Genetic Engineering in Yeast and Human Cells

ur laboratory is unique in the world because we are studying

both baker’s yeast and human cells in the same way. Yeast
18 well known as a microorganism for bread making, alcohol
fermentation, and recombinant protein production. It is also
known as a model eukaryotic organism for molecular biological
studies, allowing advanced genetic analyses for human genes.
Equally. human culture cells isolated from cancer tissues are
usetul for medical research and alse industrial protein production.
Owr research aims to develop simple gene manipulation methods
in yeast and human cells. The various target genes include disease
genes. hormones, enzymes. therapeutic peptides, and synthetic
genes, Genetic engineering can create gene-manipulated yeast
cells useful for understanding the cause of human diseases and
for producing therapeutic proteins. Similarly, gene-manipulated
human cells are used for industrial protein production and medical
research. For the sake of advanced analysis, we made it possible
to analyze genes in yeast cells and also in human cells. Genetic
engineering methods that allow for freely transferring desired
genes between yeast and human cells developed in our lab can
solve clinical and social problems in human life,

Raker's yeast  Human cancer
Lelly Lelly
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Screening of drugs by genetically-engineered yeast and
marmrnalian cells
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Unlocking New Crystal Growth Science and Engineering

ecause many materials around us are crystals, it is crucial to
control the production of crystalline materials, which
involves growing crystals with few defects, large crystals, and
crystals with desired shapes. However, since the formation
mechanism of crystals involves complex factors such as the
crystal surface state, temperature and concentration gradient,
impurity concentration, and pH, it is necessary to understand
crystallization mechanisms (nucleation and crystal growth).
In-situ observation and measurement using microscopes and
scattering instruments are essential for separating the dominant
factor of the phenomenon- We handle a wide range of indUStria”y Norsesite crystal BaMg (COs)= grown from an aqueous solution. We
important materials ranging from inorganic crystals to organic expect that the developed crystallization technique can be utilized to
crystals, and elucidate the principles of crystallization and purify contaminated water.
melting (dissolution) using in-situ observation methods. Based on
our wisdom, we establish the optimal technique for synthesizing About Researcher

crystals in the most simple method possible. ASAKAWA Harutoshi, Dr. Eng.

Dr. Eng., 2012, Kyoto University
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Electrolyte Solution Chemistry for Novel Electrochemical Devices

) ur laboratory 1s cxploring the thermodynamics and structure
ol clectrolyle solutions and gel systems for clectrochemical

devices (e.g.. Li and Mg batteries and capacitors). [n the ficld
of solution chemistry, we research solvation, intermolecular
nteriaction, and the dynamics of solutes, espectally metal
ions in non-agqueous clectrolyte solutions, ionic liquids and
polymer gels al the molecular level. We focus on the lollowing
research subjects: (1) Solvation of metal ions in electrolyte
solutions through the use of vibrational spectroscopy, X-ruy/
neutron scattering, and computer simulations; (2) Development
ot high-toughness polymer gel electrolytes with low polymer
concentrition and their applicution w electrochemicul devices
aned carbon dioxide separation membranes: {3) The strueiural and
thermodynamic properties ol room-temperature ionic liquids
and their metal 1on solutions. We are also interested in soll matter
seicnee such as solvation, conformation, and phase transition in
polymer solutions, as well as sell-organizing aggregation (micelle
and reverse micelle formation) in solutions with non-scale
inhomogeneity.

Sokation struclure of g ithium ionin anionic liguid-based
elgctrolyte for lithium-ion batteries
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High Performance Ceramics and Spectroscopy

m or research group develops high performance ceramics used in the fields of energy
and medicine. We approach their development from i structural point of view
through such methods as x-ray diffraction, solid state NMR, and Raman spectroscopy.
Current research topics include (17 hydrogen energy. (2} bioceramics, and (3} perovskite
compounds.

For {11, we promote the use of hydrogen to reduce carbon dioxide discharge. Fossil fuels
are presently a primary source of hydrogen, and carbon dioside is emitied in the process
of producing this hydrogen, As a fuel for the future, water should repluce fossil fuels as o
fuel completely free of carbon dioxide emissions. There are three main activities we pursue

to achieve this purpose: {a} We study photocatalytic activities, with particular attention to
crystal structures, to develop high performance photocatalysts. (b) We perform experiments
that assess the viablity of solar radiation (o synthesize photocatalysts while producing zero
carbon emissions. (¢) We evaluate the heut resistance of ultra high-temperature ceramics ~ Xenon arc image furnace. A simulated solar furnace capable of
i ) X attaining maximum temperatures of over 30007C

for the development of hydrogen turbines that can reach maximom temperatures of over

2000°C, something not easily achieved by normal furnaces. About Researcher
For {2}, we investigate calcium phosphates like apatite, which ate used in tissue FUJIMORI Hirotaka, D.Sc.

engineenng, with a focus on the relation between biocompatibility and crystal structures,
£ & P ¥ d > D.Sc., 1997, Tokyo Institute of Technology

This involves the use of simulated body fluids and NMR.
For (3). we study synihesis and engage in Rietveld analysis of perovskite compounds.

including sodium bismuth titanate, which is an environmentally-friendly lead-free
ferroelectric WEB 3 http:fiwww.cera.chem yamaguchi-u.ac.ip/




Genetic Engineering of Yeast Cells to Produce Valuable Substances

ells synthesize various kinds of substances from simple

nutrients. In other words, cells can be compared to a living
factory. Some of these substances can be used tor industrial
and medical purposes. For practical use, although it should
be possible to efficiently produce these substances in large
quantities. it is often difficult to produce sutficient quantities
of these valuable substances. Genetic engineering seeks to
design cells for practical biological substance production. I am
currently interested in creating yeast cells to produce energy,
fine chemicals and valuable proteins by combining genetic
engineering and traditional techniques. Metabolic engineering
and synthetic biology arc approaches in order to produce cnergy
and fine chemicals. Traditional breeding is also effective. Protein
synthesis is specific and unique ability for the cells. Tt is natural
function, and therefore thecretically seems easy. However,
recombinant protein production is a big challenge in practice.
Transcription, translation, quality control, intracellular traffic. and
protein modifications are targets to enhance protein production.
Efficient, convenient, simple and systematic methods for genetic
manipulations are also being developed.
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Metabolic engineering and recombinant protein production using
yeasts for industrial and medical applications
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Development of Green and Sustainable Science and
Technology Using Organic Chemistry

ynthetic organic chemistry has unlimited potential,

This potential includes creating unprecedented mole-
cules that are expected to play a key role in the scientific and
technologicul innovations modern society desires. This is the
power of organic synthesis. It not only covers synthesis of
novel molecules, bul also presents innovative solutions and
concepts regarding environmental problems. The wide range
of applications of organie: synthesis provides luteral approach-
es to green and sustainable technology, in addition to the
invention of novel molecules, Our research achievements in
synthetic organic chemistry include novel syntheses of
bioactive molecules. such as Tamiflu. We also have proposed
new earth-conscious methodologies for the chemical conver-
sion of plastics and biomasses using ionic liguids and super-
critical fluids, which will make an important contribution
toward global sustainable development. In the course of our
research, we have colluborated with a number of scientists
around the world. and have established good international
relationships in the communities of various research lields.
We are always working hard to advance our research in
organic chemistry to find and create innovative molecules and
chemical methodologics.

We have devsloped 2-sulfanylhydroquinore dimer,
a new fluorescent dye beng turned on and off by chemical reaction.
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New Methodology Based on Radical Chemistry

ur reseurch interest 1 in discovering new methodologies
based on radical chemistry. Radical reactions are one of
the most useful tools in organic synthesis, particularly lor the
formation of carbon-carbon bonds in intra- and intermolccular
processes. Radical reactions do not require harsh conditions, and
are thus well-svited to the synthesis of complex molecules such
as materials and drugs. Research now underway in our group is
focused on unique radical reactions., namely the following five
lopics:
1)y Construction of carbon-carbon bonds via cascade rcactions
2) Cleavage of carbon-carbon bonds and reconstruction of carbon-
carbon bonds
3) Synthesis of orzanoboron compounds
4) Utilization of carbon dioxide for organic synthesis
5) Photo-induced electron transier reactions
We are also interested in the development of green synthetic
reactions without using ordinary organic solvents.

" New Methodology i
" based on Radical Chemistry

Simple Molecules \ /v Complex Molecules

New Materials, Drugs...etc

Qur research concept

About Researcher

KAWAMOTO Takuji, Ph.D.

Ph.D., 2014, Osaka Prefecture University
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Crystal Chemistry of Functional Inorganic Materials

ur research interest is in crystallography and crystal

chemistry of functional inorganic materials such as
garnet-, perovskite-, spinel-type compounds and microporous
materials (e.g., zeolites). The macroscopic properties of these
materials are closely related to their microscopic structural
properties, including the atomic arrangements and atomic
thermal vibrations. From this viewpoint, we aim (o clucidate the
relationship between physical preperties and crystal structures of
these compounds using precise structure analysis based on a
single crystal X-ray diffraction technique.
As an example, a portion ol the erystal structure of chabazite,
natural zeolite with strong potential for use as a heat absorbant,
is shown in the figure. We determined the crystallographic
configurations of water molecules and exchangeable cations in the
structural cavities, which had been unclear. On the basis of this
result, we examined hydrogen bonding and other such interactions
between water molecules and their adjacent atoms, and elucidated
the relationship between the nteratomic interactions and the heat-
cxchange capability of chabazite.
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Green Synthesis of Metal Oxides and Composite Oxides and
Their Energy and Environmental Applications

he key to achieving carbon neutrality is the increased use of
renewable energy and CO--free energy carriers. The
essence of the conversion technology between renewable energy
and electric energy, which is necessary for the large-scale
introduction of renewable energy, is electrochemical reactions, in
which catalysts play the leading role. We have conducted
research on green synthesis of inexpensive transition metal
oxides from aqueous solutions at room temperature and
atmospheric pressure and their application as energy storage
materials (aqueous secondary batteries, supercapacitors),
development of highly active catalysts for water electrolysis,
seawater electrolysis and ammonia splitting for hydrogen
production, and selective recovery of rare resources and
pollutants. For example, a thin film consisting of manganese
dioxide intercalated with copper and nickel ions decomposed About Researcher

ammonia into hydrogen and nitrogen with high selectivity and NAKAYAMA Masaharu, Ph.D
hlgh atomic EﬁICIency' . ' Ph.D., 1998, Yamaguchi University

Ammonia decomposition catalyst electrodeposited on carbon fiber

WEB > http://web.cc.yamaguchi-u.ac.jp/~nkymm/web/en/index.html




The Development of Efficient Transition Metal-Catalyzed Olefin

Transformations

he discovery of new organic reactions is one ot the most

important areas of research in the formation of carbon-
carbon and carbon-heteroatom bonds. New organic reactions
enable the efficient synthesis of complex molecules, including
useful bio-active compounds and materials. The discovery of such
1deal reactions would shorten the synthetic protocols. reduce the
costs of useful molecule syntheses, and realize an environmentally
benign process. To accomplish the above, we have focused on the
following research: 1) designing new transition metal complexes
for a catalyst; 2) designing a new catalytic reaction for an
efficient molecule transformation; and 3) synthesizing useful
molecules using our reactions.
Our current interest is focused on the development of new
transformations of vlefins in the presence of a copper catalyst,
including tertiary-alkylations and Z-olefinations, as well as the
accurate synthesis of cyclic compounds. A key to success here is
controlling “rcactive intermediates”™ using designed catalysts.

Ve recently publisned this reacticn Imags In an international
journal. It depicts a Z-alkylation reacticn, in which a copper catalyst
{Cu) connects two different molecules in the Z-direction through
the controlled reactive intermediate, shown in the bubble.

About Researcher

NISHIKATA Takashi, Ph.D.

Ph.D., 2005, Hokkaido University
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Synthesis and Development of Advanced Organic Materials

ur research interests lie in advanced organic materials
m and related fields including liquid crystalline materials and
organogels with a low molecular weight compound. They are used
in electrochemical devices such as display devices, batteries, and
capacitors. Research now underway in my laboratory is focused
on the following five fields:
1) Synthesis of low molecular weight organic gelators and their
application;
2) Synthesis of liquid crystal materials and their application;
3) Develepment of organogel electrolytes with high ionic
conductivity:

| LE

4} Application of ionic liquid gels in electrochemical and

environmental materials; The appearance of an organogel compoesead of a novel low

. . g . molecular mass organic gelatar and an SEM image of its xerogel
5) Investigation of molecular arrangements of liquid crystal

materials using a polarized microscope, differential scanning About Researcher

' OKAMOTO Hiroaki, Ph.D.

Ph.D., 1995, Kyushu University

calorimetry, and a small-angle X ray diffraction;

We have also researched the development of orgunogel
electrolytes with high ionic conductivity using a new approach:
adding a small amount of aprotic organic gelators (0 organic
electrolytes.




Materials for Organic Optical and Electronic Devices

ur group focuses on a variety of research projects in organic

chemistry, organic semiconductors, organic electronic
devices, nano materials and photoresist resins. We are interested
in the development of materials for organic optical and electronic
devices such as organic light emitting diedes (OLED), organic
photevoltaic (OPV) cells, photoluminescent materials and
nanoparticles. In order to realize such materials and devices, a set
of basic technologies must be established:
(1) Create conjugated molecules with the desired molecular
structure for organic electronic devices, (2) Develop organic
electronic devices using the conjugated molecules with the
desired optical and electronic properties, (3) Establish the
fundamentals and applications of electrochromic devices using
organic conjugated molecules, and (4) Synthesize nanoparticles.
which includes conjugated molecules and their application. In
addition, we are collaborating with a number of corporate partners
in the research and development of new electronic devices and
nanotechnologies.

!ﬂ

Organic light emitting diode (OLED)

Hhne
Functional Synthesis &
molecules Application
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Nano-particles including conjugaied mofacules

Funclional materials for photonic and electronic devices
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Heterogeneous Catalysis, Surface Chemistry to Application

m ur research subject is the fundamental knowledge and
application of heterogeneous catalysis. Regurding
fundamental knowledge, the characterization of surface state and
surface chemistry over solid catalysts is performed by upplying
spectroscopic technigues, Research into the development of solid
catalysts and related materials is also carried out. This includes the
development of solid catalysts for selective reactions, efficient
photocatalysts for overadl H,O splitting. and hydrogen absorption
materials for hydrogen storage by utilizing the conceptions of
catalyst preparation. Recent research targets are as follows:

(1) Preparation and characterization of supported binary metal
catalysts by electron microscopy and infrared spectroscopy,

(2) Elucidation of reaction over the surfaces of oxide catalysts by
infrared spectroscopy, (3) Development of new catalyst systems

for selective reduction of carboxylic acids to aldehydes, selective
hydrogenolysis of esters to aldehydes and alcohol, and selective
dehydrogenation of alcohol te aldehydes or ketons, (4) Development
of efficient photocatalysts and photocatalytic systems for artificial
photosynthesis, including overall H,O splitting, (5) Development of
hydrogen absorption materials by utilizing mechanical alloying.

[; gen absorption
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| charscterisation & Surface Chemistry |

Heterogeneous Catalysis

Our research subjects (heterogenecus catalysis and related fields)

Abou{ Egearcker




Molecular Design of lon Solvation and Electrode Reaction in

Lithium-lon Battery Electrolytes

lectrolytes are one of the most important materials directly

related to battery performance, such as ion transport
properties and electrode reaction kinetics in Li-ion batteries. Our
research focuses on the properties and structures of solution
electrolytes based on molecular theory, which leads from the
elucidation of ion behavior to the functional control of electrode
reactions. In response to the trend toward carbon neutrality, it is
essential to design electrolytes for Li-ion batteries with
lightweight, high capacity and safety. We have focused on
fluorinated solvents that have a combustion-suppressing effect,
and by “structural control” of the Li-ion solvation structures,
which dominates the electrode reaction characteristics, from a
molecular theoretical viewpoint based on solution chemistry, we
can develop new functional electrolyte materials that combine
nonflammability and high battery performance. Furthermore, if
the unique structure of the electrode/electrolyte interface, which
is the reaction field of electrode reactions, can be elucidated
through experimental (spectroscopy and X-ray scattering
experiments) and computational studies (all-atoms molecular
dynamic simulations), important design guidelines can be
expected for the development of innovative batteries in the future.
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Improvement of electrode reaction characteristics by controlling Li-ion
solvation structures in the bulk electrolytes
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Theoretical Elucidation of Chemical Phenomena

Using Computer Simulations

ave you ever known the term “theoretical chemistry” ?

H This refers to the field of theoretical elucidation of chemical
phenomena based on computers and equations. Chemical
phenomena take place in the world of molecules, and in such a
microscopic world, Newton's equation of motion breaks down
and the Schrodinger equation, the fundamental equation of
quantum mechanics, dominates. In theoretical chemistry
research, this is solved by numerical calculations using
computers.
We are actively using supercomputers in Japan to solve
Schrodinger equation, and develop and simulate high value-added
reactions that produce pharmaceuticals and industrial materials
from low-value substances. Familiar phenomena are also research
themes. The phenomenon of “adhesion” , in which materials stick
together, is often observed in our daily lives, but in fact the
fundamental mechanism is not understood. Our research aims to
provide theoretical answers to such universal phenomena.

A W~ X
Conceptual illustration of adhesive molecules bonding to aluminum
surface.
Adsorption of atmospheric waters weakens the adhesive strength.
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Analysis of Molecular Mechanisms of SSPs-Nutrient Substrate
Degradation Enzyme Interactions in Filamentous Fungi

ilamentous fungi are thought to exist in more than 1.5
million species on Earth, and play an important role as
degraders in the natural material cycle. Filamentous fungi secrete
a large variety of substrate degrading enzymes to obtain nutrients

from their hosts, and at the same time, they also secrete a large
number of small secreted proteins (SSPs). It has been shown
that hydrophobin interacts with enzymes that degrade barriers on
the host surface and promote barrier degradation. We expect that
such interactions may exist between other SSPs and enzymes, and
will search for and analyze new SSPs and enzymes. We hope that
this research will not only provide new insights into the molecular
mechanisms of protein-protein interactions, but also lead to
technological innovations in the control of plant infections with
filamentous fungi and the efficient degradation of solid biomass
by the combination of secreted filamentous fungal enzymes and
SSPs.

When filamentous fungi infect and invade a host, SSPs interact with
enzymes to efficiently degrade the host surface barrier.

About Researcher

TERAUCHI Yuki, Dr.Agr.

Dr.Agr., 2020, Tohoku University
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Intersection of Polymer Chemistry and Electrochemistry

m ur research interest is in functional polymer chemistry
and related fields where a polymeric material is used in
electrochemical devices such as batteries, capacitors, and medical
or biochemical devices. Research now underway in our laboratory
is focused on the following five fields:

1) Development of polymer electrolytes with high ionic
conductivity; 2} application of nano or micrometer electrospun
fibers in electrochemical and biomedical devices; 3) preparation
of organic-inorganic (especially hydroxyapatite)} composites and
their application; 4) preparation of melt-electrospun sulfur fibers
and their application; and 5) application of enzyme-modified
electrodes for biosensors. We have researched the development
of polymer electrolytes with high 1onic conductivity using two
approaches: adding functicnal conducting enhancers to polymer
electrolyte matrixes and introducing new matrixes based on poly
{oxetane) with a low glass temperature. We are also interested

in an electrospinning technique for the preparation of nano or
micromeler fibers using simple equipment.
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A Unique Inclusion Polymer — Collaboration Between Polymer
Chemistry and Supramolecular Chemistry

e research the synthesis of and applications for functional

mclusion materials. An “inclusion complex™ consists of two key
components: macrocyclic (wheel) and linear (axle) moleculars. The
wheel has a specific environment, and selectively incorporates various
axle molecules in a cavity through “guest-host interaction™ such as
hydrophobic interaction, charge transler interaction, and hydrogen
honding.
However, inclusion complexes consisting ol two components exhibit
instability with respect to pH, pressure, temperature, and solvent
quality. These external stimuli force the complex into disassociation.
Inclusion complexes are stabilized by attaching bulky molecules called
stoppers. The resulting structure, known as “rotaxane”, has a unique
shape wherein a “dumbbell” axle penetrates into a “doughnut™ ring.
Recently, “three-dimensional rotaxane network polymer™ was
successfully developed through the pelymerization of an inclusion
complex consisting of secondary ammonium salt and a crown ether
compound. The rotaxane network has a strong affinity to organic
solvents and is highly flexible as a result of the characteristic
movement of crosslinking points (the Ring-moving Effect}. The
material shows promisc in applications for polvmer gel clectrolyies,
clastomers, and artificial muscle actuators.

What is “Rotaxana” ?
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Operando Observation for Water Splitting Catalysis

ecently, hydrogen production by electrochemical water

splitting has been receiving 4 lot of attention with regard to
achieving a sustainable society. For commercial applications.
improving overall water splitting efficiency has been required for
the development of highly active oxygen cvolution clectrocata-
Ivsts. However, we have not yet obtained enough detailed
information about the oxygen evolution reaction. [n this situation,
we have developed a number of operando observation
techniques [or X-ray absorption spectroscopy (XAS} and
infrared absorption spectroscopy using attenuated total reflection
mode (ATR-TR) to observe the oxygen evolution electrocatalysts.
For example. hard X-ray XAS can observe the electronic states
and local structures of metal species in the catalysts. On the other
hand, tender and soft X-ray XAS and ATR-IR can reveal the
chemical states of light elements in the catalysts. Therefore, we
are focusing on the investigation of the reaction mechanism for
waler splitting catalysis nsing various kinds of operande XAS and
ATR-IR spectroscopy, and are planning (o develop highly
etficient water splitting electrocatalysts on the basis of the
knowledge we have obtained from these operando spectroscopic
techniques.

H,O

Schematic madel of operands observation for water splitting
catalysis using X-ray and infrared spectroscopy

About Researcher
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Development of Novel lon Exchange Materials for Application to

Critical Element Recovery

he demand for critical elements in advanced industries is

growing every year. Technologies used to efficiently
separate and recover critical elements from natural ores and
urban mines are becoming increasingly important. Our research
on the separation and recovery of critical elements is based on
inorganic chemistry, electrochemistry and chemical
engineering. We are developing novel molecules and
ion-exchange materials with high affinity and selectivity for
precious and rare earth elements. The development of new
separation methods with efficiency for target elements and their
application to the recovery of elements from ores, which have not
been treated from an economic standpoint, will lead to the
effective utilization of limited resources. In addition, the
development of a novel separation method that can recover
critical elements contained in secondary raw materials such as
waste electronic equipment will contribute to the creation of a
truly sustainable society.

Novel amide-functionalized phosphonium-based ligands can
efficiently extract precious metal ions from hydrochloric acid
solutions.

About Researcher
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Enzymatic Reactions in Liposomes and Bioreactors

iocatalysts arc applicable (o developing biomedical sensors,

diagnostic tools and environmentally benign processes. In
living cells, a number of chemical reactions are controlled through
the interactions with biomembranes. One of our reseacch interests
involves the fabrication of cell-mimicking reaction systems using
phospholipid vesicles (liposomes). Liposomes offer ultrafine
agqueous droplets where biomolecules including enzymes can be
stably solubilized or compartmentalized. The enzyme-containing
liposomes are useful for kinetically controlling enzymatic reactions
on the basis of the mass transfer characteristics of lipid bilayers
and for stabilizing the conformation and biological activity of
enzymes. We are also interested in the emerging tunctions of
biocatalysts induced by hydrodynamic properties such as liquid
shear stress. In this regard. we examine the shear-triggered
structural changes in liposomes and the catalytic performance of
liposomal enzymes suspended in gas-liquid contacting reactors
such as bubble columns. Our appreach should prove useful for
controlling enzymatic reactions for various biochemical and
biomedical applications at multiple scales.
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Liposome-based nano-scale bioreacters for controlled enzymatic
reactions
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Chromatographic Purification of Biomolecules

ur group has developed a chromatographic separation process

for biopharmaceuticals such as antibodies and polymer-
functionalized proteins, DNA, and virus-like particles. Our efforts
are now mainly devoted to the following two topics:
1y PEGylated protein isolorm scparalion processes
Protein PEGylation 1s a promising technigue in the development of
generic protein drugs. However, the PEGylation reaction is difTicult
1o control due to consecutive competitive reactions with activated
PEG, as well as native and PEGylated proteins. PEGylation
produces positional 1soforms and isumers which have ditferent
PEG chain numbers. We analyze the retention behavior of these
isoforms based on the stoichiometric displacement model and strive
1o acquire & mechanistic understanding ol the interaction between
PEGylated protein and chromatography resin.
2) Solid phase PEGylation on chromatographic media
Both PEGylation reaction and separation are simultaneously
pertormed on the chromatography column, where protein
distribution on solid surfaces is controlled via electrostatic
interaction. Theretore, in sulid phase PEGylation, isoform formation
is controlluble on the basis of ligand type and size, as well as the
pore diameter of the particles vsed in the stationary phase.

PEGylalion and separation in ion exchange chromatography

Abqr_gt_ Researcher
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