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A B S T R A C T

In forensic DNA analyses, biological specimens are collected and stored for subsequent recovery and
analysis of DNA. A cost-effective and efficient DNA recovery approach is therefore a need. This study aims
to produce a plasma modified cellulose-chitosan membrane (pCE-CS) that efficiently binds and retains
DNA as a potential DNA collecting card. The pCE-CS membrane was produced by a phase separation of
ionic liquid dissolving CE and CS in water with subsequent surface-modification by a two-step exposure
of argon plasma and nitrogen gas. Through plasma modification, the pCE-CS membrane demonstrated
better DNA retention after a washing process and higher rate of DNA recovery as compared with the
original CE-CS membrane and the commercial FTA card. In addition, the pCE-CS membrane exhibited
anti-bacterial properties against both Escherichia coli and Staphylococcus aureus. The results of this work
suggest a potential function of the pCE-CS membrane as a DNA collecting card with a high recovery rate of
captured DNA.

ã 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Forensic DNA analysis is a powerful tool for human identifica-
tion. It is an objective tool that aids in determining the guilt or
innocence of persons in crime investigations. However, the
effectiveness of the analysis is dependent on procedures for
collecting, protecting, transporting, storing and examining the
biological evidence [1]. Minute amounts of contamination intro-
duced in these steps can result in the inadmissibility of DNA
evidence. Biological sample collection systems such as the FTA card
(Whatman, GE Healthcare Life Sciences, UK), the Nucleosave card
(Macherey-Nagel, Germany) and the Nucleic-card (Thermo Fisher
Scientific, USA) were developed to facilitate sample collection,
handling and storage for DNA analysis [2–4]. These DNA collecting
cards share similar principles, in which they are cellulose (CE)
based membrane impregnated with surfactant and chelating
agents to facilitate cell lysis and DNA storage.

Although these DNA collecting cards are routinely used in
forensic DNA laboratories, DNA recovery from these cards is
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typically low, which is very likely due to the loss of DNA during a
washing step before eluting. This problem leads to insufficient DNA
for analysis, especially if the sample is of low quantity or poor
quality [5,6]. Thus, methods to increase DNA yield such as a
repeated extraction method [5], ZyGEM extraction method [6] and
Qiagen BioRobot EZ1 workstation [7] have drawn interest from
many researchers. In our opinion, the low recovery of DNA is the
result of DNA entanglement with the membrane fibers. Through
the washing step, the DNA can be easily entangled resulting in loss
of DNA. We have therefore developed the DNA collecting card that
binds DNA more effectively, thus reducing the problem of DNA
entanglement during washing.

Cellulose (CE) and chitosan (CS) are inexpensive and abundant
biopolymers that are suitable for producing a DNA collecting
membrane. CE is a biopolymer consisting of b-(1 !4)-linked
glucopyranosyl repeating units in a long chain. CE has unique
intrinsic properties such as flexibility and good mechanical
strength, making it suitable source for making a membrane base
[8]. CS or poly (b-1,4)2-amino-2-deoxy-D-glucopyranose is a
natural biopolymer derived from crustacean shells and has good
properties of biodegradability, biocompatibility, antioxidant and
absorption [9]. In addition, the abundant primary amino acid group
of its structure plays an important role in antibacterial activity,
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thus CS has been added in many products such as wound dressing
and food packages for reduction of bacterial growth [10–13]. In this
work, the amine groups are also beneficial for their cationic
property for interacting with anionic phosphate groups of DNA.
With both properties, CS can provide protection against bacterial
growth and facilitate DNA binding. Considering the advantages of
both biopolymers, this work aims to propose a membrane with
high ability to bind and retain DNA by using the mixture of CE and
CS, in which CE provides a structural base and CS yields specific site
to bind negatively charged DNA molecules.

2. Materials and methods

2.1. Syntheses of ionic liquid

Two ionic liquids were produced, 1-ally-3-methylimidazolium
chloride (AmimCl) and 1-n-hexyl-3-methyl imidazolium chloride
(HmimCl). AmimCl was synthesized by a method of Zang et al. [14].
A solution containing 1-methylimidazole in toluene and
1-chlorobutane at a molar ratio of 1:1.25 was prepared in a
round-bottomed flask fitted with a reflux condenser for 10 h (h) at
60� Celsius (�C) with stirring. The reaction was then incubated at
�5 �C for 12 h followed at 70 �C for 3 h. The reaction was washed
twice with ethyl acetate (1:1 volume/volume) and other impuri-
ties, such as water, were removed by vacuum distillation and dried
at 60 �C for 24 h. The AmimCl product was slightly amber. HmimCl
was synthesized according to the procedure described by Li et al.
[15]. A solution containing 1-methylimidazole and concentrated
hydrochloric acid in a molar ratio of 1:1 in a total volume of 30 ml
was prepared and incubated at room temperature for 24 h with
stirring. The reaction was washed twice with ethyl acetate (1:1
volume/volume). The oil residue was evaporated in vacuum at
65 �C for 24 h to obtain a colorless and viscous HmimCl product.

2.2. Production of CE, CE-CS and pCE-CS porous membranes

To test the solubility of CE and CS, CE pulp (SCG Company,
Thailand) of 0.5, 1.0, 1.5 and 2.0 wt% was incubated in AmimCl at
80 �C for 2 h. CS powder of 0.5, 1.0, 2.0 and 3.0 wt% was incubated in
a mixture of AmimCl and HmimCl in a volume ratio of 9:2 at 100 �C
for 2 h. To produce CE membrane, CE solution was cast into a mold
with a thickness of 5 mm. To produce CE-CS membrane, CE and CS
solutions were mixed at 60 �C for 1 h prior to cast onto a mold. After
casting, the mold was immersed in deionized water to introduce
phase separation, which the CE-CS hydrogel was formed. The
hydrogel was washed with water until no chloride ion was
detected by checking with AgNO3 solution. The hydrogel was then
quickly immersed in liquid nitrogen for 1 min, followed by
lyophilization in a freeze drier (ScanVac, Denmark).

To produce a pCE-CS membrane, one side of original CE-CS
membrane was exposed to a discharge of radio-frequency (RF)-
plasma of argon/nitrogen. The system consists of the RF power
supply for sustaining the discharges of the argon and nitrogen
gases and a capacitively coupled plasma reactor. The in-house
laboratory-made RF power supply provides a voltage alternating
current output with a maximum peak voltage of 1 kV, a maximum
effective current of 100 mA, and frequency ranging from 50 to
500 kHz. The RF energy was supplied to the upper electrode and
the lower electrode was grounded with the electrode spacing of
4 cm and an active exposure area of approximately 100 cm2. The
original CE-CS membrane was placed on the lower electrode and
treated using a two-step plasma exposure at a total power of 30 W
and a working pressure ranged of 60–100 Pa. The membrane was
treated with argon plasma for 5 min (min) to generate free radicals
and active sites on the surface, followed by nitrogen gas for 2, 6,
and 10 min to generate nitrogen-containing functional groups.
2.3. Characterization of the membranes (CE, CE-CS and pCE-CS)

Morphology of the membranes was inspected using a scanning
electron microscope (SEM; Carl Zeiss AG, Germany). The mem-
branes were fixed on a stub with carbon tape and then coated with
gold in a sputter coater before SEM inspection.

Fourier transform infrared-attenuated total reflectance (ATR-
FTIR) characterization of the membranes used an FTIR reflectance
spectrophotometer (Bruker, USA) in the range of 4000–400 cm�1

at a resolution of 4 cm�1 in the transmission mode.
To determine water absorption capacity, the initial weight of

the dry membrane was measured prior to soaking in distilled water
at room temperature for 24 h. The membrane was removed and
excess water was removed by water absorption. The membrane
was weighed again and the water absorption capacity was
calculated using the following equation:

Water absorption (%) = [(W2 � W1)/W2] � 100

W1 was the weight of dry membrane and W2 was the weight of the
membrane soaked in water for 24 h. Data were reported as the
average value from five samples. The water absorption of the FTA
card (GE Health Care Life Sciences, USA) was also performed for a
comparison.

2.4. Antibacterial activity of the membranes

The CE-CS membranes and the FTA card were cut with a
diameter of 0.8 cm. Whatman filter paper No. 1 was used as a
negative control in this experiment. All membranes were sterilized
by exposure to UV light for 30 min in a laminar flow cabinet.
Escherichia coli and Staphylococcus aureus were selected as the
Gram positive and Gram negative bacteria, respectively, in the
tests. Each membrane was mixed with 100 ml 106 CFU/ml bacteria
solution in Luria-Bertani (LB) broth and incubated at 37 �C for 24 h
at 100 rpm agitation in an orbital shaker incubator (Lab Tech, USA).
A serial dilution of bacteria culture was spread on LB agar plate and
incubated at 37 �C for 24 h to determine the total number of
surviving bacteria. The number of bacteria in the treated
membrane was also determined. The membrane was removed
from the bacterial culture and placed in 1 ml LB broth. After
sonication to remove bacteria from the membrane, the solution
was spread on LB plate and cultured at 37 �C for 24 h. The bacterial
inhibition capacity of each membrane was calculated using the
following formula.

Bacterial inhibition activity = [(C � T)/C] � 100

C and T are the numbers of surviving bacteria cells in the control
and test samples, respectively. All determinations were performed
in three replications.

2.5. The efficacy of the membranes to retain DNA

The efficacy of the membrane to retain DNA was determined by
the amount of DNA released from the membrane into the water.
This study was focused only on a small-size DNA, which the 3.5-kb
pPP-30UA plasmid DNA (5 Prime, USA) was used. The membranes
and FTA card were cut to a diameter of 0.8 cm. The membranes
were pretreated with binding buffer (25 mM Tris–HCl, pH 5.0). The
plasmid (500 ng) was added onto each membrane and air-dried.
Each membrane was immersed in water for 5, 10, 15, 20, 25 and
30 min at room temperature. At each defined time, the amount of
DNA released into water was estimated using Qubit quantitation
assay (Invitrogen, USA). Then this amount released was reported as
the fraction or percentage of the 500 mg plasmid that was initially
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loaded on to the membranes. The data were reported as the
average value from 5 replicates.

2.6. Evaluation of pCE-CS membrane to recover DNA

The capacities of pCE-CS membranes, treated with argon
plasma and nitrogen gas for 0, 2, 6 and 10 min, to recover DNA were
compared. An overview method is shown in Fig. 1. Each membrane
was placed in the spin column and put in the 2 ml centrifuge tube.
After treating with binding buffer, the plasmid DNA (500 ng) was
added onto the membrane. Elution buffer (1 M phosphate buffer,
pH 9.0) of 100 ml was added and quickly spun at 13,000 (g for
1 min. The eluted DNA was precipitated by adding 0.1 volumes of
3 M NaOAc pH 5.2 and 0.6 volumes of isopropanol and incubated at
�70 �C for 1 h. Concentration of DNA was measured by Qubit
fluorimeter (Invitrogen, USA). For the control, FTA card, cut to a
diameter of 0.8 cm, was used according to the method of the
manufacture. DNA of 500 ng was added onto the membrane and
air-dried. TE buffer (10 mM Tris pH 8.0, 1 mM EDTA) of 200 ml was
added and incubated for 5 min at room temperature. After the
liquid was removed, 35 ml of alkaline incubation buffer (0.1 N
NaOH, 0.3 mM EDTA, pH 13.0) was added and incubated at 65 �C for
5 min. Then, neutralizing solution (0.1 M Tris–HCl, pH 7.0) of 65 ml
was added and mixed by vortexing. After incubating for 10 min at
room temperature and quick vortex, the amount of eluted DNA was
determined by Qubit fluorimeter. The experiment was carried out
in triplicate and the average results were reported.

2.7. DNA amplification

The quality of the eluted DNA from CE, CE-CS, pCE-CS and FTA
membranes was determined by DNA amplification. The same
amount of DNA (200 ng) was used as the template in a polymerase
chain reaction (PCR) using specific primers to the tested DNA. The
forward and reverse primers were 50-GGATCGCATCACCATCAC-30

and 50-GTTCTGAGGTCATTACTGG-30, respectively. The PCR reaction
was carried out in a total volume of 20 ml, which composed of 1�
PCR buffer, 0.2 mM dNTP, 2 mM MgCl2, 250 ng of each specific
primer, and 1.25 units of Taq DNA polymerase (Vivantis, Malaysia)
using the GeneAmp1 PCR system 9700 (Applied Biosystems, USA).
PCR profile contained 1 cycle of 94 �C for 1 min, 30 cycles of 94 �C
for 30 s, 54 �C for 30 s, and 72 �C for 1 min, and 1 cycle of 72 �C for
5 min. The amplified DNA was electrophoresized in 1.2% agarose
gel in 1� TAE buffer and stained with ethidium bromide.

2.8. Statistical analysis

Data are expressed as mean � standard deviation. For statistical
analysis, a one-way ANOVA was used to compare the means of
different data sets with SPSS 18.0 for windows software (SPSS,
USA). A statistical significance was defined as P < 0.05.
Fig. 1. Overview of the protocol to capture a
3. Results and discussion

3.1. Preparation of CE, CE-CS and pCE-CS porous membranes

With the rigid structure forming by extensive networks of inter-
chain hydrogen bonding, CE is hardly dissolved in most solvents
[16]. With a great deal of amine groups in its structure, CS can be
dissolved only in dilute acidic solution or organic solvents [17].
Therefore, in this work, AmimCl and HmimCl ionic liquids, the
ionic, salt-like materials in a form of liquid below 100 �C, were
synthesized as the solvents to dissolve both biopolymers. The
synthesized AmimCl and HmimCl were slightly amber and their
refractive index values were 1.547 and 1.523, respectively. To
produce a CE membrane, AmimCl was used to solubilize CE pulp in
concentrations of 0.5, 1.0, 1.5 and 2.0 wt% at 80 �C for 2 h. The
maximum solubility was at 1.5 wt%, which was used to produce a
CE membrane. Unlike CE pulp, CS powder was not dissolved in
AmimCl alone. CS powder at 0.5,1.0, 2.0 and 3.0 wt% were tested for
dissolution in a mixture of AmimCl and HmimCl in a volume ratio
of 9:2 at 100 �C for 2 h. The maximum solubility was at 2.0%. To
produce CE-CS membrane, 1.5% CE and 2.0% CS solutions were
mixed in a volume ratio of 1:1. For each membrane, solubilized
polymer was cast onto a mold before immersing in deionized
water to introduce phase separation. After thoroughly washing, it
was immersed in liquid nitrogen, followed by lyophilization. To
improve the binding ability of the membrane to DNA, pCE-CS
membrane was produced by using the plasma induced surface
modification method, which is an environmentally friendly
process. The CE-CS membrane was treated with argon gas plasma
for 5 min to generate free radicals, followed by nitrogen gas for 2, 6
and 10 min to increase positively charged nitrogen on the
membrane surface.

3.2. Characterization of the produced membranes

SEM images of CE-CS and pCE-CS membranes are shown in
Fig. 2. Porous structure was found on the surface of both
membranes, but larger and more homogeneous pores were seen
on the surface of the pCE-CS membrane. The surface morphological
change on the pCE-CS membrane is very likely due to the argon
plasma and nitrogen gas treatment creating different functional
groups such as ��NH, C��N, ¼NH, ��NH3

+, C¼N, and ��NH2 on the
membrane surface [18]. As a result, pCE-CS membrane has more
positively charge of nitrogen derivatives on the membrane surface
and potential attacks negatively charge of phosphate group of DNA.

To confirm the formation of functional groups of nitrogen
derivatives, ATR-FTIR analysis was used to determine chemical
groups on the membrane after treating with argon plasma and
nitrogen gas. In general, the characteristic peaks of CE are
determined from the hydrogen bonded ��OH stretching vibrations
at 2995–4000 cm�1 [19], ��CHn stretching at 2860–2970 cm�1

[20], ��OH bending vibrations at 1639 cm�1 [21]. For CS, its main
nd elute DNA from pCE-CS membrane.



Fig. 2. SEM images of CE-CS (a) and pCE-CS (b) membranes.
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characteristic bands are carbonyl bonds (C¼O) of amide group
vibrations at 1639–1660 cm�1 [22,23] and the vibrations of amine
group (��NH2) at 1540–1580 cm�1 [24,25]. ATR-FTIR spectra of CE,
CE-CS and pCE-CS membranes are shown in Fig. 3. All three
membranes demonstrated the characteristic absorption peaks
related to the chemical structure of CE, which were ��OH
stretching at 3361–3371 cm�1 and ��CHn stretching at
2877 cm�1. Additional absorption peaks related to CS were found
in the spectra of CE-CS and pCE-CS membranes, including carbonyl
bonds (C¼O) of amide group at 1645–1647 cm�1 and amine group
(��NH2) at 1575–1577 cm�1. After plasma treatment, the new
absorption peaks at 2356 cm�1 assigned to the cyano group (��CN)
[26] was found in the spectrum of pCE-CS membrane. The nitrogen
atom of the cyano group can be protonated in acidic conditions
[27], thus providing positively charged groups for DNA binding.

The liquid absorption ability of CE, CE-CS and pCE-CS
membranes was evaluated and compared with that of the FTA
card. The results are shown in Fig. 4. The FTA card had a similar
water absorption to the produced CE membrane, 81.2 � 2.5C% and
81.7 � 1.5%, respectively. The water absorption values were
significantly higher for CE-CS and pCE-CS membranes, which
were 94.2 � 1.7% and 96.0 � 0.9%, respectively. The results of water
absorption of CE-CS and pCE-CS membranes indicated that plasma
treatment had no significant effect on the water absorption ability
of the membranes. In general, the ability of the commercial DNA
collecting cards to collect liquid biological samples is dependent on
its absorption property [28]. In this work, a study of the produced
Fig. 3. ATR-FTIR spectra of CE, CE-CS and pCE-CS membranes over a range of 4000–
400 cm�1.
membrane to absorb the biological samples is not included, but
instead the ability of the produced membrane to absorb water was
tested in a comparison with the FTA card. With a significant higher
ability to absorb water than the FTA card, the pCE-CS membrane
was more suitable for absorbing liquid samples. The water
absorption property of the produced membrane depends on its
porous morphology and chemical structure of the polymers. CE
contains the hydroxyl groups along its chain, which are available
for hydrogen bonding and forming of a highly ordered (crystal-like)
structure. The strong inter-chain hydrogen bonding in the
crystalline regions make its insolubility in most solvents, but in
the less ordered regions, the CE chains are more apart and can form
a hydrogen bond to other molecules, such as water. Therefore, most
CE structure can absorb water but not dissolve in water [29]. CS is a
hydrophilic polymer containing primary amine (��NH2) and
hydroxyl (��OH) groups available for hydrogen bonding with
water, thus providing a good water absorption property of the
membrane [30].

3.3. Antibacterial activity of the produced membranes

DNA collecting membranes with activity to inhibit bacterial
growth are beneficial for long term preservation of DNA. Thus,
ability to inhibit bacterial growth of the pCE-CS membrane was
investigated. Bacterial growth inhibition was examined from the
numbers of surviving bacteria in the bacterial culture immersed
with CE, CE-CS and pCE-CS membranes. In this experiment,
Whatman filter paper No.1 was used as the negative control and
FTA card was used as the positive control. Antibacterial results are
shown in Fig. 5. As determined from the numbers of bacteria in
Fig. 4. Water adsorption capacity of CE, CE-CS and pCE-CS membranes compared
with the FTA card.



Fig. 5. Bacterial growth inhibition of CE, CE-CS, pCE-CS and FTA membranes as well as the control, Whatman filter paper as determined from the numbers of surviving
bacteria in the culture of E. coli (a) and S. aureus (b) for 24 h.
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culture, both CE-CS and pCE-CS membranes exhibited high degrees
of growth inhibition against both E. coli (89.6 � 7.9% and
99.9 � 0.1%, respectively) and S. aureus (97.8 � 1.7% and
99.9 � 8.5%, respectively), which were significantly higher than
the CE membrane. The antibacterial activity of both CE-CS and pCE-
CS membranes is likely due to polycationic nature of CS interfering
the permeability of the bacterial surface and causing a leakage of
intracellular components [31]. The FTA card also exhibited as high
as 99.9 � 0.1% growth inhibition against both E. coli and S. aureus.
The antibacterial activity of the FTA card is due to the impregnate
biocidal agents such as telechelic poly(2-alkyl-1,3-oxazolines)
[32].

3.4. Efficacy of the pCE-CS membrane for retaining and recovering of
DNA

The ability to retain DNA on the pCE-CS membrane was
determined by measuring the content of releasing DNA from the
membrane immersed in water in a time course of 30 min. The
result is shown in Fig. 6. High DNA content was released from FTA
card and the CE membrane, 47.8–60.7% and 33.1–41.9%, respec-
tively, suggesting no strong binding of DNA on both membranes.
Quick releasing of DNA from FTA card in water could contribute to
its low DNA recovery rate. The pCE-CS membrane showed low
content of releasing DNA (0.3–3.4%), followed by the CE-CS
membrane (5.6–11.4%). These results indicated a strong DNA
binding capacity of the pCE-CS membrane, which could provide a
higher DNA recovery rate. It was to point out that in this work the
Fig. 6. Released DNA from CE, CE-CS, pCE-CS membranes and FTA card immersed in
water in a time course of 30 min.
plasmid DNA (3.5 kb) was used as the tested DNA sample, therefore
an ability of the produced membrane to retain the larger sizes of
genomic DNA (>50 kb) and mitochondrial DNA (about 17 kb), often
used in forensic DNA [33,34], still requires further study.

DNA recovery from CE-CE, pCE-CS and FTA membranes was
determined. The results are shown in Fig. 7, which DNA recovered
from the FTA card, followed the protocol by the manufacturer was
12.7 (3.5%. DNA content recovered from the CE-CS membrane was
57.4 �1.9%, while DNA eluted from the pCE-CS membranes treated
with argon plasma and nitrogen gas for 2, 6 and 10 min were
72.9 � 2.8%, 77.9 � 3.6% and 78.6 � 2.0%, respectively. These results
suggested that surface plasma modification of the membrane
significant increase DNA binding, thus resulting higher amount of
DNA recovery. Therefore, pCE-CS membrane was more efficient
than the originate CE-CS membrane. The cationic property of
pCE-CS membrane provided an electrostatic interaction between
the membrane and DNA, causing a good ability to retain DNA on
the membrane [35]. To elute DNA from the membrane, a phosphate
buffer at a basic condition was used to disrupt the interaction
between the membrane and DNA. At this pH, the cationic nitrogen
of the membrane was deprotonated, causing a weakening
interaction between the membrane and phosphate group of
DNA and eventually discharging the DNA. In addition, an anionic
group of the phosphate salt could replace DNA for binding to the
membrane, thus releasing DNA from the membrane [36]. It was
important to point out the limitation of the produced membrane
that lacked the addition of chelating agents and surfactants to lyse
Fig. 7. Recovered DNA from CE, CE-CS, pCE-CS membranes and FTA card. The pCE-
CS membranes were treated with argon plasma, followed by nitrogen gas for 2, 6
and 10 min.



Fig. 8. Amplified DNA on 0.8% agarose gel that the eluted DNA from FTA, CE-CS and
pCE-CS membranes (lane 2–4) were used as templates. Lane M is the standard DNA
marker and lane 1 is the control, which the standard DNA was used as the template
for amplification.
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cell membrane and denature proteins on contact, which are
commonly impregnated in commercial DNA collecting cards [37].
Examples of these chemicals are ethylene diaminetetraacetic acid,
cetlytrimethylammonium bromide, nonyl phenoxyethoxyletha-
nol, sodium dodecylsulfate and Tween 20. A further study on
suitable chemicals supplement on the produced membrane
without changing its properties is still required.

3.5. Amplification of the eluted DNA

To determine the quality of the DNA, the DNA eluted from FTA,
CE-CS and pCE-CS membranes were subjected to PCR using specific
primers. Amplified PCR products on 0.8% agarose gel are shown in
Fig. 8. DNA obtained from FTA, CE-CS and pCE-CS membranes
could be amplified and yielded similar quantity of PCR product at
the expected size of 1200 bp. In general, degraded DNA and
co-existing impurities in the samples are ones of major causes of
PCR failure and false-negative result [38]. Therefore, a retrieved
DNA exhibiting a good quality for PCR amplification suggested a
satisfactory property of the produced membrane.

4. Conclusion

In this work, pCE-CS membrane showed an excellent efficiency
to bind, retain and recover DNA, and as well it exhibited
antibacterial activity. This membrane produced a step toward a
development of new DNA collecting matrix. The pCE-CS membrane
was prepared from ionic liquid dissolving CE and CS in deionized
water to introduce phase separation, followed by a lyophilization
step and the treatment with argon plasma and nitrogen gas.
Through plasma modification, the pCE-CS demonstrated stronger
binding to DNA, thus resulting in higher DNA recovery than the
original CE-CS membrane and the commercial FTA card.
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