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Abstract

The mass spectrometric strategy including three steps is presented for primary structure determination of the N-terminally blocked peptides.
First, the C-terminal sequencing is performed by using matrix-assisted laser desorption/ionization (MALDI) mass spectrometry coupled with
carboxypeptidase Y digestion. Then, the peptide is cleaved according to the obtained C-terminal sequence information and the resulting
peptides are identified by mass spectrometry and Edman degradation after fractionation by reverse-phase chromatography. Finally, the
N-terminal fragment is sequenced by tandem mass spectrometry. The strategy was successfully applied to the sequence determination of twc
novel N-terminally blocked peptides named EAFP1 and EAFP2.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction Mass spectrometry provides the capability for sequence
determination[5,6] because of the breakthrough of mass
The primary structural information is the basis for un- spectrometric techniques such as tandem mass spectrometry
derstanding the three-dimensional structure and function of [7], matrix-assisted laser desorption/ionization (MALDI)
the protein or peptide. Reliable and fast determination of [8] and electrospray ionization (ESH]. In this paper, we
the amino acid sequence is crucial for the identification and presented the three-step strategy for primary structure de-
analysis of protein or peptide. Among existing methods for termination of the N-terminally blocked peptides by mass
sequence determination, Edman degradation gained almosspectrometry. First, the C-terminal sequencing is performed
exclusive application. But many proteins or peptides can- by using MALDI mass spectrometry coupled with car-
not be directly sequenced by Edman degradation becauséoxypeptidase digestiofl0]. And then, the peptides are
they have a blocked N-terminal resid{ld. These block- cleaved according to the obtained C-terminal sequence in-
ages occur frequently in the eukaryotic prote[@$ and formation, and the resulting peptides are fractionated by
over 10 kinds of blocking groups have been found, such asreverse-phase HPLC and identified by mass spectrometry
acetyl, formyl or pyroglutamyl. A series of specific chemical and Edman degradation. The N-terminal fragment can be
reagents and enzymes has been developed to remove theddentified by the comparison of the molecular weight be-
blocked group$1,3,4]. When we encounter the N-terminal tween the intact peptide and its hydrolysates. Finally, the
blockage problem we can try these deblocking reagents andN-terminal fragment is sequenced by tandem mass spec-
enzymes one by one till the N-terminally blocking group is trometry. Two novel N-terminally blocked peptides, named
removed. But some kinds of deblocking reagents have sideEAFP1 and EAFP211-13] were sequenced by using this
reactions in some peptide bonds and certain side chains ofstrategy.
the amino acids. So, this process will usually spend lots of
time and need relative high amount of sample and even an-
alyze with difficulty. 2. Experimental

2.1. Sample and materials
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Eucommia ulmoides Oliv (Garryales order, Eucommiaceae 2.4. Enzymatic cleavage and HPLC fractionation
family) as described previouslji1,12] The preliminary of the peptides
analysis showed that these two peptides are N-terminally
blocked[11-13] The way of trying the deblocking reagents The peptide was cleaved by trypsin. One hundred micro-
and enzymes one by one was excluded considering the exisgrams of sample dissolved in 2p0buffer of 0.1 mol/l am-
tence of a number of N-terminal blockages. The three-step monium bicarbonate with pH 8.0 was mixed withug of
strategy was used for their sequencing. trypsin and incubated at 3T overnight. The resulting pep-
The dithiothreitol (DTT), iodoacetamide (IAA§-cyano- tides were fractionated by Waters Nova-Pak C18 column
4-hydroxycinnamic acid (CHCA), TPCK-treated trypsin (3.9 mm x 250 mm) with a linear gradient of 5-40% ace-
and carboxypeptidase Y (CPY) were purchased from Sigmatonitrile containing 0.1% TFA over 60 min on Waters Al-
Chemical Co. (St. Louis, MO, USA). All sequencing liance HPLC system. The purified peptides were identified
reagents including phenylisothiocyanate (PITC), trifluo- by MALDI-TOF mass spectrometry on Bruker (Billerica,
roacetic acid (TFA) and 1-methylpiperidine were of se- USA) Proflex Ill mass spectrometer and automated Edman
quence grade and from Applied Biosystems (Foster City, degradation sequencing on Applied Biosystems (Foster City,
USA). The acetonitrile (ACN) was of high-performance USA) 491 gas-phase sequenator with a standard program.
liquid chromatography (HPLC) grade. All other reagents
were of analytical grade. 2.5. High-accuracy tandem mass
spectrometric analysis
2.2. Reduction and alkylation of the peptides
Tandem mass spectra for peptide sequencing were
The routine reduction and carboxyamidomethylation of recorded on an APE®! II FTICR mass spectrometer
the peptides was performed as per the following steps. One(Bruker Daltonics Inc., Billerica, MA, USA). The peptide
hundred micrograms of peptide was dissolved in LDOf (about 500 pmol) was dissolved in gbof 50% methanol,
buffer containing 0.1 mol/l Tris—HCI, 6 mol/l guanidinium containing 2% acetic acid, and injected into the mass spec-
HCI with pH 8.3. Dithiothreitol was added according to trometer at the rate of 30/h. The MS/MS fragment ions
the molar ratio of 1:100 and allowed to stand under ni- were generated by introducing 358 argon pulse with
trogen gas at 37C for 30 min. Then, iodoacetamide was 1mbar pressure and interpreted according to the nomen-
added according to the molar ratio of 1:500 and allowed clatures proposed by Roepstorff and Fohin{ad], and
to stand under nitrogen gas at 7. After incubating Johnson et al[15].
for 4h, the reaction mixture was diluted to 1ml with
double-distilled water and purified by reverse-phase col-
umn (Waters YWG-PAK C18, .9 mm x 250mm) on the 3. Results and discussion
Waters (Milford, USA) Alliance HPLC system with a lin-
ear gradient of 5-45% acetonitrile containing 0.1% TFA 3.1. C-terminal ladder sequencing
over 60 min.
In our previous work, we purified two kinds of antifungal
2.3. C-terminal ladder sequence analysis peptides named EAFP1 and EAFP2, which blocked the Ed-
man degradatiofil1,12] We gave up the way of trying the
C-terminal sequence analysis was performed by MALDI- deblocking reagents and enzymes one by one considering
TOF mass spectrometry coupled with carboxypeptidase the existence of over 10 kinds of N-terminal blockages. The
Y digestion as described by Patterson et [4D]. Five C-terminal sequence analysis was selected as the first step
hundred picomoles of peptide sample and 0.16 units of for sequence determination of these two peptides, EAFP1
CPY were suspended with 20 and |80double-distilled and EAFP2. The methods for C-terminal sequencing mainly
water, respectively, and mixed to initiate the reaction at include chemical methods and carboxypeptidase methods.
37°C. The final concentrations were 10 pmadl/peptide The sequencing length of chemical methods is still re-
and 032 x 10 3unitsjul CPY yielding an enzyme to  stricted after many years of developméh6]. Sequencing
substrate ratio of 2 x 108 units of CPY/mol of peptide by carboxypeptidase digestion is based on the fact that the
sample. Aliquots of Ll were taken from the reaction amino acid will be released one by one from the C-terminus
mixture at different reaction times of 20, 60s, 2, 5, 10, of the peptide with CPY enzymatic reaction processing
30min, 2 and 16h and immediately mixed with.B of after the peptide was mixed with CPY. Traditionally, the se-
a-cyano-4-hydroxycinnamic acid saturated matrix solution quence information is obtained by direct chromatographic
in 50% ACN containing 0.1% TFA to quench the reaction. analysis of the released amino acid, which is complicated
One microliter of each aliquot solution was placed onto by the contaminants and the difference of the releasing rate
individual wells of the MALDI sample plate and allowed between residues. With the advancement of mass spectro-
to evaporate till dryness before insertion into the mass metric techniques such as MALID8], Patterson et a[10]
spectrometer. presented the C-terminal ladder sequencing via MALDI
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Fig. 1. MALDI-TOF mass spectrometric analysis of the CPY digesting mixtures of EAFP1 (A) and EAFP2 (B) with reaction overnight. The nomenclature
of the peak labels denotes the peptide populations resulting from the loss of the indicated amino acids.

mass spectrometry coupled with carboxypeptidase Y diges-residual kinds at the C-terminus and penultimate position
tion, which is shown to successfully obtain the sequence [10]. Glycine is released at such a low rate that the signal of
of 19 C-terminal residues. The masses of the peptidesthe peptide population representing the loss of certain glycyl
in CPY digestion mixture can be directly determined by residue is relatively low or even disappears. The sequence
MALDI-TOF mass spectrometry. The sequence can be readanalysis can frequently be processed until the detection of
from the mass differences of adjacent peaks of the releasedhe truncated peptide peaks was impaired by the presence of
peptides. Using this procedure, the C-terminal 36- and CHCA matrix ions &600 Da). This C-terminally sequenc-
30-residue sequences of alkylated EAFP1 and EAFP2 haveing method often provides longer C-terminal sequence with
been obtained, respectivelyig. 1 showed the mass spectra smaller consumption of sample than the traditional chem-
of the reaction mixture with quenching time of about 16 h ical methodg16]. The shortcoming is that CPY digestion
and the peaks representing the residue loss of C-terminusstill relies on the amino acid composition as well as their
would disappear gradually by further prolonging the CPY order along the sequence. Certainly, the correctness of the
digesting time. There were only few peaks in the mass sequence should be still confirmed by further experiments.
spectra at shorter CPY digesting time, which showed the

low CPY digesting rate of EAFPs. This low CPY digest- 3.2. The tryptic cleavage and fractionation

ing speed should be due to the existence in the sequencesf peptides

of relatively high amount of the glycyl residues which are

hydrolyzed slowly. Frontig. 1, the C-terminal sequences The possible hydrolysis sites in the peptide sequences can
of EAFP1 and EAFP2 can be read, which are R CPRPC be known from the C-terminal sequencing results, which
NAGLC CSIYG 0OgSG NAYcg AGNCR CQCRG and  will help us to determine which kind of chemical reagents
nagLC CSIYG YJOSg AAYCO OONCR CQCRG, respec-  or enzymes should be selected to cleave the peptides. From
tively. Leucine and isoleucine in the sequences would be the above C-terminal sequence results, there exist only
distinguished in the next Edman degradation analysis of thethe trypsin cleaving sites in the sequences of EAFP1 and
tryptic fragments since they have the same mass. The lowerEAFP2. So, trypsin had to be used to cleave the peptides.
cases in the sequences represent the residues identified in th€he resulting peptides were fractionated by reverse-phase
spectra of different quenching time. The sign™indicates HPLC. EAFP1 and EAFP2 have similar peptide map as
the gaps unidentified in the mass spectra. This is mainly shown inFig. 2 The fractionated peptides were identified
because the hydrolysis rates are varied according to theby MALDI-TOF mass spectrometry and their sequences
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Fig. 2. The chromatograms of the tryptic digesting mixtures of carboxyamidomethyl EAFP1 (A) and EAFP2)(Bgnptes the analyzed peaks shown
in Table 1and the corresponding retention times.

were determined by automated Edman degradation. The rewere no PTH signals observed when the peaks with reten-
sults were summarized ifable 1 The sequences ifable 1 tion time of about 12min in the peptide maps of EAFP1
could be aligned with the C-terminal sequences determinedand EAFP2 Fig. 2) were applied to Edman degradation.
above. The C-terminal 35-residue sequences of EAFP1 andThe molecular weights of the peptides contained in these
EAFP2 were derived as R CPRPC NAGLC CSIYG YCGSG two peaks are ca. 704 Dddble 1), which is the differ-
NAYCG AGNCR CQCRG and R CPRPC NAGLC CSIYG ence of molecular weights between the above sequences of
YCGSG AAYCG AGNCR CQCRG, respectively. There C-terminal 35-residue part and their corresponding intact

Table 1

The sequences and masses of the tryptic fragments of alkylated EAFP1 and EAFP2

EAFP1 EAFP2

Retention Sequence Molecular weight Retention Sequence Molecular weight

time (min) - - Time (min) - -
Experimental Theoretical Experimental Theoretical
M +H]* M] M +H]* M]

9.76 CQCR 608 622.7 9.42 CQCR nd 622.7
11.04 CGAGNCR 796 794.3 10.25 CGAGNCR 792 794.3
12.89 nd 705 704.3 12.26 <QTCASK 705 704.3
15.10 CPRPC 692 689.3 13.58 CPRPC 689 689.3
24.72 GYCGSGNAY 947 949.4 25.68 GYCGSGAAY 904 905.4
40.50 CPRPCNAGLCCSIY 1727 1727.7 39.44 CPRPCNAGLCCSIY 1728 1727.7
41.04 NAGLCCSIY 1057 1057.4 40.17 NAGLCCSIY 1057 1057.4

<Q: the pyroglutamic residue; nd: not detected.

@ The mass with loss of 17 mass units.

b The sequence is believed to be same as the N-terminal sequence of EAFP2 though not determined experimentally, since they have same mass a
same retention time in the reverse-phase chromatogram.

¢ The sequence is determined by the tandem mass spectrorRan2)
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Fig. 3. Tandem mass spectrum of the 704 Da peptide derived from the EAFP2. The peaks of the fragment ions are labeled according to the nomenclature
proposed by Roepstorff and Fohimfi#], and Johnson et gJ15]. (#) 661.2715 and 614.2917 correspond to the peaks of the parent ions with side-chain
cleavage of threonine and cysteine, respectively; 643.2904 and 596.2744 correspond to the peaks of the dehydrate products of the above two fragments
129.1130 represent the mass of the arginine-related ions, which formed by a combinaitypefandy-type cleavage and 112.0865 is the corresponding

ion with loss of ammonia produced from the above ion with mass of 129.1130.

carboxyamidomethyl EAFPs. These results suggested thatopic mass ([M+ H]*) of the parent ion was determined as
these 704 Da peptides should have the identical sequenceg05.2997 Da. The-serial ions includingys, Y2, Y3, Va, yg
and should be the fragments located in the N-termini of can be easily identified in the tandem mass spectfig §).
EAFPs. It is worth noting that there were more peaks in the yg is product formed by dehydration g ion. The interpre-
reverse-phase chromatografig. 2) than those expected tations of the ions referred to the nomenclature described by
according to the number of the cleaving site of trypsin in the Roepstorff and Fohlmafi4], and Johnson et a15]. The
sequences, which is likely due to the impurity of trypsin.  sequence were derived as PyroGlu—Thr—Cys—Ala—Ser—Arg,
which is N-terminally blocked by pyroglutamic group.

From above results, the sequences of EAFP1 and EAFP2
can be completely deduced as showrFig. 4, which are

The Fourier transform ion cyclotron resonance (FTICR) in good agreement with the results of amino acid analysis
mass spectrometer was employed to determine the sequencas shown inTable 2 The pyroglutamic residue is derived
of 704 Da peptide mainly because the instrument has highto glutamic acid when the peptide is hydrolyzed with hy-
accuracy of less than 1-10 ppm and can perform the tan-drochloride acid. Their average molecular masses calculated
dem mass analysis convenienfly’]. The high accuracy of  from the sequence are 4211.80 and 4168.77 Da for EAFP1
the mass spectrometric data facilitates the identification of and EAFP2, respectively, which are higher (about 10 Da)
fragmentized ions and greatly simplifies the process of the than the experimental value (data not shown) and can be
spectrum interpretation because it is easy to find those ionsexplained by five pairs of disulfide bonds formed by 10 cys-
which belong to the same series in the spectra according toteines of EAFPs.
the principle that the value of decimal part of the ion mass  The results demonstrated that this strategy is fast and
will decrease by less than 0.11 Da one by one in the sameefficient method for the sequence determination of the
series of ions. This principle can be seen from the monoiso- N-terminally blocked peptide with simplicity and low
topic masses of the amino acid residues. The monoiso-consumption of sample. C-terminal ladder sequencing by

3.3. The tandem mass analysis

P1-2 P1-3 P1-4 P1-5
10 15 20 25 30 35 40
EAFP1: <QTCASRCPRPCNAGLCCSIYGYCGSGNAYCGAGNCRCQCRG
EAFP2: <QTCASRCPRPCNAGLCCSIYGYCGSGAAYCGAGNCRCQCRG
P2-1 P2-2 P2-3 P24 P2-5
— : Edman degradation sequence
- Tandem mass spectrometric sequence
<< ! C-terminal sequence

Fig. 4. The proof of the amino acid sequences assembling of EAFP1 and EARPXyroglutamic residue.
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