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An unusual phenomenon, the specific interaction between tris(hydroxymethyl)aminomethane (Tris) and
lysozyme (LZM), was demonstrated for the first time by rapid screen analysis of interactions using a
quartz crystal microbalance (QCM) biosensor. This phenomenon was also observed in a surface plasmon
resonance (SPR) system. Further study using high-performance affinity chromatography (HPAC) con-
firmed this specific interaction between LZM and immobilized Tris with an apparent dissociation con-
stant (KD) of 6.7 � 10�5 M. Molecular docking was carried out to identify possible modes of binding
between LZM and Tris linked to a binding arm. The estimated binding free energy was �6.34 kcal mol�1,
corresponding to a KD of 2.3 � 10�5 M, which correlated well with the experimental value. Based on the
docking model, the three hydroxyl groups of Tris form intermolecular H bonds with Asp52, Glu35, and
Ala107 in LZM. This study reinforces the importance of buffer selection in quantitative biochemical inves-
tigations. For a lysozyme ligand binding study, it is better to avoid using Tris when the ligands under
study are weak binders.

� 2008 Elsevier Inc. All rights reserved.
Buffers are important and widely used to maintain stable pH va-
lue in many fields, such as chemistry, biology, pharmacology, med-
ical science, and our daily life as well. In life science research,
buffers not only maintain pH, but also simulate the in vivo environ-
ment to retain the native structures and activities of biomolecules.
In addition to its strong buffering ability, a good buffer should also
be inert and not have any specific interactions with the biomole-
cules under investigation.

Because of its vivo-like properties and structure-stabilizing abil-
ity on biomolecules, tris(hydroxymethyl)aminomethane (Tris)2

solution is one of the most widely used buffers [1]. Specific interac-
tions between Tris and proteins have commonly been ignored when
it is used as a buffer. However, in our recent experiment, we ob-
tained a false-positive result when we used Tris buffer. In a study
of biomolecular interactions using high-performance affinity chro-
matography (HPAC), a Tris immobilized affinity column was used
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as a negative control column and the reservation time of lysozyme
(LZM) on it was obviously longer than for other proteins [2]. These
abnormal phenomena indicate the possibility of some kind of inter-
action between Tris and LZM that is not yet understood clearly.

Quartz crystal microbalance (QCM) biosensors have been used
in the rapid screening of possible interactions between small mol-
ecules and proteins. QCM allows real-time monitoring of interac-
tions between biomolecules without labeling requirements and
noninvasive measurements [2–5], compared with other exten-
sively employed techniques such as chromatography [6], electro-
phoresis [7], NMR [8], mass spectrometry [9], ultracentrifugation
[10], scintillation proximity assay [11], and biosensors [12]. Be-
cause of these advantages, the applications of QCM biosensors for
monitoring interactions between small molecules and proteins
are expanding rapidly [13,14]. In our previous study, we proposed
a novel screening strategy based on the QCM biosensor to select li-
gands for affinity chromatography [13]. However, the application
of the QCM biosensor in the rapid screening of specific interactions
between Tris and proteins has not been exploited.

To quantify specific interaction between small molecules and pro-
tein, frontal analysis by analytical high-performance affinity chroma-
tography (HPAC) has been employed [15–17]. Through continuous
application of various concentrations of protein to the ligand immo-
bilized affinity column, the interaction between protein and immobi-
lized ligand can be quantified. The apparent dissociation constant of
the interaction between Tris and protein can be obtained without
considering the binding ratio by frontal analysis using HPAC.
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In the present study, we investigated possible specific interac-
tions between a commonly used buffer, Tris, and LZM. A quartz
crystal microbalance flow injection analysis (QCM-FIA) system
was used for rapid screen analysis of specific interactions be-
tween immobilized Tris and various proteins in solution. To con-
firm the results of QCM-FIA, rapid screen analysis was carried out
using surface plasmon resonance (SPR) technique, primarily to
determine the apparent dissociation constant. The apparent dis-
sociation constant for LZM binding with Tris was also obtained
by frontal analysis using HPAC and compared with the constant
obtained from SPR analysis. Molecular docking was performed
to search for possible binding sites of immobilized Tris on LZM.
The calculated binding constant correlated well with experimen-
tal data.

Materials and methods

Materials

Analytical reagent-grade Tris was purchase from Amresco (So-
lon, OH, USA). Chicken egg white (CEW) LZM, ovalbumin (OVA),
human serum albumin (HSA), chicken IgG (C IgG), hemoglobin
(Hemo), transferrin (Trans), gamma globin, myoglobin, pepsin
(Pep), trypsin (Tryp), RNase A, and DL-dithiothreitol (DTT) were
all from Sigma (St. Louis, MO, USA). 3-Glycidoxypropyltrimethox-
ysilane (GPS), 1,4-butanediol diglycidyl ether, and sodium borohy-
dride were supplied by Aldrich (St. Louis, MO, USA). All other
chemicals were of analytical reagent grade, and deionized water
was used for preparation of aqueous solution. All solutions pre-
pared were filtered (0.45 lm) before use.

Methods

The homemade QCM biosensor setup consisted mainly of two
parts, the QCM system and the FIA system, as described previously
[13]. Ten-megahertz AT-cut quartz crystal (14-mm diameter) chips
with gold electrodes (8-mm diameter, geometric area 50.2
mm2 � 2) on both sides were purchased from Beijing 707 Factory
(Beijing, China). The gold surface of the crystal electrode was
smoothed using a mirrorlike finishing process to a roughness of
less than 5 lm.

An Agilent 1100 series liquid chromatography system (Palo
Alto, CA, USA) consisting of a quaternary solvent delivery system,
a manual sampler, and Agilent 1100 VWD detector coupled with
an analytical workstation was used.

SPR experiments were performed using the Biacore 3000 sys-
tem (Biacore International AB, Uppsala, Sweden).

Immobilization of Tris on QCM sensor chips
The gold electrodes were cleaned with a boiling solution con-

sisting of 30% H2O2, 30% ammonia, and deionized water in a
1:1:5 volume ratio to remove adsorbed components disturbing
the self-assembly of thiols [18]. The solution was dripped onto
the gold, kept there for 10 min, and then thoroughly washed with
deionized water. The freshly cleaned sensor chip was modified
with dithiothreitol self-assembled monolayer and activated to an
epoxy group as described before [13]. The prepared crystal was im-
mersed in 5 mL of Tris–HCl (pH 8.5, 1.0 M), and kept at 40 �C for
2 h. Finally, 5 mL of Tris–HCl (pH 8.5, 1.0 M) was used to block
the residual reacting sites on the chips. The reaction was kept for
30 min at room temperature.

Screening of the interaction between proteins and immobilized Tris
using a QCM biosensor

In all these screening experiment, PBS was used as loading buf-
fer. The freshly coated chip was mounted in the flow-through cell
and rinsed with 60 lL min�1 loading buffer continuously until the
baseline had stabilized. Then, 200-lL volumes of various protein
solutions (0.5 mg mL�1) were injected into the flow-through cell,
respectively, with the injection valve. The interaction between
immobilized Tris and proteins was monitored in real time by
recording the frequency shift-versus-time curves. If there was a de-
crease in frequency, to refresh the sensor chip for the next binding,
600 lL elution solution (50 mM potassium phosphate buffer con-
taining 500 mM NaCl, pH 7.0) was injected into the system to dis-
sociate the bound protein.

Surface plasmon resonance detection
Tris was immobilized on a Biacore sensor chip (bare Au) using

the same procedure for QCM sensor chip preparation. LZM was dis-
solved in PBS at various concentrations (0.2, 0.4, 0.6, 0.8, 1.6, and
3.2 lM) for binding analysis using SPR. Measurements were per-
formed with a blank chip as reference at 25 �C. The flow rate was
30 lL min�1.

Preparation of the affinity column using Tris as a ligand
Two grams of Uetikon macroporous silica sphere (granule

diameter 5 lm, pore diameter 300 Å, specific surface area 40
m2 g�1) was modified by GPS as described before [13]. A 0.2-g
amount of Tris was reacted with epoxy-activated silica in 10 mL
of potassium phosphate buffer (2.5 M, pH 7.9) at 60 �C for 48 h.
Then, 10 mL of Tris–HCl (pH 7.9, 1.0 M) was used to block the
residual reacting sites on the surface of the silica sphere for 3 h.
The prepared packing was packed into stainless-steel columns
(4.0 mm � 70 mm i.d.) under 16 MPa pressure.

Affinity chromatography conditions
Protein solutions were prepared with loading buffer (PBS) at a

concentration of 0.5 mg mL�1. These solutions were filtered
through a 0.45-mm membrane filter before use. The injection vol-
ume was 50 lL with a standard 100-lL loop and 50-lL syringe. All
separations were carried out through the column by passing the
loading solution for 8 min, the elution solution (50 mM potassium
phosphate buffer containing 600 mM NaCl, pH 7.0) for 12 min, and
then the loading solution within 10 min at a flow rate of 0.5 mL
min�1, after injection of the protein solution, if not otherwise ex-
plained. The chromatographic profiles were monitored at
280 nm. All chromatographic experiments were performed at
room temperature.

Frontal analysis on the affinity column
The concentrations of the LZM solutions were 0.25, 0.50, 0.75,

and 1.00 mg mL�1, respectively. Frontal analysis was performed
by injecting various LZM solutions continuously with the quater-
nary pump as loading buffer. Profiles were monitored until the
platform of maximum absorbance was observed.

Molecular docking
To construct the binding models of LZM with Tris linked with a

binding arm, and to predict their binding affinities, molecular
docking was performed using the AutoDock 3.05 program [19].

The structure of CEW lysozyme in complex with MPD (taken
from the protein data bank, PDB code 1DPW) was used in all dock-
ing studies, and was prepared with the molecular modeling pro-
gram SYBYL 6.91 (Tripos, Inc.). All water moleucles were
removed, with polar hydrogen atoms added geometrically and
Kollman united-atom partial charges assigned. The initial struc-
tures of the Tris and part of the binding arm were generated using
SYBYL 6.91 in the all-atom representation, and were used in dock-
ing. The structure was fully optimized using a conjugate gradient
procedure based on the TRIPOS force field and Gasteiger and Hüc-
kel charges.



Fig. 2. Rapid screening of the interaction between immobilized Tris on a QCM se-
nsor chip and various proteins in solution (0.5 mg mL�1).
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Because of the uncertainty of the binding site between the LZM
and Tris with a binding arm, first, blind docking was performed to
predict the possible ligand binding pocket on the whole protein
surface. Affinity (grid) maps of 126 � 126 � 126 grid points, cen-
tered on the protein center, and 0.375-Å spacing generated by
the Autogrid program, were used to cover the whole protein struc-
ture, and the Lamarckian genetic algorithm was used for all molec-
ular docking simulations. Each simulation was performed for 200
times, yielding 200 docked conformations. The genetic algorithm
parameters for docking were as follows: population size = 300,
mutation rate = 0.02, and crossover rate = 0.8. Simulations were
performed using up to 2.5 million energy evaluations with a max-
imum of 270,000 generations. The root mean squared deviation
(RMSD) was calculated for the resulting 200 structures using the
ligand structure of the lowest binding energy as reference; a 1.0-
Å tolerance was used to form clusters of the closest structures.
The possible binding site was identified by the binding conforma-
tion with the lowest binding energy.

Further refined molecular docking was carried out to explore
the binding model more precisely, based on the identified binding
pocket. Smaller grid maps, 60 grid points in each Cartesian direc-
tion, were used, and maps were centered around the lowest bind-
ing energy conformation. The other parameters used were the
same as described above.

Results and discussion

QCM biosensor rapid screening of the interactions between Tris and
proteins

Immobilized Tris was chemically linked to the gold surface. The
structure of the modified electrode is illustrated in Fig. 1. The gold
surface of the crystal electrode was coated with a DTT self-assem-
bled monolayer. The sulfhydryl groups were activated to epoxide
groups with ethanediol diglycidyl ether under weak base conditions.
The amino groups of Tris bound directly to the epoxide groups. Thus,
Tris was immobilized on the QCM sensor chips. Because of the self-
assembled monolayer of thio compounds, the gold surface of the
crystal electrode was coated with hydroxy groups to prevent non-
specific adsorption of the proteins, and the hydrophilic modified sur-
face was suitable for specific interactions between biomolecules.
Fig. 1. Structure of biorecognition
As reacting sites of the residual epoxyl groups had been blocked
and the gold surfaces were hydrophilic, the nonspecific adsorption
of these hydrophobic proteins on the gold surfaces was almost
impossible [13]. Furthermore, the arm formed by the activated
monolayer provided an appropriate spacer to facilitate the interac-
tions between the small ligands immobilized on the gold surfaces
and large proteins by alleviating steric hindrance [20,21].

Eight proteins coexisting in CEW were analyzed by QCM-FIA to
rapidly screen for interactions between these proteins and immo-
bilized Tris. HSA was used as a standard reference. The rapid
screening analysis results are illustrated in Fig. 2. Under rinsing
with the loading buffer within the tested 20 min, the frequency
decreased about 60 Hz when LZM was injected into the flow cell
and then returned to the initial level. For all other proteins,
frequency remained at the baseline level. This indicated that
layers of Tris-modified sensor.



Fig. 4. Curve fitting of the steady-state responses in SPR analysis to estimate the-
apparent dissociation constant (KD) of the complex of immobilized Tris and LZM.
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among the proteins tested, only LZM binds specifically to immobi-
lized Tris under physiological ionic conditions.

From these results, it can be inferred that using Tris as a buf-
fer for these proteins, except LZM, does not influence the exper-
imental results. For LZM, whether the interaction influences the
experimental result depends on the strength of the interaction
between LZM and the ligand under investigation. If the specific
interaction between LZM and ligand is much stronger than that
between Tris and LZM, the influence on arm detection could be
ignored.

In Fig. 2, the frequency returned to the initial baseline after one
test cycle, indicating that the chips were quite reproducible. The
good reproducibility of the chips was very important for the repe-
tition of the sensor. The stable frequency around the baseline value
while HSA was injected clearly indicates there is no nonspecific
adsorption of these proteins on the modified sensor chip under
physiological ionic conditions.

Surface plasmon resonance characterizing the interaction between Tris
and LZM

SPR measurements were performed to prove the interaction be-
tween Tris and LZM and further determine the thermodynamic
constants. Measurement with the SPR biosensor is a nondestruc-
tive analysis technique that has the important advantage of being
capable of monitoring the interaction between molecules in real
time [22]. OVA was used as a standard reference. As shown in
Fig. 3, the response signal of SPR increased with the increase in
concentration of the injected LZM solutions. When OVA was in-
jected, the signal stayed on the baseline, which demonstrated that
the sensor chip has low nonspecific adsorption. These results
clearly indicate that LZM interacts specifically with immobilized
Tris.

In addition, the apparent equilibrium dissociation constant KD

was estimated by curve fitting the steady-state binding level as a
function of LZM concentration using the equation [23]

Req ¼ C � Rmax=ðKD þ C � nÞ; ð1Þ
Fig. 3. Interaction between immobilized Tris on a sensor chip and various proteins in sol
respectively. The standard reference was 3.2 lM OVA solution.
where Req is the steady-state binding level, Rmax is the theoret-
ical binding capacity, C is the concentration of LZM, and n specifies
the number of averaged binding sites on one analyte molecule [23]
(in this research, we assumed n to be 1, which would be proved
subsequently). The program Origin 7.0 (OriginLab Corp., MA,
USA) was adopted for nonlinear regression analysis determining
the apparent KD using Eq. (1). Values for the apparent equilibrium
dissociation constant KD calculated by SPR analysis (Fig. 4) aver-
aged 1.0 � 10�5 M.

The results obtained using the SPR biosensor supported the ra-
pid screening results obtained with the QCM biosensor. Primarily
the thermodynamic constant of the specific interaction between
LZM and immobilized Tris was characterized. Compared with the
QCM biosensor, the total time spent performing the interaction
analysis experiment was similar, from immobilization of Tris to
acquisition of the final data, although the response time of the
ution detected by SPR. The concentrations of LZM were 0.4, 0.6, 0.8, 1.6, and 3.2 lM,
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SPR biosensor (less than 30 s) is shorter than that of the QCM bio-
sensor (about 60 s). For chip functionalization, the amount of re-
agent was equal. But in the SPR biosensor study, the injection
volume was smaller because of the use of microfluidic technology.
In addition, because of the higher signal-to-noise ratio of the SPR
biosensor compared with the QCM biosensor, a much lower con-
centration of the protein was required for SPR analysis. But after
all, the QCM biosensor has a price advantage.

Apparent dissociation constant determination for the interaction
between Tris and LZM by HPAC

In an effort to provide a more definite quantitative analysis,
we used HPAC to detect the apparent dissociation constant of
this interaction. The immobilization of Tris onto an epoxy-acti-
vated stationary phase under base conditions has been proven
to be an effective method [13]. In our experiment, the Tris
molecule was immobilized on epoxy-activated silica in a
high-concentration potassium phosphate aqueous solution
(Fig. 5).

To estimate the binding specificity of the Tris immobilized affin-
ity column, LZM and other proteins that coexist in CEW were in-
jected into the affinity column and eluted under elution
conditions, respectively. The chromatograms are shown in Fig. 6.
It was clear that except for LZM, these proteins were not retained
on the column, indicating that only LZM specifically binds to the
immobilized Tris. The screening result obtained by HPAC is well
consistent with that obtained using the QCM biosensor, suggesting
that the interaction between Tris and LZM is specific.
Fig. 5. Procedure for preparing Tris

Fig. 6. Comparison of interactions of the Tris immobilized affinity colu
To monitor the interaction quantitatively, frontal analysis by
analytical HPAC was used to determine the apparent dissociation
constant [17]. LZM solutions of various concentrations, [P]0, were
injected continuously into the Tris immobilized affinity column
at a flow rate of 0.5 mL min�1, passing through the affinity column
and being monitored by UV absorbance at 280 nm until a platform
of maximum absorbance was observed (Fig. 7). At this time, satu-
ration binding of LZM on the affinity column was achieved and the
eluted solution had the same concentration as the initial applied
mobile LZM solution. The variation in elution volume V was plot-
ted according to the equation [24]

1
V � V0

¼ KD

MT
þ 1

MT
½P�0 ð2Þ

where V (mL) is the affinity matrix half-saturated elution volume,
V0 (mL) is the void volume of the column, KD (M) is the apparent
dissociation constant of complex of the immobilized Tris and LZM,
MT (mol g�1) is the amount of Tris immobilized on 1 g of silica,
and [P]0 (M) is the initial concentration of mobile LZM. From the
plot of 1

�V�V0
versus [P]0 (shown in Fig. 7), KD was determined as

KD = intercept/slope = 6.7 � 10�5 M.
The KD value obtained by analytical HPAC was in accord with

that obtained in the SPR study. It showed that the interaction be-
tween LZM and immobilized Tris is weak but specific. Based on this
result, the following phenomena can be easily understood: the
binding of LZM to the Tris immobilized on a QCM biosensor chip
was not so strong and could be desorbed in the loading buffer
(50 mM PBS, pH 7.0); and on the HPAC column, LZM was eluted
by 0.6 M NaCl in about 2 min, which indicated that the interaction
immobilized affinity packing.

mn with various proteins (protein concentration = 0.5 mg mL�1).



Fig. 7. Analytical HPAC experiment performed with LZM on the Tris immobilized
affinity column. The concentrations of LZM were (a) 1.74 � 10�5, (b) 3.47 � 10�5, (c
5.21 � 10�5, and (d) 6.94 � 10�5 M.

Fig. 8. Tris and binding arm used in molecular docking.
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)

Fig. 9. Modes of binding of LZM with Tris linked with a binding arm.

between Tris and LZM could be easily interrupted by medium ionic
strength in the mobile phase. The apparent dissociation constant of
the interaction between LZM and Tris indicates that Tris can be
safely used as a buffer solution when the ligand under study has
strong binding ability to LZM. However, when the ligand can bind
only weakly to LZM, the binding of Tris to LZM must be considered.
This has been observed in previous studies, for example, the longer
retention time of LZM than other proteins on the Tris column (used
as a control) of affinity chromatography [13].

The binding mode simulation

The result of blind docking in molecular docking showed that
the lowest binding energy conformation of Tris linked to a binding
arm (shown in Fig. 8) with LZM lay in the substrate binding site of
LZM, and refined molecular docking was performed based on the
identified site. The lowest binding energy conformation is shown
in Fig. 9. The three hydroxy groups of the Tris molecule formed
H bonds with Asp52, Glu35, and Ala107 in LZM. The estimated
binding free energy was �6.34 kcal mol�1, corresponding to a KD

of 2.3 � 10�5 M, which was in good accord with the apparent dis-
sociation constant obtained using the SPR biosensor and frontal
analysis by HPAC. This binding model further confirmed that
immobilized Tris does interact specifically with LZM.

Conclusion

We have demonstrated that there is a specific interaction be-
tween lysozyme and an extensively used buffer, Tris, with a disso-
ciation constant on the order of 10�5 M, using QCM-FIA, the SPR
biosensor, frontal analysis by HPAC, and molecular docking. Tris
molecules can bind to the substrate binding pocket in lysozyme
and, thus, might compete with substrate binding. This study shows
that in quantitative binding studies, buffers should be carefully
chosen to avoid possible complexity resulting from buffer mole-
cule binding. In the case of lysozyme ligand binding studies, it is
better to avoid using Tris when the ligands are weak. As we have
shown that the Tris immobilized affinity column can specifically
bind to lysozyme, this type of column could be used for the sepa-
ration and purification of lysozyme directly from CEW.

Acknowledgments

The authors thank Professor Y.Z. Li of Peking University for
helpful discussions and Professor R.H. Yang of Peking University
for his input in language improvement. Financial support from
the National Natural Science Foundation of China (Nos.
20675003, 90713013, and 20275003) and the Ministry of Science
and Technology of China is gratefully acknowledged.

References

[1] G.G. Nahas, K.M. Sutin, C. Fermon, S. Streat, L. Wiklund, S. Wahlander, P. Yellin,
H. Brasch, M. Kanchuger, L. Capan, J. Manne, H. Helwig, M. Gaab, E. Pfenninger,
T. Wetterberg, M. Holmdahl, H. Turndorf, Guidelines for the treatment of
acidaemia with THAM, Drugs 55 (1998) 191–224.

[2] Y. Liu, X.L. Tang, J.F. Pei, L. Zhang, F. Liu, K.A. Li, Gastrodin interaction with
human fibrinogen: anticoagulant effects and binding studies, Chem. Eur. J. 12
(2006) 7807–7815.

[3] Y. Zhang, V. Telyatnikov, M. Sathe, X.Q. Zeng, P.G. Wang, Studying the
interaction of a-gal carbohydrate antigen and proteins by quartz-crystal
microbalance, J. Am. Chem. Soc. 125 (2003) 9292–9293.

[4] X.D. Su, R. Robelek, Y.J. Wu, G.Y. Wang, W. Knoll, Detection of point mutation
and insertion mutations in DNA using a quartz crystal microbalance and MutS,
a mismatch binding protein, Anal. Chem. 76 (2004) 489–494.

[5] H. Matsuno, H. Furusawa, Y. Okahata, Kinetic studies of DNA cleavage reactions
catalyzed by an ATP-dependent deoxyribonuclease on a 27-MHz quartz-
crystal microbalance, Biochemistry 44 (2005) 2262–2270.

[6] D.M. Evans, K.P. Williams, B. McGuinness, G. Tarr, F. Regnier, N. Afeyan, S.
Jindal, Affinity-based screening of combinatorial libraries using automated,
serial-column chromatography, Nat. Biotechnol. 14 (1996) 504–507.

[7] T. Manabe, Y. Jin, Analysis of protein/polypeptide interactions in human
plasma using nondenaturing micro-2-DE followed by 3-D SDS-PAGE and MS,
Electrophoresis 28 (2007) 2065–2079.

[8] E.R. Zartler, J. Hanson, B.E. Jones, A.D. Kline, G. Martin, H.P. Mo, M.J. Shapiro, R.
Wang, H.P. Wu, J.L. Yan, RAMPED-UP NMR: multiplexed NMR-based screening
for drug discovery, J. Am. Chem. Soc. 125 (2003) 10941–10946.

[9] A. Sinz, Chemical cross-linking and mass spectrometry to map three-
dimensional protein structures and protein–protein interactions, Mass.
Spectrom. Rev. 25 (2006) 663–682.

[10] T. Domagala, N. Konstantopoulos, F. Smyth, R.N. Jorissen, L. Fabri, D. Geleick, I.
Lax, J. Schlessinger, W. Sawyer, G.J. Howlett, A.W. Burgess, E.C. Nice,
Stoichiometry, kinetic and binding analysis of the interaction between



150 Buffer-protein interaction / L. Quan et al. / Anal. Biochem. 378 (2008) 144–150
epidermal growth factor (EGF) and the extracellular domain of the EGF
receptor, Growth Factors 18 (2000) 11–29.

[11] X.Z. Khawaja, Development of a scintillation proximity assay for human
insulin-like growth factor-binding protein 4 compatible with inhibitor high-
throughput screening, Anal. Biochem. 366 (2007) 80–86.

[12] K. Durick, P. Negulescu, Cellular biosensors for drug discovery, Biosens.
Bioelectron. 16 (2001) 587–592.

[13] Y. Liu, X.L. Tang, F. Liu, K.A. Li, Selection of ligands for affinity chromatography
using quartz crystal biosensor, Anal. Chem. 77 (2005) 4248–4256.

[14] H.W. Zhang, R. Zhao, Z.Y. Chen, D.H. Shangguan, G.Q. Liu, QCM–FIA with PGMA
coating for dynamic interaction study of heparin and antithrombin III, Biosens.
Bioelectron. 21 (2005) 121–127.

[15] H.S. Kim, D.S. Hage, Chromatographic analysis of carbamazepine binding to
human serum albumin, J. Chromatogr. B 816 (2005) 57–66.

[16] I.M. Chaiken, Analytical affinity chromatography in studies of molecular
recognition in biology: a review, J. Chromatogr. 376 (1986) 11–32.

[17] A. Puerta, C. Vidal-Madjar, A. Jaulmes, J.C. Diez-Masa, M. de Frutos,
Frontal analysis for characterizing the adsorption–desorption behavior of
b-lactoglobulin on immunoadsorbents, J. Chromatogr. A 1119 (2006) 34–
42.

[18] Y. Liu, X. Yu, R. Zhao, D.H. Shangguan, Z.Y. Bo, G.Q. Liu, Real time kinetic
analysis of the interaction between immunoglobulin G and histidine using
quartz crystal microbalance biosensor in solution, Biosens. Bioelectron. 18
(2003) 1419–1427.

[19] G.M. Morris, D.S. Goodsell, R.S. Halliday, R. Huey, W.E. Hart, R.K. Belew, A.J.
Olson, Automated docking using a Lamarckian genetic algorithm and an
empirical binding free energy function, J. Comp. Chem. 19 (1998) 1639–1662.

[20] L. Sundberg, J. Porath, Preparation of adsorbents for biospecific affinity
chromatography: 1. Attachment of group-containing ligands to insoluble
polymers by means of bifunctional oxiranes, J. Chromatogr. 90 (1974) 87–98.

[21] I.S. Park, N. Kim, Thiolated Salmonella antibody immobilization onto the gold
surface of piezoelectric quartz crystal, Biosens. Bioelectron. 13 (1998) 1091–
1097.

[22] R. Maalouf, C. Fournier-Wirth, J. Coste, H. Chebib, Y. Saikali, O. Vittori, A.
Errachid, J.P. Cloarec, C. Martelet, N. Jaffrezic-Renaultel-Free, Detection of
bacteria by electrochemical impedance spectroscopy: comparison to surface
plasmon resonance, Anal. Chem. 79 (2007) 4879–4886.

[23] X. Kang, Y.F. Hu, Y. Li, X.R. Guo, X.L. Jiang, L.H. Lai, B. Xia, C.W. Jin, Structural,
biochemical, and dynamic characterizations of the hRPB8 subunit of human
RNA polymerases, J. Biol. Chem. 281 (2006) 18216–18226.

[24] Y. Shai, M. Flashner, I.M. Chaiken, Anti-sense peptide recognition of sense
peptides: direct quantitative characterization with the ribonuclease S-peptide
system using analytical high-performance affinity chromatography,
Biochemistry 26 (1987) 669–675.


	Resurveying the Tris buffer solution: The specific interaction between  tris(hydroxymethyl)aminomethane and lysozyme
	Materials and methods
	Materials
	Methods
	Immobilization of Tris on QCM sensor chips
	Screening of the interaction between proteins and immobilized Tris using a QCM biosensor
	Surface plasmon resonance detection
	Preparation of the affinity column using Tris as a ligand
	Affinity chromatography conditions
	Frontal analysis on the affinity column
	Molecular docking


	Results and discussion
	QCM biosensor rapid screening of the interactions between Tris and proteins
	Surface plasmon resonance characterizing the interaction between Tris and LZM
	Apparent dissociation constant determination for the interaction between Tris and LZM by HPAC
	The binding mode simulation

	Conclusion
	Acknowledgments
	References


