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Abstract

In-line coupling of capillary columns is an effective means for achieving miniaturized and
automated separation methods. The use of multimodal column designed to allow the direct
integration of a sample preparation step to the separation column is one example. Herein we
propose a novel in-line coupling at the capillary scale between a boronate affinity capillary
column (UBAMC unit) and a reversed-phase separation column. This has been made possible
due to the elaboration of a new and efficient uBAMC unit. A thiol-activated silica monolithic
capillary column was functionalized through thiol-ene photoclick reaction. This simple and
fast reaction allows to prepare stable uBAMC units having grafting densities of 1.93 + 0.17
nmol cm™!. This grafting strategy increases the surface density by a factor 4 compared to our
previous strategies and opens the frame to in-line coupling with reversed-phase capillary
column. Proof of concept of the in-line coupling was done by coupling a 1-cm length
UBAMC unit to a 7-cm length reversed phase capillary column. The conditions of loading,
elution and separation were optimized for cis-diol nucleosides analysis (uridine, cytidine,
adenosine, guanosine). A loading volume (at pH 8.5) of up to 21 hold volume (i.e 1ul) of the
UBAMC unit can be loaded without sample breakthrough. For the least retained nucleoside
(uridine) a limit of detection of 50 ng mL"! was estimated. Elution and full separation of the
four nucleosides was triggered by flushing the multimodal column with an acetic acid

(50mM) / methanol (98/2, v/v) mobile phase.

Keywords: multimodal chromatography, photoclick chemistry, in-line coupling, boronate

affinity, capillary chromatography.
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1. Introduction

Miniaturized analytical methods are attractive in the context of waste and cost reduction,
automation, in-situ / handheld analysis and personalized medicines. This non-exhaustive list
shows the great diversity of applications that are in demand. In such frame, separation
sciences are also part of this process. To go beyond the straightforward column reduction, in-
line coupling of the sample preparation step to the separation column is proposed. In-line
coupling of a sample preparation step allows not only to purify but also to preconcentrate
analytes. This is key feature regarding sensibility problem associated to miniaturization. In

addition, in-line couplings are “automated by-design”.

However, relevance of such in-line coupling depends on (i) the binding capacity of the
purification/preconcentration zone (ii) the ability to elute the captured fraction in a small plug
of solution whose composition has also to be adapted to the following separation step
(mechanism). Finding appropriate conditions to meet these requirements is challenging and
may account for the relatively limited number of reported in-line coupling combinations.
Classically, miniaturized in-line couplings implement purification steps based on strong
interactions mechanisms (i.e. ion exchange, immunoaffinity) coupled to reversed-phase
analyses. Indeed, the purification and elution steps are done under aqueous media and the

elution plug directly transferred to the reversed-phase column.

Herein we investigated a mnovel in-line coupling of a boronate affinity
purification/preconcentration step to a reversed-phase separation. Boronate affinity
chromatography (BAC) has unique affinity towards cis-diol containing compounds that cover
a wide range of molecules of interest in pharmaceutical and biomedical research
(catecholamines, glycoproteins, RNA, etc) [1,2] and supports the use of salt and organic
solvent [3]. This reversible reaction allows the capture of cis-diol compounds under basic
conditions and their rapid release under acidic media. Miniaturized boronate affinity
monolithic unit (WUBAMC) were in-line coupled to electrokinetic separations[4,5]. While only
on-line coupling of boronate affinity column to reversed-phase liquid chromatography has
already been reported [6-10] highlighting the pertinence of such coupling, no
chromatographic in-line couplings were developed. Analysis of complex mixtures at trace levels
has pushed forward the development of integrated and miniaturized separation systems, coupling
the preconcentration and separation steps. Besides the “off-line” classical approach, two different

coupling approaches, so-called “on-line” or “in-line” couplings, have been proposed in the literature.

3
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The on-line approach is referred as the physical coupling of the two distinct preconcentration and
separation columns, through specific interfaces like 10-port valves. Although this approach has
benefits in terms of automation, the instrumentation set-up is usually complex and band broadening
consecutive to the physical coupling is critical in miniaturized systems [11]. The in-line mode
represents the highest level of integration and automation and is well adapted for nano-separations.
The u-SPE unit, located at the inlet of the capillary column, is an integral part of it [12]. In such
systems, adapted to microliter sample volumes, the elution of the u-SPE unit is achieved with a very
low volume of solution (few tens of nanoliters) that is sharply directed to the separation zone,
without dilution or band broadening effects. Our objective is to demonstrate the feasibility of a
miniaturized in-line coupling of monolithic boronate affinity column to reversed-phase
monolithic capillary column. We describe the preparation of uBAMC units using a thiol-ene
photoclick reaction, which allows a 4-fold increase in the number of phenylboronate sites
compared to photopolymerization reaction. This is of paramount importance to balance the
relatively low affinity of cis-diol compounds for boronate affinity column. Conditions of in-
line coupling of such preconcentration units were investigated. Finally, a proof of feasibility
of the in-line coupling was done by coupling a 1-cm length uBAMC unit with a 7-cm length

reversed-phase monolithic column.

2. Materials and methods

2.1 Reagents and chemicals

All the reagents used were of analytical grade. Tetramethoxysilane (TMOS),
methytrimethoxysilane (MTMS), urea, polyethylene glycol (PEG, MW =10,000), 3-
(acrylamido)phenylboronic acid (AAPBA), triethylamine (TEA), methanol (MeOH, HPLC
grade), 1,2-dihydroxybenzene (catechol), 1,4-Benzenediol (hydroquinone), adenosine, 2’-
deoxyadenosine, uridine, cytidine, guanosine, thiourea, 3-(mercaptopropyl)trimethoxysilane
(MPTMS), benzophenone, Na,HPO4, NaH>PO4 were purchased from Sigma-Aldrich (Sigma-
Aldrich, Saint-Quentin-Fallavier, France). n-Octadecyl dimethyl(dimethylamino)silane was
from Gelest inc. (Germany). Acetonitrile (ACN) (HPLC grade) was purchased from VWR
(VWR, Fontenay-sous-bois, France). Acetic acid (AcOH) was from Riedel-de Haénn (Riedel-
de Haénn, Seelze, Germany). All aqueous solutions were prepared using >18 MQ-cm water

(Millipore, Molsheim, France). PTFE-coated fused-silica capillaries (TSU deep-UV
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Transparent Coating 75 pum i.d.) were purchased from Polymicro Technologies (Polymicro
Technologies, Arizona, USA).

2.2 Instrumentation

Nano-LC experiments were carried out with an Agilent HP3D CE system (Agilent
Technologies, Waldbronn, Germany) equipped with a diode array detector and exclusively
used in the pressurization mode with an external pressure device allowing to work up to 12
bars (no voltage applied). System control and data acquisition were carried out using the
Chemstation software (Agilent). In-line coupling was realized by physically coupling
uUBAMC unit to RP-monolithic column using fluorinated ethylene-propylene tubing (FEP
tubing 330um i.d. x 1.55 mm o.d. (Cluzeau info labo, Sainte-Foy-La-Grande, France) (see
Figure S1).

2.3 Preparation of functionalized silica monoliths
2.3.1. Synthesis of silica monoliths

The silica monolith preparation followed our reported procedure [13]. Briefly, a 18 mL
mixture of TMOS/MTMS (85/15 v/v) was added to 40 mL of 0.01 M acetic acid solution
containing 1.9 g PEG and 4.05 g urea. The sol mixture was stirred at 0°C for 30 min. Then,
the temperature was raised to 40°C and the mixture was loaded into the 75-um fused-silica
capillary and kept overnight at 40°C for gelification completion. Mesopores were formed by
urea decomposition gently raising the capillary temperature at 0.5°C min' up to 120°C
maintained for 4 hours. After cooling, the monolith was washed with methanol and the

capillary was cut to desired length.

2.3.2. Cl8-functionalization of silica monoliths
10-cm length monolithic capillary columns were filled with pure n-Octadecyl
dimethyl(dimethylamino)silane and heated at 110°C for 2 hours (adapted from [14]).
Capillary columns were then thoroughly rinsed with THF.

2.3.3. AABPA-functionalization of silica monoliths

- Thiol pre-functionalization

Prior to surface modification by photo-click chemistry, silica monoliths were
prefunctionalized with 3-(mercaptopropyl)trimethoxysilane (MPTMS) to anchor thiol

moieties onto the surface by covalent bonding. The silanization solution was composed of
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MPTMS (5% v/v) in toluene. Silanization was performed at 37°C during 3 hours under
hydrodynamic flow and then cured at 100°C overnight. After silanization, monoliths were

thoroughly rinsed with THF and MeOH.
- “Thiol-ene” photo-click functionalization of monoliths

The thiol pre-functionalized silica support was filled with a solution containing a
photoinitiator (12.5 mM benzophenone) and the 3-(acrylamido)phenylboronic acid monomer
(100 mM AAPBA) in an aqueous TEA (pH 9)/acetonitrile mixture (50/50, v/v). Then, the
ends of the capillary were plugged with rubber and the capillary irradiated for 10 min at 365
nm. The illumination system used for photo-click reaction was a BioLink cross linker (VWR
Inter-national, Strasbourg, France) equipped with five 8 W UV tubes emitting at 365 nm. The
capillary was then washed extensively with a water / acetonitrile (50/50 v/v) mixture and then
with methanol. In some cases, several successive graftings (from 3 to 10 as indicated in the
text) were implemented after refreshing the grafting solution inside the capillary in-between
each irradiation step. A schematic representation of the AAPBA-functionalization is presented

in Figure S2.

2.3 Determination of the number of actives sites and cis-diol affinity (Kd) by in-capillary

frontal analysis [15]:

A 1-3-cm length silica monolithic segment at the inlet of a 10-cm length fused silica capillary
was used to determine the total number of actives sites (Buc) on boronate affinity monolithic
columns by frontal analysis. Catechol was used as cis-diol model molecule to probe the
photografting reaction. Indeed, catechol is widely used in boronate affinity materials to
characterize the number of actives sites due to its relatively high affinity with phenylboronate
(Kd~ 300uM). Catechol interacts with phenylboronate groups through specific cis-diol
interactions to form 5-membered ester rings under basic conditions. Hydroquinone was used
to evaluate the specificity of the uBAMC. Indeed, hydroquinone is a positional isomer (non
cis-diol) with comparable non-specific interaction than catechol with the solid support.
Breakthrough curves (detection at 270 nm) with catechol as model solute at 100, 300 and 500
ug mL! in phosphate buffer (15 mM Na,HPOs, pH 8.5)/MeOH (80/20, v/v) were used to
determine the amounts of catechol (q) captured at different catechol concentrations [L]

according to equation 1:
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g=At xF x[L] (Eq. 1)

F being the flow rate and At being the time difference between dead time, to, and saturation

time, tplaean. The total number of active sites on the affinity column, B, and the dissociation

equilibrium constant (Kq) were determined according to equation (2) after plotting 1/ g versus

1 / L] (linear plot):

1 Kg 1 1

q Bact [L] Bact

(Eq. 2)

2.4 Determination of the loading capacity and LOD

After preconditioning the column with phosphate buffer at pH 8.5, an injection volume of 50
nL of uridine solution (corresponding to 1.2 volume of the uBAMC unit) was loaded on the
multimodal nano-column. The interstitial liquid was then removed from the uBAMC unit by
percolating 42 nL of phosphate buffer pH 8.5 (corresponding to 1 volume of uBAMC unit).
This step allowed to remove unretained compounds from the uBAMC unit before the final
elution step. The uBAMC was eluted by flushing the multimodal column with a 50 mM acetic
acid solution. This experiment was repeated with increasing concentration of uridine (from 1
to 100 ug mL"). All steps were conducted at a constant pressure of 12 bars (i.e. a linear

velocity of 0.16 mm s™).

The limit of detection (LOD) was determined by using a capillary column composed of a 1-
cm uBAMC monolith coupled to a 7-cm length reversed-phase column. Solutions of uridine
solubilized in the loading buffer (15 mM phosphate solution (pH 8.75)) were loaded through
the column at a constant pressure of 12 bars (i.e. a linear velocity of 0.16 mm s!) for
increasing duration depending on the volume to be loaded. The interstitial liquid was then
removed from the uBAMC unit by percolating 42 nL of phosphate buffer pH 8.5
(corresponding to 1 volume of uBAMC unit). The elution and separation steps were

performed using a 50 mM acetic acid mobile phase.
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3. Results and discussion
3.1 Thiol-ene versus Ene-thiol photoclick grafting of AAPBA

We previously detailed the in-situ preparation of two phenylboronate affinity capillary
columns (75 um i.d.) : a porous polymer monolith used to work under harsh pH conditions [5]
and a silica-based monolith [4], characterized (using catechol) by a number of phenylboronate
sites of 0.16 nmol cm™ (3.6 nmol pL!) and 0.43 nmol cm™ (9.7 nmol uL?), respectively. In
order to further increase the boronate affinity capacity of silica monoliths i.e to increase the
preconcentration capacity (and the loading volume), we investigated an alternative grafting
approach on silica based monolith. Herein, a photografting process based on the thiol-ene
photoclick reaction is proposed to prepare monolayer-like functionalized silica monolithic
columns [12,16]. In first instance, we tried the “ene-thiol” version (referred as vinyl
functionalized silica and thiol-modified PBA in solution) as described by Chen et al [17]. But
we failed to produce stable PBA material. The grafts were leached-out during experiment
revealing adsorption rather than covalent grafting of the PBA derivatives on the support (data
not shown). The alternative “thiol-ene” version was then implemented on thiol-terminated
silica surface using vinyl-functionalized PBA derivative (AAPBA). After optimization of the
overall process (silane derivatization and photoclick grafting reactions) this chemical pathway
gives rise to silica monolith having 0.93 nmol cm™ (i.e 21 pmol uL!) of actives sites, which
is 2 fold higher than our previous AAPBA functionalized monolith [4]. It was shown that high
concentration of reagents (up to 1M) is useful to prepare dense layers of grafted molecules
[16] but AAPBA monomer was not soluble up to 0.1 M. To increase the AAPBA grafting
density, it was intended to proceed to successive illumination steps (from 3 to 10), after
refreshing the solution inside the capillary in-between each illumination. The grafting density
increased up to 1.93 # 0.17 nmol cm™ for 3 successive grafting steps and then remained

constant.

This thiol-ene grafting pathway on silica monolith produces stable and dense phenylboronate
layers with a loss of active phenylboronate site inferior at 5% after ten affinity / elution

cycles.

3.2 Nucleosides affinity
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Determination of affinity (Kd) for nucleosides were also determined using frontal affinity
breakthrough curves. Hydroquinone elutes at the column hold-time (not shown), whereas the
breakthrough curve plateaus are delayed for catechol (Figure S3). This result clearly indicates
that no non-specific interactions occur and that the retention of catechol is solely due to
boronate affinity. Table 1 gives the Kd values at pH 8.5 in a 15 mM phosphate buffer mobile
phase :

Table 1

The retention factor (k) for cis-diol compounds can be estimated through the Kg value

according to equation (2) [18]

— 1 Bact
k = Xa Vo (Eq 3)

For example, a retention factor of about 18 is estimated for uridine with the experimental Kq
value of 2830 uM, a total number of active sites (Bue) of 2 nmol cm™ and a hold-up volume
(Vo) of 40 nL for a 1-cm length monolithic column. The migration velocity of uridine in the
uUBAMC (u’) can be estimated by equation 3,

r== (Eq 4)

T 1+k

where u is the mobile phase velocity. In other words, the maximum loading volume before

elution of a fraction of uridine should be about 18 times the column hold-up volume.

3.3 Multimodal chromatography: in-line coupling uBAMC-RP nano-LC

A capillary composed of a 1-cm length uBAMC unit coupled to a 7-cm length RP column

was used to evaluate the effectiveness of such in-line coupling strategy.

3.3.1 Determination of the loading capacity

The loading capacity of the 1-cm length photoclicked AAPBA monolith (WBAMC) was
evaluated by injecting small volumes of increasing uridine concentration (1 — 100 ug mL™).

Uridine was chosen as model solute due to its lowest affinity on the AAPBA silica monolith.

Figure 1
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The peak area (Figure 1A) increases linearly with the concentration of uridine in the sample
solution up to approximately 50 pg mL! afterwards it can be noticed a deviation from the
linearity for the last point at 100 pg mL™". According to figure 1, up to 50 pg mL"! the
recovery is complete (the peak area increases proportionally to the amount injected). The
amount injected for a 50 ug mL™! concentration and a 50 nL injection volume is 2.5 ng. Since

the length of the uBAMC is 1cm, the loading capacity is 2.5 ng cm™.

This capacity increases for nucleosides exhibiting higher boronate affinity. However,
regarding in-line coupling the preconcentration factor is a critical parameter. The maximum

loading volume was thus also investigated.

3.3.2 Determination of the maximum loading volume and LOD for

uridine:

As previously, after preconditioning, various injection volumes (from 50 to 1500 nL) of
uridine solution (I pg mL! in phosphate buffer pH 8.5) were loaded on the multimodal
column. After washing the uBAMC unit with a phosphate buffer pH 8.5, the peak area of
uridine was determined during the elution step. The plot of the recovered peak area versus
loading volume is presented Figure 1B. Experimentally, the breakthrough of uridine during
the loading step is observed after percolation of a sample volume of approximately 21
uBAMC hold-up volumes that is in good agreement with the previously estimated value (i.e
18 Vm). In order to demonstrate the usefulness of the presented in-line coupling to
preconcentrate cis-diol compounds, low concentration of uridine solutions solubilized in
phosphate buffer (pH 8.5) and in acetic acid (50 mM) were analyzed on the multimodal
column (Figure 2 (A)). Injection of uridine solubilized in phosphate buffer at pH 8.5 gives a
peak at 5.5 min (with a large S/N ratio) while no peak is detected when uridine is solubilized
in acetic acid (50 mM). The uBAMC unit is “activated” when the sample is loaded at pH 8.5.
Under acidic medium (i.e 50 mM acetic acid) the boronate affinity is turned off and no

preconcentration effect was observed (Figure 2A).

The quantity of uridine loaded (2.1 ng cm™!) was lower than the maximum loading capacity
estimated previously. A loading volume of 1uL (corresponding to 21 uBAMC hold-up
volume) was thus fixed as the maximum volume of sample that can be loaded on the 1-cm
length uBAMC unit of the multimodal column. Estimation of the limit of detection for uridine

was done by measuring the peak height in function of the concentration of uridine using a

10
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loading volume of 1uL. LODs (S/N= 3) were estimated at 57 ng mL™! for uridine in such
experimental set-up. In addition, the linearity of the overall method is demonstrated by

plotting the corrected peak areas versus the analyte concentration Figure 2 (B).

Figure 2

3.4 Separation of nucleosides using multimodal chromatography (uBAMC-RP nano-LC)

A proof of feasibility of this novel in-line coupling strategy was done for the preconcentration
and separation of 4 nucleosides (uridine, cytidine, adenosine and guanosine). 1uL of sample
(at a nucleoside concentration of 0.5 pg mL!) was loaded on a preconditioned multimodal
column. The uBAMC unit was washed with the same phosphate buffer (pH 8.5) before
elution and separation of nucleosides using acetic acid mobile phase. The elution and
separation of the first two peaks were done by continuously flushing the column with acetic
acid (50 mM). The mobile phase was then changed to acetic acid (50 mM)/MeOH (98/2, v/v)
(Figure 3). The 4 nucleosides were preconcentrated during the loading step. Elution is strong
enough to elute the captured nucleosides in a short injection plug in order to avoid detrimental
band broadening effect. This is of paramount importance to successful in-line coupling.
Indeed, performances of all in-line coupling strategies rely on the specificity to preconcentrate
efficiently and to transfer the captured target molecules to the separation area in the lowest
“injection” volume. The base-line separation of the four nucleosides on the reversed-phase

monolithic column demonstrates the power of the presented in-line coupling.

4- Conclusion :

The elaboration of miniaturized boronate affinity monolithic column through thiol-ene
photoclick chemistry was shown to greatly improve the surface density of active sites on
silica monolith. The thiol-ene version of such photo-initiated reactions allows to produce
stable and dense layer-like phenylboronate surface of 1.93 + 0.17 nmol cm™ for 3 successive
grafting steps. With regards to the previously photopolymerization pathway, this method
allows to increase the surface density by a factor 4. High binding capacity is a prerequisite to

in-line coupling of such uBAMC for preconcentration and purification purpose. We evaluated
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the retention behavior of such AAPBA photoclicked columns with nucleosides and
determined the optimal capture conditions. The coupling with a reversed-phase capillary
column was then investigated. Determination of the capacity and loading volume on a
composite capillary composed of 1-cm length uBAMC unit with 7-cm length reversed-phase
monolithic column demonstrated the potentiality of such coupling at the capillary scale. The
evaluation of this novel in-line coupling was done on a capillary electrophoresis system under
pressurization mode. NanoL.C experiments with such experimental set-up allows to control
the injection volume and to use a large diversity of mobile phases owing to absence of pump
and injection valve. Using the least retained nucleoside (uridine) it was shown that a loading
volume as large as 20 uBAMC hold-up volume can be loaded without breakthrough of
sample from the preconcentration unit. This preconcentration factor allows to greatly decrease
the nucleosides concentration that can be detected. The in-line coupling was successfully

applied to the preconcentration and separation of 4 nucleosides.

References

[1] X. Yang, Y. Hu, G. Li, Online micro-solid-phase extraction based on boronate affinity
monolithic column coupled with high-performance liquid chromatography for the
determination of monoamine neurotransmitters in human urine, J. Chromatogr. A. 1342
(2014) 37-43. doi:10.1016/j.chroma.2014.03.041.

[2] Q.Li, C. L, Z. Liu, Preparation and characterization of fluorophenylboronic acid-
functionalized monolithic columns for high affinity capture of cis-diol containing
compounds, J. Chromatogr. A. 1305 (2013) 123-130.
doi:10.1016/j.chroma.2013.07.007.

[3] M.B. Espina-Benitez, J. Randon, C. Demesmay, V. Dugas, Back to BAC: Insights into
Boronate Affinity Chromatography Interaction Mechanisms, Sep. Purif. Rev. 47 (2018)
214-228. doi:10.1080/15422119.2017.1365085.

[4] M.B. Espina-Benitez, J. Randon, C. Demesmay, V. Dugas, Development and application
of a new in-line coupling of a miniaturized boronate affinity monolithic column with
capillary zone electrophoresis for the selective enrichment and analysis of cis-diol-
containing compounds, J. Chromatogr. A. 1494 (2017) 65-76.
doi:10.1016/j.chroma.2017.03.014.

[5] M.B. Espina-Benitez, F. Marconi, J. Randon, C. Demesmay, V. Dugas, Evaluation of

boronate affinity solid-phase extraction coupled in-line to capillary isoelectric focusing

12



340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

for the analysis of catecholamines in urine, Anal. Chim. Acta. 1034 (2018) 195-203.
doi:10.1016/j.aca.2018.06.017.

H.-P. Jiang, C.-B. Qi, J.-M. Chu, B.-F. Yuan, Y.-Q. Feng, Profiling of cis-Diol-
containing Nucleosides and Ribosylated Metabolites by Boronate-affinity Organic-silica
Hybrid Monolithic Capillary Liquid Chromatography/Mass Spectrometry, Sci. Rep. 5
(2015) 7785. doi:10.1038/srep07785.

J. He, Z. Liu, L. Ren, Y. Liu, P. Dou, K. Qian, H.-Y. Chen, On-line coupling of in-tube
boronate affinity solid phase microextraction with high performance liquid
chromatography—electrospray ionization tandem mass spectrometry for the
determination of cis-diol biomolecules, Talanta. 82 (2010) 270-276.
doi:10.1016/j.talanta.2010.04.033.

S. Jankl, M. Komendova4, J. Urban, Development of an online solid-phase extraction
with liquid chromatography method based on polymer monoliths for the determination
of dopamine, J. Sep. Sci. 39 (2016) 4107-4115. doi:10.1002/jssc.201600818.

L. Gao, J. Du, C. Wang, Y. Wei, Fabrication of a dendrimer-modified boronate affinity
material for online selective enrichment of cis-diol-containing compounds and its
application in determination of nucleosides in urine, RSC Adv. 5 (2015) 106161—
106170. doi:10.1039/C5SRA18443F.

B. Zhang, S. Mathewson, H. Chen, Two-dimensional liquid chromatographic methods to
examine phenylboronate interactions with recombinant antibodies, J. Chromatogr. A.
1216 (2009) 5676-5686. doi:10.1016/j.chroma.2009.05.084.

F. Brothier, V. Pichon, Immobilized antibody on a hybrid organic—inorganic monolith:
Capillary immunoextraction coupled on-line to nanoLC-UV for the analysis of
microcystin-LR, Anal. Chim. Acta. 792 (2013) 52-58. doi:10.1016/j.aca.2013.07.019.
A. Marechal, A. Laaniste, R. El-Debs, V. Dugas, C. Demesmay, Versatile ene-thiol
photoclick reaction for preparation of multimodal monolithic silica capillary columns, J.
Chromatogr. A. 1365 (2014) 140-147. doi:10.1016/j.chroma.2014.09.017.

R. El-Debs, V. Dugas, C. Demesmay, Photografting as a versatile, localizable, and
single-step surface functionalization of silica-based monoliths dedicated to microscale
separation techniques, J. Sep. Sci. 36 (2013) 993—-1001. doi:10.1002/jssc.201200878.

V. Dugas, Y. Chevalier, Surface hydroxylation and silane grafting on fumed and thermal
silica, J. Colloid Interface Sci. 264 (2003) 354—-361. doi:https://doi.org/10.1016/S0021-
9797(03)00552-6.

13



373
374
375
376
377
378
379
380
381
382
383
384
385
386
387

[15] H.S. Kim, . W. Wainer, Rapid analysis of the interactions between drugs and human
serum albumin (HSA) using high-performance affinity chromatography (HPAC), J.
Chromatogr. B. 870 (2008) 22—26. doi:10.1016/j.jchromb.2008.05.029.

[16] A. Laaniste, A. Marechal, R. El-Debs, J. Randon, V. Dugas, C. Demesmay, “Thiol-ene”
photoclick chemistry as a rapid and localizable functionalization pathway for silica
capillary monolithic columns, J. Chromatogr. A. 1355 (2014) 296-300.
doi:10.1016/j.chroma.2014.06.031.

[17] J. Chen, X. Li, M. Feng, K. Luo, J. Yang, B. Zhang, Novel boronate material affords
efficient enrichment of glycopeptides by synergized hydrophilic and affinity
interactions, Anal. Bioanal. Chem. 409 (2017) 519-528. d0i:10.1007/s00216-016-0044-
5.

[18] X. Zheng, Z. Li, S. Beeram, M. Podariu, R. Matsuda, E.L. Pfaunmiller, C.J.W. II, N.
Carter, D.S. Hage, Analysis of biomolecular interactions using affinity microcolumns: A

review, J J. Chromatogr. B. 968 (2014) 49-63. doi:10.1016/j.jchromb.2014.01.026.

14



388

389
390
391
392
393
394
395

396
397
398
399
400
401
402
403

404
405
406
407
408
409
410

Figure captions

Figure 1. Plots of the peak area in function of the concentration of uridine at a constant
loading volume of 50 nl (1.2 uBAMC volume) (A) and for increasing loading volume at a
constant uridine concentration of 1 pug mL"' (B). The multimodal capillary column is
composed of a l-cm length uBAMC unit connected to a 7-cm length reversed-phase
monolithic column. The percolation volume was increased from 50 to 1420 nL and uridines
standard solutions at 1, 5, 20, 50 and 100 pg mL™"' in 15mM phosphate (pH 8.5) were

percolated at 0.01 cm min™!.

Figure 2. Capture and elution of uridines solubilized in phosphate buffer pH 8.5 (black curve)
and in acetic acid (grey curve) on a uBMAC-RP multimodal capillary column (A) and plot of
the evolution of the peak area versus concentration of uridine in binding buffer (B). Length of
the uBAMC segment: 1 cm; length of the reversed-phase segment: 7 cm; mobile phase 50
mM acetic acid. The multimodal capillary was preconditioned with binding buffer (15 mM
phosphate buffer at pH 8.5) prior to injection of 1 ul (corresponding to 21 volumes of the
uBAMC unit) of uridine. Before elution and separation, the uBAMC unit was washed with 50
nl of binding buffer.

Figure 3. Preconcentration and separation of the 4 nucleosides on multimodal capillary. The
multimodal capillary (1-cm length puBAMC - 7 cm-length RP-capillary column) was
preconditioned with binding buffer (15 mM phosphate buffer at pH 8.5) prior to injection of 1
ul (corresponding to 21 volumes of the uBAMC unit) of the 4 nucleosides at a concentration
of 0.5 ug mL! each. Before elution and separation, the uBAMC unit was washed with 50 nl
of binding buffer. Elution and separation of the 4 nucleosides was done using an acetic

acid/MeOH (92/8, v/v) mobile phase.
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