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Abstract

Aim of this work is to verify the role played in chromatographic technique by innovative MONOLITHS In m
RNA VACCINE production: material used, technology and products for large scale production. The fact that a
great producer use carbon composite in monoliths is of great interest: carbon fibre reinforcement embedded into
epoxy thermoset resin. It is also verified the role played by silica products for chromatographic use and its origin
(synthetic or from natural product like Rice). Related the product form Rice it is used as pharmaceutical
excipient. Also in this cases other great chemicals producer in its website for SILICA GEL for chromatography
report a reference related the production of silica form Rice. (Not only systetic so) Of interest the profile of
impurity of this product if used in resin column for purification biopharmaceutical and in particular the carbon
content.
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Introduction

In production of biopharmaceuticals the purification process is one of the main phases. In example for the
production of the innovative m RNA VACCINE for covid-19 are used an sequence of Chemical- physical
process like TFF tangential flow filtration, followed by a chromatography separation (affinity or ion exchange)
and then treated with an ultrafiltration/diafiltration process. Between the various methods of separation was used
in past membrane, or more recently magnetic beads separation and today used monoliths of composite materials.
If TFF filter are of made of plastic materials the chromatographic resin see the use of silica gel or other Polymer.

In research field, diagnostics field and in small laboratory scale are also used graphene carbon coated (resin and
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magnetic beads). The silica productive process see or a synthetic process or purification extraction form various
natural products like RICE HUSK or diatoms shell.

Various literature report production of silica form rice also of high quality and purity and some producer sell
this products as pharma excipients. But this natural product due by its productive process that imply high
temperature treatment show various level of impurity in example related carbon products (99% silica, 1%
graphitic).

So two interesting question can be:

1) Silica for RICE, due by its lower cost vs. synthetic one, are used in resin for large scale biopharmaceutical
production?

2) If used this carbon particles of the rice silica can be find in the impurity of the final product after the
purification process?

In order to give response to this question it is of interest to verify literature available as well as producers
website or patients (Figure 1).
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“Silica gel has a strong physical strength and is the most widely used as column packing agent for analysis and
the purification in chromatographies such as HPLC, medium and low pressure chromatography, and open
column chromatography.

Chemical Modification

Chemical modification is to bind various functional groups to silanol groups on the surface of silica gel to
change silica gel functions. C18 modified silica gel (ODS) is an octadecyl group-bound silica gel and is suitable
for the reverse-phase chromatography. NH2 modified silica gel is an aminopropyl group-bound silica gel and is
suitable for normal-phase, hydrophilic interaction, and ion exchange IE chromatography. Unmodified silica gel

is mainly used for normal-phase chromatography” (Figure 2-4).

Int Case Rep Jour (ICRJ) 2022 | Volume 2 | Issue 7



International Case Reports Journal _ Ocean Visionary
Case Report (ISSN: 2770-9647) Publications

RNA-se Free pDNA Purification Process

l Fermentation ]
!
[ Alkaline lysis & Conditioning ]

l

‘ HIC (particle based) I

l

\ AEX (CIM monolith) ]

l

| SEC [

l

I Adjustment of concentration ]

Urthaler et al., Chem.Eng.Technol., 28 (2005), 1408-1420

Membranes — Stack of
very thin Monoliths

)
b i, v

Stacks of thin polymeric layers -
supplied in single piece but in fact they
are discontinuous unit.

Single piece continuous units with a

Problems with:

- resolution due to void volumes homogeneous open pore structure

- share forces due to eddies. in all 3 directions (flow through
channels).

Figure 2: from Ale§ Strancar.

Int Case Rep Jour (ICRJ) 2022 | Volume 2 | Issue 7



International Case Reports Journal
Case Report (ISSN: 2770-9647)

4 —

Industrial Scale Units — CIM® Tubes

FLOWIN

- SAMPLE

COLLECTOR

TUBULAR
. MONOLITH

80, 800, and 8.000 mi CIM Monoliths FLOW OUT
-~ A —
CIM" Tube Column Structure

I
Figure 3: from Ale§ Strancar.

Ocean Visionary
Publications

seed R .
culture »| fermentation harvest
cell intracellular extracellular
disruption product product
| ] ) l A
inclusion soluble membrane capture
bodies protein bound
solubilization extraction purification “
(on column
refolding)
| » | 5
refolding polishing j » formulation
)
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Stationary phase

Interaction Media (CIM®) monolithic column.

“Monoliths allow a high degree of freedom for the operator, since they can be manufactured from various kind

of raw materials (like as polymethacrylate, polyacrylamide, polystyrene, silica and cryogels) with different

morphologies and channel diameters. In general, the monolithic media can be classified into 2 categories,

namely organic, polymer-based and inorganic, silica-based media. The main advantages of organic, polymer-

based media are the pH stability and customizability, but the columns are mechanically not very stable, which
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shortens the column life-time. Inorganic, silica-based monoliths show excellent stability and separation
efficiency. Manufacturing is sophisticated and also time consuming. Recently in last years, also organic-
inorganic hybrid monoliths have been prepared combining the advantages of both.

Commercially available monoliths

Monoliths are a great powerful alternative to particle-based resins for the purification of biomolecules, and the
first industrial processes employing monoliths have been launched. Several providers offer monoliths of
different chemistries, shapes and sizes. Polymethacrylate-based monolithic columns are currently produced /
distributed by BIA separations (Ljubljana, Slovenia) under the trade name CIM® (convective interaction
media), CIMac® (CIM analytical columns) and CIMmultus®. They offer custom-made columns with different
column chemistry to suit the needs of the end user. Dionex (CA, USA) also produces polymethacrylate
monolithic columns under the trade name ProSwift®. Phenomenex (USA) markets silica-based monolithic
columns under the trade name Onyx®. The Agilent technologies (USA) markets poly-(glycidyl methacrylate-
co ethylene dimethacrylate) monoliths, made by BIA separations, under the trade name Bio-monolith®. Merck
Millipore (USA) has the trade name Chromolith® for marketing their silica-based monolithic columns. Bio-Rad
(CA, USA) produces polymer-based monolithic columns under the trade name Uno®”.

From ONYX especially for the bio industry the Onyx Monolithic C18 in the 150 mm x 0.1 mm dimension
combines high efficiency, peak capacity, and loadability all in a format for nano-LC proteomics applications
Carbon Content: 18 % from basics about CIM® technology and key applications Ale§ Strancar March, 2011
CIMmultus™ from BIA Separations (1 mL to 8 L) multiuse disposable units - “Plug and Play”.

“Carbon fibre reinforcement embedded into epoxy thermoset resin (carbon fibre composite); tough, light
material; 5-times lower density than stainless-steel; operate at 20 bar (291 psi)”.

From Purification of Nucleic Acid Pete Gagnon

Reverse phase chromatography

RPC is generally best suited for polishing because the extreme hydrophobicity of the solid phase makes it
vulnerable to fouling by proteins and aggregates in crude feed streams. Unlike silica-based RPC media, SDVB

can be cleaned with 1 M NaOH, including for periods of a full day or more if necessary (Figure 5).

Figure 2.5.2. Fractionation of
ssRNA and dsRNA ladders on f CiMmultus SDVB, RNA ladders, 65°C
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Figure 5: Fractionation of sSRNA and dsRNA ladders on CIMmultus SDVB at 65°C

“For chromatographic resins, Nuvia aPrime 4a and SiliaSphere C18 were chosen. The resins were chosen based
on their separation mechanism, which is hydrophobic anion exchange for aPrime 4a and C18 Reversed-Phase
(RP) for SiliaSphere. Both resins also have large pores of around 1000 A, allowing pore diffusion to take place.
As monoliths, BIA CIMmultus™ Prima$S and Oligo dT18 were modelled”.
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“DNA extraction was carried out on silica-based monoliths within a microfluidic device. Solid-phase DNA
extraction methodology was applied in which the DNA binds to silica in the presence of a chaotropic salt, such
as guanidine hydrochloride, and is eluted in a low ionic strength solution, such as water. The addition of poly-A
carrier RNA to the chaotropic salt solution resulted in a marked increase in the effective amount of DNA. That
could be recovered (25 ng) compared to the absence of RNA (5 ng) using the silica-based monolith. These
research findings confirm that techniques utilising nucleic acid carrier molecules can enhance DNA extraction
methodologies in microfluidic applications”.

“Large scale manufacturing of gene vectors such as plasmid DNA is an important issue in gene therapy. Anion-
exchange chromatography AEC is fundamental in the downstream processing of plasmids both as a process and
analytical technique”.

“We demonstrate the use of strong anion-exchange AE Fast Performance Liquid Chromatography (FPLC) as a
simple, fast, and robust method for RNA production by the in vitro transcription. With this technique, we have
purified different transcription templates from unreacted reagents in large quantities. The same buffer system
could be used to readily remove nuclease contamination from the over-expressed pyrophosphatase, the
important reagent for in vitro transcription. The method can be used to monitor in vitro transcription reactions to
enable facile optimization of reaction conditions, and we have compared the separation performance between
strong and weak anion-exchange FPLC for various transcribed RNAs, including the Diels-Alder ribozyme, the
hammerhead ribozyme tRNA, and 4.5S RNA. The functionality of the purified tRNA (Cys) has been confirmed
by the aminoacylation assay. Only the purification by strong anion-exchange FPLC has led to the enrichment of
the functional tRNA from run-off transcripts as revealed by both enzymatic and electrophoretic analysis”.

“The current landscape for the preparative chromatographic RNA purification uses reversed phase HPLC, but
this technique presents many issues with process scale up and ion exchange for preparative purification has only
been used for short RNAs. The invention provides preparative purification of RNA (mRNA) using ion (anion)
exchange chromatography AEC that allows for separation of longer RNAs up to 10,000 nucleotides in length
via a scalable method. This method avoids problems with current techniques by using low pressure
chromatography that is agreeable with existing equipment in cGMP commercial facilities, that uses aqueous-
bases solutions as the mobile phase (rather than flammable organic solvents), that uses sorbents displaying
binding capacities of greater than 10 mg RNA/mL resin (e.g., using larger pore sorbents, >500 Angstroms, that
display greater mRNA binding capacities), and that yields desired RNA salt forms for downstream formulation
with no additional manipulation necessary (unlike the ion pair reverse phase techniques). The ion exchange IE
sorbent can comprise a positively-charged functional group linked to solid phase media. The ion exchange
sorbent used can have a binding capacity of greater than 10 mg RNA transcript/mL sorbent, or greater than 12,
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 100 mg RNA/mL sorbent or higher, or any value or fractional value in
between, or any range including or within these numbers.

The sorbent can also have smaller binding capacities of 1 to 10 mg RNA transcript/mL sorbent. In some
embodiments the ion exchange sorbent is a porous media. A variety of different particle and pore sizes can be
used. Particle sizes can include the standard sizes used in chromatography methods, including sizes in the range
of less than 1 i or 1 to 500 wi (e.g., 5, 10, 20, 50, 75, 100, 150 win), or any number or fractional number in
between, or any range including or within these numbers. Larger or smaller sizes can also be used. Particles can

include small silica beads or other kinds of particles. Pore sizes can include sizes that are greater than 500
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Angstroms, or greater than or equal to 600, 700, 800, 900, 1000, 2000, 4000, or 8000 Angstroms, or any humber
or fractional number in between, or any range including or within these numbers. Smaller pore sizes can also be
used, like as 1 to 500 Angstroms.

The ion exchange IE sorbent can be poly styrene divinylbenzene, polymethacrylate, crosslinked agarose, silica,
or allyl dextran with N-N-bis acrylamide, among a variety of other sorbents. The ion exchange sorbent can also
be a non-porous media, such as a monolithic column. In some embodiments, membrane-based ion exchangers
are used, such as MILLIPORE CHROMASORB™ or SARTORIUS SARTOBIND®. In some kind of
embodiments, a mixed mode or combination of ion exchangers can be used. As explained above, the ion
exchange sorbent or resin can be strong or weak. The term weak resins includes resins that have a low affinity
for polypeptides and a high affinity for polynucleotides, RNA transcripts. The term weak resins also includes
resins that have low affinity for polypeptides and a low affinity for polynucleotides, RNA transcripts”.
“Described herein are methods of purifying polynucleotides, mRNA and oligonucleotides, probes, primers and
SiRNA, using monolithic columns with immobilized ligands coupled to the monolithic column. Also described
are the monolithic columns for purifying polynucleotides from a sample; and methods of preparing such
columns. The monolithic matrix may be derived from a variety of materials, such as but not limited to,
polymethacrylate, polyacrylamide, polystyrene, silica and cryogels”.

“Monoliths are considered the fourth generation of chromatographic stationary phases. They are also called
continuous beds, consisting in a single piece of highly porous organic or inorganic solid material into a column
in form of disk, rods or tubes. The structure of the monoliths avoids generation of shear forces, thereby
contributing to high functional recoveries, even for labile biomolecules such as live virus vaccines, DNA
plasmids, and large proteins. This structural feature eliminates some problems related to the scale-up and scale-
down variations of conventional matrices, the packing quality and the need to repack a column due to the
inadvertent introduction of air bubbles. Monoliths also differ from conventional supports with respect to their
hydrodynamic properties”, “Due to its ultra-high surface area and ability to be functionalized, graphene is

suitable for use in many biomedical applications, including gene and drug delivery”.

Material and Methods

Related the topics of this work various relevant literature, patents and other reference from producers are
reported and analyzed. All literature comes from scientific biomedical database. After this review part an
Experimental project hipotesys is submitted to the researcher in order to produce a global conclusion.

From literature

“Liquid Chromatography (LC) is used for separating materials in biopharmaceutical production, primarily for
purifying proteins by separating product and impurities. The Stationary Phase (SP) in liquid chromatography
uses fine, solid beads referred to as resins that are packed and held in a column by meshes. These particles can
be physically or chemically modified to provide specificity to grab or repel molecules within mixtures. The
chemical compatibility allows resins to be stored in caustic solutions, which can be beneficial due to their
antimicrobial properties. Lastly, carbon content is variable (but mostly negligible) from resin to resin compared
to proteins”.

EKASIL Rice Husk Silica

(1) Basic Specifications (2) Advanced Specifications
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EKASIL advanced specifications are silica products from rice husk that are developed from the basic
specifications based on customers’ requirements of physico-chemical properties. The specifications are various
and applicable to a wide range of user industries.

EKASIL 200 PHARMA download physico-chemical data EKASIL rice husk silica

EKASIL 200 PHARMA is high purity silicon dioxide from rice husk for pharmaceutical uses high purity
amorphous silica for pharmaceutical uses in all types of dosage forms free flow and anti-caking agent to
improve powder properties Improving tablets properties such as hardness and friability used as viscosity
increasing agent to thicken and thixotropic liquids used as anti-setting, thickening and anti-sagging agent high

purity, low humidity no influence of taste not altering natural color of powder formulations (Table 1).

Table 1: SiO2 EKASIL

Physico-Chemical Properties Unit Adjustability

Purity % Adjustable

pH Adjustable

Surface area m2/g Adjustable

Moisture % Adjustable

LOI % Adjustable

Hydrophilic/Hydrophobic Adjustable

Application properties Adjustable

User Industries Example of EKASIL Products

Pharmacy EKASIL 200 PHARMA, EKASIL 300 PHARMA, EKASIL D120
PHARMA

Paints and coatings EKASIL 200, EKASIL 300, EKASIL 380

3D Printing EKASIL 50, EKASIL 200, EKASIL D120, EKASIL P100

Paper and media coatings EKASIL 150, EKASIL 200, EKASIL 300

Toner EKASIL P100, EKASIL D120

Cosmetics EKASIL 200. EKASIL 300, EKASIL 380, EKASIL P100, EKASIL H180,
EKASIL D120, EKASIL HM200

Health care EKASIL 200 PHARMA, EKASIL 300 PHARMA, EKASIL D120
PHARMA

Personal care EKASIL 200, EKASIL 300, EKASIL 380, EKASIL 300 PHARMA

“Chemical method high-purity nano-silica has recently found wide-ranging applications in different fields such
as pharmaceuticals, dyes, chromatography, drug delivery systems, electronic components, catalysts and
adsorbent materials. As a result, demand for the high purity silica is increasing. Combustion-derived RHA
(without acid or alkali treatment) contain less than 95 wt.% of SiO,, and the remaining part comprises different
alkali oxides and impurities. With appropriate acid or alkali treatment of RH/RHA, The SiO, content can be
increased in the system to more than 99 wt.%. Several researchers have adopted different chemical routes to
derive the high-purity nano-silica”.[1]

“HPLC is a dynamically developing technique widely used in almost all branches of industry and
pharmaceutical, chemical, and agri-food investigations, as well as in lab practice and scientific research. This
technique is based on the separation of target compounds from matrix of samples containing other
accompanying constituents; the chromatographic column filled with the stationary phase where the separation
process takes place is named “the heart of chromatographic system”. Columns with various types of fillings are
commercially available; Spherical packed columns are still most commonly used. The historical background of

all monolithic columns was brilliantly presented by Svec et al. Monolithic stationary phases were the subject of
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the interest for many research groups over the last 30 years. They are often named “monolithic rods” or “silica
rods” in the case of silica monolithic columns. Due to the characteristic structure that distinguishes them from
traditional spherical fillings and their numerous advantages, including a low susceptibility to clogging and low
flow resistance, they are a very interesting alternative for many scientists. Considering the type of material used
for synthesis, monolithic columns can be divided into 2 groups; the first is based on the silica gel and the second
is based on polymeric materials Vyviurska et al. presented an exhaustive comparison of both types of
commercially available monoliths.

The major disadvantage of most polymeric monolithic fillings is their inability to separate small molecules;
hence, their significance in the analysis of samples with complex matrix such as plant material is low. They are
mostly applied for analysis of compounds with a high molecular weight such as proteins or polynucleotides and
they have greater importance in electro-chromatographic techniques. Although polymeric monolithic columns
are produced by some manufacturers such as BIA Separations (Ljubljana, Slovenia), Bio-Rad Laboratories
(USA), or Thermo Scientific (Dionex Corporation) (Sunnyvale, USA), the majority of reports concern home-
made fillings and, in these cases, the reproducibility of results is difficult to obtain because the process of
synthesis conducted by different researchers may slightly differ.

Many published studies showed the applicability potential of silica-based monolithic columns in investigations
of various samples, including plants, food, dietary supplements, and drugs. So far, numerous review papers
described the analytical use of the monolithic columns Namera et al. showed applications of different types of
commercially available silica-based monolithic columns in the analysis of the active compounds in biological
materials.

It is worth noting that the Chromolith® Performance RP-18e column (100 mm x 4.6 mm) was used most
commonly. Maruska et al. researcher presented possible applications of monolithic equipment in phytochemical
analysis. Monolithic columns are also widely used in proteomics and metabolomics. Rigobello-Masini et al.
presented detailed information on the potential applications of this kind of chromatographic filling in this
research area. The aim of our study work is to summarize and update the possible applications of this type of
fillings. The review covers papers published after 2006 and focuses on commercially available columns, as, due
to the complexity and diversity of the manufacturing process, the batch-to-batch reproducibility of home-made
fillings is poor. Currently nowadays, two companies produce monolithic columns based on silica for HPLC-
Merck KGaA (Darmstadt, Germany) and Phenomenex (Torrance, CA, USA). Their products are available under
trade names Chromolith® and Onyx™, respectively”.[2]

“Rice husk is a value added material for pharmaceuticals because the rice husk produce significant role as
producing cellulose, which used as an excipients in pharmaceuticals. Rice husk has such compatible properties,
which can enhance the disintegration process with optimum required at reach to that of standard level of
pharmaceutical disintegrating agents. Rice husk extracted celluloses are previously used as disintegrating agents
in various pharmaceuticals™.[3]

“The pharmaceutical industry has seen an increased need of carriers or excipients design that allows the
controlled release of a drug in the human body. The main role of an excipient is to carry the drug for its
administration under therapeutic index. Between the new generations of excipients, the ordered Mesoporous
Silica (MS) presents several advantages, such as excellent biocompatibility, good adsorption capacity, and

precise control in the drug delivery. The high cost of synthesis of mesoporous silica restricts its use to industrial
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applications; therefore, a low-cost procedure is necessary for widespread use. Biogenic silica from rice husk
(SiO.-rice) could be a new choice as a Drug Delivery System (DDS). This silica is obtained from an acid
leaching of rice husk followed by calcinations processes at low temperatures; these conditions produce silica
with good adsorption properties, similar to those of M.S. In consequence, the excipient behavior of SiO»-rice
was assessed using folic acid as the model drug, displaying an 18.5% of absorption in the SiO.-rice pores, while
MS absorbed around 19%. The drug release profiles were similar for both the silicas, suggesting that SiO2-rice
could be a low-cost, similar yield excipient for drugs similar to the folic acid”.[4]

“Silica Matrices the basis for most of the products related to nucleic acid purification is the unique properties of
silica matrices for selective DNA binding. Types of silica materials including glass particles, such as glass
powder, silica particles, and glass microfibers prepared by grinding glass fiber filter papers, and including
diatomaceous earth. Hydrated silica matrix, which was prepared by refluxing the silicon dioxide in sodium
hydroxide or potassium hydroxide at a molar ratio of about 2:1 to 10:1 for at least about 48 hours, had been
introduced in DNA purification. DNA binds to the inorganic matrix and is released in heated water.

The principle of silica matrices purification is based on high affinity of the negatively charged DNA backbone
towards the positively charged silica particles. Sodium plays a role as a cation bridge that attracts the negatively
charged oxygen in the phosphate backbone of nucleic acid. Sodium cations break the hydrogen bonds between
the hydrogen in water and the negatively charged oxygen ions in silica under high salt conditions (pH < 7). The
DNA is tightly bound, and extensive washing removes all contaminations. The purified DNA molecules can be
eluted under low ionic strength (pH > 7) later by using TE buffer or distilled water.

Besides silica matrices, nitrocellulose and polyamide membranes like as nylon matrices are also known to bind
with nucleic acids, but with less specificity. These materials are often used as solid-phase nucleic acid transfer
and hybridization matrices. Polyamide matrices are more durable than nitrocellulose and are known to bind
Nucleic Acids (NA) irreversibly. Nucleic acids can be immobilized on polyamide matrices in the low ionic
strength buffer.

(2) Glass Particle —Glass particles, powder and beads are useful for nucleic acid purification. For example,
DNA isolation from agarose gels involved the use of chaotropic salts to facilitate binding of DNA to common
silicate glass, flint glass, and borosilicate glass (glass fiber filter). The adsorption of nucleic acid onto the glass
substrate occurs most likely based on the mechanism and principle that similar to adsorption chromatography.
Nucleic acid purification can also be done on the silica gel and glass mixture. This invention has discovered that
a mixture of silica gel and the glass particles can be used to separate nucleic acid from other substances in the
presence of chaotropic salts solution. Magnetic Bead Based Nucleic Acid Purification -Magnetic separation is a
simple and efficient way which is used in purification of nucleic acid nowadays. Many magnetic carriers are
now commercially available. Particles having a magnetic charge may be removed by using a permanent magnet
in application of a magnetic field. Often, magnetic carriers with immobilized affinity ligands or prepared from
biopolymer showing affinity to the target nucleic acid are used for the isolation process.

In example, magnetic particles that are produced from different synthetic polymers, biopolymers, porous glass
or magnetic particles based on inorganic magnetic materials such as surface-modified iron oxide. Materials with
a large surface area are preferred to be used in the binding of Nucleic Acids (NA). Besides silica matrices,
nitrocellulose and polyamide membranes like as nylon matrices are also known to bind with nucleic acids, but

with less specificity.
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Besides silica matrices, nitrocellulose and polyamide membranes such as nylon matrices are also known to bind
with nucleic acids, but with less specificity. These materials are often used like solid-phase nucleic acid transfer
and hybridization matrices. Polyamide matrices are more durable than the nitrocellulose and are known to bind
nucleic acids irreversibly. Nucleic acids can be immobilized on polyamide matrices in low ionic strength buffer
“5”,

Current tools for industrial purification of mMRNA

An affinity method for RNA purification already exists. Hybridization-affinity chromatography with an oligo dT
(poly-thymidine) ligand captures mRNA by its poly-A tail. About 250 mM sodium chloride suppresses
electrostatic repulsion between the negatively charged backbone phosphatidic acid residues on the ligand and on
RNA. That enables them to approach each other closely RNA is captured by A-T base pairing. Removing the
salt reestablishes their mutual charge repulsion, overwhelms A-T hydrogen bonding, and elutes the RNA.
Hybridization-affinity with oligo dT can be used for capture, but it bears some limitations. It cannot discriminate
ssSRNA from dsRNA, and it has no ability to fractionate mRNA according to size. Intact product, incomplete
transcripts, oligomers, fragments, aggregates; any species with an accessible poly-A tail elutes with all the rest.
Oligo dT can be cleaned with 100 mM NaOH, but higher concentrations are not recommended. This is a
concern because of the high fouling potential of IVT mixtures.

Figure Reported: Hybridization-affinity chromatography of an IVT mixture on a CIMmultus Oligo dT column;
equilibration/Washl with 50 mM sodium phosphate, 250 mM sodium chloride, 5 mM EDTA, pH 7.0; Wash2
with 50 mM sodium phosphate, 5 mM EDTA, pH 7.0; elute = 10 mM Tris, pH 8.0.

Hydrophobic-Interaction Chromatography (HIC) has shown valuable utility for RNA purification. With the
correct choice of binding salt, DNA and dsRNA fail to bind. Incomplete transcripts elute before intact SSRNA,
and NaOH is required to remove the majority of proteins. Reversed-Phase Chromatography (RPC) using styrene
divinylbenzene media also has proven useful to remove dsRNA and fractionate sSRNA by size. HIC and RPC
media are prone to fouling by crude IVT mixtures. They both tolerate extended cleaning with 1 M NaOH, so
they can be restored to original condition, but fouling within a run can interfere with purification performance.
This makes both of them better suited for polishing.

Figure reported: Hydrophobic interaction chromatography of an IVT mixture on a CIMmultus C4 HLD
column; sample loaded in 1.8 M NaCl, pH 7.0, and eluted with a descending salt gradient. The red trace shows a
separate dsSRNA sample loaded under identical conditions.

RNA purification by anion-exchange chromatography

lon-exchange chromatography has served protein and plasmid DNA purification for decades. Traditional
exchangers such as diethylaminoethyl and quaternary amine work for RNA transcripts smaller than 500 bases,
but not for large transcripts. At ambient temperature, their elevated hydrogen bonding capacity prevents them
from being eluted with anything less than sodium hydroxide. Heating the buffers and columns into the range of
50°C to 70°C suppresses hydrogen bonding sufficiently to enable elution with sodium chloride gradients.
Heating imposes a burden on process development and manufacturing, but it also provides a clue: An exchanger
with less hydrogen bonding capacity should be able to elute RNA at ambient temperature verifies this prediction
by illustrating anion-exchange fractionation of mRNA from plasmid DNA at ambient temperature on a

CIMmultus PrimaS column (BIA Separations).
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The sample was bound at neutral pH and eluted with an ascending pH gradient. DNA eluted before and well-
separated from sSRNA. Double-stranded RNA elutes slightly after DNA but still earlier than sSRNA”.[11]
Current tools for industrial purification of mMRNA

An affinity method for RNA purification already exists. Hybridization-affinity chromatography with an oligo dT
(poly-thymidine) ligand captures mRNA by its poly-A tail. About 250 mM sodium chloride suppresses
electrostatic repulsion between the negatively charged backbone phosphatidic acid residues on the ligand and on
RNA. That enables them to approach each other closely. RNA is captured by A-T base pairing. Removing the
salt reestablishes their mutual charge repulsion, overwhelms A-T hydrogen bonding, and elutes the RNA.
Hybridization-affinity with oligo dT can be used for capture, but it bears some limitations. It cannot discriminate
ssRNA from dsRNA, and it has no ability to fractionate mMRNA according to size. Intact product, incomplete
transcripts, oligomers, fragments, aggregates; any species with an accessible poly-A tail elutes with all the rest.
Oligo dT can be cleaned with 100 mM NaOH, but higher concentrations are not recommended. This is a
concern because of the high fouling potential of IVT mixtures.

Hybridization-affinity chromatography of an IVT mixture on a CIMmultus Oligo dT column;
equilibration/Wash1 with 50 mM sodium phosphate, 250 mM sodium chloride, 5 mM EDTA, pH 7.0; Wash2
with 50 mM sodium phosphate, 5 mM EDTA, pH 7.0; elute = 10 mM Tris, pH 8.0.

Hydrophobic-Interaction Chromatography (HIC) has shown valuable utility for RNA purification. With the
correct choice of binding salt, DNA and dsRNA fail to bind. Incomplete transcripts elute before intact SSRNA,
and NaOH is required to remove the majority of proteins. Reversed-Phase Chromatography (RPC) using
Styrene Divinyl Benzene (SDVB) media also has proven useful to remove dsRNA and fractionate sSSRNA by
size. HIC and RPC media are prone to fouling by crude IVT mixtures. They both tolerate extended cleaning
with 1M NaOH, so they can be restored to original condition, but fouling within a run can interfere with
purification performance. This makes both of them better suited for polishing.

Hydrophobic interaction chromatography HIC of an IVT mixture on a CIMmultus C4 HLD column; sample
loaded in 1.8 M NaCl, pH 7.0, and eluted with a descending salt gradient. The red trace shows a separate
dsRNA sample loaded under identical conditions.

RNA purification by anion-exchange chromatography

lon-exchange chromatography has served protein and plasmid DNA purification for decades. Traditional
exchangers such as Diethylaminoethyl (DEAE) and quaternary amine work for RNA transcripts smaller than
500 bases, but not for large transcripts. At ambient temperature, their elevated hydrogen bonding capacity
prevents them from being eluted with anything less than sodium hydroxide. Heating the buffers and columns
into the range of 50°C to 70°C suppresses hydrogen bonding sufficiently to enable elution with sodium chloride
gradients.

Heating imposes a burden on process development and manufacturing, but it also provides a clue: An exchanger
with less hydrogen bonding capacity should be able to elute RNA at ambient temperature verifies this prediction
by illustrating anion-exchange fractionation of mRNA from plasmid DNA at ambient temperature on a
CIMmultus PrimaS column (BIA Separations). The sample was bound at neutral pH and eluted with an
ascending pH gradient. DNA eluted before and well-separated from ssRNA. Double-stranded RNA elutes
slightly after DNA but still earlier than ssSRNA.
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Reversed-phase chromatography of dsRNA and ssRNA ladders on a CIMmultus SDVB column at 65°C;
equilibration/wash buffer 0.1 M triethylamine-acetate, pH 7.0; elution buffer 0.1 M triethylamine-acetate, 25%
acetonitrile, pH 7.0.

Both double-stranded species can be removed instead by a neutral pH wash step with 1M NaCl and 10 mM
EDTA. Proteins are eliminated with them. Single-stranded RNA remains bound. The column is washed with
another buffer to clear the excess salt, then eluted with a pH gradient. Overall purification potential of the pH
gradient is increased by eliminating most of the contaminants in advance. That leaves the gradient better able to
polish out their last traces. Figure reported shows the results of this approach with the DNA plasmid and sSRNA
from the previous figure. Figure reported shows results with dsSRNA and ssRNA ladders. Partial size
fractionation of sSRNA is evident. The wash step can be intensified by substituting guanidine-hydrochloride for
sodium chloride. Combining the chaotropic salt with EDTA simultaneously relaxes nonspecific electrostatic and
hydrophobic interactions, hydrogen bonding, and metal coordination. Single-stranded RNA remains bound,
which creates an opportunity to scrub and remove contaminants that may have become associated with ssSRNA
during transcription.

Anion-exchange fractionation of plasmid DNA from ssRNA by pH gradient elution on a CIMmultus PrimaS pH
column; Buffer A =20 mM Tris, 20 mM bis-tris-propane, 20 mM glycine, 50 mM NaCl, 10 mM EDTA, pH
7.0; Buffer B: 20 mM Tris, 20 mM bis-Tris-propane, 20 mM glycine, 50 mM NaCl, 10 mM EDTA, pH 11.0.
Nucleic acids are from New England BioLabs.

The pH of the eluted ssSRNA should be neutralized as soon as possible after elution. As in the field of protein-
affinity chromatography, this is easily done by pre-aliquoting a neutralizing buffer in the fraction vessels or
neutralizing sSRNA fractions immediately after completion of the run. Brief exposure to alkaline pH produces
no evidence of modification.

Like most anion exchangers, the column can be cleaned for extended periods with 1M NaOH. Exposure to
large-volume IVT mixtures generally requires treatment for about an hour. Cleaning can be enhanced by
combining 1 M NaCl to 3 M NaCl and 10 mM to 20 mM EDTA with the NaOH. Badly fouled columns can be
restored by treatment for 16-24 hours.

Elution of plasmid DNA and ssRNA from a CIMmultus PrimaS column. In one experiment, sSRNA with a size
of 5,000 b was applied and eluted in a pH gradient. In the other experiment, plasmid DNA was bound then
washed off the column with 1M NaCl, 10 mM EDTA. Note its absence from the pH gradient except for a small
doublet at about 11 minutes. Nucleic acids are from New England BioLabs.

Purification of research- and clinical-grade ssRNA

For purification of research-quality ssSRNA, a CIMmultus PrimaS column with a salt wash before pH elution
provides one-step purification performance comparable to what protein affinity has been providing to
immunologists since the 1990s. This gives researchers a simple protocol to obtain small amounts of good
quality ssSRNA quickly and easily to advance their studies. It gives upstream process developers an easy tool to
evaluate the effects of different variables in optimizing their IVT protocols.

Elution of a dSRNA ladder and ssRNA ladder from a CIMmultus PrimaS column. In one experiment, SSRNA
ladder containing species ranging in size from 200 to 6,000 bases was applied and eluted in a pH gradient. In the

other experiment, a dsSRNA ladder containing species ranging from 21 to 500 bases was bound, then washed off
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the column with 1M NaCl, 10 mM EDTA. Note its absence from the pH gradient. Nucleic acids are from New
England BiolLabs.

It gives downstream developers the high-performing capture foundation needed for purification of clinical-
quality ssRNA. It provides high initial purity and removes the foulants that could interfere with polishing
methods. Polishing methods that also support removal of dsRNA, DNA, and proteins and achieve size
fractionation suggest themselves as effective partners. The low salt concentration of the ssRNA coming off
anion exchange enables smooth transition to RPC. It also provides a smooth workflow with HIC. Just add salt.

Both platforms should consistently deliver clinical quality sSRNA (Figure 6).
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Figure 6: Hybridization-affinity chromatography of an IVT mixture on a CIMmultus Oligo dT column;
equilibration/Wash1 with 50 mM sodium phosphate, 250 mM sodium chloride, 5 mM EDTA, pH 7.0; Wash2
with 50 mM sodium phosphate, 5 mM EDTA, pH 7.0; elute = 10 mM Tris, pH 8.0.

“Reversed-phase chromatography of dsRNA and ssRNA ladders on a CIMmultus SDVB column at 65°C;
equilibration/wash buffer 0.1 M triethylamine-acetate, pH 7.0; elution buffer 0.1 M triethylamine-acetate, 25%
acetonitrile, pH 7.0. Both double-stranded species can be removed instead by a neutral pH wash step with 1M
NaCl and 10 mM Ethylenediaminetetraacetic Acid (EDTA). Proteins are eliminated with them. Single-stranded
RNA remains bound. The column is washed with another buffer to clear the excess salt, then eluted with a pH
gradient. Overall purification potential of the pH gradient is increased by eliminating most of the contaminants
in advance. That leaves the gradient better able to polish out their last traces. Partial size fractionation of SSRNA
is evident. Distribution of charged residues, hydrogen donors, and hydrogen acceptors on RNA. Negative
charges are indicated in red with yellow halos. Hydrogen acceptors are indicated in red with pairs of red dots to
indicate free lone-pairs of electrons. Hydrogen donors are in blue. Compared with the 4 negative charges, there
are 11 hydrogen donors and 75 acceptors (one acceptor for each lone pair).

The wash step can be intensified by substituting guanidine-hydrochloride for sodium chloride. Combining the
chaotropic salt with EDTA simultaneously relaxes nonspecific electrostatic and hydrophobic interactions,
hydrogen bonding, and metal coordination. Single-stranded RNA remains bound, which creates an opportunity
to scrub and remove contaminants that may have become associated with SSRNA during transcription.
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Anion-exchange fractionation of plasmid DNA from ssRNA by pH gradient elution on a CIMmultus PrimaS pH
column; Buffer A =20 mM Tris, 20 mM bis-tris-propane, 20 mM glycine, 50 mM NaCl, 10 mM EDTA, pH
7.0; Buffer B: 20 mM Tris, 20 mM bis-Tris-propane, 20 mM glycine, 50 mM NaCl, 10 mM E.D.T.A, pH 11.0.
Nucleic acids are from New England BioLabs. The pH of the eluted ssRNA should be neutralized as soon as
possible after elution. As in the field of protein-affinity chromatography, this is easily done by pre-aliquoting a
neutralizing buffer in the fraction vessels or neutralizing the sSRNA fractions immediately after completion of
the run. Brief exposure to alkaline pH produces no evidence of modification. Like most anion exchangers, the
column can be cleaned for extended periods with 1M NaOH. Exposure to large-volume IVVT mixtures generally
requires treatment for at least an hour. Cleaning can be enhanced by combining 1 M NaCl to 3 M NacCl and 10
mM to 20 mM EDTA with the NaOH. Badly fouled columns can be restored by treatment for 16-24 hours”.
“Contaminated columns can generate poor peak shapes, nonreproducible retention, high back pressures, and
baseline artifacts. Table 1 lists the most popular stationary phases usually bonded to silica gel (1). Phase
subspecies such as mixed phases (in ex, phenyl-hexyl), endcapped and non endcapped varieties, and polar
embedded phases also exist within these bonded silicas. Various other packing materials have been used in
Reversed-Phase Chromatography (RPC), including polymers, polymer coated silicas, aluminas, inorganic
organic hybrids, coated zirconia, and graphitized carbon. Each type of phase has its own advantages and
disadvantages. Regeneration of zirconia-based HPLC columns ZirChrom Separations, Inc. (Minnesota), has
manufactured a series of zirconia-based columns. The product line has several reversed-phase columns,
including polybutadiene, polystyrene, and graphitized carbon versions”.[6]

“Nucleic acid purification by using Zirconia Bead (ZB) is another type of magnetic bead based purification.
These microspherical paramagnetic beads have a large available binding surface and can be dispersed in
solution. This characteristic allowed thorough nucleic acid binding, washing, and elution. The total nucleic acid
isolation kit, which uses this technology for the nucleic acid purification, makes use of the mechanical
disruption of samples with Zirconia Beads (ZB) in a guanidinium thiocyanate-based solution that not only
releases nucleic acid but also inactivate nuclease in the sample matrix. After the lysis step, dilution of samples is
done by using isopropanol. Paramagnetic Beads (PB) are added to the samples for the nucleic acid binding
purpose. The mixture of beads and nucleic acid are immobilized on magnets and washed to remove protein and
contaminants. Removal of residual binding solution is done with a second wash solution and finally the nucleic
acid is eluted in low-salt buffer.”[5]

“At static conditions a chromatography medium is submitted to harsh (forced) conditions, i.e. at extreme pH
(HCI pH 1 or NaOH pH 14), high temperature (40°C) and long contact time (one week). Before the treatment,
the chromatography medium is pre-treated as described in Papers | and I1. It can here be noted that the important
step of the pre-treatment part is to remove any carbon-containing compounds in the storage solution of the

medium” (Figure 7).
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Figure 7: TEM images of G/SiO, composites prepared with different organic solvents as carbon sources. A:

Toluene, B: Xylene, C: Mesitylene, D: N-hexane, E: N-heptane, F: Cyclohexane.

Highlights

« Silica-graphene composites GC were prepared in one step.

* Graphene and silica are simultaneously formed and overlapped to form intercalation composites.

« Ordinary organic solvents are used as carbon sources.

* The preparation process does not need to use graphite as a carbon source.

“Silica intercalated Graphene-silica composites (G/SiO;) were prepared by 1-step hydrothermal method. In the
previously reported one-step method for synthesizing G/SiO, composites, graphene needs to be synthesized first
and then used to prepare G/SiO, composites. In this research work, neither the preparation of graphene nor the
use of graphite as a carbon source is required for the preparation of G/SiO, composites. Instead, organic solvent
(like toluene, xylene, mesitylene, n-hexane, n-heptane, and cyclohexane) was directly used as the carbon source,
and the growth and recombination of graphene and SiO, were achieved simultaneously through a 1-step
hydrothermal method. In a hydrothermal reaction vessel, the mixture consisting of organic solvent, TEOS, H-0,
and surfactant was uniformly stirred, and then reacted at 160°C for 4 h to prepare G/SiO, composite. The
influence of the type of organic solvent, hydro-thermal reaction temperature, and calcination temperature on the
structure of G/SiO, composites were studied. The morphology and structure of G/SiO, composites were
characterized by FESEM, TEM, and Raman. The formation mechanism of G/SiO, composite was proposed.
G/SiO; composite was then grown directly on the SiO, spheres and used as Stationary Phase (SP) for high
performance liquid chromatograph separation. Mixture of hydrocarbons was well separated under reversed
phase condition”.[7]

“Highly purified amorphous silica samples (98% to 99%) with a surface area in the range of 120 m? to 980 m?
g—1 were successfully synthesized using RH from different regions of Kazakhstan. Leaching under HCI
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pretreatment and controlled calcination at 600°C for 4 h revealed a decrease in the metal oxide content in the
RH composition. The purity of synthesized silica was proved by a XRF analysis. The current approach was
compared with other studies that also aimed to produce silica samples from RH. The comparison was carried out
to show the importance of parameters like as duration and temperature of thermal treatment, rice variety,
geographical location, and concentration of used acid. The purpose of acid pre-treatment is to improve the purity
and give a high surface area to the silica product during its precipitation. It proves to be an effective way for
substantially removing most of the metallic and carbonaceous impurities and producing silica completely white
in color”.[8]

“On chemical analysis of rice husk ash, it was found that it contains about 80 percent Silica or most commonly
known as Silica Gel. Silica Gel is considered as a value added product with commercial sale value of Rs. 200
per Kg. Silica Gel is a hon-toxic, non-flammable, non-reactive material. The high surface area of the Silica Gel
crystals, allows it to adsorb water easily, thus making it a useful desiccant. Once saturated with water, the gel
can be regenerated by heating it to 120°C (250°F) for 2 hours. Other uses of Silica Gel includes its use in
Column Chromatography, insulation powder in steel mills and refrigerators, manufacturing of refractory bricks,
repellents in the form of ‘vinegar-tar’, etc. With increasing grade quality of Silica Gel, cost also increases”.[9]
“The pharmaceutical industry has seen an increased need of carriers or excipients design that allows the
controlled release of a drug in the human body. The main role of an excipient is to carry the drug for its
administration under therapeutic index. Among new generation of excipients, the ordered Mesoporous Silica
(MS) presents several advantages, such as excellent biocompatibility, good adsorption capacity, and precise
control in the drug delivery. The high cost of synthesis of mesoporous silica restricts its use to industrial
applications; therefore, a low-cost procedure is necessary for the widespread use. Biogenic silica from rice husk
(SiOz-rice) could be a new choice as a drug delivery system. This silica is obtained from an acid leaching of rice
husk followed by calcinations processes at low temperatures; these conditions produce a silica with good
adsorption properties, similar to those of MS. In consequence, the excipient behavior of SiO,-rice was assessed
using folic acid as the model drug, displaying 18.5% of absorption in the SiO,-rice pores, while MS absorbed
around 19%. The drug release profiles were similar for both the silicas, suggesting that SiO»-rice could be a
low-cost, similar yield excipient for the drugs similar to the folic acid”.[10]

“Separation is one of the most important unit operations in chemical engineering. In order to prepare a
stationary phase with hydrophilic interaction for liquid chromatography, Zhao et al. used silica microspheres as
a carrier and cyclodextrin as a carbon source to prepare a carbon-coated composite by hydrothermal
carbonization. Cyclodextrin and polyvinylpyrrolidone were first added to a Teflon liner containing deionized
water along with the silica microspheres. After the hydrothermal reaction, the slurry-packed capillary columns
containing the carbon-silica stationary phase exhibited excellent chromatographic repeatability, separation
selectivity, and pH stability for polar compounds, like as phenols and Endocrine Disrupting Chemicals (EDCs).
Since the trade-off between the polarity and selectivity, especially for polar organics, is a common issue in
adsorption, Yang et al. Researcher used waste lithium-silicon powder and commercial activated carbon as
resources for preparing a zeolite-activated carbon composite material, so as to combine the advantages of
activated carbon and molecular sieve”.[11]

“There are a great number of packing materials commercially available for column chromatography such as

silica gel, alumina and cellulose powder. In this study work, silica aerogel prepared using rice husk ash is used
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as the packing material for color separation of purple orchid flower. The color fractions of Cattleya bowringiana
extract had been successfully separated using silica aerogel prepared from the rice husk ash by column
chromatography. The silica aerogel was prepared by sol-gel and supercritical drying at temperature and pressure
of about 250°C and 5 x 9 MPa (850 psi) respectively. The Cattleya bowringiana extract was applied to the silica
aerogel column (BioRad 1 cm x 20 cm) for separation. Fractionation of the extract was done by elution with
50% aqueous methanol containing 0.05% trifluoroacetic acid. 3 different colors: green, blue and purple were
successively parted from the column”.[12]

“Silica is also used in the extraction of DNA and RNA due to its ability to bind to the nucleic acids under the
presence of chaotropes. Sanhuez has reported the synthesis of value added porous biogenic silica through rice
husk ash is better than common water glass. Many researchers have investigated a study on the transformation
of amorphous silica to ordered mesoporous MCM-41 or MCM-48 type silica by using the pseudomorphic
transformations. An advantage of this method is to produce material with high specific surface area and highly
ordered pore structure that can be used as stationary phase in liquid chromatography LC”.[13]

“In this research study, SiO, nanowires were prepared by using rice husks as silicon source via a hydrothermal
method. The microstructure, thermal stability and morphology of SiO, nanowires were characterized by X-ray
diffraction, infrared spectroscopy, thermal gravimetric analysis and scanning electron microscope. SiO;
nanowires with a diameter of 30 nm to 100 nm were obtained and the formation mechanism of SiO, nanowires
during the hydrothermal reaction was proposed. The SiO, nanowires were introduced into membrane spin
columns to isolate RNA and the values of A260/280 and A260/230 were 2.0-2.1 and 1.8-2.0, respectively,
which shows the SiO, nanowires were effective for RNA purification”.[14]

“Even now, many Silica-Based Products (SBP) are used for pharmaceutical applications such as Drug Delivery
Systems (DDS), nanocomposite film for modified-release tablets, and microparticles for promising esophageal
mucosal delivery systems. Therefore, proper rice hull utilization is interesting due to its ability to replace fossil
resources. It is economically attractive, has wide applications in terms of energy and chemicals, and has an
environmentally friendly production process. Rice hull utilization is usually executed through a calcination
phase followed by extraction with an alkaline solvent to produce water glass, also known as the sol-gel method.
Subsequently, the water glass is titrated with acid after which the obtained gel begins to precipitate. The
precipitate is a colloidal state, which is further aged and dried to obtain bio-silica. The developed sol-gel method
has been proven to be capable of synthesizing silica with altered properties like as nano-sized and doped
nanocomposite for disinfectant purposes, UV-protective materials, and mesoporous thin film. Rice hull ash
extraction to produce high purity bio-silica accompanied by a full factorial design of the experiment was
successfully investigated. The effects of 3 variables, like, acid concentration, RS/F, and extraction time, on the
bio-silica yield and purity were investigated. Pretreatment with 1 mol/L acid resulted in around 96% of bio-
silica purity. Bio-silica yield reaching 97% was also majorly affected by acid concentration, while another main
factor that also had a fairly significant effect was RS/F. There was a decreased bio-silica yield of about 8% to
10% for extraction under RS/F 6 and 2-h extraction time, while simultaneously increasing the acid concentration
and RS/F had a synergistic effect on the bio-silica yield. This research study confirmed that high purity bio-
silica with a particle size of 5-20 microns was successfully produced from rice hull ash. Variable screening was

able to cut the industrial production cost and time by half”.[15]
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“High-purity nano-silica HPNS has recently found wide-ranging applications in different fields such as
pharmaceuticals, dyes, chromatography, Drug Delivery Systems (DDS), electronic components, catalysts and
adsorbent materials. As a result, demand for high purity silica is increasing. Combustion-derived RHA (without
acid or alkali treatment) contain less than 95 wt.% of SiO,, and the remaining part comprises different alkali
oxides and impurities. With appropriate acid or alkali treatment of RH/RHA, the SiO- content can be increased
in the system to more than 99 wt.%. Several researchers have therefore adopted different chemical routes to
derive high-purity nano-silica”.[16]

“The scientific literature review showed that most techniques include a pretreatment like acid or alkaline
leaching followed by thermal treatment to increase the amount of silica produced by reduction of carbonaceous
materials. The results showed that it is possible to produce silica from RHA using simple methods, and that
these produced silica with purity above 98%. The treatments that afforded the best results were acid leaching
followed by thermal treatment at 800°C, and alkaline extraction at low temperature, with silica purity of 99.3%
and 99.6%, respectively. The results of the present study work show that it is possible to produce silica from
RHA using simple processes. The various production methods tested afforded to obtain silica with purity above
98%, especially acid leaching followed by thermal treatment and sol-gel alkaline extraction at low temperature,
when silica contents were between 99.3% to 99.6%, respectively. Alkaline extraction at low temperature also
produced silica particles with large specific surface area (about 290 m?/g), compared with the other treatments
evaluated, and proving to be the most advantageous technique.

The purity values observed, between 98.7% to 99.6% are high compared with data reported in the literature,
especially considering the fact that most studies extracted silica directly from unburnt rice husk. Ugheoke and
Mamat explain that one of the reasons why it is more difficult to obtain silica with purity above 97% from rice
husk by direct incineration is the presence of metallic contaminants, especially potassium and sodium oxides.
These compounds affect the surface of silica particles, increasing their surface area SA and reactivity, and
increase silica crystallization rate CR. Acid leaching followed by thermal treatment (LX TT 800 1h) induced the
production of silica with the lowest carbon level (0.09%). Krishnarao et al. researcher explained that the acid
leaching prevents the formation of black particles, since it removes potassium, the main agent responsible for
the presence of unburnt carbon in ash. The authors showed that potassium works as catalyst in the crystallization
of silica and, when temperature rises above the dissociation temperature of K,O (approximately 347°C), the
surface of ash particles begins to melt, blocking the transportation of oxygen and CO; and increasing the amount
of the unburnt carbon. The low potassium level (0.48%) found in this sample may explain the smaller amount of
carbon”.[17]

“Amorphous silica of RHA has been widely used in vegetable oil refining, pharmaceutical products, detergents,
adhesives, chromatograph column packing, and different ceramic compositions”.[18]

“Monolithic materials have been investigated as candidates for the efficient separation of chemical and
biological species for many years. This research article discusses the advances in this area with particular
emphasis on poly-methacrylate and silica monoliths, and on the use of these in the separation and enrichment of
biomolecules, such as DNA, proteins, amino acids and plasmids. A brief history of monoliths is given, followed
by a more detailed discussions on the preparation methods and applications of methacrylate and silica-based
monoliths that have been reported. Other monolithic materials like as carbon and nanoparticle-functionalized
monoliths are also described”.[19]
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“2 approaches for incorporating carbon nanotubes into monolithic columns for HPLC are described in this
report. They pertain to the investigation of carbon nanotubes either (i) as entities to modulate solute retention on
monolithic columns bearing well defined retentive ligands or (ii) as entities that constitute the stationary phase
responsible for solute retention and separation. Approach (i) involved the incorporation of carbon nanotubes into
octadecyl monolithic columns while approach (ii) concerns the preparation and evaluation of an ideal
monolithic support and coating it with carbon nanotubes to yield a real "carbon nanotube stationary phase" for
the HPLC separation of a wide range of solutes. First of all, an octadecyl monolithic column based on the in situ
polymerization of octadecyl acrylate and trimethylolpropane trimethacrylate was optimized for use in HPLC
separations of small-large solutes (like, proteins). To further modulate the retention and separation of the
proteins, small amounts of carbon nanotubes were incorporated into the octadecyl monolith column. In approach
(i), an inert, relatively polar monolith based on the in situ polymerization of glycerol monomethacrylate and
Ethylene Glycol Dimethacrylate (EDMA) proved to be the most suitable support for the preparation of “carbon
nanotube stationary phase”. This carbon nanotube "coated” monolith proved useful in the HPLC separation of a
wide range of small solutes including enantiomers. In approach (ii), a more homogeneous incorporation of
carbon nanotubes into diol monolithic columns (GMM/EDMA) was achieved when hydroxyl functionalized
carbon nanotubes were incorporated into the GMM/EDMA monolithic support. High power sonication for a
short time enhanced further the homogeneity of the monolith incorporated with the nanotubes. In all cases,
nonpolar and = interactions were responsible for solute retention on the monolith incorporated carbon
nanotubes”.[20]

“6 new offerings have been added to the Onyx monolithic High-Performance Liquid Chromatography (HPLC)
column line, including a 150 mm x 0.05 mm ID choice for proteomics research. Optimized for the low flow
rates commonly used for Liquid Chromatography/Mass Spectrometry (LC/MS) proteomics analysis, this
column delivers high sensitivity for the biomarker discovery. Other new column sizes include a 0.2 mm C18
column for higher flow rates, a 150 mm x 0.2 mm trapping column, a 150 mm x 0.1 mm C8 column, and 2
ultrahigh-resolution C18 columns at 100 micron and 200 micron IDs. The permeable Onyx media separates
viscous biological samples that clog traditional columns. These columns contain solid rods of fused silica and
eliminate packing issues associated with particulate media. Run times are as much as 50% faster than with
traditional columns”.

“Chromatography is the most prevalent technology for large-scale purification of viral particles, since it is fast,
scalable and reproducible”.[21]

“Other manufacturers of monoliths are BioRad (USA) who have produced polyacrylamide UNO columns.
These are advertised for their high resolution at high flow rates for protein separation. Merck have produced a
silica-based monolith called Chromolith, but have concentrated on the analytical ability of the columns taking
advantage of their high number of theoretical plates compared to the packed bead resins of an equivalent bed
length”.

“Chromolith® High Resolution: High resolution separations without ultra-high pressure. The revolutionary
monolithic Chromolith® high resolution columns are made from a single rod of high-purity monolithic silica,
rather than from particles. Their unique bimodal pore structure allows the chromatographic performance to be
improved significantly. Speed of analysis (separations up to 9 times faster if required) separations 2 times faster

at half the column back-pressure compared to um columns higher sample throughput improved HPLC system
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security significantly increased column lifetime reduced maintenance on HPLC pump and injector seals reduced
need for sample preparation as columns are very resistant to blocking (even with biological samples) column
length no longer pressure limited very high separation efficiency by column coupling”.

“Analytical liquid chromatography of the purified labeled oligonucleotides was performed on an Agilent HPLC
system, equipped with a Chromolith”.

“Different approaches for the immobilizing affinity ligands onto stationary phases include non-covalent
methods like non-specific and bio-specific adsorption, covalent coupling techniques, entrapment, and molecular
imprinting. Non-specific adsorption of ligands onto support is among the earliest ligand immobilization methods
reported. This technique relies purely on the physical adsorption of the ligand to a support through the
intermolecular forces including the coulombic interactions, hydrogen bonding, and hydrophobic interactions.
Due to its simplicity and convenience, nonspecific immobilization has been still commonly used and applied to
various supports including alumina, silica, carbon or charcoal, collagen and metals”.

“Chromolith® monolithic silica columns provide an excellent solution for the separation of pharmaceutical
compounds, including those pharmaceuticals analyzed by pharmacopeia methods”.

“This work describes a comparison of 3 types of commercial high-performance liquid chromatography silica
monolithic columns with different inner diameters and generations of monolithic sorbent: a “classic" monolithic
column, the first generation (Onyx™ monolithic C(18), 100 mm x 4.6 mm, Phenomenex); a "narrow"
monolithic column for fast separation at lower flow rates (Chromolith® Performance RP-18e, 100 mm x 3 mm,
Merck); and a recently introduced "high-resolution” monolithic column, the next generation (Chromolith® high
resolution RP-18e, 100 mm x 4.6 mm, Merck)”.[22]

Experimental project hypothesis

In order to verify the role played by the silica gel for chromatography separation and purification of mRNA. It is

necessary to test 3 group of sample: purification of mMRNA.

a) Using chromatographic resin silica based of synthetic origin
b) Using resin based on rice production (high purity like 99%) and with low carbon content
c) Using the same resin from rice but with not high purity like 94% and relevant carbon content

It is needed to test the purified product for carbon compound graphene. (Chemico-analytical test) the results if

show significative difference (p >0.05) indicate a role played by the use of silica from Rice.

Discussion

In last decades various purification methods was and are used to purify mRNA. In research and testing field are
currently used magnetic beads also covered with graphene or carbon dots? The same are used membrane or
chromatographic technique (resin). Today are also used monoliths with composite materials. The process used
for purification reported in literature include various phases:

TFF, affinity od ion exchange chromatography, followed by ultrafiltration/diafiltration. The material used are
often: plastic material for TFF filtration, silica products or other polymer. For ultrafiltration and diafiltration
various materials for the membrane are used. Of interest that a great producer of monoliths use carbon fibre
reinforcement embedded into epoxy thermoset resin (carbon fibre composite); Related silica column and resin it

is possible to see that there is an pharmaceutical use and the synthetic one meet this quality property as required
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by the pharmacopeia better the from rice. But the same some producer provide this silica product from rice as
pharma excipient.

There are also works that show that the production form rice can respect the quality required by a pharmacopeia.
This silica from rice vary in the purity from an example 80% to 99% and show impurity (also carbon product in
example 1% or more). The cost of this 2 kind of product can explain the motivation to use or not a product in

the website of SIGMA ADLRICH is reported this reference for silica gel production for chromatography.

Conclusion

Related the use of graphene derivatives in biopharmaceutical it is of interest the fact that: Ribonucleic acid
purification: related resin: Exemplary materials that can be used as a surface include, but are not limited to
acrylics, carbon (e.g., graphite, carbon-fiber). But also the role played by silica in purification of the mRNA
(resins, monoliths) or by other polymeric molecule. A great producer report into its products monoliths based on
carbon composite material for purifying RNA. (Carbon fibre reinforcement embedded into epoxy thermoset
resin). Of great interest also to verify if the origin of this silica if used and if carbon coated or not. If of synthetic
origin or form natural product (form Rice or algae). Because due by the production process are used also real
high temperature a carbon content can be finded in this resin. The silica from rice are also used in
pharmaceuticals as excipients, and literature report way to produce in high % (94% to 99%) with variable
concentration of impurities (1% or more).

After seeing all reported in this work it is relevant to verify:

1) If are used in purification of MRNA for vaccine magnetic beads or resin graphene coated or monoliths
of carbon composite materials

2) What kind of silica is used (synthetic or form rice or other natural product)

3) The level of graphene impurity in this chromatographic stationary phases.

All this make possible to verify the role played by this phenomena in the profile of impurity in

biopharmaceutical production. This is relevant for regulatory, toxicological and pathological and safety need.
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