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Abstract

Matrix-assisted ultraviolet laser-desorption ionization time-of-flight mass spectrometry (UV-MALDI-TOF-MS)
was applied to sulfated xylo-mannan fractions from Nothogenia fastigiata in order to determine their molecular
weights and distribution profiles. The number-average molecular weight calculated from the spectra was similar to
that determined by chemical end-group analysis for the lower molecular weight fractions. For the other fractions, the
number-average molecular weight was lower than that chemically determined; the increased difference may be
attributed to higher desorption difficulties and, consequently, mass-dependent discrimination. A reconstructed
spectrum, using the peaks obtained from all the fractions, suggested an unimodal distribution. The best results were
obtained by using 2,5-dihydroxybenzoic acid as matrix doped with 1-hydroxyisoquinoline and with harmane and
nor-harmane. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The red seaweed Nothogenia fastigiata syn-
thesizes a complex system of polysaccharides
comprising neutral xylans of the b-D-(1�3)-,
b-D-(1�4)-‘mixed linkage’ type [1–3] and sul-
fated polysaccharides. These sulfated polysac-
charides are a family of a-(1�3)-linked
D-mannans 2- and 6-sulfated and having sin-
gle stubs of b-(1�2)-linked D-xylose [4–6]

(Fig. 1), and sulfated xylogalactans [7,8] with
a backbone formed by alternating 3-linked
b-D-galactopyranose and 4-linked a-L-galacto-
pyranose. The 4-linked residues are either 6-
sulfated having single stubs of (1�3)-linked
D-xylose or (1�3)-linked galactose, 3-sulfated
or non-substituted. The b-D-galactopyranosyl
units are non-substituted or 4-sulfated. The
whole system of polysaccharides showed er-
ratic solubility behavior associated with com-
position-, temperature-, time- and con-
formation-dependent molecular associations
[4–8]. These structures have been studied by
chemical and spectroscopic methods [4–6,8].* Corresponding author. Tel./fax: +54-11-45763346.
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Matrix-assisted ultraviolet laser-desorption
ionization time-of-flight mass spectrometry
(UV-MALDI-TOF-MS) is a valuable tech-
nique for the determination of molecular
weights of proteins [9–11]. Nevertheless when
used with polysaccharides good results were
only obtained for samples with molecular
weights lower than 6000. This limitation is
probably related, at least in part, to the struc-
tural complexity [12] and to molecular interac-
tions often found in these biopolymers. Recent
studies with low-molecular-weight laminarans
[13], fructans [14], dextrans and maltodextrins
[15] illustrated the power of positive-ion mode
MALDI-MS for defining the degree of poly-
merization profiles of polysaccharides. In this
mode, sialic acid containing oligosaccharides
generally produced the sodium adduct of the
sodium salt giving much weaker signals than
the neutral sugars [16]. Very few MALDI-MS
analyses of sulfated oligosaccharides [17–19]
have been reported, and in all of them samples
with molecular weights below 2000 were ana-
lyzed. These oligosaccharides were detected in
the negative-ion mode [17–19], and it was
suggested that the presence of sulfate groups
in the structure stabilized the corresponding
anionic form [18].

The 2,5-dihydroxybenzoic acid (gentisic
acid, DHB) proved to be the most appropiate
matrix for examination of neutral or sialic
acid-containing oligosaccharide mixtures [16]
as well as neutral polysaccharides [13–15] in
the positive-ion mode. This matrix has been
also shown to be suitable for the quantifica-
tion of oligosaccharides and to produce a
signal that reflects sample concentrations over
several orders of magnitude [20]. When the
low-molecular-weight sulfated oligosacchar-
ides were analyzed, the 9H-pyrido[3,4-
b ]indoles (b-carbolines) were shown to be use-
ful as UV-MALDI matrices [18].

In order to achieve this goal with sulfated
polysaccharides, in the present project we de-
signed several experiments employing different
MALDI matrices [3,5-dimethoxy-4-hydroxy-
cinnamic acid (sinapinic acid, SA), a-cyano-4-
hydroxycinnamic acid (CHC), DHB, b-carbo-
lines (nor-harmane, harmane and harmine)]
and doped matrices [DHB–1-hydroxyiso-
quinoline (DHB–HIC) and DHB–b-car-
boline], and three different methods for sam-
ple preparation. All spectra were obtained
in positive and linear modes as the average of
50 laser shots. Besides, inspection of all the

Fig. 1. Substitution pattern for the xylo-mannans from N. fastigiata.
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Table 1
Composition and chemically determined degree of polymerization (dp) of the sulfated xylo-mannan fractions

Sugar composition a Sulfate (% NaSO3) Counterion (% equiv) Weight of the average unit b Average dp cFraction
(mol%)

XylMan Ca2+ Mg2+ Na+

62.32% 21.5 17.6 73.8 17.2 9.0 271 44
20.4 26.1 48.1 20.873.8 31.03 288 136
16.4 26.0 72.5 22.14% 5.481.6 264 83
2.5 15.3 49.7 15.097.5 53.35% 197 32

97.96% 2.1 31.7 77.1 17.6 5.2 249 120

a Contamination with galactose from the sulfated galactan to 100.0%.
b From molar ratios xylose:sulfate:mannose of Ref. [6].
c Calculated using the molecular weights of Ref. [6].

solid samples ready to be analyzed by UV-
MALDI was performed in order to see the
influence of the sulfated polysaccharides under
study on the crystallization of the matrix.

As result of our studies, we herein report
the successful application of UV-MALDI-
TOF-MS for the analysis of the family of
sulfated xylo-mannans from the red seaweed
N. fastigiata, with molecular weights in the
range 2000–45,000 and with strong molecular
interactions.

2. Results

The sulfated polysaccharides from N. fasti-
giata were precipitated with Cetrimide, and
the insoluble complexes were subjected to
fractional solubilization in solutions of in-
creasing sodium chloride concentration (0.5–
4.0 M); in this way, five xylo-mannan
fractions were separated and further purified
by redissolution in sodium chloride solutions
of the corresponding concentration. Table 1
shows their composition and the chemically
determined degree of polymerization. Consid-
ering the fractionation procedure, the presence
of high percentages of Ca2+ and Mg2+ (deter-
mined by flame atomic absorption spectrome-
try) that neutralized most of the sulfate
groups was completely unexpected.

Among all the matrices tested, only the
mixtures of DHB–HIC and DHB–nor-har-

mane (nor-harmane: 9H-pyrido[3,4-b ]indole)
DHB–harmane (harmane: 1-methyl-9H-
pyrido[3,4-b ]indole) worked as proper
MALDI matrices. These mannans were de-
tected only in the positive-ion mode, and only
the mentioned doped matrices provided good
spectra in terms of signal strength and back-
ground level.

Table 2 indicates the m/z, the normalized
intensities (heights, In) of all the peaks ob-
served for the fractions in the different
recorded spectra, using DHB–HIC as matrix,
and the corresponding corrected values (Ic),
taking into account the percentage contribu-
tion of each fraction to the ‘whole’ sample. In

and Ic were calculated according to the follow-
ing equations:

In=Ip/It

where In is the normalized peak intensity, Ip is
the peak intensity (mV) and It is the total
intensity (mV) of the spectrum and

Ic=InX

where Ic is the corrected peak intensity and X
is the percentage contribution of the fraction
to the whole polysaccharide sample [6].

Each spectrum does not give an unimodal
distribution of molecular weights, as expected
for plant polysaccharides, possibly due to the
very small amount of signals. These peaks
usually show a maximum followed by satellite
signals of lower intensity that suggest an
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asymmetric envelope. Although the peaks are
obtained at random, always the same group of
signals is observed for each fraction; this pat-
tern is consistent with signals not reflecting
sample concentrations due to erratic desorp-
tion–ionization processes. Fig. 2 shows two
typical spectra of Fraction 4% carried out un-
der identical experimental conditions. Table 3
gives the number-average molecular weights
(Mn) of the xylo-mannan fractions, calculated
using the m/z values and normalized peak
intensities of Table 2 according to:

Mn=SIniMi/SIni

(Ini is the normalized intensity of the peak
i and Mi is the m/z value of the peak i), and
the corresponding number-average molecular
weights determined by end-group analysis;

similar values were observed for Fractions 2%
and 5% by the two methods.

Fig. 3 shows a reconstructed spectrum of
Fraction 2% using the normalized intensities of
the 23 m/z peaks from all the spectra recorded
for this fraction indicated in Table 2. This
reconstructed spectrum suggests an unimodal
distribution function consistent with signals
not reflecting the sample concentration and
with the fact that the sample is only a small
part of the original xylo-mannan family. No
reconstructions were carried out for the other
fractions because not enough peaks were ob-
tained in the corresponding spectra.

Considering that the fractions were ob-
tained through a fractionation procedure with
arbitrary bounderies, they can not be consid-
ered as ‘different’ sulfated xylo-mannans but
as parts of the family of these polysaccharides.
On this basis, a reconstructed spectrum of this

Table 2
Normalized intensities and corrected values of the m/z peaks of the sulfated xylo-mannan fractions a

InFractionm/z m/zPeak Fraction IcInPeak Ic

0.05872%12,275300.776 0.7400.0229345,2701
2%2 0.078445,000 0.9883 0.0200 0.678 31 12,137
2%3 0.031244,930 0.3933 0.0221 0.749 32 11,633

0.3310.02632%11,568334 0.0810.0024344,200
2%5 0.013342,000 0.1683 0.0057 0.193 34 11,082

41,701 3 0.0167 0.5666 35 10,373 6% 0.0376 0.699
0.4410.013039997367 0.1630.0048340,400

33,607 6% 0.0345 0.6428 37 9989 4% 0.0870 1.418
38 9405 2% 0.0189 0.2389 331,270 0.0048 0.163

30,790 3 0.0164 0.55610 39 9302 2% 0.0526 0.663
11 30,750 3 0.0714 2.420 40 9250 2% 0.0072 0.907
12 0.8440.06672%8491410.3330.01796%29,000

25,400 3 0.0067 4213 0.227 0.00518091 2% 0.064
6602 0.344430.0780.0023322,27014 0.01855%

0.6370.0188320,797 2%15 0.1600.0127619044
20,323 6016 5% 0.0161 0.2994% 0.0185 0.30216 45

0.3330.01796%20,300 0.33317 0.01795%598246
4%18 0.3330.01795%5710471.3870.085119,720

19 2% 0.0048 0.06019,300 48 0.01455600 5% 0.270
0.3940.03132%55000.664 490.0196319,23720

17,500 2% 0.0080 0.10121 50 35260 0.2950.0087
0.5560.0164317,00022 0.8210.06522%523851

16,245 2% 0.0555 0.69923 52 4850 5% 0.0145 0.270
400014,330 2% 0.0070 0.0886% 0.0392 0.729 5324
353313,673 2% 0.0141 0.1782% 0.0070 0.088 5425

0.1270.01012%33005526 0.3490.0103313,600
56 2556 6% 0.0329 0.611327 0.015613,326 0.529

313,180 0.22128 0.01752%2439570.1660.0049
0.1160.00932%2113580.33512,439 0.026629 2%

a See text.
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Fig. 2. Typical UV-MALDI-TOF mass spectra obtained from Fraction 4% (matrix: DHB–HIC, l : 337 nm; see Section 4)
consistent with erratic desorption–ionization of the sample.
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Table 3
Number-average molecular weights from MALDI and end-
group analysis of the sulfated xylo-mannan fractions

Fraction Mn
bMn

a

2% 9808 12,000
39,10029,2343
21,9004% 15,337

640058335%
6% 30,00017,099

a Number-average molecular weight calculated using the
m/z values and the corresponding normalized peak intensities.

b Number-average molecular weight determined by end-
group analysis.

tion of DHB was clearly improved not only by
adding the doping co-matrix (HIC, nor-har-
mane or harmane) but also by adding the
xylo-mannan.

3. Discussion

These sulfated polysaccharides are a family
of a-(1�3)-linked D-mannans 2- and 6-sul-
fated and having single stubs of b-(1�2)-
linked D-xylose [4–6]. These products showed
erratic solubility behavior associated with
composition-, temperature-, time- and confor-
mation-dependent molecular associations [4–
8]. The composition of the fractions (Table 1)
indicates that the fractionation of the sulfated
xylo-mannan system depends mainly on the
amount of single stubs of D-xylose and that
only fractions with similar quantities of side-
chains were separated according to the per-
centage of sulfate [6]. This suggests that the
major factor of insolubilization was the for-
mation of packed aggregates of macro-
molecules, since this process was facilitated by
the formation of the insoluble Cetrimide salts.
The xylo-mannans still contained divalent
counterions after precipitation with Cetrimide,
followed by redissolution of the insoluble
complexes and further purification of the frac-

family was obtained using the normalized in-
tensities of the 58 m/z peaks from all the
spectra and taking into account the percent-
age contribution of each fraction to the
‘whole’ sample (Table 2, Fig. 4). This recon-
structed spectrum suggests again a statistical
distribution profile.

Cesium chloride has been recommended as
useful to increase the cationizing process in
carbohydrates [21]. It is interesting to point
out that in the present study no important
effect was observed by addition of this doping
salt to the samples.

Finally, as it is shown in Figs. 5–8 and
described in detail in Section 4, the crystalliza-

Fig. 3. Reconstructed spectrum of Fraction 2% using the normalized intensities (In) of the 23 m/z peaks indicated in Table 2.
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Fig. 4. Reconstructed spectrum of the ‘whole’ sample using the normalized and corrected intensities (Ic) of Table 2.

Fig. 5. Images of the matrices: (a) DHB, (b) and (c) harmane. Magnification 150× .

tions at high sodium chloride concentrations.
This result suggests that these divalent ions
are not present as simple counterions, but that
they are tightly complexed with the polysac-
charides, in agreement with the strong ten-
dency shown by these products to form
soluble and insoluble aggregates [8]. In fact,
Fraction 2% was isolated as a complex of a
xylo-mannan with small amounts of a xylan
and galactan [8]; the rest of the fractions
contained no xylan and small-to-negligible
amounts of galactan.

It was known that one of the strongest
attributes of MALDI is the ability to analyze
proteins [9–12], and it was thought that this
ability could be applied to the study of the
molecular weight dispersions of the sulfated
xylo-mannan fractions, in spite of their struc-
tural complexity, their ability to form unspe-
cific aggregates, and the fact that these
samples only partially represent, after frac-

tionation and purification, the original biosyn-
thesized product.

Fig. 6. Images of selected analyte–matrix systems: (a) Frac-
tion 4%-DHB and (b) Fraction 4%-harmane. Magnification
150× .

Fig. 7. Images of the doped matrices: (a) DHB–HIC and (b)
DHB–harmane. Magnification 150× .
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Fig. 8. Images of selected analyte-doped matrix systems: (a)
Fraction 4%-DHB–HIC and (b) Fraction 4%-DHB–harmane.
Magnification 150× .

tribution was suggested, disregarding the un-
even low intensity of the peaks. Considering
that the fractions are arbitrary and that they
do not represent ‘different’ polysaccharides,
but only parts of the family of sulfated xylo-
mannans biosynthesized by the seaweed, a
reconstructed spectrum of the ‘whole’ sample
was determined using the peaks from all the
spectra of the five fractions (Fig. 4). The spec-
trum suggests an unimodal distribution in
spite of that the peaks do not represent the
concentrations in the sample. Maltodextrin
and dextran samples with molecular weights
in the range of low masses (less than 6000)
showed no mass-dependent discrimination
[15], but the whole-sample reconstructed spec-
trum of the xylo-mannans suggests that this
could happen in samples with strong associa-
tion behavior and higher molecular weights.
This association behavior could depend not
only on the structural features of the sulfated
xylo-mannans but also on the formation of
non-stoichiometric calcium-dependent com-
plexes.

4. Experimental

General.—Isolation and fractionation of
the sulfated polysaccharides of N. fastigiata,
has been carried out as previously described
[4–6], and led to Fractions 2–6. Fractions 2,
4, 5, and 6 were further purified yielding Frac-
tions 2%, 4%, 5%, and 6% [5,6]. Molecular weights
were determined by the colorimetric method
of Park and Johnson [22]. Na+, Ca2+ and
Mg2+ determinations were carried out by
flame atomic absorption spectrometry using a
Shimadzu AA 6800 atomic absorption
spectrometer.

Matrix-assisted ultra6iolet laser-desorption
time-of-flight mass spectrometry

Matrix chemicals. b-Carbolines (nor-har-
mane: 9H - pyrido[3,4 - b ]indole; harmane: 1-
methyl - 9H - pyrido[3,4 - b ]indole; harmine:
1-methyl-7-methoxy-9H-pyrido[3,4-b ]indole),
2,5-dihydroxybenzoic acid (gentisic acid,
DHB), 3,5-dimethoxy-4-hydroxycinnamic acid
(sinapinic acid, SA), a-cyano-4-hydroxycin-
namic acid (CHC) and 1-hydroxyisoquinoline
(HIC) were purchased from Aldrich Chemical
Co.

It is important to point out several facts in
the spectra of the sulfated xylo-mannans: (a)
They show a broad range of m/z values
(2113–45,270 amu). To the best of our knowl-
edge, this is the first report on MALDI spec-
tra of high molecular weight polysaccharides.
(b) They do not show the unimodal distribu-
tions expected for molecular weight disper-
sions of plant polysaccharides [13–15]. (c)
They consist of only a few peaks and in some
cases of a single one; besides, these appear at
random suggesting low yield erratic desorp-
tion–ionization processes [20].

In the case of the lower molecular weight
Fractions 2% and 5%, the calculated and the
chemically determined molecular weights are
similar suggesting that most of the ions are
molecular ions. In Fractions 3, 4% and 6% the
number-average molecular weights calculated
from the spectra are lower than those deter-
mined by the end-group procedure. It is note-
worthy that the difference between the
calculated and the chemically determined
molecular weights (Tables 1 and 3) increases
with the molecular weight, suggesting higher
desorption difficulties and consequently mass-
dependent discrimination [20]. It is known
that in MALDI-MS deviation between appar-
ent and real size distribution is due mainly to
a preferential desorption and ionization of
smaller analyte molecules that suppress des-
orption and ionization of larger molecules
[20]. The fact that the chemically determined
molecular weight is invariably higher than
that calculated from the MALDI spectra sug-
gests that monocharged cluster ions are not
present, but it is not possible to discard the
presence of poly-charged ions.

Thus, when an addition spectrum was ob-
tained for Fraction 2%, using the 23 m/z peaks
derived from several spectra, an unimodal dis-
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Calibrant chemicals. Proteins, i.e., bovine
insulin (I5500, MW 5733.5), aprotinin (A1153,
MW 6512), ribonuclease A (R5500, MW
13,700), lysozyme (L6876, MW 14,307), myo-
globin (M0630, MW 16,950), trypsin (T8003,
MW 23,290) and protease (Subtilisin Carlberg
P5380, MW 27,288.4) were obtained from
Sigma Chemical Co.

Probe support materials. The stainless steel
20 sample slides were purchased from Shi-
madzu Co., Japan.

Organic sol6ents. MeCN and EtOH
(Sigma–Aldrich HPLC grade), TFA (Merck)
were used as purchased without further purifi-
cation. Water of very low conductivity (Milli
Q grade; 56–59 nS/cm with PURIC-S,
ORUGANO Co., Ltd., Tokyo, Japan) was
used.

Instruments. Measurements were performed
using the UV laser desorption time-of-flight
mass spectrometer Shimadzu Kratos, Kom-
pact MALDI III (Shimadzu, Kyoto, Japan),
equipped with a pulsed nitrogen laser (l=337
nm; pulse width=3 ns). The analyzer was
used at an accelerating voltage of 20 kV for
measuring high-mass samples. Ions were ob-
tained by irradiation of the sample just above
the threshold laser power. Thus, the irradiance
used for producing a mass spectrum was ana-
lyte dependent. Usually 50 spectra were accu-
mulated as maximum. All samples were
measured in the linear and reflectron modes,
and as routine in both the positive- and the
negative-ion modes, although no signals were
detected in the latter mode.

Sample preparation. Matrix stock solutions
were made by dissolving 20 mg of the selected
compound (nor-harmane, harmane, DHB) in
1 mL of MeCN–0.1% TFA (2:3, v/v). As has
been previously described [21,23], in order to
use HIC as additive for DHB, 0.2 M DHB
and 0.06 M HIC in 1:1 water–MeCN were
prepared; in sample preparation Methods A
and B (see later), the so called matrix solution
was prepared as a 3:1 mixture of the former
and the latter solutions. The same protocol
was followed when b-carbolines (nor-harmane
or harmane) were used, instead of HIC, as the
additive for DHB. Analyte solutions of 0.10
mg/mL were freshly prepared by dissolving
the polysaccharides in pure water. For calibra-

tion purposes, protein solutions of 10 pmol/
mL were freshly prepared by dissolving each
protein in 0.1% TFA.

In the present work, three sample prepara-
tion methods slightly different from those pre-
viously described [18,23] have been used. In
the first method (Method A), prior to the
sample preparation, 1.0 mL of the matrix solu-
tion was placed on each sample probe plate
(2×1.5 mm) in order to wash it, and then it
was sucked dry with the same pipette tip. In
order to make the analyte–matrix deposit,
typically 0.5 mL of the analyte solution was
placed on the sample probe plate with the
same pipette tip that was used for washing,
followed by addition of 1.0 mL of the matrix
solution covering the analyte solution, and
then the solvent was removed by blowing air
at rt. Thus, 1.5 mL as total volume of both
solutions was used. In the second procedure
(Method B), 0.5 mL of the matrix solution
were placed on the sample probe plate, and
the solvent was removed by blowing air. Sub-
sequently, 0.5 mL of the analyte solution was
added to cover the matrix, and the solvent
was removed by blowing air. Then, two addi-
tional portions (0.5 mL) of the matrix solution
were deposited on the same sample probe
plate. Thus, the matrix to analyte ratio used
was 3:1 (v/v) and the matrix and analyte
solution loading sequence was: (i) matrix (0.5
mL), (ii) analyte (0.5 mL), (iii) matrix (0.5 mL),
(iv) matrix (0.5 mL). In Method C, the appli-
cation of DHB–HIC as a matrix for polysac-
charides (analyte) showed the best results
when the matrix and analyte solutions were
deposited and dried by blowing air according
to the following sequence: (i) DHB (0.5 mL),
(ii) DHB (0.5 mL), (iii) HIC (0.5 mL), (iv)
DHB (0.5 mL), (v) analyte (0.5 mL). This
DHB–HIC ratio (3:1, v/v) is different from
that previously reported by Mohr et al. [21] as
optimum in their experimental conditions.
The DHB–b-carboline (nor-harmane or har-
mane) doped matrix was used following the
same protocol.

Salt doping of the samples with CsCl. The
second and the third protocols above de-
scribed (Methods B and C) were followed
when b-carboline, DHB, DHB–HIC and
DHB–b-carboline were used as matrix, and
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CsCl was added as the doping agent. When
0.5 mL of an aqueous CsCl solution (0.25 M)
was added to the sample, the sequence used to
load the solutions on the sample probe plate
was: Method B (i) matrix (0.5 mL), (ii) analyte
(0.5 mL), (iii) CsCl (0.5 mL), (iv) matrix (0.5
mL), (v) matrix (0.5 mL); Method C (i) DHB
(0.5 mL), (ii) DHB (0.5 mL), (iii) HIC (0.5 mL),
(iv) DHB (0.5 mL), (v) analyte (0.5 mL), (vi)
CsCl (0.5 mL).

Inspection of crystals from solids ready to
be used as samples was carried out with a
Stereoscopic microscope (NIKON Optiphot,
Tokyo, Japan) with magnification 400× and
digital images were obtained with a high-reso-
lution digital microscope (Keyence VH-6300,
Keyence Corporation, Osaka, Japan) with
magnification 150× . The recorded images
(Figs. 5–8) showed that, in our hands: (a)
DHB alone exhibited preferential crystalliza-
tion from the edge of the deposit and large
white crystals were observed (Fig. 5(a)); (b)
harmane alone showed crystals in the edge or
small crystals distributed on the solid deposit
(Fig. 5(b,c)); (c) DHB showed preferential
crystallization from the edge of the polysac-
charide deposit and small white crystals were
observed (Fig. 6(a)); (d) harmane showed after
loading the matrix on the sample deposit, a
white emulsion that then became transparent
and yielded rather uniform crystals distributed
in a non homogeneous way on the sample
surface (Fig. 6(b)); (e) doped DHB matrices
(DHB–HIC and DHB–harmane, Fig. 7)
showed a lower amount of crystals distributed
on the sample surface than the system consti-
tuted by the doped DHB matrix and the
polysaccharide (DHB–HIC–polysaccharide
and DHB–harmane–polysaccharide, Fig. 8).
The images shown in Fig. 6 correspond to
samples prepared according to Method B, and
those in Figs. 7 and 8 are images of samples
prepared according to Method C.

Spectrum calibration. Spectra were cali-
brated by use of Na+ and standard chemicals
such as bovine insulin, aprotinin, ribonuclease
A, lyzozyme, myoglobin, trypsin and protease
(external calibrant reagents) and b-carboline
(internal calibrant reagents). The Kratos
Kompact calibration program was used.
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