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a b s t r a c t

In the present study, different silica gel modifications were evaluated for their application as target surface
for material enhanced laser desorption/ionisation mass spectrometric (MELDI-MS) investigation of amino
acids. 4,4′-Azodianiline (ADA-silica) modified silica gel was successfully employed for the qualitative
analysis of amino acids in positive- and in negative-ion mode. Further no derivatisation of amino acids
was necessary, as the introduced system allowed the direct analysis of targets and delivered spectra
vailable online 8 October 2008

eywords:
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ositive-ion mode and negative-ion mode

with excellent signal intensity and signal-to-noise ratio within a few minutes. The influence of surface
chemistry, ionisation mode and the nature of analytes on signal intensity was studied and discussed.
Detection limit of 2.10 pg (10 fmol) was achieved by employing ADA-silica in positive-ion mode. Finally,
xylem saps from different types of trees were analysed. This proved the high performance and excellent
behaviour of the introduced target surface material.

© 2008 Elsevier B.V. All rights reserved.

e
t
g
c
b
a
e
t
c
b
i
i
b
w

o
a
o

ylem saps

. Introduction

More than 300 amino acids have been described in nature. These
ompounds have great biochemical importance [1], especially the
0 common amino acids that are the basic units of proteins. The

mportance of amino acid analysis is obvious in many areas of sci-
nce including clinical science, biochemistry, food science [2,3] and
harmacy [4–7].

In fact, a large number of analytical techniques have previously
een utilised and described as shown in the extensive literature
n the subject. Simple and highly sophisticated chromatographic
nd mass spectrometric techniques are cited alongside with amino
cid analyser and voltametric titration. Generally, prior to analy-
is, amino acids are subjected to a derivatisation step, the type
f which is selected according to different factors. In the case of
iquid chromatography (LC) [5,8–14], amino acid analyser [15] or
apillary electrophoresis [16–20] analytes have to be coupled to
V-absorbing units in order to enable UV-detection. For the gas

hromatographic analysis, targets have to be silylated [21,22] or
uorinated [23], as vaporization is essential for separation and
etection. Finally, especially for liquid chromatography hyphenated
o mass spectrometry [24–26] derivatisation of analytes or consid-

∗ Corresponding author. Tel.: +43 512 5075176 fax: +43 512 5072767.
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rable pre-treatment of samples like desalting is necessary in order
o gain stable targets and, consequently, high detector signals. In
eneral, derivatisation-based analysis may suffer from interference
aused by the excess of reagents or reaction media, derivative insta-
ility, the inability of some reagents to derivatise the secondary
mino acids and long preparation time [27,28]. Furthermore, sev-
ral derivatives may be produced from single solute. This increases
he complexity of the sample and makes its determination diffi-
ult. Likewise, pre-treatment process is not only time consuming,
ut every step leads to the loss of analyte. On the basis of these facts,

t becomes clear that amino acid analysis is time consuming, cost
ntensive and loosing considerable amount of analyte, and, thus,
ears negative implications for screening programs and projects
ith a high number of samples.

By contrast, matrix assisted laser desorption/ionisation-time
f flight-mass spectrometry (MALDI-TOF-MS) can reach a high-
utomated throughput without previous derivatisation of analytes
r pre-treatment of samples, delivering highly reliable qualitative
nformation about the mass to charge ratio (m/z) of investigated
mino acids. Since its introduction in 1987, MALDI-MS technique
as mainly been utilized for the qualitative analysis of biomolecules
ike proteins and peptides. The application as screening technology
or small metabolites like carbohydrates or amino acids is limited
ecause of the interferences produced by employed matrix mate-
ials and because of problems associated with heterogeneity of
nalyte crystallization and control of ion suppression effect [29].

http://www.sciencedirect.com/science/journal/13873806
http://www.elsevier.com/locate/ijms
mailto:guenther.stecher@uibk.ac.at
dx.doi.org/10.1016/j.ijms.2008.09.014
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owever, some developments were made in the direction of low
olecular weight analysis and these have already been summa-

ized and discussed [30]. Focusing on the analysis of amino acids via
ALDI-MS, some efforts were made including conventional MALDI
atrices [29,31,32], ionic liquid matrices [33,34], carbon nanotubes

35–37], one basic MALDI matrix [38] and mesoporous silicate [39].
evertheless, difficulties concerning the analysis of amino acids

ike insufficient sensitivity still remain. Further as far as we know
lso the dependency of amino acid groups (acidic, aliphatic or other
mino acids) on ionisation mode used has never been shown and
iscussed in detail.

Material enhanced laser desorption/ionisation-time of flight-
ass spectrometry (MELDI-TOF-MS), based on the surface
odification of silica gel with 4,4′-azo-dianiline or 3-amino-4-

ydroxybenzoic acid, energy absorbing substances, was introduced
n 2007 as a screening tool for the qualitative analysis of carbohy-
rates [30]. In this methodology, a thin layer of derivatised silica gel
articles is positioned on the stainless steel target and analyte spot-
ed on it. This layer provides the basis for analysis of low molecular

eight analytes employing MALDI-MS.

The present effort is an important addition to tackle the chal-
enges of analysing amino acids. As will be shown, MELDI-MS
isplays excellent sensitivity and performance for the analysis and
creening of underivatised targets in positive and negative-ion

l
a
c
t
B

Fig. 1. Synthesis of 4,4′-azo-dianiline modified silica gel (a) and
ass Spectrometry 279 (2009) 15–24

ode. Finally, the analysis of biological samples like xylem saps
ighlights the potential of the method as a screening technol-
gy.

. Experimental

.1. Chemicals

All amino acids (glycine, alanine, serine, proline, valine, threo-
ine, cysteine, hydroxyproline, leucine, asparagine, aspartic acid,
lutamine, glutamic acid, methionine, histidine, phenyalanine,
rginine, tyrosine, lysine, tryptophan, and cystine), methanol, ace-
one, and sodium chloride were obtained from Sigma–Aldrich
Sigma–Aldrich Chemie GmbH, Steinheim, Germany). Silica gel of
ore size 1000 Å and particle size 35–70 �m was donated by Grace
ydac (Columbia, MD, USA). 4,4′-Azo-dianiline and 3-amino-4-
ydroxybenzoic acid were purchased from Acros Organics (Geel,
elgium). Nitric acid (65%) was bought from Fluka (Buchs, Switzer-
and), 4,4′-diphenylmethane-diisocyanate, diethyl ether, pyridine,
nd acetonitrile from Merck AG (Darmstadt, Germany). All these
hemical reagents were of analytical quality and used without fur-
her purification. Water purified by a Nano Pure-unit (Barnstead,
oston, MA, USA) was used.

3-amino-4-hydroxybenzoic acid modified silica gel (b).
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.2. Preparation of standards and samples

Individual amino acid standards were prepared at the concen-
ration of 1 mg/mL in deionised water. For the mixture of amino
cids, the concentration of each amino acid was 0.7 mg/100 mL. All
hese solutions were stored at 2–8 ◦C and diluted as required prior
o measurements with purified water.
.3. Xylem sap preparation

Twigs of from Pinus cembra L. (stone pine), Betula pendula
oth. (white birch), Picea abies (L.) Karst. (Norway spruce), and
uercus robur L. (oak) were harvested in April 2007 in the botan-

c
s
l
m
u

ig. 2. MELDI-TOF-MS of amino acid mixture using 4,4′-azo-dianiline-silica (a) and 3-am
o 200 laser shots in each case. The absolute amount of each amino acid was 7 ng on the t
ass Spectrometry 279 (2009) 15–24 17

cal garden of the University of Innsbruck, wrapped in plastic
ags and transported to the laboratory. Side twigs were removed
nd up to 50 cm long sections of the main branches were
repared for sap extraction. Three replicates were collected, respec-
ively.

Samples were enclosed in a pressure chamber (Super Chamber,
MS Instrument Company, Corvallis, OR, USA) with the basal end
about 5 cm) outside of the chamber’s sealing lid. This end of the

hamber was oriented downwards. Samples were exposed to pres-
ures between 2 and 5 MPa for 15–60 min to enable extraction of at
east 1 mL xylem sap, which was collected in small vials. After treat-

ent, the xylem sap was immediately frozen and stored at −80 ◦C
ntil analysis.

ino-4-hydroxybenzoic acid-silica (b) in positive-ion mode. Spectrum corresponds
arget in each case.
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.4. Instrumentation

Experiments were performed in positive-ion mode and
egative-ion mode on a MALDI mass spectrometer (Ultraflex
ALDI TOF/TOF, Bruker Daltonics, Bremen, Germany) employing

tainless steel targets (MTP 384 target ground steel, Bruker Dalton-
cs). Desorption was obtained using a 337 nm nitrogen laser and
aser energy was adjusted as needed. Voltage impressed on the ion
ource one and two was 20.0 and 18.6 kV, respectively. Detection
oltage was set at 1601 V. Flex Control (Version 2.0, Bruker Dal-
onics) was used for parameter control during recording and Flex
nalysis (Version 2.0, Bruker Daltonics) for data evaluation. The
umber of laser shots used to obtain each spectrum was in the
ange from 200 to 500.

.5. Energy absorbing surface materials for MELDI-MS

Two types of silica gel, one modified with 4,4′-azo-dianiline and
he other one with 3-amino-4-hydroxybenzoic acid, were used as

ELDI-MS surfaces (Fig. 1). Synthesis was performed according to
he procedure described elsewhere [30].

.6. On target sample preparation for MELDI-MS analysis
10 mg of modified silica gel was suspended separately in 1 mL
f different solvent systems including methanol, acetone, acetoni-
rile, and acetonitrile/water (1:1). These were sonicated for 3 min.
or MELDI-MS measurements, the suspension of modified material

t
u
s
q
t

ig. 3. MELDI-TOF-MS of amino acid mixture using 4,4′-azo-dianiline-silica in negative-
mino acid was 7 ng on the target.
ass Spectrometry 279 (2009) 15–24

as applied as a thin layer on a stainless steel target and dried at
oom temperature. On this layer, 0.5–1 �L of sample solution was
laced and dried under nitrogen gas.

. Results and discussion

.1. MELDI-MS for the analysis of amino acids

The 4,4′-azo-dianiline modified silica gel (ADA-silica) and the
-amino-4-hydroxybenzoic acid modified silica gel (AHBA-silica)
Fig. 1) were both evaluated for the analysis of amino acids. Fig. 2
hows the mass spectrum of amino acid mixture analysed in the
ositive-ion mode using cited energy absorbing surface materi-
ls, i.e. ADA-silica and AHBA-silica, respectively. Silica gel particles
mployed were of the size 35–70 �m (1000 Å), as this type of silica
elivered outstanding results concerning desorption and conse-
uently provided the availability of carbohydrates for detection
30]. As noticeable from Fig. 2, sodium and potassium adducts of
tandards were detected alongside the protonated signals. Adduct
ormation of analytes in MALDI-MS [36] and in MELDI-MS [30]
s not surprising, and it occurred despite the fact that samples

ere washed on the target by applying and removing several times
�L of pure water. Comparing the results from the two inves-
igated energy absorbing surface materials, it is evident that by
sing AHBA-silica more standards deliver their protonated [M+H]+,
odium [M+Na]+ and potassium [M+K]+ adducts, i.e. the usual set of
uasi-molecular ions. This means that more analytes are detected in
he protonated form besides their sodium and potassium adducts.

ion mode. Spectrum corresponds to 200 laser shots. The absolute amount of each
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his can be ascribed to the nature of the energy absorbing surface
aterial, as AHBA-silica retains free acidic functions and can, there-

ore, donate protons. In the case of AHBA, acidic amino acids like
spartic acid and glutamic acid as well as some other amino acids
ike alanine, cysteine, asparagine and cystine (dimeric form of cys-
eine) do not deliver protonated ions. In the case of ADA, no acidic
unction is present on the surface, which is why nearly all analytes
re detected only as sodium and potassium adducts. Neverthe-
ess there are also some exceptions, such as the basic amino acids
istidine and arginine in addition to proline, hydroxyproline and
hreonine. The absence of protonated signals did not influence neg-

tively, as presence of sodium and potassium adduct signals clearly
llowed signals assignment. But a negative aspect is the determina-
ion of amino acids showing nearly the same mass, like glutamine
146.15 Da) and lysine (146.19 Da) or leucine (131.17 Da), isoleucine

t
t
s
i

able 1
esults from MELDI-TOF-MS measurements of amino acids mixture employing 4,4′-azo-d

mino acids (mixture) Theoretical masses Measured m

Positive-ion

m/z

lycine 75.07 114.04

lanine 89.09 112.06
128.06

erine 105.09 144.09

roline 115.13 116.11
154.11

aline 117.15 140.14
156.14

hreonine 119.12 120.11
142.11
158.11

ysteine 121.16 160.14

ydroxyproline 131.13 132.11
154.11
170.11

eucine 131.17 Not detected

sparagine 132.12 155.11
171.11

spartic acid 133.10 172.10

lutamine 146.15 169.11
185.11

ysine 146.19 169.15

lutamic acid 147.13 170.11
186.11

ethionine 149.21 188.18

istidine 155.16 156.14
178.14
194.14

henylalanine 165.19 204.16

rginine 174.20 175.13
197.13
213.11

yrosine 181.19 204.16
220.16

ryptophan 204.23 227.16
243.16

ystine 240.32 279.26
ass Spectrometry 279 (2009) 15–24 19

131.17 Da) and hydroxyproline (131.13 Da). Only by employing a
igh resolution mass spectrometer these analytes can be clearly
etected as single substances.

For both energy absorbing surface materials, exactly the same
ehaviour concerning adduct formation of analytes can be found,

.e. all analytes were detected as potassium adducts. They were
etected also as sodium adducts except for the glycine, serine, cys-
eine, aspartic acid, methionine, phenylalanine and cystine. With
he exception of the influence of energy absorbing surface materi-
ls on the analysis, no significant differences between them could
e found for the investigation of amino acids. In fact, signal intensi-

ies and signal to noise ratios were approximately the same. Besides
he identification of amino acids in the mixture, two less intense
ignals (at m/z 180.4 and 222.9) were also found. The nature of these
s still not resolved.

ianiline-silica in positive-ion mode and negative-ion mode.

asses

mode Negative-ion mode

Cations m/z Anions

[M+K]+ 74.05 [M−H]−

[M+Na]+ 88.07 [M−H]−

[M+K]+

[M+K]+ 104.09 [M−H]−

[M+H]+ 114.12 [M−H]−

[M+K]+

[M+Na]+ 116.15 [M−H]−

[M+K]+

[M+H]+ 118.11 [M−H]−

[M+Na]+

[M+K]+

[M+K]+ 120.14 [M−H]−

[M+H]+ 130.12 [M−H]−

[M+Na]+

[M+K]+

[M+H]+ Not detected
[M+Na]+

[M+K]+

[M+Na]+ 131.12 [M−H]−

[M+K]+

[M+K]+ 132.10 [M−H]−

[M+Na]+ 145.12 [M−H]−

[M+K]+

[M+Na]+ Not detected

[M+Na]+ 146.11 [M−H]−

[M+K]+

[M+K]+ 148.19 [M−H]−

[M+H]+ 154.16 [M−H]−

[M+Na]+

[M+K]+

[M+K]+ 164.18 [M−H]−

[M+H]+ 173.13 [M−H]−

[M+Na]+

[M+K]+

[M+Na]+ 180.17 [M−H]−

[M+K]+

[M+Na]+ 203.17 [M−H]−

[M+K]+

[M+K]+ 239.27 [M−H]−
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When working in the negative-ion mode, almost all investigated
mino acids could be detected as their anions in the case of ADA-
ilica (Fig. 3). With AHBA-silica, analysis of amino acids was very
ifficult, as noise dominated the spectrum and the signal inten-
ity of analytes was very low (data not shown). The reason for this
s again related to the surface chemistry of the employed MELDI

aterials, as the difference in proton affinities (PA) between the
nergy absorbing surface materials and analytes plays a crucial role

n MELDI-MS. This phenomenon relates to secondary ionisation
vents, where charge transfer, proton transfer, metal ion transfer,
tc. takes place from matrix to analyte molecules in the expanding
lume and vice versa [40].

t
(
b
o

ig. 4. MELDI-TOF-MS of single amino acids using 4,4′-azo-dianiline-silica in positive-
sparagines, (g) arginine, (h) tryptophan and (i) proline. Each spectrum corresponds to 40
ass Spectrometry 279 (2009) 15–24

A strong capability of AHBA-silica to donate protons influences
egatively the formation of anions. By contrast, for ADA-silica,
he high proton affinity of the energy absorbing surface mate-
ial enhances the detection of anions. As a result, only when
orking with ADA-silica, positive- and negative-ion mode can be

mployed. Two further observations can be made: In the positive-
on mode, qualitative analysis is more reliable as analytes are
etected at least by two signals (Fig. 2a). In the negative-ion mode,

he resulting spectra are less complex with higher signal intensities
Figs. 3 and 5). Therefore, positive- and negative-ion modes have to
e used for correct qualitative analysis and data interpretation in
rder to obtain highly reliable results (Table 1).

ion mode. (a) Valine, (b) serine, (c) cysteine, (d) glutamine, (e) aspartic acid, (f)
0 shots. The absolute amount of analytes was 0.5 �g on the target in each case.
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An interesting finding can be observed when measuring amino
cid as single standards. Fig. 4 depicts the analysis of single amino
cids in the positive-ion mode using ADA-silica as energy absorb-
ng surface material for their desorption. For every amino acid three
ignals were detected although only rarely protonated signals were

ained within the mixture. A few unidentified low intensity signals
ere also found e.g. a signal at m/z 226 is present in serine, aspar-

ic acid and arginine. In the negative mode, signal intensities were
lways higher than in the positive ionisation mode with excellent
ignal to noise ratio (Fig. 5).

n
t
o
t
m

ig. 5. MELDI-TOF-MS of single amino acids using 4,4′-azo-dianiline-silica in negative-
istidine and (f) tryptophan. Each spectrum corresponds to 400 shots. The absolute amou
ass Spectrometry 279 (2009) 15–24 21

Generally, amino acids are classified into several groups depend-
ng on the nature of their side chain, i.e. aliphatic, aromatic, acidic,
asic, acid amides, imines and sulphur containing amino acids.
lterman et al. [29] clearly demonstrated that signal intensity is
ependent primarily on nature of amino, as he compared the sig-

al intensity of analytes in the range of 300–20 �M. It is evident
hat not every group will be ionised with the same efficiency as
thers. In fact, acidic amino acids deprotonate easily and should
herefore deliver high signals when working in the negative-ion

ode. On the other hand, basic amino acids protonate easily and

ion mode. (a) Aspartic acid, (b) asparagines, (c) glutamic acid, (d) glutamine, (e)
nt of analytes was 0.5 �g on the target in each case.
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ig. 6. Signal intensities of single amino acids working in different ion modes. Red
eucine, 5. serine, 6. threonine), group 2: sulphur/thiol containing amino acids (7. cys
cid), group 4: amides (12. asparagine, 13. glutamine), group 5: basic amino acids (
8. tyrosine, 19. tryptophan) and group 7: imines (20. proline, 21. hydroxyproline).
hould therefore be detected at high signal intensities when work-
ng in the positive-ion mode. The question is: how are other amino
cid groups behaving in respect to the ionisation mode chosen?
ig. 6 shows the connection between signal intensity and nature of
nalyte (results based on Figs. 2a and 3). The behaviour of acidic

(
a
t
m
t

ig. 7. MELDI-TOF-MS of different xylem sap samples using 4,4′-azo-dianiline-silica in po
d) Quercus robur L. G1 = hexose; (*) not identified. Each spectrum corresponds to 500 lase
s mark outliers, group 1: aliphatic amino acids (1. glycine, 2. alanine, 3. valine, 4.
8. cystine, 9. methionine), group 3: acidic amino acids (10. aspartic acid, 11. glutamic
stidine, 15. arginine, 16. lysine), group 6: aromatic amino acids (17. phenylalanine,
group 3) and basic (group 5) amino acids exactly follows the rules
s postulated. Among the basic amino acids histidine was an excep-
ional case and the reason for its strong intensity in negative-ion

ode is not fully clear. Measurements of amides (group 4) showed
hat they deliver almost similarly high signal intensities, indepen-

sitive-ion mode. (a) Pinus cembra L., (b) Betula pendula Roth., (c) Picea abies L., and
r shots.
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Table 2
Results from MELDI-TOF-MS screening of xylem sap samples from different plant species employing 4,4′-azo-dianiline-silica in positive-ion mode and negative-ion mode.

Xylem sap samples Cations Anions

m/z Compounds detected m/z Compounds detected

Pinus cembra L. 38.99 K+ 132.99 [Glutamine−H]−

103.99 145.12
119.89 [Glutamine+H]+ 153.07
147.09 [Glutamine+Na]+ 167.07
169.09 [Glutamine+K]+ 193.07
185.09 [Arginine+Na]+

197.09 [Arginine+K]+

213.09
222.98

Betula pendula Roth. 38.99 K+ 148.99
103.99 164.99
119.89 [Arginine+Na]+ [G1+Na]+ 180.89
197.09 [Arginine+K]+

203.02 [G1+K]+

213.09
218.99

Picea abies (L.) Karst. 38.99 K+ 132.09 [Aspartic acid−H]−

103.98 145.12 [Glutamine−H]−

112.99 [Glutamine+H]+ 153.09
114.99 [Glutamine+Na]+ 164.99
147.09 [Glutamine+K]+ 180.99
169.09 [Arginine+Na]+ 228.89
185.09 [G1+Na]+ 244.89
197.09 [Arginine+K]+

203.02 [G1+Na]+

213.09
218.99
222.99
232.99

Quercus robur L. 38.99 K+ 164.99
95.08 183.89

103.98 [Arginine+H]+ 228.89
112.99 [Arginine+Na]+ [Arginine+K]+

114.99
120.04

d
s
c
v

F
c

137.07
175.09
197.09
213.09
ent from the selected ionisation mode. Only acidic amino acids
urpassed these values in the negative-ion mode (Fig. 6). In the
ase of sulphur/thiol (group 2) containing amino acids, the lowest
alues in comparison to all others were gained in the positive-ion

m
h
i
t

ig. 8. MELDI-TOF-MS of different xylem sap samples using 4,4′-azo-dianiline-silica in neg
orresponds to 200 laser shots.
ode. Interestingly, even group 3 (acidic amino acids) delivered
igher intensities compared with group 2. Also in the negative-

on mode the behaviour of group 2 did not differ very much. In
his case, only basic amino acids (group 5) delivered lower val-

ative-ion mode. (a) Pinus cembra L., (b) Picea abies L. (*) not identified. Each spectrum
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es. Amino acids with an aromatic side chain behaved similarly
group 6). Aliphatic amino acids are defined by the presence of
methyl, an ethyl, or an isopropyl group and sometimes also by

he presence of an additional hydroxyl group in the side chain. In
ositive- and in negative-ion mode, this group (group 1) delivered
ather low signal intensities, i.e. a maximum of one third of the
bsolute value in comparison to the highest signal values detected
Fig. 6).

Finally, the detection limit of MELDI-MS when working with
DA-silica was determined in positive-ion mode at different con-
entrations using amino acid standards (arginine, histidine and
lutamine) in the range of 0.25 �g/�L (1.2 nmol/�L) to 0.73 pg/�L
5 fmol/�L). Results have shown that amino acids can be easily
etected down to a concentration of 2.10 pg/�L (10 fmol/�L) and
ignal to noise at this point was 10:1.

.2. Screening of xylem sap samples

Xylem saps from Picea cembra L. (stone pine), Betula pendula
oth. (white birch), Picea abies (L.) Karst. (Norway spruce), and Quer-
us robur L. (oak) were analysed via MELDI-MS using ADA-silica.
n the Picea cembra sap, all three adducts of glutamine, [M+H]+,
M+Na]+, and [M+K]+, were detected alongside the sodium and
otassium adducts of arginine, [M+Na]+ and [M+K]+ (Fig. 7a). Glu-
amine is known to be an important transporter for nitrogen [41,42].
n regard to Betula pendula, there was a clear indication of the pres-
nce of sodium and potassium adducts of arginine and sodium and
otassium adducts of a hexose sugar represented as G1 (Fig. 7b). In
icea abies, glutamine was detected in the form of [M+H]+, [M+Na]+,
nd [M+K]+ and arginine as its [M+Na]+ and [M+K]+ beside [M+Na]+

nd [M+K]+ of a hexose (Fig. 7c). In the Quercus robur xylem sap
nly arginine could be detected in the form of [M+H+], [M+Na+]
nd [M+K+] (Fig. 7d). Besides the identification of analytes in all
our samples, some other signals were detected. The nature of these
ignals is still not resolved and shows the limit of the introduced
ethod. Nevertheless, non-identified signals can also be used for

ifferential analysis. This means that differences and similarities
etween samples can be found on the basis of clearly identified
nalytes and on the basis of unknown detected signals. For exam-
le, signal at m/z 103.9 is present in all spectra while a signal at
/z 114.9 is present only in saps from Picea abies and Quercus robur

Table 2).
Finally, Fig. 8 shows the analysis of xylem saps from Picea cembra

nd Picea abies in the negative ionisation mode. In Picea cembra
Fig. 8a), glutamine is detected as its deprotonated form while for
icea abies L. (Fig. 8b), two amino acids, glutamine and aspartic
cid, were detected. All other peaks marked with asterisks in both
pectra are not yet known.

. Conclusions

This study presents material enhanced laser desorp-
ion/ionisation mass spectrometry (MELDI-MS) as a fast and
eliable screening technology for the qualitative analysis of amino
cids. The most important and interesting data was available for
he comparison of amino acids in positive- and negative-ion mode.

,4′-Azo-dianiline derivatised MELDI material delivered excellent
ignal to noise ratio and signal intensity without background
oise, suggesting a great potential of the technique in the field
f MALDI-MS. Limit of detection was determined, delivering
alues of 2.10 pg. The analysis of real samples such as xylem saps

[
[

[

ass Spectrometry 279 (2009) 15–24

rom different trees proves the viability of the method as a fast
nd reliable screening technology. The excellent performance of
resented MELDI system in positive- and negative-ion mode is
nique in the field of MALDI-MS for the analysis of amino acids.
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