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a  b  s  t  r  a  c  t

To  exploit  the binding  affinity  for efficient  plasmid  purification,  agmatine  and  histamine  were  immobi-
lized  on  carboxymethylated  dextran  surface.  Their  binding  strength  is evaluated  with  oligonucleotides
and  pUC19  (2.69  kbp), pVAX1-LacZ  (6.05  kbp)  and  pcDNA3-myc-FLNa  S2152A  (14  kbp)  isoforms  by  mea-
suring  the  KD using  SPR-biosensor.  The  oligonucleotides  and  plasmid  isoforms  bind  more  strongly  to
histamine  than  to agmatine.  Concerning  the oligonucleotides,  the  highest  affinities  are  found  for  poly
30,  and  polyT  and  polyG  series  showed  lowest  affinity  with  both  ligands.  These  results  are corroborating
with  the  hetero-oligonucleotides  since  the lowest  binding  affinity  is  found  for  GGGTTT,  indicating  that
thymidine  and  guanosine  together  decrease  the  binding  strength.  The  largest  plasmid  has  the  highest
binding,  while  pUC19  shows  the weaker  binding.  The  linear  isoform  exhibit  the  highest  binding  affinity
to  both  amino  acid-derivatives.
Decreasing  the  pH  above  6,  the  interaction  strength  of  linear  isoform  increases  possibly  due to  posi-
tively  charged  of the  surface,  which  enhances  electrostatic  interactions.  However,  no  binding  response
is  detected  with  high  salt  concentrations  (1 M  NaCl)  and for  different  buffers.  The affinity  information
accessible  with  the  biosensor  offers  new  insight  into  nucleic  acids–ligand  interactions,  as  well  as,  new
criteria  leading  the  optimization  of the  novel  ligands  for preparative  plasmid  purification.

© 2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

The characterization of amino acid–DNA interactions is impor-
ant for regulating many cellular processes, including DNA
ranscription, replication and repair [1,2]. Fewer methods are avail-
ble to measure amino acid–DNA interaction affinities, such as,
uorescence, nuclear magnetic resonance (NMR), isothermal titra-
ion calorimetry (ITC) or surface plasmon resonance (SPR) [3,4].
alorimetry and NMR  are normally limited by their sensitivity,
hereas fluorescence typically requires either the amino acid or

he DNA to be labelled with a fluorophore [5,6]. On the other hand,
PR-biosensor can be used with low sample quantities and is able
o measure binding constants and on and off rates across a very
ide range of concentrations [7,8].
Agmatine and histamine, derivatives of amino acids l-arginine
nd l-histidine, containing basic guanidinium group and imid-
zole ring on a spacer arm, respectively, have been reported as

∗ Corresponding author. Tel.: +351 275 329 097; fax: +351 275 329 099.
E-mail address: carlacruz@fcsaude.ubi.pt (C. Cruz).

1 These authors contributed equally to this work.

ttp://dx.doi.org/10.1016/j.ijbiomac.2014.06.044
141-8130/© 2014 Elsevier B.V. All rights reserved.
polyamines binders of calf-thymus DNA [9,10]. In light of biofunc-
tions of agmatine and the cell penetrating ability of its guanidine,
it was  used to synthetize a gene vector for DNA in vitro and in vivo
delivery [11]. Recently, histamine has also been reported in affinity
chromatography as a multimodal ligand for the separation of pDNA
isoforms under different chromatographic conditions [12]. To the
best of our knowledge, there is no study on agmatine and histamine
recognition with oligonucleotides and pDNA that focuses the
nucleotides binding preferences and explores the interactions that
govern the efficiency of these ligands in pDNA isoforms separation.

Here we employ SPR-biosensor to quantify the strength of bind-
ing for the affinity process between agmatine and histamine (acting
as affinity ligands) and oligonucleotides or different isoforms of
pUC19, pVAX1-LacZ and pcDNA3-myc-FLNa S2152A plasmids. The
agmatine and histamine were immobilized on sensor chip surface
to mimic  immobilized ligands in affinity chromatographic support
(see Fig. 1). The effect of buffers composition and pH in the binding
of linearpVAX1-LacZ isoform was evaluated.
The experimental data allowed us to get binding information to
improve plasmid purification with low sample consumption, rapid
and automated analysis by using histamine and agmatine as ligands
in affinity chromatography.

dx.doi.org/10.1016/j.ijbiomac.2014.06.044
http://www.sciencedirect.com/science/journal/01418130
http://www.elsevier.com/locate/ijbiomac
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijbiomac.2014.06.044&domain=pdf
mailto:carlacruz@fcsaude.ubi.pt
dx.doi.org/10.1016/j.ijbiomac.2014.06.044
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ig. 1. Schematic structures of (a) agmatine and (b) histamine immobilized on sur-

ace of activated carboxymethyldextran.

ig. 2. Sensorgrams and equilibrium-binding analysis of immobilized histamine to (a) po
nd (h) polyG3T3in 10 mM Tris–HCl pH 8.
al Macromolecules 70 (2014) 131–137

2. Materials and methods

The 2.69-kbp pUC19 plasmid and 6.05-kbp pVAX1-LacZ plas-
mid  with ampicillin and kanamycin resistance respectively,
were provided by Invitrogen (Carlsband, CA, USA). The 14-kbp
pcDNA3-myc-FLNa S2152A, Addgene plasmid 8983, (pcDNA3-
based plasmid) [13] with both ampicillin and neomycin resistance
was acquired from Addgene (Cambridge, USA). The restriction
enzymes Sma  I and Hind III were from Takara (Otsu, Shiga, Japan)
and the molecular weight marker HyperLadderTM I was from Bio-
line (Taunton, MA,  USA). The GreenSafe Premium was purchased
to NZYTech (Lisbon, Portugal).

2.1. Bacterial growth conditions to obtain pUC19, pVAX1-LacZ
and pcDNA3-myc-FLNa S2152A plasmids

The three plasmids amplification was performed by
autonomous replication in Escherichia coli (E. coli) DH5� host.
The cell growth was carried out at 37 ◦C overnight in a shake

flask with 250 mL  of Terrific Broth medium (20 g/L tryptone,
24 g/L yeast extract, 4 mL/L glycerol, 0.017 M KH2PO4, 0.072 M
K2HPO4) supplemented with 100 �g/mL ampicillin for pUC19,
30 �g/mL kanamycin for pVAX1-LacZ and 100 �g/mL ampicillin

lyA30, (b) polyC30, (c) polyG30, (d) polyT30, (e) polyA3T3, (f) polyC3A3, (g) polyC3T3
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ig. 3. Sensorgrams and equilibrium-binding analysis of immobilized agmatine to 

nd (h) polyG3T3in 10 mM Tris–HCl pH 8.

lus 25 �g/mL neomycin for pcDNA3-based plasmid. Each desired
lasmid was constructed with resistance genes to specific antibi-
tics, which are used as selection markers for the exclusive
rowth of transformed cells. The fermentation was carried out
vernight, at 37 ◦C under 250 rpm shaking. Bacterial cell growth
as monitored by measuring the OD600 using a Pharmacia Biotech
ltraspec 3000 (Cambridge, England) and suspended at late log
hase (OD600 ≈ 10). The cells were recovered by centrifugation and
tored at −20 ◦C.

.2. Alkaline lysis and primary isolation of pUC19, pVAX1-LacZ
nd pcDNA3-myc-FLNa S2152A plasmid isoforms

The pUC19, pVAX1-LacZ and pcDNA3-myc-FLNa S2152A were
ecovered from E. coli bacteria by using the NZYTech (Lisbon,
ortugal) plasmid Maxiprep kit according to the manufacturer’s

nstructions. This protocol is based on a modified alkaline lysis
rocedure. Following lysis, the plasmid DNA was  pre-purified in
ZYTech columns charged with a silica-based anion-exchange

esin. After, the pDNA was eluted from the columns and
lyA30, (b) polyC30, (c) polyG30, (d) polyT30, (e) polyA3T3, (f) polyC3A3, (g) polyC3T3

concentrated through an isopropanol precipitation. The resul-
tant pellet was dissolved in 10 mM Tris–HCl buffer (pH 8.0) where
the supercoiled (sc) plasmid isoform is the most predominant
(around 99%). Pure samples of open circular (oc) and linear plasmid
isoforms were prepared from previous sc-enriched plasmid sam-
ple. In this way, oc plasmid samples were prepared by incubating
scpDNA samples at room temperature (24 ◦C). The samples were
monitored over the time by electrophoretic analysis until the total
conversion of sc plasmid to oc isoform was observed (about 3
days). On the other hand, linear plasmid samples were prepared by
enzymatic digestion of the pUC19 plasmid with the Sma  I enzyme
and the pVAX1-LacZ and pcDNA3-myc-FLNa S2152A plasmids
with the Hind III enzyme, during 1 h of incubation at 37 ◦C.

2.3. Agarose gel electrophoresis
The homogeneity and content of plasmid isoforms present in
each prepared sample was analyzed by horizontal electrophoresis
using 15 cm,  0.8% agarose (Hoefer, San Francisco, CA, USA) gels,
stained with GreenSafe Premium (1 �g/mL). Electrophoresis was
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Table  1
Equilibrium analysis of the oligonucleotides/plasmids in 10 mM of Tris–HCl pH 8.

Nucleotides/plasmids Agmatine Histamine
KD

a (M)  ± SDb KD
a (M)  ± SDb

5′-AMP 9.33 × 10−3 ± 3.6 × 10−4 3.99 × 10−3 ± 1.4 × 10−4

A3 1.50 × 10−3 ± 6.7 × 10−5 8.11 × 10−4 ± 5.0 × 10−5

A6 1.58 × 10−4 ± 1.7 × 10−5 1.60 × 10−4 ± 2.7 × 10−5

A15 1.45 × 10−4 ± 1.2 × 10−5 1.34 × 10−4 ± 1.2 × 10−5

A30 1.30 × 10−4 ± 1.1 × 10−5 1.38 × 10−4 ± 1.4 × 10−5

C3 1.48 × 10−3 ± 5.0 × 10−5 1.03 × 10−3 ± 4.7 × 10−5

C6 1.10 × 10−3 ± 9.7 × 10−5 4.40 × 10−4 ± 2.9 × 10−5

C15 1.80 × 10−3 ± 1.1 × 10−4 3.09 × 10−4 ± 1.8 × 10−5

C30 6.56 × 10−4 ± 4.3 × 10−5 1.26 × 10−4 ± 1.1 × 10−5

5′-GMP 1.02 × 10−2 ± 5.1 × 10−4 3.29 × 10−3 ± 2.0 × 10−4

G3 1.39 × 10−3 ± 2.0 × 10−4 1.52 × 10−3 ± 5.0 × 10−4

G6 3.39 × 10−3 ± 7.5 × 10−4 6.64 × 10−4 ± 5.9 × 10−5

G15 3.73 × 10−4 ± 4.3 × 10−5 3.70 × 10−4 ± 4.2 × 10−5

G30 5.74 × 10−4 ± 3.5 × 10−5 1.42 × 10−4 ± 5.6 × 10−6

5′-TMP 8.45 × 10−3 ± 5.6 × 10−4 4.06 × 10−3 ± 3.8 × 10−4

T3 2.48 × 10−3 ± 2.3 × 10−4 2.01 × 10−3 ± 3.0 × 10−4

T6 7.78 × 10−4 ± 7.7 × 10−5 5.32 × 10−4 ± 3.7 × 10−5

T15 1.56 × 10−3 ± 1.3 × 10−4 4.98 × 10−4 ± 2.7 × 10−5

T30 7.90 × 10−4 ± 6.4 × 10−5 3.52 × 10−4 ± 2.5 × 10−5

A3T3 4.51 × 10−4 ± 2.3 × 10−5 3.68 × 10−4 ± 1.1 × 10−5

C3A3 3.46 × 10−4 ± 2.3 × 10−5 3.52 × 10−4 ± 2.1 × 10−5

C3T3 2.29 × 10−4 ± 1.5 × 10−5 2.05 × 10−4 ± 1.2 × 10−5

G3T3 2.58 × 10−3 ± 9.5 × 10−5 2.06 × 10−3 ± 9.7 × 10−5

sc pUC19 2.97 × 10−8 ± 2.1 × 10−9 2.41 × 10−8 ± 4.0 × 10−9

oc pUC19 5.51 × 10−9 ± 8.8 × 10−10 6.37 × 10−9 ± 1.2 × 10−9

ln pUC19 1.07 × 10−9 ± 8.3 × 10−11 1.03 × 10−9 ± 1.0 × 10−10

sc pVAX1-LacZ 1.97 × 10−7 ± 8.6 × 10−9 1.20 × 10−7 ± 8.4 × 10−9

oc pVAX1-LacZ 1.29 × 10−9 ± 9.3 × 10−11 1.33 × 10−9 ± 1.4 × 10−10

ln pVAX1-LacZ 7.73 × 10−10 ± 2.1 × 10−11 6.27 × 10−10 ± 3.7 × 10−11

scpcDNA-Myc-FLNA 5.33 × 10−8 ± 3.8 × 10−9 3.47 × 10−8 ± 4.8 × 10−9

ocpcDNA-Myc-FLNA 3.10 × 10−8 ± 1.4 × 10−9 1.05 × 10−8 ± 2.0 × 10−9

lnpcDNA-Myc-FLNA 1.63 × 10−10 ± 2.4 × 10−11 1.75 × 10−10 ± 1.8 × 10−11
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Fig. 4. Agarose gel electrophoretic analysis of plasmid samples prepared with dif-
ferent isoforms. Lane M:  molecular weight marker; Lane 1, 2 and 3: pUC19 plasmid
samples mainly containing sc, linear and oc isoforms, respectively; Lane 4, 5 and
a Equilibrium dissociation constant.
b Standard deviation.

arried out at 100 V, for 40 min, with TAE buffer (40 mM Tris base,
0 mM acetic acid and 1 mM EDTA, pH 8.0)

.4. SPR measurements

All SPR experiments were performed on a Biacore T200 sys-
em using carboxymethyl dextran sensor chip CM5. The carboxylic
roups on the surface were activated for 7 min  using a mixture of
.4 M 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) and
.1 M N-hydroxysuccinimide (NHS) to create reactive succinimide
sters, followed by a brief washing step with HBS-N. Agmatine
nd histamine were then injected at pH 8.5, dissolved in 0.1 M
orate solution in running buffer of 10 mM HBS-N. Finally, unre-
cted esters are blocked with 1 M of ethanolamine.

Flow cell 2 contained 159 RU of agmatine and flow cell 3 con-
ained 156 RU of histamine. Flow cell 1 was left blank to be used as

 reference surface.
In the experiments flow cell 1 act as a control reference and is

sed to correct the bulk refractive index changes and non-specific
inding at the sensor surfaces. The sensorgram of the control cell

s subtracted from the sensorgram of the cell of interest and data
nalysis is then performed on the control-corrected sensorgram.
he modified surfaces were equilibrated with 10 mM Tris–HCl pH

 as the running buffer in affinity measurements.

The oligonucleotides and plasmids were injected over the

urfaces at least two repeats. The concentrations injected for
ligonucleotides range between 5.3 mM and 6.3 �M and for plas-
ids isoforms between 12.5 �M and 0.012 nM.  No regeneration
6:  pVAX1-LacZ plasmid samples containing sc, linear and oc isoforms, respectively;
Lane 7, 8 and 9: pcDNA3-based plasmid samples containing sc, linear and oc iso-
forms, respectively.

solution was required since the analytes were removed from the
sensor surfaces. Signals were automatically corrected using the
control flow cell without immobilized amino acid and at least two
repeats of each experiment were carried out. Steady state bind-
ing analysis was performed with multiple injections of different
analytes concentrations over the immobilized surfaces for a 7 min
period at flow rate 2 �L/min at 25 ◦C. The multiple sensorgrams
from different concentrations of analyte were overlaid and aligned.
The response in a steady state region is proportional to the amount
of bound analyte and was determined by linear averaging over a
50 s timespan. To obtain the affinity constants, the results from the
steady state region were fitted using a non-linear least square opti-
mization of the binding parameters available within BIAevaluation
software.

3. Results and discussion

Agmatine and histamine were tested for their ability to interact
with oligonucleotides and pUC19, pVAX1-LacZ and pcDNA3-
myc-FLNa S2152Aplasmidisoforms (supercoiled, opencircular and
linear). For this purpose, agmatine and histamine were immobi-
lized on CM5  sensor chip via amine coupling through its ˛-NH2
groups. Sensorgrams regarding the oligonucleotides binding to his-
tamine and agmatine are presented in Figs. 2 and 3, respectively.
The KD values are listed in Table 1. These examples show that affin-
ity values (KD) could be determined for all analytes, but not the rate
constants due to very fast kinetics as in previous works [14,15]. In
general, all oligonucleotides bind more strongly to histamine than
agmatine surface in the conditions used. Values for the equilibrium
dissociation constants ranged from 1.26 × 10−4 to 4.10 × 10−3 M
for histamine and from 1.30 × 10−4 to 1.10 × 10−2M for agma-
tine, both indicate low binding affinity. No binding was observed
for 5′-CMP and the remaining 5′-mononucleotides have the low-
est affinity (5′-TMP > 5′-AMP > 5′-GMP) comparing with longest
oligonucleotides used in this study. As expected the KD values
increase when nucleotide number increases. Indeed, the highest
affinities are found for poly 30 series, namely polyC30 to histamine
and polyA30 to agmatine surface. In general polyT and polyG series
show lowest affinity with histamine, as well as, polyT3, polyT30,
5′-GMP and polyG6 with agmatine (Table 1).

The order of KD values for hetero-oligonucleotides binding to

histamine and agmatine are similar and CCCTTT shows the high-
est affinity indicating that the presence of cytosine or adenosine
increase the binding to the surfaces; while GGGTTT exhibited the
lowest affinity, meaning that thymidine and guanosine together
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ig. 5. Sensorgrams and equilibrium-binding analysis of immobilized histamine to 

ris–HCl  pH 8.

ecrease the binding strength to both surfaces. There are no sig-
ificant differences in KD values for the others sequences and the
ffinity is weaker (KD ≈ 4 × 10−4 M).

Previous studies performed by SPR-biosensor using l-arginine
nd l-histidine immobilized on surface showed also weaker affinity
KD > 10−4 M)  [14,15]. In general polyT showed the highest affinity
o arginine surface and polyG15 the lowest affinity. However with l-
istidine surface the highest binding affinity was  found for polyA6

ollow by polyG6 and the lowest with polyC.
This indicates that polyamines histamine and agmatine, without

egative charge, have different binding preferences to the oligonu-
leotides.

By taking advantage of the multiple sites of agmatine and
istamine available, the interaction was also examined to three

soforms of several plasmids, which were chosen due to their dif-
erent size, base composition and structural conformation, such as
t is represented in Fig. 4.

The sensorgrams and the binding curves of linear isoforms to
istamine and agmatine are presented in Figs. 5 and 6, respectively.
lasmid pUC19 presents an equal distribution of 25% of each base,
hile sequences of pVAX1-LacZ and pcDNA3-myc-FLNa S2152A

evealed a presence of approximately 30% guanine and cytosine
nd less for adenine and thymine (≈20%).

On contrary to the oligonucleotides, the overall affinity of plas-
ids to both surfaces was significantly stronger (KD > 10−7 M)  and

he identical RU values determined is due to the less concentra-
ion of pDNA samples (typically between 12.5 �M and 0.012 nM)
eeded to reach a plateau during the injection, while the concen-
rations of oligonucleotides needed to reach the plateau are higher,
etween 5.3 mM and 6.3 �M.  There are significant differences in
pparent affinity with the three plasmids isoforms. The affinity of
lasmids isoforms is highest with histamine than with agmatine

n the conditions used. The pVAX1-LacZ and pcDNA3-myc-FLNa
2152A showed the highest binding on both surfaces, while the
UC19 showed the lowest binding. These results suggest a linear
endency between plasmid size and binding.

In a general way, for any given plasmid size, the affinity is highest

or the linear isoform with both surfaces followed by the oc and
hen the sc isoforms. For the 2.69-kbp plasmid, the KD values for oc
nd linear isoforms has the same order of magnitude with agmatine
nd histamine, while with the 6.05-kbp and 14-kbp plasmids, there
 isoform of (a) pUC19, (b) pVAX1-LacZ and (c) pcDNA3-myc-FLNa S2152A in 10 mM

were differences in the affinity for these isoforms (see Table 1).
Indeed the binding increase 5-fold for linear pcDNA3-myc-FLNa
S2152A.

Similar to the binding behaviour of plasmids with different sizes,
also the isoforms that present more expanded structural confor-
mations revealed a higher affinity interaction with agmatine and
histamine. Supercoiled pDNA isoform is the most compact con-
formation while oc and linear isoforms are more relaxed. In fact,
the results suggest that the distention of these molecules provides
more contact points to bind to the surfaces of derivative amino
acids, since there is no presence of the carboxyl group in the agma-
tine and histamine, avoiding the repulsion by the phosphate groups
of the nucleic acids and favouring the ionic interactions under the
used conditions. Therefore, the higher affinity by the linear isoforms
could be attributed to their relaxed form associated to the largest
radius of gyration [16].

The results obtained with agmatine are opposite to those
obtained with l-arginine in the same conditions [14]. Indeed, the
strongest interaction in the l-arginine surface study was  found for
the sc form because of its conformation that increases the bases
exposition degree [14]. The supercoiling phenomenon is respon-
sible by the torsion in the double chain of the sc isoform, which
results in a more compact structure with lower surface area and
higher availability and exposure of nucleotide bases [17]. Thus, the
low affinity of the sc isoforms observed for the three plasmids
in the present work could be related with the high compaction
degree that minimizes the contact points and interaction with his-
tamine and agmatine ligands. Furthermore, the lower affinity of the
scpVAX1-LacZ and pcDNA3-myc-FLNa S2152A isoforms in relation
to the sc pUC19 isoform can be associated with the higher content
of the guanosine (30%) in these two  plasmids. As it was previ-
ously mentioned, the guanosine-based oligonucleotides presented
a decreased binding strength to both surfaces.

In order to examine buffer composition and pH effect on
the interaction behaviour of the different plasmid structures, four
buffers (10 mM Tris–HCl with 1 M NaCl pH 8, 50 mM sodium citrate
pH 5, 10 mM sodium acetate pH 5, 10 mM Tris–HCl pH 6) were

used in the pVAX1-LacZ linear isoform interaction with agmatine
and histamine. No binding response was detected for these distinct
buffers, excepted for Tris 10 mM pH 6 with a binding increased
∼3-fold for agmatine (2.26 × 10−10 ± 2.1 × 10−11) and slightly
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ig. 6. Sensorgrams and equilibrium-binding analysis of immobilized agmatine to l
ris–HCl  pH 8.

1.2-fold for histamine (5.07 × 10−10 ± 1.9 × 10−11). This indicated
hat operating the ligands below pH 6 increased the affinity of lin-
ar isoform to both surfaces. The supplementation of the Tris buffer
pH 8) with 1 M of NaCl showed that the increase of ionic strength
educes the electrostatic attraction exerted by the surfaces [18].

Previous affinity chromatographic experiments using histamine
mmobilized to a monolithic support revealed that this multimodal
igand efficiently separates pDNA isoforms by manipulating the
onic strength in the mobile phase (ionic or hydrophobic condi-
ions) and by changing the pH [12]. Our affinity data shows that
ris–HCl is an optimal buffer for interaction assays and distinct
uffer environments such as sodium acetate, sodium phosphate or
odium citrate did not enhanced the binding to agmatine and his-
amine. We  also verified that the interaction strength his dependent
f pH since Tris–HCl below pH 6 allows effective linear plasmid
inding to both surfaces. Knowing that the pKa of agmatine and
istamine is 9.07 and 7.05 respectively [12], the pH 6 in the buffer

ncreases the effective charge of the surfaces (positive charge)
ainly in the agmatine surface, resulting in the strengthening of

lectrostatic interactions with the plasmid isoform.
Overall, these results obtained with the biosensor provide the

asis for the design of ligands that specifically target only one iso-
orm, thereby increasing selectivity and improve efficient plasmid
eparation. It was also proved that under these conditions (ionic
trength, pH and buffer composition) the electrostatic interactions
re favoured between the amino positive groups of the agmatine
nd histamine and the negative phosphate groups of the differ-
nt plasmids isoforms. Curiously, the predominant interactions
f arginine ligands are ionic and hydrogen bonds with the more
xposed bases, mainly with guanosine [19,20]. For the histidine
igands, hydrophobic interactions namely �–� staking interac-
ions are the predominant forces, also preferentially promoted
ith the more available bases, such as guanosine [21]. However,

he present work showed that the lack of the carboxyl group in
erivative amino acids, agmatine and histamine induces a binding
ehaviour significantly different from the arginine and histidine
mino acids.

This experimental data allowed us to get binding information to

mprove plasmid purification using histamine or agmatine mono-
ith supports in affinity chromatography. The conditions tested by
PR-biosensor revealed that the ionic interaction could prevail. By
his way and to separate pDNA isoforms is possible to use Tris–HCl
isoform of (a) pUC19, (b) pVAX1-LacZ and (c) pcDNA3-myc-FLNa S2152A in 10 mM

10 mM pH 8 to promote the binding and elution by increasing NaCl
concentration [22].

4. Conclusions

Agmatine and histamine were immobilized to a carboxymethyl-
dextran matrix and studied as affinity ligands towards oligonu-
cleotides and plasmids isoforms of pUC19, pVAX1-LacZ and
pcDNA3-myc-FLNa S2152A. The oligonucleotides were used as
models toidentify the binding preferences to the ligands. Their
overall affinity with both amino acid-derivatives was significantly
weaker (KD > 10−4 M)  and the maximum response was found for
histamine. The SPR results indicated that an increase in the num-
ber of bases and backbone to 30 units leads to the highest affinity,
and poly T and poly G have the lowest affinity to both agmatine
and histamine. For the hetero-oligonucleotides the highest binding
affinity was  found for CCCTTT and the lowest for GGGTTT with both
surfaces. This is in accordance with the binding data of the homo-
oligonucleotides sequences. The overall affinity of the plasmids to
the surfaces was higher (KD > 10−10 M).

The pcDNA3-myc-FLNa showed the highest binding to both
surface, while the pUC19 showed the lowest binding. The high-
est affinity was found for linear isoform of the three plasmids
(KD > 10−10 M).  The Tris–HCl is the optimal running buffer for these
interaction assays and working below pH 6 enhance linear plasmid
binding to agmatine and histamine surfaces. No binding response
was found by using high salt concentrations (NaCl) or other buffers
composition (sodium citrate, sodium acetate), evidencing the pre-
dominance of ionic interactions under the used conditions.
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