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Mass-spectral Changes of Amino Acids Treated by
Non-equilibrium Atmospheric Pressure Plasma
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Non-equilibrium atmospheric pressure plasma (NEAPP) has been recently used for various
applications in medical or agricultural fields. Reactive oxygen species produced by the NEAPP
reacts and changed with micro-organism. However detailed mechanisms of the ROS function
have not been elucidated. Focused on amino acids, as main constituents of proteins and
organisms as well as human body, this paper discusses the changes on amino acids observing
with photoionization by the time-of-flight mass spectrometric system (TOF-MS) as a matrix-free
method. The signal of arginine, as example of low-weight amino acid, was successfully obtained

at m/z of 175.

1. Introduction

Researches have been carried out in medical
and agricultural fields using non-equilibrium
atmospheric pressure plasma (NEAPP).

Previously we have studied the inactivation of
spore of P. digitatum spores and the induction of
apoptosis to cancer cells [1-4]. From the electron
spin resonance measurement, the signal of
intracellular semiquinone, which is a free radical
produced during the process of dehydrogenation,
was observed [5]. It is important to understand
extensively mechanism of functions of reactive
oxygen species produced by NEAPP to the
micro-organism.

The amino acids are the protein constituents of
the human body. Figure 1 shows the structure of
arginine (Arg), which is a basic amino acid having
guanidine group [H,N- (C = NH)-NH-], bonded to
the side chain of the aliphatic hydrocarbon. The
arginine is observed with large amount in the
proteins generating an antioxidant and NO. Thus
the Arg plays an important role for health
maintenance; muscle strengthening, improvement
of immune function, growth of hormone secretion,
and so on. Oxidation of arginine, treated in
solution by the plasma using atmospheric
pressure He plasma jet, has been detected by
electrospray ionization method. The oxidation

product (Arg+20)H* of Arg has measured [6].
Here we test to measure with photoionization
technique and focus on elucidation of chemical
modification on Arg of the micro-organism.

In this study, we have constructed the
time-of-flight mass spectrometer (TOF-MS), for
measurements of low-weight mass amino acids
with high sensitivity. We detected the signal from
Arg without derivatizing pretreatments, and will
discuss the chemical modification of amino acid
(arginine) treated by high-density Ar atmospheric
pressure plasma.

2. Experiments

Figure 2 shows the schematic diagram of
TOF-MS system. Nd:YAG laser (fourth harmonic
generation: 266 nm, 30 Hz) was used as the
ionization pulse laser. The laser intensity was
adjusted by using a variable ND filter. The
ionization chamber and the TOF chamber were kept
at pressures below 107 Pa. The spectrometer
consisted of reflectron to measure high resolution
mass spectra. The detector was Micro-Channel
Plate (MCP).

Procedure of sample preparation is illustrated in
Figure 3. Aqueous solution of amino acid (10 mg /
mL) was prepared by dissolution of 10 mg
L-arginine hydrochloride (Sigma-Aldrich) in 1 mL
ultrapure water (Millipore Direct-Q UV). The



aqueous amino acid solution was dropped (0.5 pL x
5) on the substrate, and dried under air ambient.

Figure 4 shows a mass spectrum. The signal at
m/z of 175 is clearly observed and can be identified
as (Arg+H)" [7]. Commonly, amino acids are
hardly ionizing, therefore deviating pretreatments is
usually required. By using our constructed TOF-MS
system [8], the signal of arginine was successfully
observed at m/z of 175.

We constructed the system of TOF-MS to
enable measurements of the low-weight amid
acids. The TOF-MS system is utilized for
elucidation of chemical modification on the
amino acids under the atmospheric pressure
plasma treatments.
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Fig.1. Structural formula of Arginine.
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Fig.2. Experimental set up of TOF-MS system.
(MCP: Micro-Channel Plate)
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Fig.3. Sample preparation.
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Fig.4. Mass spectrum of Arginine.



