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Abstract: In miniaturized affinity chromatography, the development of hydrophilic organic mono-
liths with reduced non-specific interactions and high-protein grafting capacity remains a hot topic. In
this work, we propose the one-step synthesis of a diol organic monolith to replace the gold-standard
epoxy-based organic monoliths (which require post-modification, namely hydrolysis, prior to use). The
synthesis of this new monolith builds upon the use of N-N’-Methylenebis(acrylamide) (MBA), as a hy-
drophilic crosslinker, and 2,3-dihydroxypropyl methacrylate (DHPMA), a diol monomer that eliminates
the time-consuming epoxy ring opening step and its associated side reactions. The optimization of one-
step synthesis parameters led to a monolith with a satisfactory permeability ((4.8 ± 0.5) × 10−14 m2),
high efficiency (117,600 plates/m at optimum flow velocity (uopt = 0.09 cm s−1)) and reduced non-
specific interactions. It is exemplified by its separation ability in the HILIC mode (separation of
nucleosides), and by the retention data set of 41 test solutes, which were used to evaluate the non-
specific interactions. This new poly(DHPMA-co-MBA) monolith has not only hydrophilic surface
properties, but also improved protein grafting capacity compared to the glycidyl-based monolith
(13 ± 0.7 pmol cm−1). The potential of this monolith is illustrated in affinity chromatography, where
the concanavalin ligands are ranked according to their Kd values.

Keywords: monolith; capillary liquid chromatography; HILIC; non-specific interactions

1. Introduction

Miniaturized affinity monolith chromatography uses in situ synthesized monolithic
supports (in, for example, fused silica capillaries), which are functionalized with biological
targets such as proteins, receptors, antibodies or enzymes [1–5]. It is widely used for
purification and enrichment in sample preparation [6–8], chiral separation [9] and the ligand
or fragment screening in drug discovery [2,10–12]. Applications also include the study
of biological interactions to provide information on the stoichiometry, thermodynamics
and kinetics of the interaction between the immobilized biological target and ligands in
solution [13,14]. Monolithic columns with inner diameters in the tens of µm range offer the
tremendous advantage of reducing the amount of biological material to be immobilized.

Whatever the application, the underlying monolithic material supporting the biomolecules
must meet two main criteria: the highest possible number of active proteins per unit volume
and its intrinsic ability to limit non-specific interactions. The search for an inconspicuous
support in affinity chromatography is a complex and difficult task [15,16]. For miniaturized
affinity chromatography purposes, organic monoliths are usually widely used [12,17].
Indeed, the wide variety of commercially available monomers allows for the tuning of their
surface properties and the tailoring of the available functional moieties for their subsequent
grafting to a biological target [18]. Among the great variety of monoliths, poly(GMA-co-
EDMA) monoliths have long been considered the gold standard [1], and they have found
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applications in many fields [19]. In fact, they provide access to well-known and widely
used types of biomolecule grafting (direct epoxy grafting, grafting after an epoxy ring
opening into diol and the subsequent oxidation into aldehyde moieties).

Recently, we have shown (through a systematic study based on the retention behavior
of a set of 41 test molecules) that non-specific interactions caused by these monolithic
poly(GMA-co-EDMA)-based stationary phases are not negligible, regardless of the grafting
process used [20]. Considering the hydrophobic nature of such interactions, we proposed
the synthesis of a more hydrophilic monolith by replacing the EDMA crosslinker with a
more hydrophilic one (N,N′-Methylenebis(acrylamide)). A more hydrophilic monolith with
reduced-nonspecific interactions (for all solutes except cations) and a high-protein-grafting
capacity was successfully obtained. However, we demonstrated that the epoxy ring opening
step into diol moieties (in acidic mediums) leads to side reactions—i.e., the partial oxidation
of acrylamide moieties into acidic ones—and it is responsible for the increase in non-specific
interactions for cationic compounds. A hot-water-mediated hydrolysis was proposed at
the expense of synthesis time (18 h instead of 1 h acid-catalyzed hydrolysis). In line with
these ongoing efforts to optimize both the manufacturing and the performances of affinity
nano-LC columns, we propose the synthesis of a new monolith by replacing the functional
GMA monomer with 2,3-dihydroxypropyl methacrylate (DHPMA) to directly synthesize
the diol monolith and suppress the time-consuming epoxy ring opening step (Figure 1).
The preparation of hydrophilic monoliths using diol-based methacrylate monomers has
been proposed with EDMA or PETA (pentaerythritol triacrylate) as crosslinkers, but the
process has never been explored with the use of a more hydrophilic MBA [15,21,22].
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Figure 1. Schematic representation of the different steps of preparation of monolithic affinity columns
from the poly(GMA-co-MBA) monolith and the time-saving poly(DHPMA-co-MBA) alternative.

Firstly, the synthesis parameters (polymerization mixture composition, temperature
and polymerization time) were optimized to obtain a homogeneous monolith inside 75 µm
i.d. capillary columns, as well as to determine its main properties in terms of permeability,
porosity, mean pore diameter and efficiency. We also demonstrated its ability to perform
HILIC separations with a series of nucleoside test compounds. After the immobilization of
proteins, the newly synthesized monolith was used for miniaturized affinity chromatog-
raphy. The protein grafting capacity was assessed by determining the number of binding
active sites present on the monolith surface after grafting biofunctionalization. Streptavidin
was used as a model target protein and 4′-hydroxyazobenzene-2-carboxylic acid (HABA) as
a test ligand. The non-specific interactions (in a pure aqueous medium as is used in affinity
chromatography) were characterized using the previously developed methodology based
on the systematic investigation of the retention behavior of a library of small chemical
compounds. This set of compounds was selected to cover a wide range of physico-chemical
characteristics. All these experiments were performed by frontal affinity experiments (with
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a dedicated in-house-developed instrumentation [18]) as described in the Materials and
Methods section. At last, the potential of this monolith was illustrated in weak affinity
chromatography, where three Concanavalin ligands were retained and ranked according to
decreasing Kd values.

2. Materials and Methods
2.1. Reagents and Buffers

Streptavidin (from Streptomyces avidinii, affinity purified, ≥13 U mg−1 of protein); Con-
canavalin A (Con A) (from Canavalia ensiformis); (3-methacryloxypropyl)-trimethoxysilane
(γ-MAPS); ethylene dimethacrylate (EDMA); glycidyl methacrylate (GMA); acrylamide; N,N′-
Methylenebis(acrylamide) (MBA); 1-propanol; 1,4-butanediol; dimethyl sulfoxide (DMSO); sodium
periodate; lithium hydroxide; dipotassium hydrogen phosphate (K2HPO4); o-phosphoric acid;
sulfuric acid; sodium cyanoborohydride; triethylamine (TEA); azobis(isobutyronitrile) (AIBN);
4′-Hydroxyazobenzene-2-carboxylic acid (HABA); 4-nitrophenyl α-D-mannopyranoside (PN-
Man); 4-nitrophenyl α-D-glucopyranoside (PNGlc); 4-nitrophenyl α-D-galactopyranoside
(PNGal); biotinylated Concanavalin A; and ligands (Table S1) were purchased from Sigma-
Aldrich (L’Isle d’Abeau Chesne, France). Moreover, 2,3-Dihydroxypropyl methacrylate
(DHPMA) was purchased from Polysciences (Hirschberg, Germany). All aqueous solutions
were prepared using >18 MΩ of deionized water. Phosphate buffer was prepared by
dissolving 1.17 g of K2HPO4 in 100 mL of ultrapure water, and the pH was adjusted to 7.4
with phosphoric acid.

2.2. Monolithic Capillary Column Synthesis

A total of 75 µm of i.d. fused-silica capillaries with polyimide (TSP) coating were
purchased from Cluzeau info Labo (Sainte-Foy-La-Grande, France). Capillary activation
was conducted by flushing 15 cm length capillaries with a 5% (v/v) solution of γ-MAPS
in methanol/water (95/5, v/v) and 2.5% TEA for 1 h at 7 bars. The capillaries were then
rinsed with methanol for 15 min at 7 bar and dried at room temperature under a nitrogen
stream before use.

2.2.1. In-Capillary Poly(GMA-co-MBA) Monolith Synthesis

The poly(GMA-co-MBA) monoliths were prepared as follows [20]. First, a solvent
mixture was prepared by mixing 3330 mg of DMSO, 1480 mg of 1,4-butanediol and 1850 mg
of dodecanol. Then, 320 mg of MBA was added and sonicated for 1 h at room temperature.
After dissolving the MBA, 480 mg of GMA was added and sonicated for 1 h at room
temperature. A total of 8 mg of AIBN was added, and the final mixture was sonicated for
15 min at room temperature. The activated capillary (TSP capillary) was then filled with
the polymerization mixture under 1 bar of N2 pressure and the ends of the capillary were
sealed. The polymerization reaction was performed in a water bath at 57 ◦C for 18 h. After
polymerization, the monoliths were rinsed with methanol for 1 h and kept wet until use.

2.2.2. In-Capillary Poly(DHPMA-co-MBA) Monolith Synthesis

The poly(DHPMA-co-MBA) monoliths were prepared as follows. First, a mixture of
solvents was prepared by mixing 888 mg of DMSO, 395 mg of 1,4-butanediol and 397 mg
of dodecanol. Then, 80 mg of MBA was added and sonicated for 1 h at room temperature.
After the dissolution of MBA, 120 mg of DHPMA were added and sonicated for 1 h at room
temperature. A total of 2 mg of AIBN was added and the final mixture was sonicated for
15 min at room temperature. The activated capillary was filled with the polymerization
mixture and sealed for polymerization in a water bath at 85 ◦C for various periods of time
(as indicated in the text). After polymerization, the monoliths were rinsed with methanol
for 1 h and kept wet until use.
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2.3. Column Biofunctionalization
2.3.1. Preparation of Streptavidin-Functionalized Monolithic Capillary Columns

The epoxy groups of the GMA-based monolith were hydrolyzed into diols either in an
acidic medium (by flowing 1 M of sulfuric acid for 2 h) or in hot water (at 80 ◦C for 18 h), as
has been previously reported [20]. The diol monolithic columns (hydrolyzed GMA-based
and DHPMA-based monoliths) were subjected to a 0.12 M NaIO4 solution at pH 5.5 for 1 h
at 7 bars to oxidize the diol groups into aldehyde ones. Then, a 1 mg mL−1 streptavidin
solution and a 4 mg mL−1 NaBH3CN solution in 67 mM of phosphate buffer (pH 6) were
percolated through the column for 18 h at 7 bars at room temperature. After immobilization,
the column was flushed with sodium borohydride (2.5 mg mL−1 phosphate buffer, 67 mM,
pH 8, for 2 h, 7 bar) to reduce the residual aldehydes. The streptavidin columns were then
rinsed with phosphate buffer and stored at 4 ◦C.

The reduced aldehyde monolithic supports stand for the aldehyde columns were
reduced with sodium borohydride (2.5 mg mL−1 phosphate buffer, 67 mM, pH 8, for 2 h,
7 bar) without the protein grafting step.

2.3.2. Preparation of Concanavalin a Monolithic Capillary Columns

The immobilization of concanavalin was conducted on streptavidin-functionalized
monolithic capillary columns, which were used as generic columns by percolating a diluted
solution of biotinylated Concanavalin A (the concentration was in the µM range in a
67 mM phosphate buffer, pH 7.4). The monitoring was achieved by in situ UV detection
at the column outlet, which allowed for grafting to be stopped once the protein had
passed through the column (breakthrough), i.e., once the column was saturated. Due to
the dependence of Con A activity on the presence of calcium ions, before any use, the
67 mM phosphate buffer (enriched with Ca2+ (67 mM K2HPO4, pH 7.4, 100 µM Ca2+)) was
percolated through the column for at least 40 min to ensure the maximal activity of the
immobilized Con A.

2.4. Nano-LC Experiments

Nano-LC chromatographic experiments (zonal or frontal mode) were carried out
with a 7100 capillary electrophoresis Agilent system (Agilent Technologies, Waldbronn,
Germany), which was equipped with an external pressure device (pressure up to 12 bars),
and with the Chemstation software (Agilent). All experiments were carried out in “short-
end” injection mode, with the inlet of the capillary immersed in the solution to be in-
jected/infused. The UV detection was in situ achieved. A detection window was created by
burning away the polyimide coating. The analyses were all carried out under a controlled
room temperature of 25 ◦C. For the HILIC zonal analysis (separation of nucleosides and
affinity separation of concanavalin ligands), the sample was hydrodynamically injected by
applying a pressure at the inlet of the capillary (12 bars, 2 s).

Permeability was determined according to Darcy’s Law by measuring the dead time
for a given pressure drop in a phosphate buffer mobile phase.

Total porosity was estimated after a determination of the hold-up time at a fixed-flow
rate (300 nL min−1) using the Eksigent nanoLC 400 system (Sciex, Villebon-sur-Yvette,
France) and ActipixTM in-capillary UV detection system (Paraytec, York, UK).

2.4.1. Nano-FAC Experiments: Evaluation of Non-Specific Interactions

The non-specific interactions were evaluated by infusing test solutes individually
(100 µM solutions in phosphate buffer, 67 mM, pH = 7.4) on the reduced aldehyde mono-
lithic supports until the breakthrough time was reached. The columns were rinsed for
30 min in between each infusion. If non-specific interactions occurred, the solute was cap-
tured by the support until equilibrium was reached, and the breakthrough time tbreakthrough
was delayed from the dead time.
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qcapt =
(

tbreakthrough − t0

)
× F× [L] =

(
tbreakthrough − t0

)
t0

×V0 × [L] = kns ×VO × [L]

where F is the flow rate to the dead time, V0 the dead volume of the column and kns the
retention factor of the solute due to non-specific interactions.

2.4.2. Quantification of the Number of Protein Active Binding Sites (Streptavidin or
Concanavalin Columns)

To determine the number of streptavidin active binding sites that were available after
grafting, HABA (Kd = 100 µM) was percolated as a test solute with increasing concentrations
(5, 10, 50, 100 and 200 µM solutions were prepared in phosphate buffer, 67 mM, pH = 7.4)
without a rinsing step between the percolations of the different concentrations (staircase
experiments) [23]. The number of ligands captured in each step was determined, and the
cumulative number of ligands captured was calculated by summing the number captured
in all steps. The double reciprocal plot of the number of ligands captured versus the ligand
concentration allowed for the simultaneous determination of both the Kd value of the
target–ligand interaction and the number of available active sites (Bact). The same set
of experiments was performed with Concanavalin A columns to determine the number
of concanavalin active binding sites. Solutions of 4-nitrophenyl α-D-mannopyranoside
(PNMan) (Kd = 40.9 ± 6.2 µM [24] and 14–17 µM [25,26]), prepared at 5 to 40 µM in 20 mM
of ammonium acetate buffer (pH 7.4) were percolated on the stationary phase and detected
at 300 nm.

3. Results and Discussion
3.1. Synthesis and Characterization of DHPMA-co-MBA Monoliths

The synthesis conditions of the poly(DHPMA-co-MBA) monoliths were based on
our previous work on poly(GMA-co-MBA) monoliths. In this previous work, hydrophilic
GMA-based monoliths were prepared using N,N′-methylenebis(acrylamide) (MBA) as the
crosslinker to reduce non-specific interactions. In the present work, GMA was replaced by
DHPMA to obtain the hydrophilic diol-functionalized monolith in one step, thus avoiding
the time-consuming epoxy ring opening step. It should be emphasized that changing
just one parameter, in this case the nature of the functionalized monomer, involves re-
optimizing the synthesis. We kept the composition of the porogenic solvent constant
and varied the temperature and the polymerization time to obtain homogeneous and
uniform monolithic capillary columns (which were evaluated by visual inspection under a
microscope) with a satisfactory permeability (in the range of 10−14 m2). The best synthesis
conditions were obtained for a thermally initiated polymerization during 30 min at 85 ◦C
with the polymerization mixture composition as shown in Table 1.

Table 1. Composition of the poly(DHPMA-co-MBA) polymerization mixture.

Weight (mg) %

DHPMA 120 6.38
MBA 80 4.26
AIBN 2 1 (of monomers)
DMSO 888

89.41,4-butanediol 395
Dodecanol 397

The permeability of the monolith was estimated according to Darcy’s law in an 80/20
(v/v) acetonitrile/water mobile phase at a pressure of 12 bar while using octylbenzene
as the non-retained compound to determine the column dead time. The mean perme-
ability, estimated over 23 columns prepared with three different polymerization mixtures
(seven or eight columns per polymerization mixture) was (4.8 ± 0.5) × 10−14 m2. The
low standard deviation showed that the synthesis was highly reproducible. The total
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porosity, determined by measuring the hold-up time at a fixed flow rate of 300 nL min−1,
was 85 ± 2%.

Knowing the permeability B0 and the total porosity εT, the Kozeny–Carman Equation (1)
was used to calculate the size of the equivalent through the pores diameter (dpore) of the
monolith [27]:

dpore = 2
(

5Bo

εT

) 1
2

(1)

According to Equation (1), dpore was estimated to 1.2 µm.
Finally, the efficiency of the monolith (8 cm in length) was evaluated at about

9400 ± 1300 plates (n = 3 columns) at the optimal linear flow velocity uopt of 0.09 cm s−1

(i.e., 117,600 plates/m at 206 nL min−1), which was achieved by using thiourea as a re-
tained solute (k = 0.4 at 80/20 (v/v) acetonitrile/water mobile phase composition (Figure 2)).
These column kinetic performances with a high efficiency for an optimum flow rate close to
0.1 cm s−1 for organic monoliths are very interesting and are representative of the overall
structural homogeneity of the monolith [28,29].
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Figure 2. Van Deemter plot relating to the theoretical plate height to the mobile phase velocity on a
poly(DHPMA-co-MBA) monolithic column (L = 8 cm, i.d = 75µm) in an 80/20 (v/v) acetonitrile/water
mobile phase.

To confirm the highly hydrophilic character of the monolith, its ability to separate
compounds in the HILIC mode was evaluated, as illustrated Figure 3, with the separation
of five nucleosides. The elution order was indicative of a HILIC separation mechanism and
clearly reflects the highly hydrophilic nature of this new poly(DHPMA-co-MBA) monolithic
stationary phase. Compared to commercial columns, such as Acquity BEH Amide and
Atlantis premier BEH ZIC-HILIC (Waters), the order between uridine and adenosine
was reversed, whereas the retention factor of cytosine was quite the same (k = 3.08 on
the Acquity BEH amide and k = 2.5 for our monolith, with a 90/10 acetonitrile/water
mobile phase).
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co-MBA) monolith (75µm i.d.) for different mobile phase compositions. UV detection at 260 nm.
Solutes were as follows: (1) octylbenzene as the dead time marker, (2) uracil, (3) uridine, (4) adenosine,
(5) cytosine and (6) cytidine.

3.2. Characterization of the Number of Active Binding Sites after Protein Immobilization

In affinity chromatography, the number of active binding sites per unit volume is
a critical parameter because it determines the total capacity of the affinity support (in
the case of high-affinity enrichment/purification) and the range of detectable affinity
(in the case of weak affinity chromatography). The higher the number of active bind-
ing sites per unit volume, the higher the capacity and the wider the range of detectable
affinity. The number of active binding sites of the newly synthesized poly(DHPMA-co-
MBA) monoliths (13 ± 0.7 pmol cm−1) was determined by frontal affinity chromatogra-
phy, with streptavidin as the protein and HABA as the ligand (Kd = 100 µM) (Figure S1).
This protein (used here as model protein) was also used in affinity chromatography to
prepare the generic columns on which any type of biotinylated target protein can be
quantitatively captured thanks to the high-affinity streptavidin–biotin interaction. The
number of active protein binding sites was in the same order of magnitude as that ob-
tained with poly(GMA-co-MBA) monolithic capillary columns that are subjected to either
acid hydrolysis (13 ± 0.8 pmol cm−1) or thermal treatment in hot water at 80 ◦C for 18 h
(16 ± 0.8 pmol cm−1), but with a shortened synthesis procedure instead. In fact, this mono-
lith was obtained with a shorter polymerization time (30 min, instead of overnight) and
one less step (from 2 to 18 h depending on the hydrolysis mode). Thus, the poly(DHPMA-
co-MBA) monolith is a good alternative to the poly(GMA-co-MBA) one.

3.3. Evaluation of the Non-Specific Interactions on Poly(DHPMA-co-MBA) Monoliths and
Comparison with Poly(GMA-co-MBA) Monoliths

The evaluation of non-specific interactions was performed on “reduced aldehyde
monoliths”. In fact, reduced aldehydes are the remaining functions after biomolecule graft-
ing and subsequent reductions in residual aldehyde functions that remain on the monolith
surface. To evaluate non-specific interactions on the reduced aldehyde poly(DHPMA-co-
MBA) monolith, we used the same methodology and the same set of 41 small molecules pre-
viously used to characterize the poly(GMA-co-MBA) monoliths [20]. This set of molecules
(selected from a library of small ligand molecules, called fragments, used in the prelim-
inary affinity screening step in fragment-based drug discovery) covers a wide range of
physicochemical properties in terms of net charge, logD, H-bond donors and acceptors. The
physicochemical properties and chemical structures of this set of fragments are detailed in
Table S1. The retention factor of each solute (measured in a pure buffered aqueous buffer so-
lution as in affinity experiments) was compared with those measured on reduced aldehyde
poly(GMA-co-MBA) monoliths that were subjected to either acid hydrolysis or thermal
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treatment in hot water (Figure 4). In fact, we have shown that the rapid acidic-mediated
epoxy ring opening was accompanied by side reactions (the partial hydrolysis of amide
functions into carboxylic acid ones) leading to a specific behavior of cationic compounds
whose non-specific interactions greatly increased at the end of this step. If this partial
hydrolysis can be greatly reduced by hot water hydrolysis (a reduction in non-specific
interactions of cationic compounds), then it is at the expense of the hydrolysis time (18 h
instead of 2 h), i.e., the total preparation time.
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Figure 4. Bar graphs of the retention factors for the 41 molecules (classified according to their global
charge: anionic, cationic or neutral fragments) in the reduced aldehyde poly(GMA-co-MBA) * mono-
lith hydrolyzed in acid media (orange), the reduced aldehyde poly(GMA-co-MBA) * monolith
hydrolyzed in hot water (yellow) and the aldehyde-reduced poly(DHPMA-co-MBA) * monolith.

For all compounds, with a few exceptions (f271, f286, f93 and f74) for unknown
reasons, the non-specific interactions measured on the DHPMA-co-MBA monoliths were
comparable or even significantly lower (f54, f70, f288, f169, f41, f209, f275, f66 and f302)
than those measured on the aldehyde-reduced GMA-co-MBA monoliths, regardless of
the hydrolysis method used (acid or hot water mediated). Replacing the GMA monomer
with a diol monomer (DHPMA) eliminated the time-consuming epoxy ring opening step
and associated side reactions, such as partial hydrolysis of acrylamide moieties into acidic
ones. It is clear from these results that this monolith offers a real added value in terms of
preparation time.

Finally, the stability of this DHPMA-co-MBA monolith in a pure aqueous medium
(acetate buffer, 20 mM pH = 7.4) was evaluated. The retention factors remained constant
over the period of use (one week of continuous use), and even after 3 additional months of
storage (the column was stored in an aqueous solution at room temperature and kept wet).

3.4. Separation of Concanavalin Ligands by Weak Affinity Chromatography

On a streptavidin-functionalized monolithic capillary column used as a generic col-
umn, a biotinylated Concanavalin A (Con A) solution was percolated until saturation of
the column was achieved. Indeed, the immobilization of Con A by the streptavidin–biotin
interaction was very stable, quantitative and instantaneous. After immobilization, the
number of active Con A binding sites was evaluated at 66 ± 2 pmol with PNMan as a
test solute. Figure 5 illustrates the separations of three compounds on a column before
and after immobilization of Con A. The non-specific interactions of all compounds on
the monolithic column before Con A immobilization were weak (a retention factor close
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to 0.3 for each compound), as shown in the chromatogram in Figure 5A. On the other
hand, on the Con A monolithic column (Figure 5B), the compounds were separated in
order of increasing affinity (decreasing Kd). Indeed, Con A was known to bind the man-
nose residue in glycoprotein. Furthermore, 4-nitrophenyl α-D-mannopyranoside (PNMan)
with a Kd value of about 40 µM was the most retained compound, whereas 4-nitrophenyl
α-D-galactopyranoside, which has no specific interaction with Con A, was not retained.
Moreover, the 4-nitrophenyl α-D-glucopyranoside with a Kd value > 200 µM [25] was
intermediate. The high density of active sites makes it possible to detect an affinity as low
as Kd > 200µM. These columns are therefore suitable for a search of low-affinity ligands,
particularly in the scope of fragment-based drug discovery.
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Figure 5. Chromatograms of the different 4-nitrophenyl α-D-glycopyranosides on poly(DHPMA-co-
MBA) monolithic capillary columns before (A) and after (B) Concanavalin A immobilization. Solutes
were as follows: 4-nitrophenyl α-D-galactopyranoside (PNGal), 4-nitrophenyl α-D-glucopyranoside
(PNGlc) and 4-nitrophenyl α-D-glycopyranoside (PNMan). DMSO was used as the dead time marker.

4. Conclusions

Optimizing the underlying support of affinity columns to reduce non-specific interac-
tions while favoring high biomolecule grafting capacity and reducing synthesis time is an
ongoing goal. In this work, we developed the one-step synthesis of a diol organic monolith
to replace the gold-standard epoxy organic monoliths (which must be hydrolyzed prior to
use). The suppression of the epoxy ring opening step, as well as the short polymerization
time (30 min) allowed for a drastic reduction in the synthesis time since hot water-mediated
hydrolysis is a time-consuming step. The resulting monolith offers high permeability
((4.8 ± 0.5) × 10−14 m2), high efficiency (117,600 plates/m) and minimized non-specific
interactions. The separation of nucleosides illustrates its potential in the HILIC mode, and
the retention data set of the 41 test substances shows a drastic reduction in non-specific
interactions. The protein grafting capacity was also greatly improved (13 ± 0.7 pmol cm−1

instead of 8 ± 0.3 pmol cm−1 for the GMA-co-EDMA gold-standard monolith). All these
results highlight the added value of this new monolith in the field of miniaturized affinity
chromatography.
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Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/separations10080437/s1, Table S1: presents the list of physic-
ochemical properties of the tests solutes to evaluate the non-specific interactions on monolithic
columns. Figure S1 and the related text illustrate the graphical plots that allow for the obtained
compounds by nano-frontal affinity chromatography, as well as the data processing that allows for
the columns’ characterization (protein-specific interactions (active binding sites, affinity (dissociation
constant)) and non-specific interactions).
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