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Molecular Recognition plays a crucial role in an enzymatic reaction, as is 
implied in the Michaelis-Menten equation for the reaction rate. In order for 

the reaction to take place, all the players, substrates, ions, and/or co-enzymes, 
should be bound at proper positions in the active site of protein. Such a process 
is governed essentially by two physicochemical properties, the free energy 
change associated with binding of the ligands to active sites, and the structural 
fluctuation of protein. It is now widely appreciated that water plays essential 
roles in the both properties, as is represented by the desolvation free energy. A 
great progress has been made in theories of the molecular recognition during 
the past decade that features use of statistical mechanics of liquids, referred 
to as 3D-RISM-KH. The theory enables us to find small ligands, such as water 
molecules, ions, and drug compounds, located at an active site of protein. It 
also provides the solvation thermodynamics at molecular level, such as the 
desolvation free energy, that is crucial for the evaluation of binding affinity of a 
ligand to protein. The theory has been applied successfully to variety processes 
of molecular recognition, including molecular channels, drug screening, and so 
on. Recently, we have applied the method to a restriction enzyme, EcoRV, which 
catalyzes the hydrolysis reaction of DNA. The method has been employed to 
locate the position of water molecules and magnesium ions at the active site, 
which play crucial roles in the enzymatic reaction.
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Scientists have been trying to develop biosensors with great efforts for the 
wide fields of application including medical diagnostics, environmental 

monitoring, and food analysis for many years. The development of biosensors 
has become increasingly important in molecular diagnostics. They need 
new methods continuously to get higher sensitivity, lower cost, and better 
reproducibility. Because of their high sensitivity property, fluorescence and 
chemiluminescence are widely used in clinical diagnostic laboratories. 
However, the high instrument cost is a major disadvantage for these 
methods. Compared to optical detection methods, electrochemical methods 
are much simpler and not expensive. Among the various electrochemistry-
based biosensors developed so far, the amperometric glucose sensing 
approach has attracted a great deal of attention. Conducting polymers, 
CPs, are used as suitable matrices supplying common properties for 
biomolecule immobilization. Their compatibility with biological molecules, 
easy preparation, high reproducibility and electrochemical properties make 
them fascinating in biosensor design. The dithieno [3, 2-b:2',3'-d] pyrrole (DTP) 
based conjugated organic materials have been precursor materials because 
their chemical structure with strong electron donating ability promises easily 
functionalization for polymers. Different unit substitution from pyrrole unit 
in excellent molecular DTP structures has been bringing a breath of fresh 
air to the field of conjugated polymer since thiophene-pyrrole-thiophene co-
monomer structure has a fused ring system and good planar structure, which 
make an extended conjugated polymer during electropolymerization step. For 
that reason, a remarkable amount of research effort has been committed to 
synthesize and create applications of novel DTP based conjugated polymers. 
This presentation reports amperometric biosensors constructed by using DTP 
type conducting polymers and important enzymes in food technology which 
are glucose oxidase, alcohol oxidase, xantine oxidase. The biosensors showed 
outstanding analytical properties of high sensitivity, selectivity, and reliability 
being applied to food samples.
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The role of Mg2+ ions in DNA hydrolysis by homodimeric restriction enzyme 
EcoRV was elucidated based on the three-dimensional reference interaction 

site model (3D-RISM-KH) theory and the molecular dynamics (MD) simulation. 
From an analysis of the spatial distribution of Mg2+ in an active site using 
3D-RISM-KH, we identified a new position for Mg2+  in the X-ray EcoRV-DNA 
complex structure (1RVB), which turns out to play a crucial role in the reaction. 
We refer to the position as site IV†. Site IV† is almost the same position as that 
of a Ca2+  ion in the superimposed active-site structure of X-ray PvuII-DNA 
complex (1F0O). The 3D-RSIM-KH was also used to locate the position of water 
molecules including the water nucleophile at the active site. MD simulations 
were carried out with the initial structure having two Mg2 +  ions at site IV† and 
at site I*, experimentally identified by Horton et al., to find a stable complex 
structure in which rearrangement of the DNA fragment occurred to orient the 
scissile bond direction toward the water nucleophile. The equilibrium active-
site structure of EcoRV-DNA complex obtained in MD simulation was similar 
to the superimposed structure of X-ray BamHI-DNA complex (2BAM). In the 
active-site structure, two metal ions have the same position as that of 2BAM, 
and the scissile phosphate is twisted to orient the scissile bond toward the 
water nucleophile as is the case in 2BAM. We propose the equilibrium active-
site structure obtained in this study as a precursor of the hydrolysis reaction 
of EcoRV.
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The major component of extracellular matrix is the collagen and 
collagenase enzymes are used to extract cells from biological tissues, 

which the challenging goal is to obtain a high number of healthy and living 
cells. The current collagenases utilized for regenerative medicine and cell 
therapy are extracted from the culture of Clostridium Histolyticum and the 
subsequent purification thereof of the bacterial proteins produced. The result 
of this process leads to a blend containing different percentage ratios of 
two main collagenase isoforms (class I and class II) plus a number of other 
lytic enzymes (clostripain, trypsin like, caseinase activity, etc.). Such blends 
present many limitations in terms of lot-to-lot consistency, variable enzymatic 
activity and purity. In order to better control the extraction processes and 
the enzymes formulation, we have generated recombinant collagenases of 
class-I (COL G) and class-II (COL H), which allows efficient, customized and 
standardized cell extraction procedures. These recombinant enzymes were 
used together with thermolysin (as a generic proteolytic enzyme) in the 
extraction processes of different cell types, for which the quantities of the two 
classes of collagenases plus the neutral protease were precisely defined. The 
current extraction procedure, with collagenases from C. histolyticum, is based 
on a formulation that use a weight collagenase ratio, due to the impossibility 
in determines the exact enzymes activity for each class of collagenases. Our 
study performed with COL G and COL H to extract Langerhans islets from rat 
pancreas highlighted how this formulation lead to variable results, while the 
formulation based on the enzymatic activity ratio (COL G : COL H, determined 
with the Grassmann method) allows a standardized and reproducible cell 
extraction. Based on this results, several extraction protocols have been 
improved, such as: cardiomyocytes from rat heart, chondrocytes from nose 
or cow's hoof cartilage, hepatocytes from rat liver, osteoblasts from rat skull 
cap and mesenchymal stem cells from rat adipose tissue. Each protocol was 
optimized, using as parameters the phenotype and the number of extracted 
cells, but also performing functional and /or differentiation assays.
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Ethyl lactate is a commonly used biodegradable solvent and it is widely used 
in food additives, pharmaceutical preparations, and also in fragrances. It 

is naturally found in alcoholic beverages, various foods, such as cabbage, 
vinegar, butter, chicken and some fruits. In the literature, searches on ethyl 
lactate synthesis by the esterification reaction of lactic acid are mainly focused 
on i) the enhancement of the product yield by removing water employing 
various procedures ii) the facilitation of down-stream processing by using 
heterogeneous catalysis, and iii) the environmentally friendly processes by 
using enzymes. In this study, we investigated the synthesis of ethyl lactate by 
esterification reaction of lactic acid using lipase enzyme in a choline chloride-
based deep eutectic solvent as green reaction medium. The synthesis of ethyl 
lactate was carried out in a batch system under different reaction conditions. 
According to the results, the initial reaction rate increased with the increase in 
initial lactic acid concentration at constant ethanol concentration. The molar 
ratio of the substrates strongly affected the rate of this reversible reaction. 
The temperature of the synthesis was found to have a significant effect on the 
initial reaction rate. Bell-shaped curve was obtained for the initial reaction rate 
as the temperature increased. High agitation rates increased the reaction rate 
by decreasing the mass transfer limitation in the medium. The overall results 
showed that deep eutectic solvent was successfully used in the esterification 
reaction of lactic acid.
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Ischemic stroke recovery is associated with neural stem cells (NSCs) 
development and neurovascular unit reconstruction. Exosomes, as important 

intercellular players in cellular communication, mediate neuro-restorative 
events, however, their effects / mechanisms in the injured brain are unknown. 
The objective of this study is to determine the effect of human NSCs-derived 
exosomes on the potential abilities of cells, and whether human NSCs-derived 
exosomes can repair the functions of ischemic stroke rats. This study finds 
that IFN-γ stimulating managed the abilities of human NSCs-derived exosomes 
(hNSCs-Exo), including alleviated the level of oxidative stress of NSCs following 
H2O2 stimulating, augmented the NSC survival, and promoted the neuronal 
differentiation of NSCs. Furthermore, in rats ischemic stroke model, IFN-γ-
hNSCs-Exo further facilitated the neurological functional recovery (such as 
modified Neurological Severity Score, Rotarod test, etc.) compared to hNSCs-
Exo group, enhanced nerve cell survival and promoted neovascularization 
(microvessel density, MVD). Importantly, exosomes can be internalized or 
endocytosed by cells, after labeled with PKH67, it showed that exosomes 
migrated to the infarct regions together with cells, as interestingly, many 
exosomes entry into the nucleus. Next generation sequencing (NGS) revealed 
significant enrichment of hsa-miR-206 and hsa-miR-133a-3p in IFN-γ-hNSCs 
exosomes compared with hNSCs exosomes. The mechanisms or effects of 
exosomes were to deliver specific exosomal microRNAs to cells for increasing 
cell survival and proliferation. In summary, hNSCs-derived exosomes possess 
the ability of neural regeneration and modulate neurological functional 
recovery, and play more positive roles by stimulating with IFN-γ (IFN-γ-hNSCs 
Exo). Exosomes provide a novel and promising strategy in modulating disease 
treatment and tissue regeneration, avoiding the risk of teratomas associated 
with cells.
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The role of IFN-γ on NSCs

Figure: 2  
The identity of exosomes

Figure: 3  
The GO categories of NGS
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All aerobic organisms generate reactive oxygen species, which are highly 
reactive against most of the molecules present in the cell. Organisms 

produce antioxidant molecules in order to eliminate the harmful effects 
of reactive oxygen species. Antioxidant molecules are diverse type of 
compounds, such as enzymes, minerals, vitamins, carotenoids, polyphenols, 
etc.  Biophenols, which are secondary metabolites, also have a significant 
role as antioxidant molecules. Olive leaf is a valuable natural source regarding 
biophenolic compounds. These compounds include oleuropein, verbascoside, 
rutin, apigenin-7-glucoside, hydroxytyrosol, tyrosol, caffeic acid, p-coumaric 
acid, vanillic acid, vanillin, etc. Many researches have been made for the 
extraction of biophenolics from olive leaf. They are commonly extracted by 
using organic solvents, mainly ethanol and methanol and/or with water. 
Green solvents gain increasing attention in many fields of research due to 
the increasing conscious of protection of the environment. Reports show 
that green solvents are good candidates to replace organic solvents in many 
biotechnological processes and are under extensive research for the ones that 
it is not yet. In this study, we investigated the effect of different types of deep 
eutectic solvents as green solvents on the extraction of biophenolics from olive 
leaf and compared the extraction yield and the type of extracted biophenols 
with conventional solvents. It was found that most of deep eutectic solvents 
tested provided promising results also depending on the extraction conditions.
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The globalenzyme market was estimated at $7,082 million as of 2017 and 
is expected to reach $10,519 million in 2024. At a CAGR of 5.7% from 2018 

to 2024, enzymes like transaminases are going to contribute the maximum for 
this growth. Enzymes are molecular machineries used in various industries 
such as pharmaceuticals, cosmetics; food and animal feed, paper and leather 
processing, biofuel etc. Nevertheless, this has been possible only by the 
breath-taking efforts of the chemists and biologists to evolve/engineer these 
mysterious biomolecules to work the needful. The methodologies for this 
research include the well-established directed evolution, rational redesign and 
relatively less established yet much faster and accurate insilico methods. Main 
agenda of an enzyme engineering project is to derive screening and selection 
tools to obtain focused libraries of enzyme variants with desired qualities. 
As a proof of concept, for the first time, receptor dependent 4D Quantitative 
Structure Activity Relationship (RD-7D-QSAR) to predict kinetic properties of 
enzymes has been demonstrated by Pravin Kumar et al. The methodology was 
extended to study transaminase. Induced-fit scenarios were explored using 
QM/MM simulations which were then placed in a grid that stores interactions 
energies derived from QM parameters (QM grid). The novelty of this study 
is that the mutated enzymes were immersed completely inside the QM grid 
and this was combined with solvation models to predict descriptors. After 
statistical screening of descriptors, QSAR models showed >90% specificity 
and >85% sensitivity towards the experimental activity. Mapping descriptors 
on the enzyme structure revealed hotspots important to enhance the 
enantioselectivity of the enzyme.
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We previously combined molecular dynamics (classical or simulated 
annealing) with ligand-receptor contacts analysis as means to extract 

valid pharmacophore model(s) from single ligand-receptor complexes. 
However, molecular dynamics methods are computationally expensive 
and time consuming. Here we describe a novel method for extracting valid 
pharmacophore model(s) from a single crystallographic structure or form 
homology modelled structure within reasonable time scale. The new method 
is based on ligand-receptor contacts analysis following energy relaxation 
of predetermined set of randomly deformed complexes generated from the 
targeted crystallographic structure. Ligand-receptor contacts maintained 
across many deformed/relaxed structures are assumed to be critical and used 
to guide pharmacophore development. This methodology was implemented 
to develop valid pharmacophore models for different enzymes (i.e., PI3K-γ, 
and Akt3). The resulting pharmacophore models were validated by receiver 
operating characteristic (ROC) analysis against inhibitors extracted from 
CHEMBL database. Additionally, we implemented pharmacophores extracted 
from PI3K-γ to search for new inhibitors from the national cancer institute list 
of compounds. The process culminated in new PI3K-γ/mTOR inhibitory leads 
of low micromolar IC50s.
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Introduction: Intervertebral disc (IVD) is closely related to low back pain, is the major cause of disability worldwide, with more 
than 84% population experiencing pain in their life time. Biological and cell based therapies are on progress as an optional 
treatment for IVD degeneration. Many studies have also revealed that mesenchymal stem cells (MSCs) can also be differentiated 
into nucleus pulposus (NP) like cells phenotype. This study aimed to determine the newly defined healthy NP cells markers; HIF-
1α, HIF-2α, GLUT-1, Shh, Brachyury, Aggrecan, Collagen II, Carbonic anhydrase 3, Carbonic anhydrase 12, CD24, Cytokeratin 8, 
Cytokeratin 18, and Cytokeratin 19 of Sprague-Dawley rat, whether these markers can be expressed in MSCs under co-culture 
condition and could be identified the differentiation of MSCs into NP-like cells.

Methods: NP cells and bone marrow derived MSCs from Sprague-Dawley rats were cultured under normoxic medium at 21% O2 
and 5% CO2 at 37˚C and hypoxic medium at 2% O2, 5% CO2, 93% N2 at 37˚C and MSCs were co-cultured with NP cells supernatant 
with the concentration of 50% and 100% for 7 days under both normoxic and hypoxic medium. Differentiation of MSCs and 
expression of recommended newly defined young healthy NP cells phenotypes were evaluated by quantitative real-time PCR 
(qPCR), Western blotting and immunofluorescence staining microscopy. The results were determined among the groups using 
unpaired Student’s t-test. p-values<0.05 considered significant.

Results: MSCs co-cultured with the concentration of 50% NPcs supernatant; only collagen II showed the increased expression 
while with the 100% NPcs supernatant; brachyury, collagen II, Glut-1, KRT18 and KRT19 showed higher expressions under 
normoxic condition compared to MSC control. Under the hypoxic condition, MSCs co-cultured with 50% NPcs supernatant, HIF-
2α, Glut-1, aggrecan, collagen II, shh, KRT8, KRT19, CA3, CA12 and CD24 showed increased expression compared to MSC control. 
More importantly, MSCs co-cultured with 100% NPcs supernatant under hypoxic condition, HIF-1α, HIF-2α, Glut-1, aggrecan, 
collagen II, shh, brachyury, KRT8, KRT19, CA3, CA12 and CD24 showed upregulated increased expressions compared to the MSC 
control, which showed that NP cells can stimulate MSCs differentiation to NP-like cells with paracrine interaction between MSCs 
and NPcs under co-culture condition.

Conclusion: This study suggested that MSCs were successfully differentiated into NP-like cells, which may be used as an ultimate 
cell-based therapy for IVD regeneration.

Fig. 1: Relative protein expression by Western blot in MSCs co-cultured with NPcs supernatant (50% and 100% concentration) under 
normoxia and hypoxia conditions for 7 days. Protein expression for each samples were normalized with housekeeping gene β-actin
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Fig. 1: Relative protein expression by immunofluorescence staining in MSCs co-cultured with NPcs supernatant (50% and 100% 
concentration) under hypoxia conditions for 7 days
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Background: Intervertebral disc (IVD) degeneration is a degenerative disease closely related to inflammation of nucleus pulposus 
(NP) cells. Tumor necrosis factor alpha (TNF-α) is a pro-inflammatory cytokine which induces NP cells (NPCs) apoptosis and 
accelerate IVD degeneration (IDD). The endoplasmic reticulum (ER) serves several important cell functions, which are essential 
for normal cell function and survival. Nuclear factor-kappa B (NF-κB) is important for genes involved in cell survival, adhesion, and 
proliferation. However, the roles of ER stress and NF-κB in IDD remain to be elucidated. This study aims to clarify the roles of NF-κB 
and ER stress related unfolded protein response (UPR) in TNF-α-induced biological changes in rat NP cells and IVD degeneration.

Methods: We cultured rat NPCs with different concentrations of TNF-α, with or without UPR and NF-κB pathway small interfering 
RNA (siRNA). The protein levels of UPR markers (XBP1s and p-eIF2α) and p-p65 were measured by immunofluorescence staining 
and Western blot analysis and were used to monitor UPR and NF-κB, respectively. Cell proliferation was evaluated by CCK-8 assay, 
cell-cycle analysis and cyclin proteins expression. Apoptosis was detected by flowcytometry, TUNEL staining and Western blot 
analyses. All the data were expressed as mean±SD and from multiple independent experiments. The results were compared among 
different groups by using unpaired student’s test. P-values<0.05 were considered significant.

Results: TNF-α induced the apoptosis of some NPCs in the early stage and then accelerated the proliferation of surviving cells. In 
addition, TNF-α stimulus up-regulated XBP1s, p-eIF2α and p-p65 at the protein level, which indicated that TNF-α activated UPR and 
NF-κB signals in rat NP cells. However, these effects could be reversed by UPR and NF-κB siRNA, and UPR interference decreased 
the expression of p-p65 notably. In parallel, both UPR and NF-κB interference reduced cell proliferation and enhanced apoptosis.

Conclusions: Our study demonstrated that UPR reinforces the survival and proliferation of NPCs in TNF-α stimulus by activating 
NF-κB signalling, which could be an important therapeutic target in the future.
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After treatment with different concentrations of TNF-α for 

24h, the expression of UPR marker p-eIF2α was significantly 

up regulated by Immunofluorescence staining

The effect of UPR on NPCs proliferation. (A) The percentage of S phase population cells 

was measured by flowcytometry after eIF2α silencing under TNF-α stimulus. (B) eIF2α 

interference reduced cell proliferation in TNF-α significantly. (*p < 0.05)
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Among the plant derived product, azadirachtin, a neem-based insecticide, 
is exceptional in having a broad range of bioactivity including toxicity, 

growth, development and reproductions effects, repellency and antifeedancy. 
If considerable progress on the physiological and biological activities and 
agricultural application of azadirachtin had been achieved, its exact mechanism 
of action remains uncertain. In this study, we evaluated lethal and sublethal 
effects of azadirachtin on digestive enzymes of Drosophila melanogaster as 
biological model. The bio-insecticide was applied topically on early third instar 
larvae (L3) at two doses, DL25 (0, 28 µg) and DL50 (0, 67 µg). Results showed 
a clear disruption of digestive enzymes activities responsible for the broken 
down of dietary components before its absorption by the intestinal epithelium. 
Indeed, an inhibition of α-amylase, chitinase and protease activities and an 
increase of lipasic activity were noted. These results may reflect interference 
of azadirachtin with regulation of metabolism, and provide some evidence of 
a long term antifeedancy and delayed effects through developmental stage 
which may reinforce the insecticidal activity of this bioinsecticide.
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