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From the Publisher’s Desk

Welcome to Biotechnology Kiosk!

The June’2022 issue of BK is now live for our readers with the regular features. This issue includes a
perspective on cryo-electron microscopy and the regular section on editor picks.

We hope our readers will enjoy reading these news and views on the current cutting-edge topics that
include latest research breakthroughs in different areas of medicine and biotechnology.

We look forward to receiving your feedback. We do hope that you will enjoy reading this issue of
Biotechnology Kiosk. Please do write to us with your comments.

Your suggestions are always appreciated.

Dr. Megha Agrawal & Dr. Shyamasri Biswas.
Editors-in-Chief, Biotechnology Kiosk
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Megha Agrawal
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Abstract

Lately, cryogenic electron microscopy (cryo-EM) has emerged as a cutting-edge biophysical technique
for structural analysis of biological macromolecules and assemblies. In structural analysis, structural
preservation of samples such as isolated cell organelles, viruses, bacteria, eukaryotic cells and other
samples for soft-matter applications is extremely important. Due to the advantage of cryo-EM technique
to preserve the structures of biological macromolecules, there is a tremendous research interest in Cryo-
EM among biotechnologists, medical professionals and biomaterials scientists that seek an unaltered view
on the architecture of a vast array of clinically important biological specimens. In this perspective, we
have described a brief overview of the recent progress in this field.
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Introduction

For cryo-electron microscopy of biological
samples, it is critical to structurally preserve
biological samples when they are used under
cryogenic conditions below their recrystallization
temperature. The goal is to preserve the native
state until imaging is accomplished. In addition,
avoidance of contamination is required during
sample transfer and handling. Despite advances
made in this field, it is still a challenge to conserve
the pristine architecture of frozen-hydrated
biological samples [1-3].

Researchers have shown vitrification of
the sample within milliseconds as a viable option
to prevent the physical arresting of the sample in a
frozen-hydrated state. This process helps result in
a sample that is embedded in amorphous ice. This
subsequently helps avoiding any structural
changes due to ice crystal growth. However,
handling of vitrified samples is proven to be a
delicate process. Further, another challenge is the
imaging of the frozen-hydrated state that requires
the temperature of the specimen to be maintained
below the glass transition temperature of water,
138 K (—=135°C). Further, the unprotected sample
could also pose a challenge as it could act as a cold
trap that subsequently could be susceptible to any
kind of contamination. The other challenge in the
sample’s preparation is the problem that arises
from dehydrated samples. This is due to the fact

that samples turn hygroscopic and therefore they

are required to be transported in an anhydrous

environment [1].

New Approach for Transferring Frozen-
Hydrated Samples for Cryo-EM

Researchers have addressed these challenges
involving frozen-hydrated biological sample
preparation and transfer for cryo-EM imaging. To
this end, high-vacuum technology-based sample
transfer process has been demonstrated for a
seamless sample transfer along with preserving the
native state of the sample. A promising approach
relies on the handling of the sample in liquid
nitrogen (IN2). This can be done in a dry inert gas
atmosphere or in a clean vacuum environment
under controlled temperature conditions at all
times [1]. It is to be noted that most of the modern
electron microscopes that are equipped with
storage devices and directly connected to the
column allow samples to be stored and transferred
to the microscope stage. This is done under high-
vacuum environment at cryogenic conditions.
However, one problem is still faced with the high-
vacuum conditions that have to be broken when
transferring to other devices for further processing
or analysis [1].

To overcome this challenge, recent
advances in high-vacuum cryogenic transfer
technology have focused on developing a high-
vacuum cryo-transfer system that can streamline

the entire handling of frozen-hydrated samples
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from the vitrification process to low temperature
imaging for scanning transmission electron
microscopy and transmission electron microscopy
[1]. Especially, a high-vacuum cryo-transfer
system has been shown that overcomes the
challenges and limitations of the existing systems.
This high-vacuum transfer assembly was designed
to streamline the handling of frozen-hydrated
samples. This included a high turnover of
specimens per working day coupled with a safe
storage capacity for prepared samples. The
advantages include components such as sample

cartridge, storage device and high-vacuum cryo-

shuttle (HVCS) (Figure 1) [1]. The performance of
the developed cryogenic transfer system for
frozen-hydrated samples was shown by employing
an in-lens cryo-scanning transmission electron
microscope. Tobacco Mosaic virus (TMV) and
amorphous carbon foil. Subsequently, the mass of
the TMV along with the thickness of the carbon
film were measured for comparison before and
after the transfer sample process. This eliminated
the possibility of contamination that would falsify
the scattering characteristics of the sample

material [1].
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Figure 1. (a-c) Schematic depiction of the high-vacuum cryo-transfer system and storage device that includes up to eight

cartridges that can be mounted in the transport box along with a high-vacuum cryo-shuttle (HVCS) [Source: Biophysical

Journal (2016)].
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As Figure 1 shows, the operation of the system is
based on a magnetically linked shaft (point 1) of
the HVCS that is moved inside the chamber of the
storage device for dismounting the cartridge. The
front of the precooled shaft (point 2) is then
screwed to the cartridge (point 3). The cartridge
can subsequently be unscrewed from the transport
box and inserted into the chamber of the HVCS
(point 4) after this gets attached [1]. To make the
temperature to remain well below the
recrystallization temperature of —135°C, the role
of magnet is important that enables the cartridge to
be connected to the wall of the Dewar-vessel of the
HVCS (point 5) once the shaft gets retracted [1].

Further, the anti-contaminator and the high-
vacuum environment is represented by point 6 that
helps achieve a contamination and artifact free
transfer of frozen-hydrated samples. The HVCS is
finally then docked onto the counterpart of the

docking-station (point 7) of the target device [1].

Studying Biomolecular Complexes
In a recent study, cryo-EM was employed for
structure determination of isolated biomolecular
complexes across a wide molecular mass range
including proteins with several tens’ kilo-Daltons
to virus particles with many mega-Daltons and to
whole cells (Figure 2) [4]. Several advantages of
cryo-EM were shown over the standard structural
characterization such as

techniques X-ray

crystallography and NMR spectroscopy. These

include a much smaller amount of sample and
flexibility of a larger variation of specimen types
such as single protein molecules, large protein
complexes, thin-protein crystals, virus particles,
helical fiber complexes, bacteria, cells and even
entire tissue sections, to name a few [4]. It also has
a limitation related to the maximum observable
object size, which is the specimen thickness that
can be penetrated with the electron beam. Further,
it has been shown that observation areas in the
case of eukaryotic cells could be limited to the
periphery of the cell body. However, one can thin
the sample before observation by cryo-sectioning
or FIB-milling [4].

In other studies, a particular challenge has
been addressed in cryo-EM that poses a limitation
in investigating samples with lower molecular
weight. Researchers showed ~2.8 A and ~3.2 A
structures of methemoglobin, which demonstrated
that distinct conformational states can be
identified within a dataset for proteins as small as
64 kDa. Furthermore, it provided the sub-
nanometer cryo-EM structure of a sub-50 kDa
protein [5]. The image contrast was generated with
the specimen-tolerated electron dose that
restricted minimum detectable size of isolated
biomolecules. The permissible electron dose was
limited by radiation damage to the specimen that
depended on acceleration voltage and spatial
resolution as well as sample properties. For

example, less than 20 e—/A2 at 200 kV
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accelerating voltage was used to achieve near-
atomic resolution [4].

Studies have shown that the lower limit of
molecular weight accessible by cryo-EM can be
extended towards the upper molecular weight
range of NMR, which is about 50 kDa [4]. To this
end, the structure of isocitrate dehydrogenase 1
(IDH1; 93-kDa) was shown by single particle
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cryo-EM at 3.8 A resolution (Figure 2) [4]. The
low signal-to-noise ratio (SNR) was attributed to
the small mass giving rise to electron scattering.
With respect to large proteins, the structure of the
64-kDa human hemoglobin particle was analyzed
at 3.2 A resolution by contrast-enhanced cryo-EM
using a Volta phase plate (VPP) (Figure 2) [5-6].

e
3% 3

S 2 &

s 7 65 « =

WPEES
70S Ribosome IDH1 Hemoglobin
at 3.6A res. at3.8Ares. at3.6Ares.
2.3MDa 93kDa 64kDa
EMD-3618 EMD-3192 EMD-3650

Figure 2. Near-atomic resolution representative images of biomolecules by cryoEM are shown. It shows that cryo-EM can

cover a wide molecular weight range of specimens including protein complexes in the tens of kilo Daltons and large virus

particles with hundreds of mega Daltons. Molecular weight and EM data base number are indicated for each particle (human

adenovirus 26, 70S ribosome, isocitrate dehydrogenase 1 (IDH1), and human hemoglobin) [Source: Biochimica et Biophysica

Acta (2018)].



Agrawal M/Biotechnology Kiosk, 4, 6 (2022) ISSN 2689-0852

Future Prospect in Drug Discovery
Major technological advances are anticipated in
the near future development of direct electron
detectors and more effective computational image
analysis These are

techniques. becoming

instrumental for cryo-EM  especially  for
application in solving high-resolution structures of
pharmaceutically relevant large macromolecular
assemblies. These protein structures are important
for the pharmaceutical industry. Further, cryo-EM
is being increasingly employed to investigate how
ligand-binding sites, membrane proteins, both big
and small, pseudo symmetry and complexes [7-8].

All these developments show the promise of

Stages of Drug Discovery

Target Lead

selection discovery

optimisation

single-particle cryo-EM that is expected to
become an important tool for drug discovery in the
near future. Such advances are believed to enable
structural determination for targets that are not
accessible to X-ray crystallographic analysis [7].

The ongoing studies involve massive and
continuing technology upgradations in hardware
and software in cryo-EM. This is expected to
expand the role of cryo-EM in providing an
additional route to the structural information
required to guide structure-based drug design, in
addition to X-ray crystallography, NMR and
homology modelling (Figure 3) [8].

Pre-clinical
development

Disease Assay/screen Improving Scale up of Safety and
association configuration potency, compound tolerability in
selectivity, volunteers

Functional Testing for bioavailability Formulation

relevance potential Efficacy in
binders Demonstration Full in vivo patients

Druggability of efficacy, studies

assessment Validation of safety in vivo Large-scale
mode of action trials of

Y
X-ray methods
)

I

EM methods?

efficacy vs SoC

Figure 3. A conceptual pathway for cryogenic electron microscopy for drug discovery stages is shown. This pathway is
compared with the X-ray crystallography that is heavily used in the lead discovery and lead optimization stages of a project
[Source: Biochem Soc Trans (2019)].
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In some of the ongoing studies, researchers have
employed protein structure in all parts of the drug
This
selection of protein to be targeted and the

discovery process. include the initial
identification and optimization of chemical matter
against the target. Additionally, a multi-threaded
process is also involved by which the final
properties of the compound are developed, which
leads to the final clinical candidate (Figure 3) [8].

To achieve the goals, a chemical hit is
usually considered the first visualization of a small
molecule that is bound to the target protein. To this
end, the technique based on crystallography has
been used to examine the difference in electron
density maps in such chemical hits. It is to be
noted that the advances made in high-resolution
EM maps offer the possibility for small
compounds to be visualized directly, which is
considered a significant step forward in the field
of drug discovery by direct visualization of target
molecules. Especially, it has been suggested that
the confirmation of binding can be done by

collecting data on close analogues [8].

Conclusion

We have presented a brief overview of some of the
notable studies that have clearly shown the huge
promise of cryogenic electron microscopy ‘cryo-
EM’ as an emerging technology in the direct
visualization of biomacromolecular assemblies.

This could be immensely beneficial in the drug

discovery industry. Especially, high vacuum

technology has been shown instrumental that can
be leveraged to make substantial advances in

detector technology, microscopes and data

processing in the operation of cryo-EM for a
seamless transfer of frozen-hydrated bio samples.
We anticipate that future studies would involve
upgradation in the technology of cryo-EM that
include superior direct electron detectors with

back-thinning, electron counting to enhance

detective quantum efficiency and a faster read-out
rate can increase throughput and data collection
times. All these advances are anticipated to lead to
a new era of faster and efficient drug discovery

pathway for the pharmaceutical industry.
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Biotechnology Advances around the World

Editor’s Picks

Every issue of Biotechnology Kiosk presents select latest research news picked by the editors-in-chief on
significant research breakthroughs in different areas of biotechnology around the world. The aim is to
promote further R&D in all of these cutting-edge areas of biotechnology. The editors have compiled and
included the following innovations and breakthroughs to highlight the latest biotechnology advances.

Dr. Megha Agrawal Dr. Shyamasri Biswas
Co Editor-in-Chief Co Editor-in-Chief




Cardiology

Alcohol consumption may cause damage to heart

As estimated by the World Health Organization,
the European Union is considered the heaviest-
drinking region in the world. It is known that a
type of heart failure called alcoholic
cardiomyopathy is caused by the long-term heavy
alcohol use. Some studies have also suggested that
lower amounts may also be detrimental among
Asian populations. To understand the effects
between the populations of the two continents,
especially if there are genetic and environmental
differences between Asian and European
populations, a recent study investigated if there
was a similar relationship between alcohol and
cardiac changes in Europeans at risk of heart
failure or with pre-heart failure. The authors

presented their work at the European Society of
Cardiology Meeting (Alcohol may be more risky
to the heart than previously thought

(escardio.org)).

This study suggested that drinking more
than 70 g of alcohol per week is associated with
worsening pre-heart failure or progression to
symptomatic heart failure in Europeans. They did
not observe any benefits of low alcohol usage.
Their results point out that countries should
advocate lower limits of safe alcohol intake in pre-
heart failure patients. This study also adds to the
body of evidence that a more cautious approach to
alcohol consumption is needed.

Diabetes Mellitus

Adverse effects of diabetes on tooth decay

It is known that diabetes mellitus (DM) is a
chronic metabolic disease caused by impaired
insulin secretion and/or impaired insulin action in
peripheral tissues. Previous studies showed that
people with both types of diabetes can have
significantly elevated rates of most oral health
issues, both in the teeth and the soft tissues that
surround them.

A recent study was performed to evaluate
the effect of type 1 diabetes mellitus (T1DM) on
the microhardness of tooth enamel and dentine in
mice. Researchers in the US reported their

findings on the adverse effects of diabetes on tooth
enamel and their results were recently published
(Diabetes negatively affects tooth enamel and
dentine microhardness: An in-vivo study.
Archives of Oral Biology, 2022; 139: 105434
DOI: 10.1016/j.archoralbio.2022.105434). They
concluded that TIDM negatively affected enamel
and dentine microhardness, and enamel was
influenced much more negatively and rapidly
compared with dentine in diabetic groups.

Compiled and Edited by Dr. Megha Agrawal
and Dr. Shyamasri Biswas.
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