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Mutation might stabilize human antibody reagents
Human antibody reagents could potentially allow researchers to study and devise targeted therapies for a wide range
of diseases. However, these compounds
have proven difficult to produce due to
aggregation between the two key antibody domains that mediate antigen interaction, variable heavy (VH) and light
(VL). Kip Dudgeon et al. (pp. 10879–
10884) outline a general approach to
enhancing aggregation resistance in human antibody reagents that overcomes
the high diversity in human variable domains and retains antigen binding integrity. Using a technique known as phage
display, the authors identified specific
positions clustered in the antigen binding site that, when mutated, can confer
Stabilized human antibody variable domains.
resistance to aggregation. The mutations, additions of aspartate or glutamate, enhance aggregation resistance by altering the local charge distribution at
highly specific positions, irrespective of sequence diversity at other positions. Furthermore, the crystal structures of
mutant VH and VL domains were highly conserved, suggesting that antigen binding would be minimally impacted. To
test the technique, the authors successfully constructed high affinity antibody fragments by retrofitting variable domains derived from the breast cancer therapeutic Herceptin. The findings represent a general template to engineer
targeted human antibody variable domains with superior biophysical properties, according to the authors. — T.J.

Body’s compartments may
promote antibiotic resistance

in these compartments initially have no drug resistance,
but gradually acquire mutations that change their genotype, resulting in small resistance increases. The possible
Despite the growing risk to public health, the processes genotypes are plotted vertically, such that drug resistance
that drive antibiotic resistance in bacteria remain poorly increases from bottom to top. The findings revealed that
understood. Research has shown
the population adapts and exthat resistant bacteria quickly
pands through proliferation,
evolve in environments with low
death, migration, and mutation.
drug concentrations, and that drug
Using computer simulations and
levels vary between organs and tisanalytical theory, the researchers
sues in patients treated with antifound that the modular environbiotics. Rutger Hermsen et al. (pp.
ment provides sanctuaries that
10775–10780) explored whether
allow mutations to be selected
such environmental unevenness
one by one, facilitating the emercould facilitate resistance by forgence of drug-resistant strains.
mulating a mathematical model
The study suggests that concento describe bacterial adaptation
tration gradients can foster adapin an antibiotic gradient. The
tive processes that are impossible
model considers a series of com- Evolution of drug resistance in an antibiotic gradient. in uniform environments, and
partments, plotted horizontally, in which the antibiotic provides a simple model to serve as a starting point for
drug concentration increases from left to right. Bacteria more complex analyses, according to the authors. — J.M.
www.pnas.org/cgi/doi/10.1073/iti2712109
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“Where” neurons key to
auditory distance perception
Although loudness typically indicates proximity, humans
can distinguish between sounds that are soft but nearby
and those that are loud but distant. Norbert Kopčo et
al. (pp. 11019–11024) explore the neuronal mechanisms
that allow our auditory system to calculate distance using
intensity-independent cues. The authors combined behavioral experiments, fMRI measurements, and compu-

Region in the auditory cortex that represents sound distance.

tational analyses to determine how the brain represents
and processes distance information separately from
sound intensity. The authors simulated sounds at varying
distances in virtual acoustic environments and analyzed
the neural responses of 12 study participants. Once the
researchers accounted for brain activations corresponding to loudness, they found that sounds simulated from
different distances increased neural activity in the posterior nonprimary auditory cortex near an established spatial processing corridor known as the auditory “where”

pathway. The findings suggest that this region contains
neurons which are specifically attuned to intensity-independent distance cues, according to the authors. — T.J.

Gut flora may contribute to honeybees’
health and nutrition
Global honeybee populations are declining for unknown
reasons, with pesticides, pathogens, habitat loss, and climate change among the possible culprits. Philipp Engel et
al. (pp. 11002–11007) examined the roles of the microflora
that populate the gut of the honeybee, Apis mellifera, to
examine the microbes’ roles in immune defense and nutrient digestion. The researchers pooled and sequenced bacterial DNA from the hindguts of 150 worker bees from a
single hive and found a remarkable number of strain variants among the eight species of bacteria known to inhabit
honeybees. Compared with the gut microflora of other
insects and mammals, the honeybee bacterial metagenome was enriched in genes involved in carbohydrate
metabolism and transport, as well as a diverse collection
of efflux pumps, thought to reflect exposure to pesticides
or antimicrobials. Certain gene functions were limited to
particular species of bacteria or even strains within species; these included biofilm formation, metabolism of toxic
sugars, and degradation of pectin, a component of pollen
walls. According to the authors, the diversity of microflora in the A. mellifera gut may reflect coevolution among
strains and adaptation to distinct functional niches. The
authors suggest that certain strain-specific functions may
contribute to the health of honeybees by aiding in host
defense and nutrient metabolism. — C.B.

Pressure-driven Mn-based superconductors
Superconductor technologies have yet to fulfill their early promise, in part because their potential benefits, such as zero
electrical resistance, are often offset by the need to keep the materials cold. Manganese (Mn)-based compounds could
theoretically deliver high-temperature superconductivity, but it is generally believed that prohibitively large pressures
would be required. Jack Simonson et al. (pp. 10751–10752)
challenge these convictions and find that only modest pressures may be needed to transform LaMnPO into a potential
superconductor. The researchers used high-pressure X-ray
diffraction to track structural changes within LaMnPO as the
atoms jostled into new positions under increasing pressure.
The researchers noted that the material underwent a structural transition at 16 gigapascal (GPa)—near the pressure
needed to commercially synthesize diamond—followed by
a volume collapse at 30 GPa. The researchers incorporated
these atomic positions into electronic structure calculations
to determine how pressure influences LaMnPO’s electronic
behavior. The measurements indicated that as pressure increases, the material undergoes transformations that spread
out the electrons, thereby increasing conductivity, decreasing
Varying correlation strengths and degrees of charge doping.
magnetism, and setting the stage for superconductivity. The
authors suggest that Mn’s non-superconducting reputation may be undeserved, and that LaMnPO might be representative of a larger class of unexplored Mn-based compounds capable of unconventional superconductivity. — J.M.
10742 u www.pnas.org/cgi/doi/10.1073/iti2712109

