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We wish to thank Dr. /. W. Scott (F. Haoffmann-La
Roche Inc., Nutley, New Jersey) for providing us with
a procedure for the resolution of Trolox and Ms. K.
Jakob and Mr. 1. Gawschi for technical assistance.

3. Experimental

(S)-3 4-Dihydro-6-hydroxy-2.5.7,8-tetramethyl-
2H-1-henzopyran-2-carboxylic Acid((S)-Trolox™ , 5b)
by Resolution. (All glassware is cleaned by consecutive
treatment with hot 10% NaOH soln., H,0O, and acetone
prior to use.) To the soln. of 12.5 g (50.0 mmol) of
Trofox™ in 20 mi of EtOH and 200 mi of Ev,0, filtered
through a pad and stirred mechanically (ca. 250 rpm),
are added (Ar atmosphere) 7.5 ml (59.0 mmol, 1.18
equiv.}of (-)-(S)-phenylethylamine in one portion. The
temp. rises upto 27°, and, after stirring for 1 h, the clear
pale yellow soln. (23°) is seeded by the addition of ca.
0.5 mgofSc15]. Fine crystals begin to precipitate, and
3 h after addition of the amine, stirring is stopped. The
mixture is allowed to stand at —20° for 21 h. Suction
filtration and washing twice with Et,0 (40 mleach) yield,
afterdrying invacio,7.42-9.69 g of the ammonium salt
containing ca. 77-94% of Sc ([}, =-26 to-4 | ; for all
measurements: ¢ = |, EtOH). Isomerically pure 5¢[16]
is obtained by twofold recrystallization (dissolving in
20ml of hot EtOH, adding 200 ml of Et,0 and seeding):
5.89-6.50 g (32-35%) colourless crystals. M.p. (after
sintering above 148°) 151-152°. [a]%, = -46.4.

For the hydrolysis, this salt is stirred in 100 ml of
AcOEt and 50 m! of 2y HCl. After extraction with
ACOE, the org. layer is washed with H,0 (2 x 100 ml),
dricd (MgSO0,), and evaporated. Recrystallization from
Et,O/pentane (30/100 ml) and drying (0.2 mbar/100°)
yield 3.40-4.03 g (27-32% overall from rac-5b/6b)
colourless 5b. M.p. = 161°. [a5, =-67.1; ee > 99.9%
(determined by GC analysis on a permethylated S-cy-
clodextrine phase after methylation by CH,N, (reaction
time 10 min, r.t.) and acetylation to the arylacetate-
methylester).

(S)-3.4-Dihydro-6-methoxy-2,5,7 8-tetramethyl-
2H-1-benzopyran-2-carbosylic Acid ((S)-Trolox™
Methyl Ether, 5a). A soln. of 3.0 g (12.0mmol) §b in 50
ml of THF is treated at r.t. successively with 2.5 equiv.

each of NaH (1 h) and dimethyl sulfate (overnight). The
crude oily methylether-methylester is saponified with
20.0 mmol of KOH in 25 ml of refluxing MeOH (19 h).
Aq. workup and crystallization from Et,O/hexane (5/15
ml, 0°) yicld 89% of colourless 5a. M.p. = 144-145°,
[o]R, =—69.2; ec > 99.9% [8].

Esterification of Alcohols with 5a (10}. Tothe soln.
of ca. 15 umol of alcoholin 1 ml ofdry CH,Cl, are added
10.5 mg (40 umol) of Sa, 15 mg (75 pumol) of 1,3-
dicyclohexylcarbodiimide, and 0.1 mg (I pmol) of 4-
(dimethylamino)pyridine. The mixture is allowed to
stand overnight at r.t. and filtered (e.g. by a syringe
through a Acrodisc CR PTFE 0.45-um filter; Gelntan
Science Inc., USA). The filtrate is used for the GC
analysis directly, or after washing with NaHCO, soln.
and drying (Na,SO,).
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[l] Reviews: R. Noyori, M. Kitamura, in ‘Modern
Synthetic Methods’, Ed. R. Scheffold, Springer,
Berlin, 1989, Vol.5,p. 115; A. Pfaltz, ihid., p. 199.
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[4] Reagents used (suppliers: [a] Fluka Chemie AG,
[b] Janssen Pharmaceutica, [c) Sigma Chemical
Co., [d) Aldrich Chemical Co., (€] JPS Chiniie):
(R)-o-methoxy-a-(trifluoromethyl)phenylacetic
acid (Mosher's acid)|a], (-}-camphanic acid [a],
(-)-(menthyloxy)acetic acid [a], (+)-trans-
chrysanthemic acid [b], (+)-(§)-2-(6-methoxy-2-
naphthyl)propionic acid ((+)-Naproxen) [c], N-
methyl-L-prolin [c], pentafluoropropionyl-L-
prolin (from commercial L-prolin [a]), diacetone-
2-keto-L-gulonic acid [a], (S)-2-[(phenyl-
amino)carbonyloxy]propionic acid ({(5)-PACO-
PA, Brown’s reagent) [b], (4R,5R)-2,3-0O-iso-
propylidene-L-tartaric monoisopropylester [5],
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(4R ,5R)-2-chloro-4.5-dimethyl-1.3,2-dioxa-
phospholan-2-oxide (Anderson-Shapiroreagent)
{d].(R)-1,1"-binaphthyt-2,2"-diylphospharic acid
[a], (R)-1-phenylethylisocyanate fu], (R)-1-(1-
naphthyDethylisocyunate [e].

From (+)-L-diisopropy] tartrate with KOH in /-
PrOH in analogy to the methyl ester: J.A. Mu-
sich, H. Rapoport, J. Am. Chem. Soc. 1978, 100,
4865.

H.T.Slover,R.H. Thompson, Jr.,.J. Am. Qi Chen.
Soc.1980,57, Abstract 386: Lipids 1981, 16,268;
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Netscher, R. Schmid, M. Lalonde, W. Vetter,
Helv. Chim. Acta 1990, 73, 782.

J.W. Scott, W.M. Cort, H. Harley, D.R. Parrish,
G. Saucy, ). Am. Oil Chem. Soc. 1974, 51, 200.
(5)-Trolox™ methyl ether 5a is now commer-
cially available from Fluka Chemie AG (No.
93510).

Th. Netscher, 8th International IUPAC Confe-
rence on Organic Synthesis, Helsinki, 23-27 July,
1990, Poster 1.264.

B. Neises, W, Steglich, Angew. Chem. 1978, 90,
556: ihid. Int. Ed. 1978, 17, 522,

A polar (OV-240-01, 33% cyanopropy!-silicon)
column yielded comparatively smaller separati-
ons. '

For numerous examples, sce: W.A. Kinig, *The
Practice of Enantiomer Separation by Capillary
Gas Chromatography*, Hiithig, Heidelberg, 1987,
p. 42, 81.

Reviews: V. Schurig, H.-P. Nowotny, Angew.
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471.

For a successful example, see: S.R. Sumpter, in
* Analytical Supercritical Fluid Chromatography
and Extraction’. Eds. M.L. Lee and K.E. Marki-
des, Chromatography Conferences, Inc., Provo,
Utah, 1990, p. 543.

Samples of 5S¢ are provided on request.

From the combined mother liquors of all crystal-
lizations, 6b with low ec¢ is obtained after acid
hydrolysis. This can be converted as described
{using the (R)-amine) to pure 6b/6a in the same
yield.
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1. Introduction

The determination of the amino-acid se-

quence n peptides and proteins is a major
requirement in biomedical and biochemical
research. With the stepwise Edman degra-
dation of the N-terminus, this information
can be obtained. This method is usually
stow, it needs pure samples and can be
impaired by chemical contaminations. Fur-
ther N-terminal blocking groups can be a
severe obstacle for the degradation process.
With the development of new mass spectro-
metric and ionization methods as fast-atom-
bombardment mass spectrometry (FAB-MS)
[1], plasma-desorption mass spectrometry
(PD-MS) [2][3], electrospray mass spectro-
metry (ES-MS) [4-6], and recently matrix-
assisted laserdesorption and ionization mass
spectrometry (LDI-MS) [7-11], novel ana-
lytical tools have become available. They
offer interesting opportunities for peptide
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analysis as sequencing and identification of
post-transiational modifications.

Due to the low selectivity of LDI-MS
measurements, the high sensitivity, a dyna-
mic range of at least 1:100, the complete
absence of fragments in the mass spectraand
the negligible amount of doubly or higher
charged particles, this mass spectrometric
method is especially well suited for the mea-
surement of complex protein and peptide
mixturcs as they occur in enzymatic dige-
stions.

The analysis of a carboxypeptidase dige-
stion is done by the mass spectrometric
identification of the degraded peptides. In-
stead of determining chemically the relea-
sed amino acids, the mass differences be-
tween successive degraded peptides are de-
termined, and based on these residual masses
the released amino acids can be identified.
As long as the accuracy of the residual mass
determination is better than 1 Da, it is theo-
retically possible to identify and distinguish
unambiguously all primary amino acids
except Leu and lle (same mass) and Gln and
Lys (mass difference 0.04 Da). Gln and Lys
must be chemically derivatized by acetylati-
on of the primary amino group to be distin-
guished by mass spectrometric methods.

With LDI-MS, atypical accuracy for the
mass determination of 20.05% can be achie-
ved. Thus, the absolute error for a peptide
with mass > 2000 Da would be targer than 1
Da. For the identification of the released
amino acids, the difference of the masses is
important. If the truncated peptides were
measured in the same measurement the de-
termined mass shouid have at least the same
systematical error which is cancelled out in
the calculation of the released masses.
Nevertheless the statistical errors have to be
added for the calculation of the residual
mass which usually increases the error and,
therefore, leads to a greater uncertainty of
the amino-acid determination. If more than
one measurement is needed for the sequence
determination the time-to-mass conversion
has to be performed in a consistent way, i.e.
using the same peptide signals as standards
for all calibrations. However, the accuracy
of the mass determination defines the limit
for the accuracy of the sequence determina-
tion of peptides.

Since the work by Hayashi et al.[12}and
Kuhn et al.[13], carboxypepdidases have
been often used in the analysis of carboxy-
terminal amino-acid sequences in polypep-
tide substrates. Carboxypeptidase Y from
yeast has a broad specifity and can cleave
most primary amino acids including Pro
except His, Arg or Lys as C-terminal residues
for which the cleavage is slow { 14]. It offers
auseful tool for structural studies of proteins
and peptides.

The peptide used as a test substance for
monitoring enzymatic digestion was (hu-
man) pTH (1-34), a synthetic linear
polypeptide consisting of 34 amino acids
without Cys. It has a molecular mass of
4117.8 Da, and the amino-acid sequence is:

_ Ser-Val-Ser-Glu-lle-GIn-Leu-Met-His-
Asn-Leu-Gly-Lys-His-Leu-Asn-Ser-Met-
Glu-Arg-Val-Glu-Trp-Leu-Arg-Lys-Lys-
Leu-Gln-Asp-Val-His-Asn-Phe.

The goal of this paper is merely to show
the applicability of LDI-MS for the analysis
and monitoring of a C-terminal digestion of
a known peptide with carboxypeptidases
and to demonstrate how quickly and ef-
ficiently data on the amino-acid sequence
canbe obtained with this mass spectrometric
method.

2. Experimental

2.1. Digestion

Chemicals. Carboxypeptidase Y from yeast and B
from porcine pancreas were obtained from Carlsherg
Biotechnology Inc.. Denmark.

2.9 mg of the lyophilized substance containing
19.3% carboxypeptidase Y was diluted in 14 ml of
deionized water and stored in portions at —20°.

Carboxypeptidase B was taken from an aqueous
soln. (0.7 mg/0.5 mi) and was further diluted in deioni-
zed water to a concentration of 7-10-7 M and stored at —
20°,

| mg of the lyophilized peptide (human) pTH (1-
34) from Bachem AG, CH-4416 Bubendorf, was dis-
solved in 6.1 ml of 50 mm NaAc buffer, pH 5.8 and
stored at —20°. For a soln. of pH 7.4 1 mg of the peptide
was dissolved in 6.1 ml of 50 mM Tris
(Tristhydroxymethylaminomethane).

Digestion Procedure. 25 pl of the enzyme (16
pmol) and 12.5 pl of substrate (500 pmol) were mixed
and incubated at 20° or 37°, respectively. After 1,2, 4,
8, 15, 30. 60, and 120 min, atiquots of 2 ul were re-
moved from the sample from the soln. and the digestion
terminated by the addition of 4 1 of 0. Im sinapinic acid
(3.5-dimethoxy-4-hydroxycinnamic acid, see matrix
preparation). These samples were frozen at —~20°. For
the analysis by LDI-MS, 0.5 ul of this soln. was used.
For the LDI-MS measurement, the mixture could be
directly added to the probe tip without further prepa-
ration.

2.2. Mass Spectrometry with LDI-MS

Principle. The method has been extensively de-
scribed in several publications [7—11]. The key idea
behind LDI-MS is to mix the analyte molecule with a
light-sensitive small molecule. The large molar excess
of these molecules leads to a statistical distribution of
the analyte molecules in the matrix. With a short UV-
laser pulse, energy is deposited in the matrix resulting
in an explosive ejection of the top molecular layers of
the solid matrix. Some of analyte molecules which are
embedded in the matrix are desorbed together with the
ejected matrix molecules and are either negatively or
positively charged. They can then be casily analyzed in
a time-of-flight mass spectrometer.

Muatrix Preparation. The peptide in a 10* M aq.
soln. is mixed with 0.1 m of sinapinic acid (3,5-dime-
thoxy-4-hydroxycinnamic acid) from Fluka, Buchs,
Switzerland and dissolved in 50% MeCN and 50% of a
90% aq. EtOH soln. witharatio of ca.1: 1. Typically 0.5
ul of this mixture was added to the gold covered
metallic probe tip. The solvents were either rapidly
pumped off or evaporated at r.t. The rod with the probe
tip was inserted into the vacuum system of a time-of-
flight mass spectrometer.

Apparatus. The instrument is a 1.7-m linear time-
of-flight mass spectrometer. It was built at Ciba-Geigy
and has been described in detail [10]. Some details of
the original system have been modified: the repeller
plate is now on a constant potential of £25 kV. This
electric field of the 2-stage ion optic accelerates the
produced ions which are then mass analyzed in the
time-of-flight mass spectrometer. Further the Nd: Y AG/
Dye laser used in previous works [10]{11] has been
replaced by a N, laser with a wavelength of 337 nm, 2~
6 uJ output energy and a pulse length of 3 nsec (Laser
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Science lnstruments, Inc., Cambridge, MA, USA). The
pulsed laser beam is focussed with a quartz lens to an
area of 300 x 600 um on the solid matrix. The ion were
detected with a tandem microchannel plate detector
held at =3 kV and a transient recorder with a time
resolutionof 10ns. The whole system was controlled by
a PC via IEEE-Bus. New improved software for peak
detection and calibration was used to increase the
accuracy of the mass determination.

To enhance the signal-to-noise ratio, several single
shots were summed for a mass spectrum. All spectra
shown in this paper are original measurements without
data treatment like smoothing or background subtracti-
on. All measurements were made in the negative-ion
mode where the ions were detected as deprotonated
species.

Time-to-Mass Conversion. The conversion was
done by using an internal standard of known mass as the
photo-products of sinapinic acid in the lower mass
range or a peptide of known mass. The peptide was
added to the existing matrix on the probe tip. With this
procedures, an accuracy of the molecular mass determi-
nation of typically +0.05% was obtained. The calibra-
tion was also performed with strong ion signals identi-
fied as degraded peptides (see Table).

3. Results and Discussion

The abbreviations M—1,M-2... are stan-
ding forthe original peptide whichhaslost [,
2... amino acids. The notation (11-33)
refers to the loss of one amino acid at the C-
terminus and ten amino acids at the N-
terminus.

Fig. [ shows anexample of adigestion of
pTH (1-34) with carboxypeptidase Y. The
sample was measured after 60 min digestion
time at 37°. For the measurement, 0.5 pl (2
pmol) substance was used. It is important to
point out that the sum of all amounts of the
truncated peptides give 2 pmol. The concen-
tration of the single degraded peptides in
solution are only a fraction thereof. The
lower limit of the sensitivity of LDI-MS
measurements lies clearly in the fmol range.

The original peptide of mass 4117.8 Da
could not be detected and has been comple-
tely digested. A series of ion signals of high
intensity can be detected between 3000 and
4000 Da. In the lower mass range, several
peaks appear and can be identified as either
C-terminally degraded peptides or as pepti-
de fragments which are truncated from both
the C- and the N-terminus. The increase of
the background towards the lower masses is
due to the strong ion signals of the sinapinic
acid. The unwanted low-mass matrix mole-
cule and photo-adduct ions can be drawn out
by an electric field which is applied perpen-
dicular to the flight direction while these
ions are flying by. The small peaks with
masses M + 61 accompanying the intense
ion signals above 3000 Da origin from pho-
to-adducts of the sinapinic acid. Although
these photo-adducts cannot be completely
avoided, they can be clearly distinguished
from the actual peptide signals and represent
no problem for the analysis of LDI-MS
measurements.

The intense ion signals can be identified
as the truncated peptides which have lost up
to eight amino acids of the C-terminus. The
identification of the cleaved residues leads
to the identification of the C-terminal se-
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Table. Sequence Determination of pTH (1-34) with Carboxypeptidase Digestion (amino acids are abbreviated by
their one-letter code). Digestion conditions: enzyme Y, molar ratio [E]:[S]=1:30, T:37°, pH:5.8, digestion time:

60 min,
Peptide Sequence M, [Da] M, [Da} A|Da]
calc. exp.

1 10 20
M SVSEIQLMHNLGKHLNSMER 4117.80 - -

21 30 34

VEWLRKKLQDVHNF
M-I ..NLGKHLNSMERVEWLRKKLQDVHN 3970.62 3970.62 0
M-2 ..NLGKHLNSMERVEWLRKKLQDVH 3856.51 3856.71 -0.20
M-3 ..NLGKHLNSMERVEWLRKKLQDV 3719.37 372042  -1.05"
M4 ..NLGKHLNSMERVEWLRKKLQD 3620.24 3620.24 0%
M-5 ..NLGKHLNSMERVEWLRKKLQ 3505.15 350625  -1.10
M-6 ..NLGKHLNSMERVEWLRKKL 3377.02 337774 072
M-7 ..NLGKHLNSMERVEWLRKK 3263.86 3265.04  -1.18
M-8 NLGKHLNSMERVEWLRK 3135.68 3137.00 -1.32
M-13 ..NLGKHLNSMERY 2422.82 242241 0.41
M-17 ..NLGKHLNS 1907.19 190790  -0.71
M-19 ..NLGKHL 1706.01 1706.90  -0.89
M-20 ..NLGKH 1592.85 1593.20 -0.35

“) lon signals used for mass calibration.

" Peptide M-3 was detected with different digestion conditions. Sce Fig. /b.

quence: -Lys-Leu-Gln-Asp-Val-His-Asn-
Phe with the already mentioned ambiguity
of the assignment of Leu/lle and Gln/Lys.
Protein M-5 is very low in intensity and
anion signal with reasonable signal-to-noise
ratio was only detected between 8 and 15
min digestion time (not shown). This points
out the necessity of a time-course digestion
inordertodetect all degraded peptides which
can be digested with the chosen enzyme.

However, it was not possible to detect
the ion signal of peptide M—-3 with an enzy-
matic digestion with carboxypeptidase Y
even with a molar enzyme to substrate ratio
of less than 1:100 and T = 20°. It could be
detected with amixture of carboxypeptidase
Y and carboxypeptidase B. This enzyme has
a different specificity. It cleaves only the
basic amino acids.The inset h) in Fig. | was
measured with a mixture of carboxypeptida-

units)
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Fig. 1. a) Negative-ion LDI-MS of pTH (1-34) digested with carboxypeptidase Y after | h. 2 pmol of substrate was
used. 2 pl of the substrate soln. was mixed with 4ul of 0.1m sinapinic acid mixture. Conditions of the digestion:
molar ratio {E]:[S] = 1:30, T = 37°, 50 mm of sodium acetate buffer, pH = 5.8. 20 shots were summed. No
background subtraction was performed. b) Negarive-ion LDI-MS of pTH (1-34) digested with with carboxypep-
tidases Y and B in 50 mm Tris, pH 7.4 ar 37°. Digestion lime was 120 min. Molar ratio (E,}:[S]=1:60, CPB

[E;l:IS]=1:60. 30 single shots were summed for this
sinapinic acid.

spectrum. No background subtraction. X: Adduct from
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se Y and B at a pH of 7.4. The hydrolysis
rates for this enzyme mixture under the
chosen digestion conditions were different
from the rates of measurement shownin Fig.
la and allowed to detect the ion of the
truncated peptide M-3. This is a general
problem of the enzymatic digestion to detect
peptides with high hydrolysis rates which
follow peptides with low rates and high
concentrations. This is the case for the pep-
tides M—5 and M-3. Carboxypeptidase Y
releases Asn slowly while the cleavage of
Hisis fast. The concentration of M—1 remains
therefore high and the peptides M-2 and
especially M-3 are significantly lower in
concentration and the detectable ion signals
are thus very weak. Asp is also only slowly
released and the ion signal of M—4 is,
therefore, rather intense. The slow release of
Aspagain s, together with the fast release of
Gln, responsible for the low ion signal of the
M-5 peptide. The series of intense signals
ends with the peptide M-7. The C-terminal
sequence -Arg-Lys-Lys of M~7 can only be
very slowly digested by carboxypeptiduse Y
even under the chosen high molar enzyme:
substrate ratio of 1:30. Although the basicity
the tripeptide Arg-Lys-Lys almost prevents
further digestion, the peptides M—13, M-17,
M~19, and M-20 can be detected. The low
ion signal of petide M—13 is followed by an
only partially resolved second ion signal
whose molecular mass is 13.4 Da higher.
This ion signal cannot be easily assigned.

Because of the strong ions signals from
the sinapinic acid matrix, no further trunca-
ted peptides in the mass region below 1500
Da could be identified. With a different
matrix molecule as 2.5-dihydroxybenzoic
acid it is possible to measure analyte mole-
cule ions down to 600 Da without matrix
signal interference. For this work, sinapinic
acid was chosen as matrix molecule because
of its low sublimation rate, high peptide
yield and acceptable small amounts of photo-
adducts.

The gap between the peptides M~7 and
M-17 is due to the very low concentration of
these peptides caused by the slow cleavage
of the basic tripeptide Arg-Lys-Lys. With
adjusted digestion conditions and the use of
a different enzyme it is possible to detect
degraded peptides below M-8 (data shown
elsewhere [15]). The three ion signals origi-
nating from the peptide fragments 11-27
(Leu-Gly-Lys-His-Leu-Asn-Ser-Met-Glu-
Arg-Val-Glu-Trp-Leu-Arg-Lys-Lys), 12-30
(Gly-Lys-His-Leu-Asn-Ser-Met-Glu-Arg-
Val-Glu-Trp-Leu-Arg-Lys-Lys-Leu-Gln-
Asp), and 12-33 (Gly-Lys-His-Leu-Asn-
Ser-Met-Glu-Arg-Val-Glu-Trp-Leu-Arg-
Lys-Lys-Leu-Gln-Asp-Val-His-Asn) may
stem from an endoproteinase impurity. Be-
cause of the high concentration of M—1 (1-
33), M-7 (1-27), and M—4 (1-30), the ions
of the doubly truncated peptides have still
enough intensity to be detected.

The Table summarizes the results of the
measurement shown in Fig. /. Only C-ter-
minally degraded peptides are listed. Note
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Fig. 2. Negative-ion LDI-MS of u digestion of pTH (1-34) with carboxypeptidases Y and B in 50 mm Tris, pH 7.4
at 20°. Molar ratio [E py 1:[S] = 1:60, CPB [E . ]:{S] = 1:60. 20 single shots were summed for each spectrum. No
background subtraction. x: Adduct from sinapinic acid. Occurring in all spectra but denoted only in the spectra

taken at =0 and r = 8 min.

that the error in mass determination is gene-
rally better than the typical value of £0.05%.
Although some A values are above 1 Dait is
still possible to identify the released amino
acids and to reveal the first eight amino acids
from the C-terminal of the original peptide
[15] within the limitations given for mass
spectrometric analysis.

Fig. 2 shows 5 LDI-MS measurements
in the mass range from 3900 to 4400 Da of a
time-course analysis of an enzymatic di-
gestion of pTH (1-34) where aliquots of 2 ul
were withdrawn prior to the adding of en-
zyme, t = 0 min, after 8, 15 min, 30, and 60,
stopped with 4 pl 0.1m sinapinic acid and
analyzed by LDI-MS. The digestion was
carried out with a mixture of carboxypepti-
dases Y and B at 20° and pH 7.4. This di-
gestion conditions were used to decrease the
cleavage rate for Phe, the first amino acid at
the C-terminus and to monitor the release
with respect to digestion time. The digestion
with carboxypeptidase Y at pH 5.8 of the
aromatic Phe was too rapid to be monitored.
Carboxypeptidase Y is responsible for the
cleavage of Phe and the decrease in the
hydrolysis rate of the -Asn-Phe might be due
to the lower activity of carboxypeptidase Y
at the higher pH value.

The measurements show the original
peptide of mass 4 117.8 Da and the truncated
peptide M~1 of mass 3970.62 Da which has
lost Phe. Again the mass at M+61 Da which
origins from an attached sinapinic acid resi-
due can be detected in all measurements. A
further photo-adduct at M+206 Da can be
detected in the spectrum taken at f = 0 min.
The production of this adduct can be con-
trolled by the laser power and concentration
of the petide in solution but it cannot be
completely suppressed. The measurements
in Fig.2 give insight into the kinetics of the
enzymatic cleavage of this particular pepti-

de bond. The smooth change of the M and
M-1 ion signal intensities as a function of
time is, furthermore, a strong hint that the
ion intensities of an LDI-MS measurements
could be used to obtain at least semi-quanti-
tative information about analyte concentra-
tions. The reproducibility of the solid matrix
for the LDI-MS measurement is crucial for
any quantification. The crystallization proc-
ess of the matrix has, therefore, to be con-
trolled and carried out under the same con-
ditions. Nevertheless, it is known that very
strong ion signals are often underrepresen-
ted and that molecules with different tertiary
structures give ion signal intensities which
do not represent the actual concentration
ratio in the matrix. Quantification of LDI-
MS is still a difficult task and further in-
vestigations are under way in our laboratory.

4. Conclusion

In this paper, it was shown that LDI-MS
is a useful tool for monitoring and analyzing
peptide digestions. With the mass spectro-
metric information it is possible to identify
the released amino acids for rapid identifi-
cation and confirmation of the C-terminal
amino-acid sequence of peptides in very
short time and almost no chemical expend-
iture.

The mass spectrometric method is com-
pletely unimpaired by amino-acid contami-
nations of the sample solution. Therefore,
the ratio of substrate/enzyme can be chosen
in a wide range allowing rapid digestions.
The conditions of a digestion can be adju-
sted almost ‘On Line’ with the information
obtained from LDI-MS measurements. The
time needed for a LDI-MS measurement
(including sample preparation, measure-
ments, and calibration) takes only a few min.
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The sensitivity of the metho‘d\is.high: for a
complete digestion 500 pmol substrate was
used. This amount is mainly dependent on
the number of aliquots which must be with-
drawn during a digestion. A single LDI-MS
measurement can be performed with as little
as 2 pmol total amount of peptide.

A necessary prerequisite for mass
spectrometric amino-acid determination is
that the error -of the mass differences bet-
ween measured degraded peptides must be
below 1 Da. This allows order to distinguish
all 20 primary amino acids except Leu/lle
and Gln/Lys which cannot be identified by
mass spectrometric means alone.

The problems occurring during the
analysis of a digestion with LDI-MS are of
chemical or biochemical nature and not of
the mass spectrometric method. Problems as
significant differences in the hydrolysis rates
of different peptide bonds or amino-acid
sequences which cannot be degraded can be
solved with the use of different enzymes and
adjusted digestion conditions. Together with
the results obtained with LDI-MS it is pos-
sible to solve sequencing problems faster
and more reliable than it was possible with
standard methods like the N-terminal Edman
degradation.

LDI-MS measurements are straight-for-
ward. Our instrument can be operated and
the results interpreted by any untrained per-
son in every biochemistry laboratory. Thus,
the main effort can be concentrated on the
chemical problems.
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the carboxypeptidase Y and tor fruitful discussions.
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