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In years, highly

the characterization of the dynamlcs of molecular motors at very
high resolution. However, the motion of many motors with
angstromescale dynamics cannot be consistently resolved due to
poor signaktomnoise ratio. Using an acousto-optic deflector to gener
ate a “timesshared" duakoptical trap, we decreased
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order of tens of seconds) and infrequent enough that upwards of
90% of the data have to be Iymrcd and discarded (9). Thus,
extraction of molccular trajectorics with base-pair resolution in a
reliable and consistent way has not been possible until now.
Here, we compare th resoluton ofspipath and imoshared
optical tweezers s under id

noise by more than one order of magnitude compared with conven=
tional duakrap optical tweezers. Using this instrument, we imple=
mented a protocol that synthesizes single base-pair trajectories,
which are used to test a Large State Space Hidden Markov Model
algorithm to recover their individual steps. We then used this ak
gorithm on real transcription data obtained in the same instru=
ment to fully uncover the molecular trajectories of Escherichia
coli RNA polymerase. We applied this procedure to reveal the ef
fect of pyrophosphate on the distribution of dwell times between
consecutive polymerase steps.

optical tweezers | transcrption | single molecle | teptinding

Proleins involved in a wide array of cellular functions are able
to convert chemical energy into mechanical motion, thus
functioning as molecular motors (1). A comprehensive de-
ion of the dynamics of such motors requires following their
jon with sufficient spatiotemporal resolution to determine
heir moleculr trajectory. The trajectories of all motors do-
seribed to date consist of alternating stationary periods (known
as “dwells”) and translocation events (known as “bursts”). From
these trajectories, we can extract fundamental parameters of a
motor’s dynamic operation, such as the distribution of its step
sizes and dwell times; these parameters, in turn, provide crucial
insight into the mechanochemical coupling underlying the mo=
tor’s operation. For motors, such as dynein, that take steps with
variable sizes (2), characterization of the molecular trajectory
reveals how the motor adapts its step size to the conditions under
which it operates (external load, ATP concentration, crowded
environment, etc.). Conversely, knowledge of the dwell time
distribution can, for example, shed light on the coordination
mechanism in multisubunit motors (3-8)

Optical trapping can be used to characterize molecular motor
dynamics with high precision over biologically relevant times,
distances, and forces. The molecular trajectories of motors that
take relatively large steps (such as kinesin, which takes S-im
steps on microtubules) are now regularly accessed in many lab-
oratories. However, the ability to reliably and routinly resolve
the molecular trajectories (including all sieps and intersicp dwell
times) of many nuclec aciassocialed molors (e, DNA and
RNA

nti
that the ability to robustly extract traject
resolution is limited by low-frequency noise present in the
pth desgn but not in the timohared desgn. We intoduc a
protocol to experimentally synthesize trajectories i
asepar sipping by a molcularmoto. The yntesized datasre
sed to evaluate the fitness of the tether and to test the perfor=
mance of a Large State Space Hidden Markov Model (LSS-HMM)
algorithm in extracting the corresponding molecular trajectorics.
Finally, we use this same algorithm to extract the full molecular
trajectories (steps and dwells) of Escherichia coli RNA polymerase
from transcription traces obtained in the time=shared instrument
and to characterize the cffect of pyrophosphate (PPi) on the dis=
tribution of dwell times between steps of the enzyme.

Theory
‘The fluctuations of a microscopic bead held in a harmonic trap
of stiffness k are described by its power spectrum. According to
the fluctuation=dissipation theorem, the random, uncorrelated
forces due to the collisions of surrounding molecules (at a

Significance

Optical tweezers enable scientists to follow the dynamics of
molecular motors at high resolution. The ability to discern a
motor's discrete steps reveals important insights on its opera=
tion. Some motors operate at the scale of angstroms, rendering
the observation of their steps extremely challenging. In some
cases, such small steps have been observed sporadically;
however, the full molecular trajectories of steps and intervals
between steps remain elusive due to instrumental noise. Here,
we eliminate the main source of noise of most highwresolution
duaktrap optical tweezers and developed both a single-mole=
cule assay and a selfearning algorithm to uncover the full
trajectories of such a motor: RNA pﬂlymerase Uslng uus

method, a whole new set of experiments beco
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activity and photosynthetic electron transport. Overall, th

Solar radiation is the primary source of energy for metabolism in plants and for the regulation of their growth and
development. Depletion of the stratospheric ozone layer, a component of global climate change, has pmmpled
studies on the effect of enhanced ultraviolet B (UVB) radiation on growth and yield of agric
Although UVB only represents a fraction of the solar spectrum, its high energy has a substa att on
living organisms”. It has been reported that depending on the flow rate, duration and interaction with other envi-
ronmental factors, the UV radiation can induce photomorphogenic and stress responses which are not mutu-
“Thus, exposure of plants to low doses of UVB can induce photomorphogenic effects via the UVB
E LOCUS 8 (UVRS) photoreceptor. However, high UVB doses can induce the production of reac-
tive oxygen species (ROS), reduction of d damages to cell membs NA™.
In natural environments, the intensity of UVB radiation depends on the season, latitude, altitude and clouds,
leading to wide and spatial dynamics. Intense UVB radiation he Andean
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Preparation, characterization,

application of Pd-SnO
sensors as an electronic nose
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ABSTRACT

Keywords:
Physalis peruviana
NMR metabolomics
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Peruvian highlands

among regions:

‘The berry of Physalis peruviana L. (Solanaceae) represents an important socio-economical commodity for Latin
America. The absence of a clear phenotype renders it difficult to trace its place of origin. In this study, Cape
gooseberries from eight different regions within the Peruvian Andes were profiled for their metabolism im-
plementing a NMR platform. Twenty-four compounds could be unequivocally identified and sixteen quantified.
One-way ANOVA and post-hoc Tukey test revealed that all of the quantified metabolites changed significantly
Ishowed the most

ignificant differences. of variation

i
demonstrated high phenotypic plasticity for amino acids, while sugars displayed low phenotypic plasticity.

Correlation analysis highlighted the closely coordinated behavior of the amino acid profile. Finally, PLS-DA

revealed a clear separation among the regions based on their

capacity of NMR in establishing significant phytochemical differences becween producing regions of the fruit of

P. perwviana 1.

1. Introduction

Physalis peruviana L. (Solanaceze) is a perennial plant known for the
Peruvian Andes since pre-Columbian times (Legge, 1974). Nowadays, it

chromatography with mass spectrometry detection, e.g. recently used

to report on differences among CGs grown under organic and conven-

is commercially cultivated in Colombia, Ecuador, Peru, and various

non-Andean counties, such as Austraia, India, New Zealand, South
Africa, and the United States (Puente, Pinto-Muiioz, Castro, & Cor
2011). The importance of this plant relies on the juicy edible orange
fruit it produces, known as Cape gooseberry (CG) in English speaking
countries, while in Latin American regions it is known as
manto”, “tomatillo”,

“aguay-
“uchuva”. The global interest on this

‘capuli”, or

product has increased during the last decade due to the nutraceutical

benefits known for the fruit (Olivares-Tenorio, Dekker, Verkerk, & van
Boekel, 2016; Puente, et al.,

2011).

tional methods (Llano, Mufioz-Jiménez, Jiménez-Cartagena, Londofio-
Londoio, & Medina, 2018).

Despite its importance, genetic studies of P. peruviana L., do not
abound. Solely three genetic reports were detected in the scientific
literature, namely, Simbaqueba et al. (2011) who analyzed micro-
satellite composition of P. peruviana L. accessions in the leaf, while
Garzén-Martinez Zhu Landsman Barrero and Marifio-Ramirez (2012)
studied the leaf transcriptome, and Nohra & Rodriguez (2006) reported
on the cytogenetic diversity of different ecotypes.

Colombia, Kenya, and South Africa are the most commercialized
ecotypes and therefore the best characterized botanically, agronomi-
cally, and

(Bravo, Sepulveda-Ortega, L:

Cape gooseberries are rich in protein, essential fatty acids, vitamins ~ Navas-Arboleda, & Osorio, 2015; Fischer, Ebert, & Liidders, 2007;

complementase Ia informacitn. recoloctada
por la cromatografia de gases (GC) y la
cromatografia liquida (HPLC), y
comparando los PCAs obtenidos del GC y el
HPLC con los
encontré que estos Gltimos _ clasificaban
mejor las muestras. Fue posible diferenciar
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(ascorbic acid, f-carotene, vitamin K, niacins, vitamin E), phenolics,
carbohydrates (glucose, fructose, sucrose), fiber, pectin, and minerals
(primarily phosphorous and iron) (Olivares-Tenorio, et al., 2016). More
than 100 different compounds associated with flavor, among volatiles
and non-volatiles, have been identified in fresh CG (Yilmaztekin, 2014).
The scattered studies available on the chemistry of this fruit are based

Fischer, Ebert, & Liidders, 1999). In contrast, little can be said about the
Peruvian ecotype. The plants, which distribute between 1000 and
4000 m above sca level (masl) along different Andean ecosystems in the
regions of Ancash, Hunuco, Junin, Ayacucho, Arequipa, Cajamarca,
and Cuzco (Cano et al.,
and no chemical information regarding their differences is yet avail-

2012) cannot be discriminated phenotypically

tanto vinos de la misma uva como de distinta in controlling its production to | contribui para a indistria do vinho no N N v o
cepn. Ademis, s logro detectar vinos | improve the quality of this drink for the | conrole de su produgio, a fim de on classical methods, such as liquid able. ) ) !

alerados, 1o cual contibuye 8 Ia industetn | consumer lhorar & qualidade. desta_bebida pora & chromatography coupled to an ultraviolet detector, or gas Metabolic phenotyping, a state-of-the-art analytical approach that
vitivinicola_en el conrol de su produccion consumidor.

con la finalidad de mejorar la calidad de esta N
bebida para el consumidor. * Corresponding author.
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ARTICLE INFO ABSTRACT

Keywords:
Chemical synthesis
Electrical conductivity
SOFC

Anode
Asite

A series of chromite perovskites with the general formula Ln,
and/or Ca; x < 0.25) has been prepared by three combustion
substance each time: glycine, urea and sucrose. In order to isolate the effect of divalent dopant concentration
from the A cation steric effects, the whole group has a fixed mean A cation radius, < ra > = 1.22 A, and cation
size disorder, 0%(ry) = 0.0001 A% but variable doping x. Their crystal structure, microstructure, electrical

M,CrosNig,05 (Ln = La and/or Nd; M = Sr
synthesis routes using a different combustible

properties and expansion coefficients have been investigated on the basis of their possible use as anode materials
for intermediate temperature solid oxide fuel cells (SOFC). Cell parameters, grain sizes, expansion coefficients
and conductivities all are found to be dependent on x and the combustible substance used. The most interesting
relationship is the negative dependence of the conductivity with x under H, atmosphere: conductivity decreases
with doping which is the opposite to the expected behavior for a p-type doped perovskites and has not been

reported before.

1. Introduction

The research to find new or to improve the most commonly used
materials in solid oxide fuel cells (SOFC) is still a important field in
materials science [1]. In particular, one of the most active area is the
study of SOFC anodes because the operation of commercial SOFC de-
vices is strongly dependent on the behavior of this electrode, which is in
contact with the fuel (and all its impurities) [2]. The number of ma-
terials studied as possible anodes is huge and, among them, perovskites
have also gained attraction due to their good catalytic properties, high
ionic and electrical conductivities, and their chemical and thermal
stabilities at high temperatures.

The main concern for current nickel-yttria stabilized zirconia cermet
anodes is that they are unable to work efficiently with hydrocarbon
fuels at intermediate operating temperature range (600-800 °C) due to
their sulfur content and also as a consequence of carbon deposition [3].
Hence, there is still a demand for the development of alternate anode
materials with improved tolerance towards carbon deposition and
sulfur poisoning to improve the fuel flexibility and efficiency of SOFCs.

* Corresponding authors.
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Oxide-perovskites have been widely studied as possible cathode
electrodes for a long time due to their mixed ionic and electronic
conductivity (MIEC), high catalytic activity and good stability under
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Abstract Before environmental legislation was enforced, worldwide historical mines
abandoned their operations without properly remediation and closure affecting the
ecosystems. Because of its geological richness, Peru has attracted mining activities since
colonial times and more than 8571 mining liabilities have been left. Pacococha and Mil-
lotingo mining liabilities are located on the banks of Aruri River, above Parac micro-
watershed, from where communities of San Jose de Parac and San Antonio (San Mateo
Huanchor district, Lima) take water for irrigating crops in low-flow periods. This paper
reports for the first time in Peru the use of an interdisciplinary approach to examine the
environmental effects of mining liabilities and small-scale mining on peasant communities.
Physical and chemical methods, such as microscopy and spectrometry, were used to verify
the presence of sulfides and to measure critical water quality parameters of Aruri and
Rimac rivers. The ecosystem approach was applied to collect socioeconomic information
from both communities; social actors and their statements regarding tailing problems were
identified by social multi-criteria evaluation. It was found that the tailings contained sul-
fides that provide arsenic, cadmium, copper, zinc and manganese to Aruri and Rimac rivers
in levels that exceed State of Oregon (USA) standard limits. It was also observed that both

oxidizing conditions [1,4]. To be used as anodes, however,
need to be stable under reducing conditions. Among the oxide per-
ovskites that have good catalytic properties and appropriate MIEC, only
chromites are reasonably stable in reducing atmospheres and this is
why they have been thoroughly investigated as SOFC-interconnectors
[5] and also proposed as possible anodes [6-11]. From the thermo-
dynamic point of view, chromites are expected to react with the
common YSZ electrolyte but in practice, this only occurs to a great
extent at temperatures above the operation ones (that is, higher than
1000 °C) [12]

When a material is evaluated as a SOFC component, it is also im-
portant to consider its preparation costs. Perovskites are usually pre-
pared at high temperatures so another important field of research is
aimed at reducing energy consumption of the synthesis [13]. Com-
bustion synthesis routes, which involve low cost materials, short pro-
cessing time and produce large amount of gases that inhibit particle size

** Corrsponding author at; Facultad de Cenciay Tecnologa, Unlversidad del Pls VascoEuskal Herrko Unibersitaten (UPY/EHU), Sariena /n, 4840 Leoa, Spain.
(1 Vidahh maribel arriorm

iamo Arvinrma)

use this water to irrigate potato and alfalfa crops, well-known bioaccumu-

lators. The tailings were classified as high risk to the environment by the Peruvian General
Direction of Mining; however, future remediation remains uncertain due to a judicial

dispute.
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In-cell NMR of macromolecules has gained momentum over the last ten years as an approach that m
bridge the branches of cell biology and structural biology. In this review, we put it in the context of ea
efforts that aimed to characterize by NMR the cellular environment of live cells and their intracell
metabolites. Although technical aspects distinguish these earlier in vivo NMR studies and the more re
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Introduction

In-cell NMR can be defined as the NMR analysis of biochemi-
cal molecules in the “natural” environment of the cell, and
should as such be compared to the myriad of imaging tech-
niques that have expanded so greatly the realm of cellular
biology in the last decades. “Orchestrated dance of molecules”
or are terms used
in cell biology to indicate the assembly of molecular machin-
ery that exerts complex functions such as DNA repair’ or auto-
phagy.? The cell is thereby seen as the organized unit of life
rather than as a bag full with the components of life that
would have been thrown in randomly.® Cell biology heavily
relies on the capacity of visualizing different molecules with a
subcellular spatial and temporal resolution that ideally allows
to observe molecules in motion. The palette of colors is ever-
expanding, and has basically gone from tagging with a single
GFP fusion protein® to organic dyes allowing for multiplexed
The influence of the label as well as (the need for)
overexpression of the proteins under study is a real concern.

vision.”

major concerns ranging from sensitivity and line broadening to cell viability. Approaches to overcome
limitations in one subfield thereby can serve the other one and vice versa. The relevance in biomed]
sciences might stretch from the direct following of drug metabolism in the cell to the observatior]
target binding, and thereby encompasses in-cell NMR both of metabolites and macromolecules.
underline the efforts of the field to move to novel biological insights by some selected examples.

in a cellular environment, we believe that both s|

tron microscopy and/or tomography are striving for thi
NMR spectroscopy has at least this distinct advantage that}
labels come under the form of stable isotopes with a spi

Journal of Luminescence 203 (2018) 305-312

ELSEVIER

journal

Contents lists available at ScienceDirect

=
=4

. =

Journal of Luminescence )
=

=

www.elsevier.

Transition probabilities of Er®*

ions in alumino-silicate glasses

G. Lifante™”, J. Martinez de Mendivil®, R. He®, E. Cantelar®, L. Ortega San Martin®, D. Sola®

* Departamentode Fisia de Mteriales Faulad de Giencias, Universidad Autéroma de Madri, 28049 Madrid, Spain
" Departamento de Tratamiento de la Sefial y Comunicaciones, Universidad de Mondragdn, Arrasate-Mondragdn, 20.500 Gipuzkoa, Spain
School o Pysic,Sate Key Labortory o Crysial Materils, Shandong Universy, 250100 i, China
Departamento de Ciencias, Seccion Quinica, Pontifica Universidad Catdlica del Per, 1801San Miguel, Lima 32, Perd
“ Laboratorio de Gptica, Ceno de Investigacin en Gptica y Nanojisca Universidad de Murcia, Campus Espinardo, 30,100 Mucia, Spain

ARTICLE INFO ABSTRACT

Keywords: ‘The spectroscopic properties of Er-doped CasAl;SisOy» and MgsALSisO;» glasses produced by the Laser Floating.

Aluminosilicate glass
Optical absorption
Judd-Ofelt analysis.

Zone technique are presented in this work. By measuring the absorption spectra and refractive index dispersion

of the materials, JO parameters of the Er**

accordance between the experimental and theoretical electric dipole oscillator strengths is found. Using calcu-

lated electric and magnetic dipole strengths, the branching ratios of the different optical transition of Er** in Ca

and Mg glasses have been obtained, where the radiative lifetime of each level has been also calculated. The:
. The

ions have been obtained in both doped materials, where very good

experimental lifetimes of the *S3,2, 11,2 and *I3/» under ese
values have been related with the radative lifetime calculated by the JO analysis, allowing to determine the non-

radiative probabilities of the levels. In addition, a

a gap law has been established for both Ca and Mg alumino-

silicate glasses. Finally, the covalency of the Er-O bond was studied in terms of the spectroscopic features of these.

glasses.

such as N, C or '°F, that are clearly of limited i
This allows to study the structure and dynamics of a gi
molecule in the cellular context, but how the molecule cont
utes to the cellular organization equally should remai
focus.

Whereas the recent years of in-cell NMR have been do
nated by studies showing either the feasibility of the appro;
or methods development concerning improved Ni
detection®'® or protein delivery,'” 2" we prefer to focus
review on novel biological insights that have been gained
the approach. Before highlighting below some selected stus
that go in this direction, why would one want to do in-{
NMR at all? A first notion that steadily comes up in the c
munity is “structural biology in the cell”. However, when
regard the other approaches that largely dominate struct
biology, X-ray crystallography and recently cryo-elect
mlu’ub(,npy have given tremendous insight in the funuum

Ideally, one would love to see the different without
labeling and at their endogenous level of expression. Cryo-clec-

“LISBP, Université de Toulouse, CNRS, INRA, INSA, Toulouse, France.

E-mail: Guy.Lippens@insa-toulouse.fr

"Laboratory of Chemical Physics, NIDDK, National Institutes of Health, Bethesda,
Maryland 20892-0520, USA

CERMN, Seccion Quimica, Departemento de Ciencias, Pontificia Universidad
Catolica del Peru, Lima 32, Peru

“unité de Glycobiologie Structurale et Fonctionnelle (UGSF), University of Lille,
CNRS UMRS576, Lille, France

This journal is © The Royal Society of Chemistry 2018

the mostly by elucidati det
and by suggesting novel experiments (based on mutati
analysis) that test these insights in the cell. Although
ignoring potential artifacts due to crystal contacts influen|
the resulting atomic coordinates, or the impact of the sped}
constructs including truncations and/or mutations requil
for crystallization, protein structures have truly ope:
completely novel fields of biological understanding and h
led to efficient drug molecules, even though they have by
derived from purified and isolated molecules. In-cell N
can provide insight either by cd

1. Introduction

‘The optical properties of rare-earth doped glasses have been in-
vestigated over the last decades. There are many applications for which
the incorporation of trivalent rare-earth ions in a glass matrix allows
developing active optical devices such as laser, IR-to-visible up-con-
verters, optical amplifiers, phosphors, thermometry, etc [1-4]. Among
the large variety of matrix composition studied, the most noteworthy
are calcium silicate, calcium alumino-silicate and magnesium alumino-

glasses are capable of dissolving a much higher concentration of rare-
carth ions, enhancing the efficiency of cross relaxation energy transfer
and improving the quantum efficiency [6,7]. These properties have led
to various applications in solid state lasers, optical waveguides, lumi-
nescence probes, and even in medicine as in vivo radiation delivery
vehicles for cancer treatment of internal organs [9-18].

Furthermore, Er-doped glasses are particularly interesting because:
of the “I3,>—"his, emission at 1.5um corresponding to the third
communication wmdnw, and the ZH,.,;—‘I,S/;. 483,515, and *Fo,

silicate glasses which are particularly suitable for practical
due to their excellent mechanical properties (high elastic modulus and
hardness), thermal properties (high thermal conductivity, high glass
transition temperature), optical properties (wide transparent range and
high refractive index) and good corrosion resistance [5]. Furthermore,
the maximum phonon energy of silicate glasses (~ 1050 cm 1) is much
lower compared to those of borate glasses (~ 1350 cm ') and phos-
phate glasses (~ 1300 cm™") [6-8], so quantum efficiency can be less
influenced by the multiphonon relaxation process. In addition, silicate
glasses contain glass network modifiers such as alkali fons and alkaline
metal ions and the content of S0 is not higher than 80 mol% in most
cases. Due to its less defined glass networking broken by the glass
network modifiers, such as sodium ions and calcium ions, silicate
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emission bands centered at
around 530, 550 and 655 nm [1,2,19]. Moreover, Er** ions can also be
used as local ordering probe due to the close relation between their
spectroscopic properties and the local structure and bonding at the ion
site. It is well known that spectroscopic properties of trivalent rare-
earth ions depend on the chemical composition of the glass matrix,
which determines the structure and nature of the bonds, and thus
spectroscopic characterization allows studying the local structure sur-
rounding the RE ion and the covalence of the RE-O bond [5,20-25].
In this work, the spectroscopic properties and Judd-Ofelt analysis of
Er-doped CagAl;SisO and MgaALSisO;. glasses produced by the Laser
Floating Zone technique are presented. These compounds always pre-
sent an amorphous state when obtained at normal conditions. However,
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