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Comparison of NMR structural and dynamics features of the urea

and guanidine-denatured states of GED

Jeetender Chugh ', Shilpy Sharma ', Ramakrishna V. Hosur
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Denatured states of proteins are beginning 1o be recognized as
Imporncentiies n the Hologed 1 worm a denatured state of a
protein is defined a “non-native’ state under a

‘be removed for a new structure o get formed for the protein to
mave towards the native state. Thus the number of folding paths
for a given protein would be dictated by the number and nature

Eiven to of oot m dce s T et
conditions like local intracellular ion concentrations, interaction
with various ligands etc. can vary significantly from organelle to

of structural prefer the length of the chain.
In view of all these. it is important (o understand the charac-
teristics of the various denatured states, with regard {0 their

organelle 2] en e vari-
ations due 1o signaling processes and interactions with different
malecules. All these processes tightly regulate the translational
and post-translational processes which decide the fate of the newly
synthesized palypeptide chain Thus  particular protein may

twpologies. and motional their
modulations due to changes in environmental condiions. ete. at
atamic level detail. fn vitro, different denatured states can be cre

ated by we of different denaturants, such as, Gdn-HC, urea, SDS,
extreme pH conditions, etc. Although these may mot exactly rep-

ts funct
tosoluble ageregates, which occasiorally lead to diseases [3 1

fold along a different path. In this scenario, the starting state in
terms of the conformational preferences across the polypeptide
chain will have a significant influence an the path the malecule
adopts; diflerent denaturing environments inside a cell can create
different iritia <tates for the protein to fold from. If the chain al-
ready has some structure. that may form the nueleus for additional
structure to build upan, and this will recuce the search options for

s states, in vivo,they help sample the ensem-
bie quite widely and thus allow investigation of the folding
n general.

In this backeround, we present here a comparaive stucy of
the structural and dymmics characteritics of urea-denarured
and GAn-HCI-denamred states of the GTPase effector domain
(GED of dynamin.a crucial protein i clathrin mediated encocy-
tosis. GED roles toth
the neck of the lathrin coated vesicles, and assists the N-temminal
CTPase domain in €TP hydrolysis required for dynamin function
[4.5]. The recombinant form of GED has been shown to self-assem-
bie and form large megadakon-sized oljgomers in viro [6.7] even

the palypeptide chain in the
pace. It can also happen that the existing structure may have to

el details about the perturbations caused by 97M wrea using

NMR and finally compare the urea-mediated unfolding with that

using Gan-HCl. Gan-HC is highly charged x compared to urea

‘which s neutral and this is expected (o have an influence an the

fol ing mediated by the two denaturants; the former may lead

tamore collapsed state du to electrastatic screening. Our datare-
by

deed different. Wherea Gan-HCI unfalding & two-state |8, urea-
mediated unfolding is mare complex and hence the structural
and dynamics characteristics of the denatured stes created by
the twio are different. These provide clues about the differences

micro-
teristics of urea-mediated unfolding of GED. as studied by optical
techniguesincluding CD and fluarescence and then the residue-le-
Fhuorescence measurements

Bis-ANS. [4,4Bis{ 1-anilinonaphihalene S-sulfonate) Malecular
Probes, OR USA] was prepared and the concentration was deter-

Steady-state fluorescence emission specira were rcorded with
=395 nm ¢n 3 Spex FLuorolog-d| spectrofiucrimeter at

‘The denaturation profiles of 10 uM protein in Tris buffer (20mM.

in'the potential sites for may fol-
low on dilution of the denaturans. This study will form the basis
for a detailed elucidation of the urea dilution driven self-assacia-
tion pathviay of the protein, along the same lines as has been re-
cently demonstrated in the case of sell-association driven by
guanidine dilution [7). Consequently, the variability in the assem-
‘bly details—high resolution picture of which is still unknavm—if
any, can be unraveled.
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We demonstrate that semiconductor nanorods can be used to fabricate readily processed and efficient hybrid solar cells together with polymers. By
we can change the distance on which electrons are transported directly through the thin film device. Tuning the band gap by altering the nanorod rac
the overlap between the absorption spectrum of the cell and the solar emission spectrum. A photovoltaic device consisting of 7-nanometer by 60-nan
the conjugated polymer poly-3(hexylthiophene) was assembled from solution with an external quantum efficiency of over 54% and a monochromatic
of 6.9% under 0.1 milliwatt per square centimeter illumination at 515 nanometers. Under Air Mass (A.M.) 1.5 Global solar conditions, we obtained a

of 1.7%.
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We demonstrate that semiconductor nanorods can be used to fabricate readily processed and efficient hybrid solar cells together with polymers. By controlling nanorod length,
we can change the distance on which electrons are transported directly through the thin film device. Tuning the band gap by altering the nanorod radius enabled us to optimize

the overlap between the absorption spectrum of the cell and the solar emission spectrum. A photovoltaic device consisting of 7-nanometer by 60-nanometer CdSe nanorods and
the conjugated polymer poly-3(hexylthiophene) was assembled from solution with an external quantum efficiency of over 54% and a monochromatic power conversion efficiency
of 6.9% under 0.1 milliwatt per square centimeter illumination at 515 nanometers. Under Air Mass (A.M.) 1.5 Global solar conditions, we obtained a power conversion efficiency
of 1.7%.
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SUMMARY
Fluid-injection processes such as disposal of saltwater or hydraulic fracturing can induce
earthquakes by increasing pore pressure and/or shear stress on faults, Natural processes,
including transformation of organic material (kerogen) into hydrocarbon and cracking to
produce gas, can similarly cause fluid overpressure. Here, we document two examples from
the Western Canada Sedimentary Basin where earthquakes induced by hydraulic fracturing
g ' are strongly clustered within areas characterized by pore-pressure gradient in excess of 15 kPa
EEV[ER m Despite extensive hydraulic-fracturing activity associated with resource development,
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or stress on faults (Ellsworth 2013; Segall & Lu 2015). Neces-
sary conditions for the occurrence of injection-induced seismicity
include a source of elevated pore pressure, a proximal, critically
stressed fault and a pathway for fluid pressure to propagate from the
injection site to the fault (Ellsworth 2013; Eaton 2018). Extraction
of hydrocarbons from unconventional low-permeability reservoirs,
such as organic-rich shale, makes extensive use of hydraulic frac-
turing to increase reservoir permeability. Earthquakes have been
observed in association with a small fraction of well completions
(Atkinson et al. 2016), yet pre-development assessment is hindered
by a paucity of validated predictive models to forecast site-specific
seismic hazard. Of particular importance is the need to achieve a
better understanding of specific geological factors that impact the
likelihood of induced seismicity (Schultz et al. 2016; Ghofrani &
Atkinson 2016; Pawley er al. 2018).

Prospective fairways containing pervasive hydrocarbon accumu-
lations in low-permeability (tight) reservoirs occur most frequently
within epicontinental basins (O’Connor er al. 2014). Shale reser-
voir units are often overpressured, a state wherein the fluid pressure

752 D. W Eaton and R. Schultz
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highest overpressure (Cander 2012).

2 DATA AND
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formation (Law & Dickinson 1985; Hansom & Lee 2005). From 2
a resource-exploitation perspective, overpressure can be beneficial; 3
more fluid stored in the formation reduces the work required to %
stimulate hydraulic fractures (Wang & Gale 2009). Consequently, -
the most prolific parts of a fairway often coincide with arcas of 7
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ranging from shallow-water shoreface sands to offshore marine
muds (Dixon 2000). Reservoir rocks within this trend consist of
interbedded shale, silistone and sandstone layers, Approximately
5500 multistage hydraulically fractured (MSHF) horizontal wells
have been completed in the Montney Formation (Fig. la). The De-
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