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Abstract
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Monolith chromatography media coupled with metal affinity ligands
proved superior to the conventional particle-based matrix as a plasmid
DNA (pDNA) purification platform. By harnessing the differential
affinity of pDNA, RNA, host cell proteins and endotoxin to copper ions
in the solution, a majority of endotoxin (90%) was removed from the
alkaline cell lysate using CuCl2-induced precipitation. RNA and
remaining endotoxin were subsequently processed by copper
immobilized metal affinity column employing either monolith or
particle-based matrix where both RNA and endotoxin were removed
below detection limit with almost complete recovery of pDNA in the
flow-through. Compared with the conventional particle-based matrices,
monolith was found to have several advantages in terms of handling
feedstocks crowded with RNA in a concentration-independent manner
and exhibiting flowrate-independent dynamic binding capacity for
RNA. This enabled monolith-based process to be conducted at high
feed concentration and flowrate, resulting in pDNA vaccine
purification at a high yield and purity. In the process conditions
investigated, the use of monolith column gave at least three fold higher
productivity for recovery of purified pDNA as compared to the particlebased column, demonstrating its potential as a more rapid and
economical platform for pDNA vaccine purification.
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 Effect of feed concentration on breakthrough and dynamic
binding capacity profiles with the use of pure RNA solution
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(c)
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Fig. 4. Breakthrough curves with the use of pure RNA solution (a) for the monolithic column and (b) for the
conventional packed-bed column, and (c) The dynamic binding capacities of RNA at various feed concentrations
for monolith (O) and particle-based (▲) columns at 1 ml/min.
.

 Later breakthrough at higher feed concentration
 Higher dynamic binding capacity at higher feed concentration prior
to reaching a plateau for the packed-bed column, while
concentration-independent dynamic binding capacity for the
monolithic column
 Independency of feed flowrate on breakthrough and dynamic
binding capacity profiles with the use of pure RNA solution
(a)
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Fig. 1. DNA-based
immunization.
Direct DNA gene
injection in the
absence of viral
vectors results in
the expression of
the inoculated
genes in the host

 Plasmid DNA (pDNA)
 An extra chromosomal DNA molecule
 Circular and double-stranded form
 Gene therapy based alternative
vaccines
 Life-long immunity in a single dose
 Safer against viral infections

Fig. 5. Breakthrough curves with the use of pure RNA solution (a) for the monolithic column and (b) for the
conventional packed-bed column, and (c) The dynamic binding capacities of RNA at various feed flowrates for
monolith (○, ● ) and particle-based (△, ▲) columns at 1 and 0.1 mg RNA/ml feed.

 Flowrate-unaffected breakthrough and dynamic binding capacity
 Verification of RNA dynamic binding capacity in the co-presence
of plasmid DNA
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 Immobilized Metal Affinity Chromatography (IMAC)
 Affinity interactions between the target molecules and the metal ions
immobilized on the chromatographic support through the chelating
compound such as iminodiacetic acid (IDA)
 Hierarchical preferential capture for endotoxin, RNA and pDNA in
decreasing order
 Metal ion dependent high selectivity and ligand density
(b)
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Fig. 2. (a) The principle of
IMAC. Intermediate metal ions
(e.g. Cu2+, Ni2+, Zn2+, Co2+),
often employed in IMAC,
prefer aromatic nitrogen,
oxygen and sulfur.
(b) Differential affinity to the
immobilized metal ions. RNA
is preferentially bound to Cu2+IDA in the co-presence of
pDNA.

 Monolithic Column
 A single monolithic unit of desired thickness containing flow-through
pores highly interconnected to form a flow-through network
 Convective flow driven separation and purification, resulting in lower
mass transfer limitation than conventional packed-bed column
 Potential advantages of flow-unaffected resolution and higher
throughput
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 RNA dynamic binding capacities are unaffected by the co-presence
of pDNA, but are dependent on the RNA molecular weight and the
presence of endotoxin (i.e. cocktail solution (2) vs. partially purified
alkaline cell lysate (3)) for both monolith and particle-based columns.
 Comparison of monolithic column with conventional packed-bed
column
 The overall process efficiency for monolith and particle-based
columns was determined by RNA removal efficiency(ε) defined as
mg RNA/ml resin/h.
 For particle-based column, as RNA feed concentration increases and
as flowrate increases, the efficiency increases proportionally.
 For monolith column, the efficiency is dependent mostly on feed
flowrate and relatively independent of feed concentration.
Table. 1. RNA removal
efficiencies (ε, mg
RNA/ml resin/h) from
pure RNA solution
using either monolith or
particle-based column.
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Fig. 6. RNA dynamic binding capacities (in terms of (a) mg/ml resin or (b) nmol/ml resin) for monolith (M) or particlebased (P) columns at 0.1 (low) and 1.0 (high) mg RNA/ml feed in various feedstock environments: pure RNA solution (1),
cocktail solution (2) and partially purified alkaline cell lysate (3). (c) The comparison of RNA molecular weight in various
feedstock solutions analyzed on 2% agarose gel electrophoresis. Lanes: 1, DNA marker (Mbiotech, 10103); 2, DNA marker
(New England Biolabs, N3233S), 3, pure RNA solution (Solution (1), native form); 4, partially purified alkaline cell lysate
(Solution (3), native form); 5, pure RNA solution (Solution (1), denatured by hot formamide); 6, partially purified alkaline
cell lysate (Solution (3), denatured by hot formamide).
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Fig. 3. A schematic of pDNA purification process suggested by Tan et al. (Chemical
Engineering Science (2007) 62, 5809-5820). Prior removal of endotoxin from alkaline cell
lysate would greatly facilitate RNA removal by IMAC.

 Step 1: to precipitate pDNA, RNA and endotoxin from alkaline cell
lysate
 Step 2: to selectively transfer nucleic acids (but not endotoxin) from
the precipitates into bulk solution
 Step 3: to dialyze against buffer rack of EDTA having metalchelating ability. (i.e. stripping of Cu2+ from IMAC resin)
 Step 4: to effectively remove RNA and any residual endotoxin using
Cu2+-IDA column either in pacticle-based or monolith matrix to
obtain substantially purified pDNA in the unbound fraction (or flowthrough)
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 This study proves that monolith-based chromatographic support,
which possesses lower mass transfer limitation and higher
throughput than the conventional particle-based supports, is
advantageous for purification of pDNA in terms of approximately
three fold higher pDNA productivity (ζ) and RNA removal
efficiency (ε).
 The the investigated volumetric flowrate range for monolith column
(i.e. 0.5–9 ml/min) is equivalent to the linear velocity range (30–480
cm/h), much lower than that (500–1000 cm/h) reported at industrial
scale  the large scale use of monolith column where the feed
flowrate could be further increased, the process efficiency of pDNA
purification might be further enhanced.
 The proposed process alternative harnessing CuCl2 precipitation
followed by Cu2+-IDA on monolith column is easily scalable, simple
and fast, achieving significant reduction of RNA and endotoxin
contents in fewer processing steps without relying on cost
prohibitive, complicated unit operations.

