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ABSTRACT: Since the discovery of endotoxins as the primary toxic
component of Gram-negative bacteria, researchers have pursued the quest for
molecules that detect, neutralize, and remove endotoxins. Selective removal
of endotoxins is particularly challenging for protein solutions and, to this day,
no general method is available. Here, we report that crystals of the purine-
derived compound allantoin selectively adsorb endotoxins with picomolar
affinity through amide-mediated hydrogen bonding in aqueous solutions.
Atom force microscopy and chemical inhibition experiments indicate that
endotoxin adsorption is largely independent from hydrophobic and ionic
interactions with allantoin crystals and is mediated by hydrogen bonding with
amide groups at flat crystal surfaces. The small size (500 nm) and large
specific surface area of allantoin crystals results in a very high endotoxin-binding capacity (3 × 107 EU/g) which compares
favorably with known endotoxin-binding materials. These results provide a proof-of-concept for hydrogen bond-based molecular
recognition processes in aqueous solutions and establish a practical method for removing endotoxins from protein solutions.
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■ INTRODUCTION

Since the discovery of endotoxins as the primary toxic
component of Gram-negative bacteria, researchers have
pursued the quest for molecules that detect, neutralize, and
remove endotoxins.1−7 Selective removal of endotoxins is
particularly challenging for protein solutions and, to this day, a
general method for removing endotoxins from protein
solutions is lacking.8,9 Endotoxins are negatively charged
lipopolysaccharides, and current methods for endotoxin
removal from protein solutions mostly exploit ionic and/or
hydrophobic interactions with endotoxin molecules.8,9 While
effective for certain proteins, these methods have several
limitations. Methods using ion-exchange adsorbents10−13 are
sensitive to pH and salt concentration and are generally not
suitable for acidic proteins.8 Methods using hydrophobic
adsorbents are less effective and are sensitive to salts and
organic modifiers like solvents and detergents.8 Biological
affinity-based methods, which generally depend on a combina-
tion of ionic and hydrophobic interactions, may be robust over
a wider range of conditions but generally impose high costs and
risk of contamination by toxic affinity ligands.8,14−18 Other
endotoxin removal methods such as ultrafiltration and
detergent-based extraction are generally not suitable for protein
solutions due to their limited effectiveness, difficulty to remove
residual detergents, and negative effects on protein stability and
activity.9

Hydrogen bonding is a primary interaction force in nature
where it conveys high selectivity to molecular recognition
processes.19−23 The contribution of hydrogen bonding to
binding affinity is, however, solvent dependent and is generally
very small in aqueous solution due to strong competition for
hydrogen bonding by water.24,25 For example, quadruple
hydrogen-bonding arrays in organic solvents drive supra-
molecular assembly with high specificity and affinity,26−31

whereas the stable assembly of complementary oligonucleotides
in aqueous solution requires the association of at least four base
pairs.21,24 It is therefore not surprising that hydrogen-bond
mediated supramolecular assembly in aqueous solutions is
practically always supported by additional interactions involving
charge or hydrophobicity. Even the extremely strong binding of
complementary strands in the double DNA helix is primarily
derived from aromatic stacking between adjacent bases rather
than hydrogen bonding between complementary bases.32 Using
hydrogen bonding as the primary driving force for molecular
recognition and supramolecular assembly in aqueous solutions
therefore appears to be a considerable challenge.
We decided to explore the use of hydrogen bonding for

selective endotoxin removal from protein solutions, and we
pursued nonionic hydrophilic agents that might mediate
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selective binding of endotoxins with relatively minor protein
binding. In particular, we focused on commercially available
small molecule compounds that are poorly soluble in water.
This led us to consider purine- and pyrimidine-based
compounds, including the nucleobases of DNA. In this work,
we report the discovery that undissolved particles of the purine-
derived compound allantoin selectively remove more than
99.9% of endotoxins from protein solutions. We use dynamic
light scattering, scanning electron microscopy, and atomic force
microscopy to characterize endotoxin binding on allantoin
particles, and we find that submicrometer allantoin crystals
adsorb endotoxins with picomolar affinity. A series of inhibition
assays with various organic and inorganic compounds confirms
that endotoxin binding is largely independent from hydro-
phobic and ionic interactions with allantoin crystals and
specifically depends on amide-mediated hydrogen bonding.
The significance of these results is discussed within the context
of materials that selectively bind endotoxins in aqueous
solutions.

■ EXPERIMENTAL SECTION
Materials and Sample Preparation. Allantoin, 4-morpholine-

ethanesulfonic acid (MES), 3-(cyclohexylamino)-2-hydroxy-1-pro-
panesulfonic acid (CAPSO), guanidine hydrochloride (GdmCl),
urea, sodium citrate, sodium dodecyl sulfate (SDS), γ-cyclodextrin,
adenine, thymine, cytosine, guanine, uric acid, hydantoin, lysozyme,
and bovine serum albumin (BSA) were purchased from Sigma-Aldrich.
Sodium chloride (NaCl), 4-(2-hydroxyethyl)piperazine-1-ethanesul-
fonic acid (HEPES), citric acid, and ethanol were purchased from
Merck Chemicals. Pluronic F68 was purchased from Gibco. Tween 20
was purchased from Promega. Diazolidinyl urea and biurea were
purchased from Tokyo Chemical Industry.
Lipopolysaccharides (LPS) from E. coli O55:B5 purified by ion-

exchange chromatography was purchased from Sigma-Aldrich. LPS
was dissolved in endotoxin free water to a final concentration of 1 mg/
mL and filtered with a 0.22 μm Millex-GV syringe filter unit (PVDF,
13 mm; Merck-Millipore). The LPS solution was subsequently diluted
to 100 000 EU/mL by adding standard buffer (20 mM HEPES, 150
mM NaCl, pH 7.5). The diluted LPS solution was used for spiking at
different endotoxin concentrations (10, 100, 1000, and 10 000 EU/
mL, respectively). To investigate the effect of pH on endotoxin
removal, LPS solutions were prepared in 20 mM citrate (pH 3.5), 20
mM MES (pH 5.5), and 20 mM CAPSO (pH 9.5), respectively.
Supernatant and cell lysate of an E. coli culture were obtained from a

1 L shake flask fermentation of E. coli BL21(DE3) cells. Cells were
separated from the supernatant by centrifugation (4000g, 15 min), and
the cell pellet was resuspended in 100 mL of 20 mM EDTA, 50 mM
Tris (pH 7.8). The resuspended cells were lysed with a Microfluidizer
(M-110P, Microfluidics) at 10 000 psi, and the lysate was centrifuged
(17 000g, 15 min) to remove insoluble cell debris.
Endotoxin Removal by Purine- and Pyrimidine-Based

Compounds. Endotoxin removal by the purine- and pyrimidine-
based compounds guanine, cytosine, adenine, thymine, and allantoin
was tested by adding the respective compounds to a protein solution
(1 mg/mL BSA in 20 mM HEPES, pH 7.5, 150 mM NaCl, 1000 EU/
mL) at a supersaturated concentration (300 mg/mL). Protein samples
containing undissolved particles of the respective compounds were
incubated on a rotary disc at 30 rpm for 15 min at room temperature.
After incubation, undissolved particles were removed by centrifugation
followed by filtration through a 0.22 μm filter. The endotoxin level of
each sample was measured before adding the compound and after
removal of undissolved particles, and endotoxin reduction factors were
determined by dividing the respective values. Endotoxin concen-
trations were measured by a standard kinetic chromogenic Limulus
Amebocyte Lysate (LAL) assay using LAL reagent (Endosafe
Endochrome-K, Charles River Laboratories Inc.). Protein recovery
was determined on the basis of protein peak area at UV280 nm measured

by size-exclusion chromatography on a Shimadzu Class-VP HPLC
system with a TSK G3000SWxl column (Tosoh). Values of endotoxin
removal and protein recovery reported in the study are the average of a
minimum of two independent endotoxin removal experiments.

Endotoxin removal by allantoin was further characterized at
different allantoin concentrations (4, 10, 50, 100, and 300 mg/mL)
for protein solutions of lysozyme and BSA in the same way as
described above. Endotoxin removal for E. coli culture supernatant and
cell lysate was performed using 300 mg/mL allantoin in the same way
as described above, and protein recoveries were analyzed on the basis
of a standard Bradford protein assay (Thermo Scientific).

Endotoxin Binding Capacity and Affinity. Equilibrium data of
endotoxin binding on undissolved allantoin were obtained by adding
allantoin at 10, 50, 100, and 300 mg/mL to buffer (20 mM HEPES,
150 mM NaCl, pH 7.5) with endotoxin levels ranging from 10 to 106

EU/mL. Allantoin solutions were filtered, and endotoxin levels in the
liquid phase (filtrate) were determined as described above. The
corresponding endotoxin levels in undissolved allantoin were
calculated from a mass balance. In this way, endotoxin binding
equilibrium data were obtained over 8 orders of magnitude. The
binding affinity and capacity for endotoxin binding by undissolved
allantoin was determined by fitting experimental data to a 2-site
Langmuir model as detailed in the Supporting Information.

Dynamic Light Scattering. Allantoin is supplied as a crystalline
powder, and at concentrations above its solubility limit (∼5 mg/mL),
crystals in the allantoin powder persist in solution and a suspension of
allantoin crystals is obtained. The size distribution of undissolved
allantoin crystals was characterized by dynamic light scattering (DLS)
on a light scattering photometer (Zetasizer Nano ZS; Malvern
Instruments). Supersaturated allantoin (10 mg/mL) was placed in a 1
cm path-length quartz cuvette, and DLS measurements were carried
out at room temperature. The hydrodynamic diameter was calculated
by the Zetasizer software based on the Stokes−Einstein equation with
a viscosity equal to that of water (0.8872 cP).

Scanning Electron Microscopy. The morphology of allantoin
crystals was observed through a Jeol JSM-7600F field emission
scanning electron microscope. To prepare samples, droplets of
aqueous solutions of allantoin were air-dried and coated with gold
using a Jeol JFC-1200 instrument. Although crystal sizes spanned a
wide range (<1 μm to >10 μm), we found that the majority of crystals
have dimensions of about 500 nm. No differences were observed
between allantoin crystals with and without endotoxins.

Monolayer Endotoxin-Binding Capacity of Undissolved
Allantoin. In this study, we found that undissolved allantoin exists
as 500 nm crystals with evenly developed dimensions (see Results and
Discussion). Assuming allantoin particles as 500 nm spheres and
taking into account the density of allantoin (1.722 g/cm3),33 the
specific area of undissolved allantoin was estimated to be ∼7 m2/g.
Approximating an endotoxin molecule as a cylinder with a length of
9.6 nm and a diameter of 1.6 nm,34 the surface area covered by a single
endotoxin molecule was estimated to be ∼15 nm2. Accordingly, a
monolayer of perfectly aligned endotoxin cylinders on the surface of
allantoin particles was estimated to correspond with 0.7 μmol of
endotoxin per gram of allantoin. Equating one endotoxin unit (1 EU)
with 100 pg of endotoxin and considering that endotoxins have a
molecular weight of 10−20 kDa8, we further estimated that monolayer
adsorption of endotoxins on allantoin crystals corresponds with ∼30
to 80 million EU per gram of allantoin.

Atomic Force Microscopy. Atomic force microscopy (AFM)
experiments were carried out using a Nanoscope V Dimension
FastScan instrument (Bruker Inc.). Imaging in tapping mode was
performed using a Fastscan-A silicon nitride cantilever with a spring
constant of 18 N/m and a nominal tip radius of 5 nm. AFM scans were
performed for allantoin crystals without endotoxins and for allantoin
crystals saturated with endotoxins. Allantoin crystals saturated with
endotoxins were obtained by adding an endotoxin amount exceeding
the binding capacity of allantoin (i.e., 30 million EU per gram
allantoin; see Results and Discussion) followed by a wash with an
endotoxin-free saturated allantoin solution to remove unbound

ACS Applied Materials & Interfaces Research Article

dx.doi.org/10.1021/am401018q | ACS Appl. Mater. Interfaces 2013, 5, 4472−44784473



endotoxin. Droplets of allantoin crystals in solution were applied on a
glass slide and air-dried before AFM analysis.

■ RESULTS AND DISCUSSION
Selective endotoxin removal from a protein solution is tested
for a number of purine- and pyrimidine-based compounds,
including the nucleobases of DNA (Figure 1). The highest

reduction of endotoxin levels (>99.9%) is observed for
allantoin. Allantoin also compares favorably to the other
compounds with respect to protein recovery (Figure 1).
Following this encouraging result, endotoxin removal with
allantoin is further investigated for BSA and lysozyme at various
allantoin concentrations (Figure 2). Significant endotoxin
reduction occurs for allantoin concentrations exceeding its
solubility limit (∼5 mg/mL), and endotoxin reduction factors
continuously increase at higher allantoin concentrations (Figure
2a). Conversely, more than 80% of the proteins remain in
solution for all allantoin concentrations tested (Figure 2b).

Good endotoxin removal with minimal protein loss is also
observed for E. coli culture supernatant and cell lysate
(Supplementary Table S1, Supporting Information). Addition
and subsequent removal of undissolved allantoin thus appears
an effective method for selective removal of endotoxins from
protein solutions.
To gain insight in the mechanisms underlying endotoxin

removal by undissolved allantoin, we characterize the
distribution of endotoxins between aqueous solution and
undissolved allantoin particles over a wide range of endotoxin
concentrations (Figure 3a). An excellent fit is obtained over the
entire concentration range using a 2-site Langmuir binding
model for endotoxin adsorption at high affinity sites (H-sites)
and ultrahigh affinity sites (U-sites) (Figure 3a). H-sites enable
effective endotoxin-removal from low (<10 EU/mL) to very
high (>106 EU/mL) endotoxin concentrations. U-sites enable
further endotoxin reduction at low endotoxin concentrations
(<10 EU/mL) due to their exceptionally high endotoxin
binding affinity (Ka = 1 × 1010 M−1). This endotoxin binding
affinity is higher than for practically any other endotoxin-
binding substance including antiendotoxic peptides,3−6,35,36

endotoxin-binding proteins,37−43 and engineered endotoxin-
adsorbing materials.44−47

The size and morphology of undissolved allantoin particles
are characterized by dynamic light scattering (DLS) and
scanning electron microscopy (SEM). Analysis by DLS reveals
a single peak at 500 nm corresponding with the mean diameter
of allantoin particles (Figure 3b). Characterization by SEM
shows that submicrometer allantoin particles have a crystalline
morphology with evenly developed dimensions (Figure 3c).
Taking into account the dimensions of an endotoxin
molecule,48 we estimate that a monolayer of endotoxin
molecules on the surface of 500 nm spheres corresponds to 3
to 8 × 107 endotoxin units (EU) per gram of particles (see
Experimental Section). This range quantitatively agrees with
the endotoxin binding capacity of undissolved allantoin (3 ×
107 EU/g), thereby suggesting that a major fraction of the
surface of allantoin crystals is able to adsorb a layer of
endotoxins. Furthermore, these results imply that the high
endotoxin binding capacity of undissolved allantoin, which is
several times higher than the endotoxin binding capacity of
known endotoxin-binding adsorbents,10,49−51 reflects the high
specific surface area provided by submicrometer allantoin
crystals.
Endotoxin adsorption on allantoin crystals is further

characterized by atom force microscopy (AFM). In the absence
of endotoxin, allantoin crystal surfaces appear flat with minimal
phase contrast (Figure 4a,b and Supplementary Figure S1,
Supporting Information). For allantoin crystals saturated with
endotoxins, certain crystal planes appear completely covered
with endotoxins, whereas other crystal planes are only partially
covered (Figure 4c). Although several endotoxin molecules
appear isolated on the crystal surface, most endotoxins form
layer-like clusters comprising many endotoxin molecules
(Figure 4d). The thickness of adsorbed endotoxin clusters is
in the order of 5 nm (Supplementary Figure S1, Supporting
Information), which corresponds with the molecular dimen-
sions of an endotoxin molecule (∼2−10 nm). This suggests
endotoxin clusters consist of single- or double-layers of
endotoxin molecules on the surface of allantoin crystals.
To probe the physicochemical interactions that drive the

adsorption of endotoxins on allantoin crystals, we test
endotoxin adsorption under various solution chemistry

Figure 1. Endotoxin removal from protein solutions by purine- and
pyrimidine-based compounds. Purine- and pyrimidine-based com-
pounds were added to a protein solution (1 mg/mL BSA in 20 mM
HEPES, pH 7.5, 150 mM NaCl with 1,000 EU/mL) at supersaturated
concentrations (300 mg/mL) and undissolved particles were removed
by filtration.

Figure 2. Effect of allantoin concentration on endotoxin removal by
allantoin. The data show (a) endotoxin reduction and (b) protein
recovery for lysozyme and BSA (1 mg/mL) in buffer (20 mM HEPES,
pH 7.5, 150 mM NaCl) spiked with endotoxins (1000 EU/mL).
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conditions. Endotoxin removal by allantoin is effective over a
broad pH range (Figure 5a), and the endotoxin removal
efficiency increases in the presence of 2 M NaCl (Figure 5b).
This indicates that endotoxin binding by allantoin does not
depend on ionic interactions. Allantoin is also effective in
removing endotoxins in the presence of guanidinium chloride,
various organic solvents, and surfactants (Figure 5b and
Supplementary Figure S2, Supporting Information). These
results imply that endotoxin binding is largely independent
from hydrophobic interactions with allantoin crystals. In
contrast, practically no endotoxin removal occurs in the
presence of 8 M urea (Figure 5b). Inhibition of endotoxin−
allantoin binding by urea is concentration dependent and
becomes maximal around 6 M urea (∼30%) (Figure 6). Such
concentration-dependent behavior is reminiscent of protein
denaturation by urea, which involves the replacement of
protein−protein and protein−water contacts by urea through
relatively strong amide-mediated hydrogen bonding.52,53 In the
same way, urea is expected to inhibit endotoxin−allantoin
binding by replacing hydrogen bonds between endotoxins and
the amide groups of allantoin.

Figure 3. Undissolved allantoin exists as submicrometer crystals with high binding affinity and capacity for endotoxins. (a) Experimental data and 2-
site Langmuir model fit for endotoxin distribution between aqueous solution and undissolved allantoin. (b) Hydrodynamic diameter of allantoin
particles measured by dynamics light scattering (DLS). (c) SEM micrograph of a submicrometer allantoin crystal.

Figure 4. Phase contrast AFM images of allantoin crystals without
endotoxin (a,b) and saturated with endotoxin (c,d). Blue arrows
indicate single endotoxin molecules.

Figure 5. Endotoxin removal by allantoin under various solution
chemistry conditions. Effects of pH (a) and various additives (b) on
endotoxin removal by allantoin. All figures represent endotoxin
reduction factors in aqueous solution (10 000 EU/mL) after treatment
with 300 mg/mL allantoin.

Figure 6. Chemical inhibition of endotoxin adsorption on allantoin
crystals by soluble amide-based compounds. Graphs represent
endotoxin reduction factors using 300 mg/mL allantoin from an
aqueous solution (10 000 EU/mL) with formamide, urea, and
diazolidinyl urea at the indicated concentrations.
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Urea is twice as effective as formamide in inhibiting
endotoxin binding by allantoin (Figure 6). Furthermore,
inhibition experiments with the allantoin-derived compound
diazolidinyl urea show minimal inhibition at ∼1% but nearly
complete inhibition at ∼2% diazolidinyl urea (Figure 6). These
data indicate that endotoxin binding by allantoin critically
depends on the concentration of amide groups. Moreover, the
strong increase of the inhibitory effect of diazolidinyl urea
relative to urea indicates a strong correlation between the
strength of molecular interactions and the number of amide
groups per molecule. We propose therefore that the high
endotoxin binding affinity of allantoin is the result of
multivalent hydrogen bonding with amide groups on the
surface of allantoin crystals.
We further examine the physicochemical origins of endotoxin

removal by allantoin by comparing endotoxin removal by
compounds that are structurally related to allantoin. Although
allantoin consists of a hydantoin ring linked to urea, endotoxin
removal by hydantoin and biurea is far less effective compared
to allantoin (Figure 7). This discrepancy supports the

proposition that endotoxin binding by allantoin crystals
involves amide-mediated hydrogen bonding with both the
hydantoin ring and the terminal urea group of allantoin.
Another striking point is that practically no endotoxin removal
occurs for the closely related compound uric acid (Figure 7).
Unlike allantoin, bicyclic purine derivatives like uric acid have a
planar structure which may complicate simultaneous inter-
molecular hydrogen bonding with amide groups in both purine
rings. This structural difference is also reflected in the respective
crystal structures: crystals of bicyclic purine derivatives consist
of hydrogen-bonded sheets forming stacked arrays, whereas
allantoin crystals consist of an intricate three-dimensional
hydrogen-bond network.33 The relative orientations of amide
groups at the crystal/water interface of this three-dimensional
hydrogen-bond network therefore appear essential for strong
endotoxin binding through multivalent hydrogen bonding.
Selective binding of biomacromolecules on amide-rich

surfaces has also been observed for molecular imprinted
polymers (MIPs).54,55 Unlike flat-surfaced allantoin crystals
(Figure S1), MIPs bind their target molecules in comple-
mentary-shaped cavities, and hydrophobic and charged groups
are commonly incorporated in the amide-based matrix to
improve their selectivity and sensitivity. Nevertheless, binding
affinities of MIPs are generally limited to the micromolar or

nanomolar range,56−59 and the practical use of MIPs for
recognition of biomacromolecules remains extremely challeng-
ing.60 Notably, a single study intended to fabricate an
endotoxin-imprinted MIP using hydrophobic and charged
groups.61 Endotoxin binding by this MIP was only charac-
terized for protein-free solutions and turned out to be more
than 5 orders of magnitude weaker than endotoxin binding by
allantoin crystals. This stark contrast corroborates the
important role of the arrangement of amide groups for high-
affinity endotoxin binding on allantoin crystals.
A variety of studies have focused on the adsorption of

biomacromolecules on crystals in aqueous solutions.62−65 The
majority of these studies have been directed toward controlling
crystal morphologies in biological systems,66,67 and relatively
little is known about the binding capacity and affinity of
biomacromolecules on as-grown crystals. Addadi and co-
workers showed that specific crystal surfaces can bind certain
proteins: a phenomenon which was attributed to the stereo-
chemical match between multiple crystal and protein functional
groups.62,63 Furthermore, the importance of steps on the crystal
surface and the effects of surface chirality on protein adsorption
have been highlighted.65,68 Allantoin used in this study is a
racemate, and we found that a major fraction of the flat surfaces
of allantoin crystals adsorb endotoxins (Figure 4 and
Supplementary Figure S1, Supporting Information). This
suggests that crystal steps and surface chirality may not be
essential for endotoxin binding on allantoin crystals.
Finally, we would like to point out that allantoin is generally

regarded as a safe compound and its nontoxicity has been
demonstrated by a large number of studies.69 Allantoin is also a
natural metabolite in human serum70,71 and is widely used in
various healthcare applications.69,72 The presence of soluble
allantoin after allantoin-based endotoxin removal is therefore
not expected to be of concern for in vivo and cell-based protein
applications. Besides, removal of soluble allantoin from protein
solutions is readily achieved using standard buffer exchange
techniques such as ultrafiltration (Supplementary Figure S3,
Supporting Information). Allantoin-based endotoxin removal
thus emerges as a practical method for removing endotoxins
from protein solutions.

■ CONCLUSIONS
In summary, we have discovered that crystals of the purine-
derived compound allantoin selectively adsorb endotoxins in
aqueous protein solutions with picomolar affinity (Ka = 1 ×
1010 M−1). At concentrations above its solubility limit,
undissolved allantoin exists as submicrometer crystals with
even surfaces. Adsorption of endotoxin molecules results in
layer-like clusters of endotoxin molecules that cover a major
fraction of the crystal surface area upon saturation. Endotoxin
adsorption on allantoin crystals is compatible with salts and
hydrophobic compounds but is sensitive to amide-based
compounds such as formamide and urea. Considering (1) the
minimal role of ionic and hydrophobic interactions between
allantoin crystals and endotoxins, (2) the inhibition of
endotoxin adsorption by amide-containing compounds, which
critically depends on the concentration and the number of
amide groups per molecule, (3) urea’s capacity for relatively
strong hydrogen bonding in aqueous solutions, and (4)
allantoin’s diureide structure, which enables the formation of
a three-dimensional hydrogen-bond network, we conclude that
multivalent amide-mediated hydrogen bonding is the primary
driving force for endotoxin adsorption on allantoin crystals in

Figure 7. Comparison of endotoxin removal by compounds that are
structurally related to allantoin. All compounds were used at 300 mg/
mL, which is higher than the respective solubility limits.
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aqueous solution. This study thus demonstrates the feasibility
of using hydrogen bonding to drive molecular recognition in
aqueous solutions and provides a practical method for
removing endotoxins from protein solutions by exploiting the
remarkable interface properties of allantoin crystals.
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