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CHEMICAL BIOLOGY

A MULTI-PURPOSE CROSS-LINKER
By coupling protein cross-linking with reversible affinity purification of cross-
linked fragments, a newly reported tool should enable many applications in 
structural and systems biology.

Proteins within the cell are in constant contact with each other, whether as stable 
multiprotein complexes or during transient signaling interactions. Such contacts can be 
captured with chemical cross-linkers that covalently bond interacting residues.

It is becoming increasingly clear that cross-linking can be a valuable strategy for 
molecular structure determination: knowing which residue is close to which other one 
can provide crucial structural constraints. Improved cross-linking tools are still needed, 
however. In a recent paper, Meng-Qui Dong and Xiaoguang Lei at the National Institute 
of Biological Sciences in Beijing, and their colleagues, report a cross-linker with several 
desirable properties.

The researchers desired a cross-linker similar to the popular bis(sulfosuccinimidyl) 
suberate (BS3), a primary amine-directed reagent, but that also permits affinity 
purification of the cross-linked protein fragments and simple elution of the fragments 
after enrichment. After some trial and error, they settled on a molecule in which two 
sulfo-NHS esters are linked with a 9.3-Å carbon chain, including a biotin handle for 
affinity purification that can be cleaved via an azobenzene-based cleavage site. They call 
their cross-linker Leiker (lysine-targeted enrichable cross-linker).

In an in vitro experiment with a ten-protein sample, the researchers observed that 
biotin-based enrichment does indeed improve the identification of cross-linked proteins 
within a complex background. In that experiment, the cross-linked, trypsin-digested 
sample was diluted to different extents with a non-cross-linked Escherichia coli tryptic 
digest, then either enriched or not using the biotin handle on Leiker; cross-linked 
fragments were then identified by mass spectrometry. Whereas increasing amounts of 
E. coli lysate substantially reduced the number of identified pairs cross-linked by BS3 or 

LAB-ON-A-CHIP

Coral-on-a-chip
A miniature platform for studying corals at microscale resolution sheds new light on 
their biology.

Coral polyps live in symbiosis with photosynthetic, 
unicellular algae that provide energy in return for 
nutrients and protection. Some coral species inter-
connect into massive colonies that deposit calcium 
carbonate, building large skeletons known as coral 
reefs. Ocean warming and acidification brought on 
by climate change are forcing the algae to abandon 
the corals, leaving the reefs colorless (‘bleached’) 
and structurally weak. These global environmental 
changes also promote a decrease in calcium carbon-
ate deposition and render polyps more susceptible to 
bacterial infection. Together, these effects cause coral 
reef demise and have far-reaching consequences for 
oceanic ecosystems.

Scientists know little about the ways in which reef corals respond to changing environ-
mental conditions at the cellular and molecular levels. One reason for this knowledge gap has 
been the scarcity of strategies that allow for high-resolution studies of intact coral colonies 
under conditions similar to those of their natural habitats. To address this, a team from the 
Weizmann Institute in Israel led by Assaf Vardi has generated a system called coral-on-a-
chip. The setup consists of a small microfluidic device with coral microcolonies settled on 
the bottom of microwells and allows for controlled light, temperature, water quality and 
flow conditions as well as continuous microscopic observation for extended periods of time. 

Two coral polyps (green) with 
symbiotic algae (red) cultured on a 
microscope slide. Reproduced from 
Shapiro et al. (2016). 
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by Leiker without enrichment, there was no such effect if the sample was first enriched 
using the biotin on Leiker. 

It is worth noting that, for both BS3 and Leiker, only 3% of identified cross-links 
were between proteins known not to interact, indicating that, in this simple ten-
protein sample, artifactual cross-links were infrequent. Further experiments would be 
needed to determine whether this specificity holds in more complex samples. When the 
researchers applied Leiker to the purified E. coli 70S ribosome, they observed that those 
Leiker-identified cross-links that could be mapped to existing structures are largely 
compatible with current understanding; in addition, Leiker identified several cross-links 
to peripheral ribosomal proteins known to be dynamic and therefore difficult to capture 
with X-ray crystallography and cryo-electron microscopy. 

A good cross-linker could find application outside of structural biology as well. Dong, 
Lei and colleagues applied Leiker to lysates of E. coli or Caenorhabditis elegans and 
report the protein–protein interaction (PPI) networks obtained after filtering the data 
for quality. Of the intramolecular cross-links in the E. coli map that could be checked 
against structure information, most (80%) are consistent with existing data, they report. 
Most of the intermolecular cross-links (75%), representing 450 protein pairs in total, are, 
however, new. Future probing of these proposed interactions and benchmarking against 
other PPI data sets will be needed to gauge the specificity of Leiker for interactome 
mapping. This is particularly relevant because Leiker identifies many more interacting 
proteins than other cross-linkers do, and because, as has been seen for other large-scale 
PPI-mapping methods, the resulting data sets only partially overlap.

Finally, the researchers show that Leiker can be labeled with deuterium such that 
protein structure or PPI networks can be quantitatively compared between different 
conformational or biological states. Leiker has only three functional groups but may well 
have many more than three biological applications.
Natalie de Souza

RESEARCH PAPERS
Tan, D. et al. Trifunctional cross-linker for mapping protein-protein interaction networks and comparing 
protein conformational states. eLife http://dx.doi.org/10.7554/eLife.12509 (2016).

The first challenge that Vardi’s team faced was to gently separate the polyps from the skel-
eton—a process known as polyp bail-out. They achieved this by gradually increasing the 
water salinity until the detached polyps, or micropropagates, successfully resettled on glass 
microscope slides placed in microfluidic wells. They imaged these small and transparent 
micropropagates using both light and fluorescent microscopy, as the coral produces green 
fluorescent protein and the algae make chlorophyll that autofluoresces red.

To test whether growing micropropagates in microfluidic devices alters the coral’s biology, 
the researchers recorded the deposition of the coral’s skeleton in real time by using the fluores-
cent dye calcein, which is incorporated into growing calcium carbonate crystals. Their results 
confirm that the micropropagates retain the basic calcification and skeleton-morphology 
properties of the mother colony. 

The team next focused on two burning issues in coral research: the dissolution of the 
polyp–algae partnership under environmental stress, and coral disease. They induced coral 
bleaching by shining an intense light on the micropropagates, and they then tracked and 
measured the loss of algal symbionts in real time at the level of whole polyps and of individual 
cells. This indicated the existence of specific cross-talk between the algae and the host. They 
also introduced fluorescently tagged pathogens into coral microchambers through the inflow 
channel and monitored disease onset; this led them to identify an unexplored route of coral 
infection. 

These results show that the coral-on-a-chip device mimics coral colony structure and func-
tion in a format applicable to the study of many aspects of reef-building coral biology that 
may include development, physiology and disease. Theoretically, the system also allows for 
genetic studies of reef-building corals, which could provide a deeper understanding of their 
physiology and function and reward us with knowledge that might prevent their demise.
Vesna Todorovic

RESEARCH PAPERS
Shapiro, O.H. et al. A coral-on-a-chip microfluidic platform enabling live-imaging microscopy of reef-building 
corals. Nat. Commun. 7, 10860 (2016).
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