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Abstract : Matrix assisted laser desorption ionization in mass spectro-
metry is a fast and accurate method to determine the molecular weight of
natural and synthetic polymers. Unknown peptides such as elastase inhibitor
and pD-hydantoinase were analyzed using sinapinic acid as matrix and their
molecular weights were compared with the results from protein sequencer
and gel filtration chomatography, respectively. Synthetic polymers such as
polyethyleneglycol, polypropyleneglycol, polydimethylsiloxane, and polystyrene
were analyzed using matrices such as 2,5~dihydroxybenzoic acid, 4-hdroxy-
azobenzenecarboxylic acid, and Z-nitropheny! octyl ether. Average molecular

weights of polystyrene were compared with molecular weights by gel
permeation chromatography.
Keywords MALDI, Matrix, Peptide, Protein, Synthetic Polymer,

Average Molecular Weight, Gel Permeation Chromatography

I. Introduction

Matrix assisted laser desorption ionization
(MALDD in mass spectrometry is a soft ioniza-
tion technique{l] and a powerful tool[2] for the
mass determination and sequence analysis of
natural polymers such as peptides, proteins and
oligonucleotides as well as synthetic polymers
such as polyethyleneglycol and polystyrene. The
molecular weight distribution of oligomers has
also been obtained by field desorption(3), fast
atom bombardment[4] and electrospray ionization
mass spectrometry[5]. Because MAILDI method
allows these nonvolatile and high molecular
weight polymers to be transferred into the gas
be ionized with matrix, it is

phase and to

possible to determine molecular weights of
biopolymers and synthetic polymers with high
accuracy and sensitivity. The role of matrix is
an factor in order to assist the
onization of these polymers. Efficient matrices
generate high yield of ions from analyte relative
to the matrix. Usually,
sinapinic acid(SPA)6], 2,5-dihydroxybenzoic acid
(DHB)(7], and 4-hydroxyazobenzene carboxylic
acid (HABA)[8] In this
case, the matrix is crystallized directly on the
tip of the insertion probe. Liquid matrices such
as 2-nitro phenyl octyl ether (NPOE)9] are also
used. In this study the MALDI] method
applied to determine the molecular weight of the
unknown biopolymers such as elastase inhibitor

important

the matrices such as

are solid compounds.

was
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(ED) from Korean leech H.. nipponia[l10] and
p-hydantoinase from Bacillus stearotherrmo-
philus  SD-1(HBS)(11]}, and the synthetic
polymers such as polyethyleneglycol (PEG),
polypropyleneglycol (PPG), polydimethylsiloxane
(PDMS), and polystyrene (PS). This new
MALD!I method was compared to the classical
techniques such as amino acid analysis and gel
permeation chromatography (GPC).

2. Experimental

2.1. Instrumentation

A Kompact MALDI II mass spectrometer
(Kratos company, U.K. Manchester) was used to
obtain the MALDI mass spectra. The mass
spectrometer was’ consisted of a nitrogen laser
with 5 ns pulse width at 337 nm. The laser
power was attenuated about 70% of the full
power. fon accelerating voltage was set at 20
kV. The laser was focused onto the sample spot
of about 30-pm diameter. Mass spectra shown
was typically accumulated from 30 laser shots.

2.2. Sample preparation

New elastase inhibitor was extracted from
Korean leech H.  nipponiall0]. Natural
p-hydantoinase, was isolated by screening the
hydantoinase-producing thermophiles from soil,
and was purified before analysis{11]. Each 1 uL
of Bl and HBS dissolved in aqueous 0.1 % TFA
solution, and 2 ul. of matrix SPA solution in
water/acetonitrile(1:1), were mixed together on
an inert stainless steel probe. The solvent was
removed in warm air stream and the sample
was then inserted into the mass spectrometer.
El and HBS, of which the typical sample
amount used for analysis was in the range of
about 10 pmol, were detected by MALDI mass
spectrometer. The internal references such as
substance P, insulin, cytochrome C, and albumin
were used to calibrate the molecular weights of
El and HBS exactly.

The synthetic polymers such as PEG, PPG

and . PS were dissolved in H0, H0/EtOH
(v/v=1:1), and tetrahydrofuran, respectively. The
matrix DHB was used for the analysis of PEG
and PPG analysis at the concentration of 10 g/L
in HoO/EtOH (v/v=9:1), and 05 uL sample of
the polymer solution was mixed on a polished
stainless steel probe with 2 ul of matrix
solution. The matrices HABA and NPOE were
used for the analysis of PS and PDMS. For the
analysis of PS, 5 g/I. of the sample was
dissolved in NPOE as matrix. In some cases, 5
g/L silver trifluoroacetate and 1ML of alkaline
salt solution(NaCi, KCI, about 0. M) were
added to yield of cationized
polymers.

For the determination of average molecular
weight of synthetic polymer, the integrated peak
areas, reflecting the number of ions (N;), are
used with the isotope-averaged molecular
weight M; to calculate the number average
(Mn) and weight average (M) of polymer using
the following equations:

M, = zNiMmi,

increase the

Mw = INMZINM;

And the average molecular weights of synthetic
polymers were compared with the gel
permeation data. The ratio of Mw and M,
represents the polydispersity.

3. Result and Discussion

3.1. Analysis of biopolymers

The compositions of elastase inhibitor from
Korcan leech [ nipponia and subunit  of
p-hydantoinasc of Bacillus  stearothermophilus
SD-1 were confirmed to be a 57-residues poly-
peptide[10] and a 466-residues potein(11] by
amino acid analysis, respectively. - The resulls
from MALDI MS for El and HBS were different
from those of SDS-PAGE and gel ﬁltration
chromatography according to the typical MALDI
mass spectra shown in Fig. I and Fig. 2. The
molecular weight 6,119 Da of
determined by MALDI method in Fig. 1 was

native FEI
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much smaller than 7,800 Da by SDS-PAGE, but
was very similar to 6,122 Da by amino acid
sequencing method. So the total amino acid
sequence of El could be confirmed by comparing
6,122 Da based on amino acid sequencing with
6,199 Da obtained from MALDI method within
mass accuracy of 0.01 %.
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Fig. 1. MALDI mass spectrum of elastase
inhibitor, substance P and insulin

The molecular weight 102.1 kDa of native HBS
by MALDI method shown in Fig. 2 was smaller
than 1339 kDa by gel filtration chromatography.
The 51 kDa of subunit of HBS by MALDI
method  was  also smaller than 54 kDa by
SDS-PAGE. Thus HBS could be presumed to
be organized as a dimer of subunit. Because
twice of  molecular weight of subunit from gel
filteration chromatography and SDS-PAGE data

was not similar to that of native HBS within
MALDI MS application to the
of the protein having a molecular
weight above 100 kDa was preferable to other
methods.

crror  range,
analysis

3.2. Analysis of synthetic polymers

Table [ shows the average molecular weight
and polydiversity of PEG 2000, PPG 4000, PS
2000, PS 1200, and PDMS 2000.

Table I. Molecular Weights and Polydispersity
of PEG, PPG, PDMS, and PSs

Polymer [Average Mass | Monomer Mu/M,
Mass
PEG 2000 19435 4429 1 101
PPG 4000 39925 57.38 1.00
PDMS2000 1362.3 74.22 1.08
PS 1200 13334 104.84 1.4
"PS o000 | 19284 | 10222 | 102

The values gave a deviation of 5-10 % from
those of manufacturer’s specification. But the
average molecular weight of PPCG: 4000 in Table
] was equal to that of supplier. Fig. 3 shows
the MALDI spectra of polystyrenes from PS 580
o PS 2000. Table 1] summerizes the molecular
weights Mw, M, and polydispersity of these
polymers by MALDI method compared to those
of supplier determined by GPC. It could be seen
that the mass differences between MALD! and

"1 GPC methods for PEG, PPG, PDMS and PS
] 66526.00
- ,: i Table II. Comparison betweeen Molecular
FARTE | Weights and Polydispersity of PSs
= [
£ g i Polymer| Mu(E)| Mu(S) [Ma/Ma(E) [Mu/Ma(S)
o 1}
o ' PS 580 | 9296| 580 1.023 1.13
4 51052.99 i
L H 102123.55 PS 970 | 1176.0] 970 1.025 1.09
o 3 v ! _._,.-«"A\}\‘ — ‘.J\
PS 1400| 15495 1400 1.021 1.05
Mass/Charge _
PS 2000| 1965.1 | 2000 1014 1.04

Fig. 2 MALDI spectrum of v-hydantoinase and
albumin

Vol. 8 No. 4. 1985

*Values by MALDI mass spectra in Fig. 3
*Supptier values by GPC method
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Ps 970

Fig. 3 MALDI spectra of 1°S 5B0(A), PS 970(B), PS 1400(C), and 2000(1)

in HABA as a matrix

above 2 kDa were small. When average
molecular weights of PS by MALDI method
were compared with those measured by GPC
method, the de}/iations of molecular weight and
polydispersity ~were  reduced with increasing the
average molecular weight of PS.
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