proline-derived residues 
— which alter the patterns of hydrogen 
bonding within, and steric demands 
on, the helix — can be used to probe the 
stability of these helices and investigate 
collagen’s conformational properties.

Now, Helma Wennemers and co-workers 
at ETH Zürich have used a proline 
derivative in collagen model peptides to 
reversibly induce and disrupt the folding of 
a triple helix. Upon protonation, the ring 
conformation of (4S)-aminoproline flips 
and a new transannular hydrogen bond is 
formed. This change in conformation and 
hydrogen bonding can destabilize the helix, 
but the extent to which it does so depends on 
the location of the proline derivative in the 
peptide chain. Wennemers and colleagues 
found that in one position, the additional 
steric bulk of (4S)-aminoproline — 
compared with the proline residue it replaced 
— destabilized the helix under both basic and 
acidic conditions.

By instead replacing an adjacent 
hydroxyproline residue with 
(4S)-aminoproline, they found that, under 
basic conditions, the helix remained as stable 
as the natural form. However, on protonation 
of the amine group, the repulsion between 
adjacent ammonium cations in the helix, 
and the rearrangement of hydrogen bonds, 
weakens the self-assembly. The team took 
advantage of this to reversibly fold and unfold 
the triple helix by changing pH. Although 
adding acid destabilizes the helix sufficiently 
to ‘unzip’ it in only six minutes, refolding — 
induced by addition of base — takes much 
longer. This mismatch is similar to thermally 
induced denaturing and refolding, which 
suggests that the mechanism of folding is 
similar to that already known.  CH

ENZYME CATALYSIS

Colourful conversion
Angew. Chem. Int. Ed. http://doi.org/ 
f2tmj7 (2014)

Chiral amines are found in numerous 
pharmaceuticals and bioactive natural 
products. As a result, methods for their 
asymmetric synthesis are in high demand. 
Reductive aminations to produce chiral 
primary amines — in which a prochiral 
ketone is combined with an amine donor 
— were identified by a recent round-table 
meeting of pharmaceutical producers as 
an aspirational target for green chemistry 
research. Several classes of enzyme have been 
shown capable of mediating such reactions 
and have been applied at both the discovery 
and manufacturing scale.

Now, Anthony Green and Nicholas 
Turner from the University of Manchester 
in collaboration with Elaine O’Reilly from 
Manchester Metropolitan University have 
reported the use of an amine donor that 
could dramatically enhance the efficiency 
of reductive aminations catalysed by 
ω-transaminases as well as facilitate 
the screening process used to identify 
active enzymes. The key to achieving 
useful conversions in these reactions is 
the displacement of an equilibrium that 
usually favours the starting materials, 
and several approaches to this have been 
developed. At the discovery laboratory 
level, the use of excess alanine as the amine 
donor, combined with a second enzyme to 
remove the pyruvate by-product, has been 
successful. On larger scales, the expense 
makes such an approach unfavourable and 
excess isopropylamine has been used as 
donor, with the by-product — in this case 
acetone — removed by evaporation. The 
researchers identified ortho-xylylenediamine 
as a particularly effective amine donor. Just 
one equivalent of it is required to obtain high 
conversions with a variety of ketone starting 
materials, and use of only 1.5 equivalents 
gave 73% conversion of the challenging 
substrate 1-indanone.

The by-product from this donor 
is removed from the equilibrium by 
cyclization followed by tautomerization 
to form isoindole. This then undergoes a 
spontaneous polymerization to produce 
a highly coloured product, which acts as a 
built-in detection system for conversion. 
Green, Turner and O’Reilly went on to show 
that this method of detection could facilitate 
the development of high-throughput screens 
for the identification of new enzymes.  SD

Written by Stephen Davey, Claire Hansell and 
Russell Johnson.
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Getting started
Perseverance, soft skills and self-
reflection are needed for a career 
in science.

Between 1996 and 2011, fewer than 1% 
of scientists published a paper each year, 
but their names appeared on just over 
40% of all papers (http://go.nature.com/
JzYHyw). It’s a long and winding road to 
join that 1% and writing at Aidan’s Aviary, 
Aidan Horner lists (http://go.nature.
com/5dWjfK) all his rejections, from 
publications to positions, in his negative 
CV. This is a useful reminder that one can 
go through many failures before success. 
Never give up, never surrender.

Odyssey, at Pondering Blather, realizes 
(http://go.nature.com/AvlTkv) that a good 
scientific training alone is not enough and 
that a lot more is needed to set up and 
run a successful lab, including managing 
(lab budgets and people), teaching and 
grant writing. How and when to teach such 
soft skills is a critical issue and is largely 
underestimated and poorly recognized. 
Among these skills, peer-review is 
still essential to the advancement of 
science, and Alexis Verger at An Infinity 
of Hypotheses, offers his reviewer oath 
(http://go.nature.com/lg4pNu). Whether 
peer-review should be anonymous or 
not prompts much debate, but the rest 
of Verger’s coda , including ‘Review unto 
others as you would have them review 
unto you’, should be engraved on the floor 
of every lab.

Finally, Acclimatrix, writing at Tenure, 
She Wrote, ponders which kind of mentor 
she wants to be (http://go.nature.com/
PhTfDn). Funny? Hard? Motherly? 
Badass? “I want to create a strong lab 
culture […] that results not only in strong 
bonds, but strong science,” she writes. 
Don’t we all? The PI plays a critical role 
in driving the group and mentoring the 
students, and reflecting on what you 
want to achieve surely pays off in the long 
term. “I’ll let you know how that goes,” 
Acclimatrix wrote last year. Time for 
an update?

Written by Sylvain Deville, who blogs at 
http://sylvaindeville.net
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