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Abstract
Mass spectrometry faces considerable difficulties in de novo sequencing of long non-tryptic
peptides with S–S bonds. Long disulfide-containing peptides brevinins 1E and 2Ec from frog
Rana ridibunda were reduced and alkylated with nine novel and three known derivatizing agents.
Eight of the novel reagents are maleimide derivatives. Modified samples were subjected to MS/MS
studies on FT-ICR and Orbitrap mass spectrometers using CAD/HCD or ECD/ETD
techniques. Procedures, fragmentation patterns, and sequence coverage for two peptides
modified with 12 tags are described. ECD/ETD and CAD fragmentation revealed
complementary sequence information. Higher-energy collisionally activated dissociation
(HCD) sufficiently enhanced y-ions formation for brevinin 1E, but not for brevinin 2Ec.
Some novel tags [N-benzylmaleimide, N-(2,6-dimethylphenyl)maleimide] along with known
N-phenylmaleimide and iodoacetic acid showed high total sequence coverage taking into account
combined ETD and HCD fragmentation. Moreover, modification of long (34 residues) brevinin 2Ec
with N-benzylmaleimide or N-(2,6-dimethylphenyl)maleimide yielded high sequence coverage and
full C-terminal sequence determination with ECD alone.
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Introduction

Host-defense antimicrobial peptides constitute the major
portion of amphibian skin secretion being a part of their

innate immunity. They may be treated as natural weapon
against predators and pathogenic micro-organisms [1–12]. A
search for new biologically active amphibian peptides
followed by their sequencing represents a certain interest
for the pharmaceutical industry [13].

Ranid frogs possess a wide variety of mature peptides,
reflecting the adaptive abilities of these animals towards
climatic and anthropogenic factors. The existing proteomic
algorithm of the protein sequencing is not very efficient for
the analysis of mixtures of natural peptides in general and
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amphibian skin secretions in particular. The principal issue
involves the absence of genomic information, i.e., the
absence of the sequence of the possible encoded peptides.

There are several other issues complicating the sequence
of such peptides. Antimicrobial peptides (e.g., amphibian
peptides) databases are still in the process of creation (APD:
http://aps.unms.edu/AP/main.php; http://copewithcytokines.
de). Ranid skin peptides (20–46 amino acid residues) usually
exceed the optimal length for the efficient mass spectro-
metric sequencing. Routine approach dealing with trypsi-
nolysis is also not very efficient as the high content of Lys
and Arg residues results in formation of very short tryptic
peptides, which are often lost during the analysis. Additional
problem is connected with numerous peptides containing a
cycle formed by intramolecular S–S bond between two
cysteine residues near their C-terminus. The feature is called
“Rana box”. This structural peculiarity complicates de novo
sequencing of such peptides via mass spectrometry due to
the lack of sequence ion coverage within the cycle. Thus, the
problem of efficient de novo sequencing of long non-tryptic
amphibian peptides cannot be considered resolved, despite
the growing number of activation methods available in mass
spectrometry.

Usually derivatization procedures used in mass spectrom-
etry are aimed on improving sensitivity of analyses and on
obtaining easily interpretable spectra with high sequence
coverage. Comprehensive review of various reagents and
modification procedures is presented in recent handbook
[14]. Two main approaches are employed to facilitate mass
spectrometric sequencing of disulfide-containing peptides:
reduction followed by alkylation of free –SH groups or
oxidation of S–S bonds into sulfonic acids. Chemical
modifications generally do have impact on peptide ioniza-
tion and fragmentation processes. For example, complex
procedure with recording ECD and CAD mass spectra
(accurate measurements) of intact peptides followed by
similar analysis of their oxidized and reduced-plus-alkylated
modifications allows full sequence determination [15].
However it is a time consuming procedure requiring three
injections and thorough processing of the recorded spectra.

Recently reduction/alkylation has been successfully
implemented to “Rana box”-containing peptides of ranid
frogs [16, 17]. Frequently used reducing and alkylating
agents (so-called cysteine tags) are summarized in recent
review [18]. Dithiothreitol (DTT) is usually used for
reduction, while iodoacetamide (IAA), iodoacetic acid
(IAAC) and N-substituted maleimides are common alkylat-
ing agents. MALDI-PSD, ESI-CAD, and ESI-ECD of
derivatized peptides yield fragment ions often allowing
determination of the whole C-terminal sequence [19, 20].

Oxidation of S–S bond with peroxyacids affords two
sulfonic groups [21]. Oxidation is especially advantageous
for MALDI-PSD sequencing because usually this method
deals with singly protonated molecules. The forming
sulfonic moieties at the C-terminus improve fragment ion
signals (especially y-ions), providing two additional mobile

protons to the peptide backbone [22–26]. However, multiply
protonated molecules of oxidized peptides were reported to
be of weak abundance in ESI-MS/MS [27].

To analyze the influence of cysteine tags on the
fragmentation of non-tryptic disulfide containing peptides
of ranid frogs several new cysteine tags were synthesized
(Figure 1):

All the tags effectively derivatize cysteine SH-groups of
the reduced peptides [28]. The reaction involves both SH-
groups while side reactions are not observed. MALDI PSD
of two major peptides of the skin secretion of Rana
ridibunda: brevinin 1E (2675 Da) and brevinin 2Ec (3516
Da) modified with all the tags mentioned in Figures 1 and 2
was reported in the recent paper [29].

The present paper deals with comparative study of ESI-
MS/MS fragmentation of the same natural model peptides
(brevinin 1E and brevinin 2Ec) modified with common
[iodoacetic acid (IAAC), iodoacetamide (IAA) and N-
phenylmaleimide (NPM)] and novel (Figure 1) cysteine
tags. ECD, ETD, CAD, and HCD MS/MS spectra of these
derivatized (12 tags) peptides were recorded with FT ICR
and Orbitrap instruments. The influence of the tags structure
on the sequence coverage and fragment ions abundance is
described. The benefits and disadvantages of each of the
mass spectrometric techniques used for the de novo
sequencing of the long non-tryptic peptides are also
discussed. The main task engaged the finding of a tag
allowing de novo sequencing of such peptides in one
injection.

Experimental
Materials and Methods

All solvents were of HPLC-grade (Acros, Geel, Belgium).
Commercially available iodoacetic acid (IAAC) (Sigma, St.
Louis, MO, USA) was recrystallized from hexane directly
before the use. Commercially available iodoacetamide (IAA)
and N-(1,1,1,2,2-pentafluoroprop-3-yl)-2-iodoacetamide
(IAA-1) (Sigma, St. Louis, MO, USA) were used as
received. Synthesis of N-phenylmaleimide (NPM) and the
novel maleimide derivatives was described earlier [28].

Figure 1. Novel cysteine tags used in present work
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Novel tags employed in the present study are presented in
Figure 1.

Preparation of Skin Secretions

Preparation of frog skin secretion was accomplished as
described earlier [29, 30]. Both male and female Rana
ridibunda species were caught in Moscow region. Adult
animals were maintained in captivity at the Biology Depart-
ment of the Moscow State University in conditions close to
natural ones. Secretion from the skin glands was provoked
by the mild electric stimulation during 40 s using laboratory
electrostimulator ESL-1 (LP, USSR) equipped with platinum
electrodes. The duration of impulse was 3 ms with amplitude
of 10 V at 50 Hz. The skin secretions were washed from the
animals with MilliQ (Millipore, Billerica, MA, USA) water
while an equal volume of methanol was immediately added
to the aqueous solution. The mixtures were centrifuged and
filtered through the PTF membrane filter (0.45 μm). The
solutions obtained were concentrated using rotary evaporator
to a volume of 1 mL and lyophilized.

Disulfide Bond Reduction and Alkylation

Lyophilized crude secretion was redispersed in ammonium
buffer (100 mM NH4HCO3, pH 8.0) with dithiothreitol at
the concentration of 4 mM [31]. The reaction solution was
incubated for 1 h at 37 °C. Then, 10 mM aqueous solution of

iodoacetamide was added and the mixture was incubated for
1 h at 37 °C in the dark. In the case of maleimides, alkylation
was performed with 10 mM tag solution in water/acetonitrile
(1:1 vol/vol) for 1 h at ambient temperature. Completion of
reactions was checked by means of MALDI-MS.

HPLC Separation of Reaction Mixtures

Separation of the obtained reaction mixtures was performed
with an HPLC system (Thermo Fisher Scientific Inc., San
Jose, CA, USA) by injecting 50 μL of a mixture into a
reverse-phase chromatographic analytical column Biochem-
Mack (BiochemMack, Moscow, Russia) C18 (5μ, 110 Å, 4×
150 mm) equilibrated with 10% acetonitrile/aqueous 0.1%
trifluoroacetic acid. The peptides were purified using a linear
gradient from 10% to 70% (40 min) acetonitrile containing
0.1% trifluoroacetic acid. The flow rate was 0.8 mL/min.
Two major peptides of Rana ridibunda skin secretion were
employed in the studies: brevinin 1E: FLPLLAGLAANFLP
KIFCKITRKC-OH (2675 Da, 24 residues); brevinin 2Ec:
GILLDKLKNFAKTAGKGVLQSLLNTASCKLSGQC-OH
(3516 Da, 34 residues). The first one possesses three basic
amino acid residues (one Arg, two Lys) inside the cycle at
the C-terminus due to S–S bond formation between two Cys.
Only one additional Lys is present at the backbone, being
also close to the C-terminus. The second peptide contains
five Lys residues more or less randomly spread along the
backbone, including one in the “Rana box.”

(a) (b)

(c) (d)

Figure 2. Sequence coverage for brevinin 2Ec with the studied tags in ECD (12-Tesla FT-ICR) or ETD (Orbitrap) modes: (a)
overall coverage, (b) coverage in«Rana box», (c) c–ions coverage, (d) z–ions coverage
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Mass Spectrometry

Mass spectra were obtained using electrospray ionization with
several activation modes. Collisionally activated dissociation
(CAD) experiments were performed with LTQ-FT Ultra
(Thermo Fisher Scientific, Bremen, Germany) equipped with
7-Tesla magnet and nanoHPLC; detailed procedure described
elsewhere [32]; LTQOrbitrap Velos (Thermo Fisher Scientific,
Bremen, Germany) with direct infusion (DI) of samples by
offline nano-ESI source (Proxeon Biosystems, Odense,
Denmark). Normalized collision energy was 35 u for brevinin-
1E and brevinin 2Ec (5+), 40 u for brevinin 2Ec (4+), and 30 u
for brevinin 2Ec (6+). Higher energy collision-induced
dissociation (HCD) experiments were performed with Orbitrap
instrument (DI). Normalized collision energy was 35 u for
brevinin 1E and brevinin 2Ec (6+ and 5+) while for brevinin
2Ec (4+) it was 40 u. Electron capture dissociation (ECD)
experiments were performed with LTQ-FT Ultra in the same
manner as CAD experiments [32]; Apex Ultra Q-FTMS
(Bruker Daltonics, Bremen, Germany) with 12-Tesla magnet
in DI mode was used for brevinin 1E 4+ state with electron
energy 1 eV and 100ms pulse duration and for brevinin 2Ec 5+
state with electron energy 1 eV and 75 ms duration. Orbitrap
instrument was used for ETD experiments. Samples were
infused directly into the ion source. Fluoranthene was used as
reagent gas while 70 ms interaction time was chosen for
brevinin 1E (4+) and brevinin 2Ec (4+) and 50 ms for brevinin
1E (5+) and brevinin-2Ec (5+ and 6+). In the conditions used

(direct sample infusion), fragment ion intensities for all
activation techniques were of the same order of magnitude in
case of equal parent ions intensities.

In order to confirm that the disulfide bond reduction and
alkylation reactions had proceeded to completion, the
products were analyzed by MALDI-TOF mass spectrometer
(Ultraflex II; Bruker Daltonics, Bremen, Germany). External
calibration was made using a standard peptide mixture
(PepMix-2; Bruker Daltonics, Bremen, Germany). The
samples were deposited on the plate being mixed with
saturated solution of 2,5-dihydroxybenzoic acid (DHB;
Acros) in 0.1 % TFA in acetonitrile/water (50:50 vol. %).

Results and Discussion
Figure 2 represents ECD/ETD results for brevinin 2Ec
derivatized with the studied tags (FTMS/Orbitrap).

Electron capture (12 Tesla) or electron transfer dissociation
(Orbitrap) techniques showed rather promising results for the
modified peptides studied. Sequence coverage for derivatized
brevinin 2Ec was in the range from ~45% to ~94% (Figure 2a).
In most cases, ECD yields better or equal results compared to
ETD. Traditionally used IAA and NPM tags gave less than
80% total sequence coverage for brevinin 2Ec in both ECD and
ETD modes. 2,6-Dimethyl NPM (NPM-3) and NBM showed
the best performance in ECD mode (see spectrum for NPM-3
modification in Figure 3), while pentafluoropropyl derivative

Figure 3. ECD spectrum of NPM-3-tagged brevinin 2Ec. Scheme of cleavages occurred is shown below the spectrum
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of iodoacetamide (IAA-1) demonstrated the same efficiency in
ETD mode. In these three cases, 94% of coverage means that
only two peptide bonds remained unbroken in the backbone.
NBM tag worth special mentioning as it induced overall
sequence coverage higher than 90% both for ECD and ETD
modes.

C-terminal fragmentation of the modified ranid peptides
is a matter of special concern. It gives a chance to identify
the sequence inside the former “Rana box.” This information
often plays crucial role for classification of the peptide. The
absence of Lys or Arg at C-terminus usually does not
provide complete sequence information via MS/MS. C-
terminal basic amino acid is absent in the structure of
brevinin 2Ec “Rana box”. Nevertheless, NBM, NPM-3,
IAA-1, and IAAC allowed full sequence determination in
“Rana box” with ECD (Figures 2b and 3). The other tags
furnished lower coverage. ECD performed better than ETD
for “Rana box” sequencing irrespective of the tag used.
Methoxy-groups in the aromatic ring (NPM-5, NPM-6)
dramatically decrease the ETD fragmentation in the C-
terminal part of brevinin 2Ec, with NPM-6 providing no
fragmentation. Thus, a hypothesis may be put forward that
the methoxy-substituted phenyl ring competes rather suc-
cessfully for the electron transferring to the peptide
molecule. As a result, this electron is not participating in
the triggering of the backbone cleavage. IAA-1 tag may be
mentioned as the best one as it demonstrated the best results

in ETD and ECD modes. NBM tag performance may be
emphasized as well.

Contribution of c- and z-ions in the overall sequence
coverage is represented in Figure 2c and d. ECD outper-
forms ETD in terms of c-ions formation for all the tags
except NPM and IAA-1. In contrast, ETD z-series are
considerably longer than ECD ones for all the tags. Thus, for
2,4-dimethyl derivative (NPM-1) ECD yields no z-ions
(ETD spectrum contains both ion series). Theoretically, an
efficient tag should provide high coverage for both ion series
as the reliability of the sequencing is higher in the presence
of the complementary ion pairs. In case of ECD/ETD
fragmentation of brevinin 2Ec such tags are NMP-3, IAA-
1, IAAC, NBM. An excellent performance of NBM
demonstrates that electronic effects of the tag are not so
relevant for increasing the sequence coverage. Since the
aromatic ring of NBM is separated from maleimide moiety
by CH2-group, conjugation with the rest of the molecule is
impossible. As a result, mesomeric effects are impossible
while inductive effects are notably suppressed. On the other
hand, a specially synthesized N-methylmaleimide showed
poor results even in MALDI [29]. Thus, the benzene ring of
the tag somehow plays a role in promoting fragmentation of
the backbone under the conditions studied.

In general, collisionally activated dissociation methods
(CAD, HCD) yield worse overall coverage for brevinin 2Ec
than ECD/ETD do (Figure S1 in Electronic Supplementary

(a) (b)

(c) (d)

Figure 4. Sequence coverage for brevinin 1E with the studied tags in CAD (7-Tesla FT-ICR), CAD and HCD (Orbitrap) modes:
(a) overall coverage, (b) coverage in “Rana box”, (c) b–ions coverage, (d) y–ions coverage. *CAD (7-Tesla FT-ICR) not measured
for these tagged peptides. **HCD not measured for this tagged peptide
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Material for this article). Only NPM and its 2,6-dimethyl
derivative (NPM-3) provided 80% overall sequence cover-
age (Figure S1A). Modifications with other tags give only
20%–70% coverage. It is hardly possible to select prefer-
ential type of experimental conditions. The results were
fairly similar for all three experiments, independent of
instrument or CAD versus HCD.

In most cases the “Rana box” sequence of the tagged
peptide was fully determined by means of CAD
(Figure S1B). Modification with NBM, NPM, and NPMs-
3, -5, -7 resulted in full “Rana box” sequence coverage with

all three CAD variations studied. Therefore, CAD/HCD
appeared to be more efficient for the determination of C-
terminal sequence of 34 residues long brevinin 2Ec than
ECD/ETD approach. However NBM, NPM-3, IAA-1, and
IAAC may be considered as the most promising tags
allowing full sequence determination in “Rana box” with
ECD and CAD.

Considering b- and y-ion series separately (Figure S1C
and D, respectively) it should be mentioned that for all the
tags b-series prevail over у-series, much more significantly
than c-series over z-series in ECD/ETD spectra. This fact

Table 1. Results for Derivatized Brevinins 1E and 2Ec Sequence Coverage. The Best Fragmentation Method for each Peptide-tag Combination Outlined in
the Rightmost Column, the Best Coverage and Method for each Peptide Marked Grey

Brevinin 1E
Coverage, %

ECD 7T ECD 12T ETD CAD 7T CAD Orb HCD Best

NPM 45.8 87.0 39.1 83.3 52.2 87.0 ECD 12T

NPM-1 n.d. 52.2 91.3 n.d. 47.8 87.0 ETD

NPM-2 66.7 52.2 78.3 45.8 47.8 82.6 HCD

NPM-3 75.0 73.9 82.6 54.2 43.5 78.3 ETD

NPM-4 n.d. 43.5 34.8 n.d. 39.1 69.6 HCD

NPM-5 n.d. 82.6 78.3 45.8 39.1 78.3 ECD 12T

NPM-6 73.9 82.6 n.d. 33.3 47.8 87.0 HCD

NPM-7 n.d. 69.6 65.2 33.3 47.8 82.6 HCD

NBM 70.8 26.1 69.6 62.5 43.5 n.d. ECD 7T

IAA 83.3 87.0 69.6 83.3 43.5 73.9 ECD 12T

IAA1 83.3 87.0 39.1 87.5 34.8 34.8 ECD 12T

IAAC 70.8 82.6 78.3 37.5 47.8 73.9 ECD 12T

Brevinin 2Ec
Coverage, %

ECD 7T ECD 12T ETD CAD 7T CAD Orb HCD Best

NPM 91.2 72.7 78.8 79.4 57.6 57.6 ECD 7T

NPM-1 n.d. 60.6 66.7 20.6 51.5 57.6 ETD

NPM-2 n.d. 72.7 69.7 38.2 63.6 69.7 ECD 12T

NPM-3 79.4 93.9 78.8 79.4 48.5 51.5 ECD 12T

NPM-4 n.d. 72.7 57.6 n.d. 48.5 54.5 ECD 12T

NPM-5 n.d. 78.8 63.6 58.8 54.5 66.7 ECD 12T

NPM-6 n.d. 78.8 45.5 38.2 60.6 66.7 ECD 12T

NPM-7 n.d. 72.7 69.7 55.9 57.6 54.5 ECD 12T

NBM 91.2 93.9 90.9 61.8 57.6 63.6 ECD 12T

IAA 85.3 75.8 48.5 64.7 54.5 57.6 ECD 7T

IAA1 n.d. 78.7 93.9 29.4 60.6 33.3 ETD

IAAC n.d. 84.4 81.8 37.5 66.7 36.4 ECD 12T

n.d. = not determined
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resembles the structural peculiarity of brevinin 2Ec having 5
lysine residues spread along the backbone.

Brevinin 1E, being the second major peptide in the skin
secretion of Rana ridibunda, contains arginine residue in its
“Rana box” region. Although brevinin 1E is considerably
shorter (24 versus 34 amino acids) than brevinin 2Ec, it can
be difficult to obtain the full sequence of this peptide since
all four basic amino acids are situated close to C-terminus.
Tagged peptide dissociates rather intensively, showing total
sequence coverage in ECD mode up to 87% for NPM, IAA,
IAA-1 tags with FT-ICR 12-Tesla instrument (Figure S2 in
Electronic Supplementary Material). ETD coverage (Orbi-
trap) reached 91% for NPM-1 tag (Figure S2A). NPM-3 and
NBM, which were the most effective tags for brevinin 2Ec,
show slightly poorer performance: 83% (NPM-3, ETD) and
71% (NBM, ECD). NPM-1, NPM-2, and NPM-3 tags are
the positional isomers with two methyl groups in the
aromatic ring. They performed nicely in ETD experiments.
However, introduction of the third methyl group into the
aromatic ring (NPM-4) dramatically reduced the sequence
coverage (Figure S2A). Since the differences in electron-
donating properties of these compounds are rather small the
observed decrease may be due to steric effects.

The “Rana box” sequence ion coverage was also high:
full sequence determination in this C-terminal region is
obtainable with either ECD or ETD for all the tags excluding
NPM-4 and NPM-7 (Figure S2B). High “Rana box” cover-
age may be a consequence of the presence of two lysine and
one arginine residues near C-terminus. Thus, ETD allows
full sequence coverage inside “Rana box” for brevinin 1E

with the majority of the tags (NPM-1, NPM-2, NPM-3,
NPM-5, IAA, IAAC, and NBM), while for brevinin 2Ec
lacking these basic residues its performance was notably
worse (Figure 2b).

There are not any notable predominance of z- or c-ions
(Figure S2C and D). The abundance of these ion series is
highly dependent on the tag structure and fragmentation
activation method. Thus 3.5 times more z-ions are formed
during fragmentation of brevinin 1E tagged with methoxy-
lated NPM-6 (ECD, 7-Tesla). In contrast, dimethylated
NPM-2 provides two times more c-ions. Iodoacetamides
IAA and IAA-1 result in similar quantities of c- and z-ions.
Similar results were obtained for the fragmentation of
brevinin 1E with various tags in ECD (12-Tesla) and ETD
modes.

Figure 4 represents the results of CAD/HCD fragmenta-
tion of tagged brevinin 1E. There is a noticeable difference
between CAD and HCD fragmentation for brevinin 1E.
NPM, IAA, and IAA-1 show high overall sequence cover-
age (over 80%) in CAD (LTQ-FT), while modifications with
other tags yield less than 60% coverage (Figure 4a). Orbitrap
in CAD mode provides relatively poor spectra with less than
50% coverage. However, fragmentation is dramatically
improving with the use of HCD revealing up to 85% of
the sequence (NPM, NPM-1, NPM-6).

The sequence ion coverage inside the “Rana box” is
rather variable from one tag to another. Full “Rana box”
sequence was determined only for IAA-1 in CAD (LTQ-FT)
conditions (Figure 4b). HCD also could not provide better
results for this piece of the peptide.

Figure 5. Total sequence coverage obtained in a single injection using alternating recording of ETD/HCD fragmentation of
derivatized peptides
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HCD is similar to CAD in production of b-ions (Figure 4c),
but it sufficiently extends y-series (Figure 4d), leading to high
total coverage. This effect was not observed for brevinin 2Ec. It
is also worth mentioning the poor performance of IAA-1 tag in
Orbitrap experiments, although this iodoacetamide derivative
with an electron withdrawing substituent was the best one in

CAD on FT-ICR 7-Tesla instrument providing ~90% total
sequence and being the single tag showing 100% sequence in
“Rana box” and the longest у-series.

Table 1 demonstrates the best results for each of 12
studied tags for brevinins 1E and 2Ec sequence. The best
results for brevinin 2Ec sequencing were obtained in ECD

Figure 6. HCD and ETD spectra of NBM-tagged brevinin 2Ec. Scheme of cleavages occurred is shown below the spectra
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mode with 12T FT-MS instrument for NBM and NPM-3
tags and in ETD mode for IAA-1 tag. In these cases, only
two peptide bonds out of 34 remain unbroken.

The best result for brevinin 1E sequencing was obtained
in ETD mode for NPM-1 tag (91%). Slightly poorer results
were obtained in ECD mode on FT-ICR 12-Tesla instrument
for IAA, IAA-1, NPM tags (87% each) and in HCD mode
(Orbitrap) for NPM-6 tag (87%).

Since the instruments used in this study are capable of
switching between recording CAD/ECD or CAD/ETD spectra,
it was important to understand what level of the sequence
coverage can be achieved with the use of a specific tag in one
injection. Figure 5 represents these values for both model
brevinins. The results clearly demonstrate quite high sequence
coverage for both peptides for the majority of the tags used.
IAAC, NPM-2, and NPM-3 demonstrated higher than 90%
coverage obtained in one injection. Thus it is worth testing these
tags with other natural peptides with C-terminal cycle. The most
widely used for the alkylation of the reduced thiol groups
iodoacetamide showed almost 20% lower coverage than the
most efficient tags used in the present study.N-benzylmaleimide
mentioned already above should be also taken into account.

Figure 6 shows the HCD and ETD mass spectra of
brevinin 2Ec modified with this tag. The detected peptide
bond cleavages are marked below the spectra. As one can
see, two complementary spectra of brevinin 2Ec (34 residues
long) contain fragment ions proving all the peptide bond
cleavages excluding one: Leu3–Leu4. Only two cleavages
are defined with one ion: z32 and z33, while the predominant
portion of sequence is confirmed by a pair of complementary
ions in one or two spectra. This fact significantly increases
the reliability of the sequencing. Thus, we recommend this
tag for the de novo sequencing of long non-tryptic peptides.

Conclusions
Twelve tags belonging tomaleimide and iodoacetamide groups
were tested in order to find the most efficient ones for the de
novo sequencing of long non-tryptic peptides with S–S bond at
the C-terminus. A number of the tags demonstrated excellent
efficiency allowing complete sequence coverage of the “Rana
box” region, which usually remains hidden in the spectra of
intact peptides. Although none of the tags demonstrated 100%
overall sequence coverage, several of them are worth special
mention as they provided more than 90% sequence coverage
for both tested peptides in one injection. These tags are:
iodoacetic acid (IAAC), 2,5-dimethylphenylmaleimide (NPM-
2), 2,6-dimethylphenylmaleimide (NPM-3), and benzylmalei-
mide (NBM). Their efficiency will be tested on the broader
range of non-tryptic peptides with S–S bonds in the molecule.
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