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Abstract  

RATIONALE: Tandem mass spectrometry (MS/MS) is the pivotal tool for protein structural 

characterization and quantification. Identification relies on the fragmentation step of tryptic 

peptides in bottom-up strategy. Specificity of fragmentation can be obtained using laser 

induced dissociation (LID) in the visible range, after tagging of the targeted peptides with an 

adequate chromophore. Backbone fragmentation is required to obtain specific fragments and 

confident identification. We present herein a study of fragmentation patterns of chromophore-

tagged peptides in LID, showing the potential of LID methodology to provide the maximum 

of fragments for further identification and quantification.  

METHODS: 401 cysteine-containing tryptic peptides coming from the human proteome 

were derivatizated on the thiol group of cysteine with a Dabcyl maleimide chromophore, 

which has a high photo-absorption cross section at 473 nm. The derivatized peptides were 

then analyzed by LID at 473 nm on a Q Exactive instrument.  

RESULTS: LID spectra present a characteristic fragment at m/z 252.112 for all precursors. 

This product ion arises from the internal dissociation of the dabcyl chromophore. Several 

peptide-backbone fragment ions are also detected. Results show the quasi absence of 

fragmentation at the cysteine site. This indicates that part of the energy must be redistributed 

across the entire system despite excitation initially localized at the chromophore. Indeed, the 

fragmentation mainly occurs at 3 to 5 amino acids from the derivatized cysteine residue. 

CONCLUSIONS: LID of derivatized cysteine-containing peptides displays the initial 

fragmentation of the chromophore. As energy is redistributed all along the peptide sequence, 

fragmentation of the peptide backbone is also observed. Thus, LID of chromophore-tagged 

peptides produces adequate fragment ions, allowing both good sequence coverage for a 

greater confidence of identification, and a large choice of transitions for specific 

quantification.  
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Introduction  

Tandem mass spectrometry (MS/MS) is one of the most powerful and multi-skilled tools in 

the analytical area to provide structural information of a wide scope of molecules[1]. 

Applications include metabolomics or lipidomics, as well as proteomics with the direct 

identification of peptides and proteins in complex biological matrices based on their 

fragmentation behaviors. In an MS/MS study, like in any analytical approach, the confidence 

in identification is crucial. In all strategies, identification relies on the fragmentation step of 

tryptic peptides in bottom-up strategy, or intact proteins in top-down analysis. Indeed, each 

ionized polymer of amino acids will be fragmented uniquely after activation, generating 

typical fragments (a, b, c and x, y, z ions). Comparison of the MS/MS spectra with databases, 

spectral libraries or manual treatment allows the direct identification of their sequence.  

In proteomics, the gold standard used to fragment peptide ions is collision-induced 

dissociation (CID). Its primacy ensues from its robust performance, high efficiency and its 

well-known fragmentation pathways for protonated peptides[2-4]. In this slow-heating 

activation method, internal energy of precursor ions increases upon activation. This weak 

energy dissociation process tends to favors fragmentation via lower energy pathways and the 

cleavage of the most labile bonds. In the mobile proton model[5, 6], the ionizing protons, 

initially located at basic sites of the peptides, migrate to other sites to form backbone-amide-

protonated species causing cleavages of the C-N amide bonds via charge-induced 

mechanisms, generating b- and y-types ions. Although good sequence coverages are obtained, 

one inherent problem with CID is the importance of the neutral losses (NH3 or H2O), which 

provides limited structural information[3, 7]. Moreover, the loss of post-translational-

modification (PTM) information, essential in the understanding of major biological process, is 

an issue. 
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Electron-driven methods based on ‘ion-electron’ activation in electron capture dissociation 

(ECD)[8, 9] and electron transfer dissociation (ETD)[10, 11] overcome this limitation through 

formation of radical ion before fragmentation. In ECD and ETD, instead of an inert gas, 

precursor ions are activated by low energy electron (~1 eV) or electron-rich anions which are 

capable of transferring electrons[12]. After reception of an electron, the excited precursor ions 

becomes a radical and specifically break the N–Cα bonds via radical distribution and 

homolytic cleavage and yield c and z ions without abundant side-chain loss[13, 14]. ECD 

provides adequate fragmentation while retaining the PTM groups. 

As an alternative to ‘ion-ion’ activation technique, various photon-based methods have been 

described to extend information retrieval of peptides. For instance, the development of 

infrared multiphoton dissociation (IRMPD)[1, 15, 16] using mostly CO2 laser (10.6 µm) allows 

to produce vibrationally excited ions. When enough photons have been absorbed for the 

internal energy of the ion to cross the dissociation threshold, fragmentation can ensue after 

intramolecular vibrational energy redistribution (IVR)[17]. Low energy IRMPD selectively 

breaks the most liable amide (C-N) bonds and generates b and y ions, as well as neutral 

losses, similar to the traditional slow-heating CID method[18]. Activation and photo-

dissociation of peptides with ultraviolet photons (UVPD) has been developed for 

characterizing peptides and leads to intense fragmentation patterns[19]. This technique can be 

employed with or without selecting chromophore which enable the excitation of all peptides 

without any sequence restriction. Absorption of photons provides enough energy to cause 

transition of ions to excited electronic states. Dissociation may occur directly from the excited 

states or ions may undergo internal conversion and intramolecular vibrational redistribution 

that may lead to product ions of the type more commonly observed upon collisional 

activation[20]. In UVPD, protein and peptide cations predominately dissociate into a/x ions and 

less frequently to c/z and b/y ions[19, 21]. PTM groups are often preserved in UVPD. Different 
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wavelengths such as 157, 193 or 266 nm have been implemented in UVPD[22-29]. However, if 

the information obtained is very complete, the lack of specificity can be problematic in some 

proteomics approaches such as data independent analysis (DIA) when co-fragmentation 

occurs. In order to improve the specificity of the fragmentation method, the most obvious 

approach is to use a wavelength where peptides and proteins do not absorb naturally.  The 

specific photodissociation is obtained after derivatization of the targeted molecule with an 

appropriate chromophore absorbing at this wavelength. This chromophore-tagging strategy 

combined with 351 nm UVPD has been explored in several recent applications[30-33].  Laser 

induced photo-dissociation (LID) in the visible range at 473 nm has also been developed for 

targeting only a subset of peptides. LID was developed for the specific detection of cysteine-

containing peptides via the grafting of a Dabcyl maleimide chromophore, which has a high 

photo-absorption cross section at 473 nm, to the thiol group of cysteine. Indeed, cysteine is a 

rare amino acid with an occurrence of 2 % but present in 89 % of all human proteins, yielding 

little proportion of tryptic peptides containing one or more cysteine residues[34]. LID was 

implemented and validated on triple quadrupole instruments in Photo-Selected Reaction 

Monitoring (Photo-SRM)[35] and a Q Exactive in All Ions Fragmentation[36] (AIF) for the 

specific detection of cysteine-containing peptides.  

In each case, the peptides are identified based on their fragmentation behavior. Backbone 

fragmentation is required to obtain sufficient sequence coverages[37] and specific transitions 

for quantification in Multiple Reaction Monitoring (MRM)[38]. Here, we report the LID study 

at 473 nm of 401 derivatized cysteine-containing tryptic peptides coming from the human 

proteome. The LID pattern according to the peptide sequence and position of the cysteine 

residue was explored. The aim was to demonstrate the ability of LID to provide (i) the 

maximum of information to identify chomophore-tagged cysteine-containing proteotypic 
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peptides, in discovery approaches and (ii) specific transitions for further quantification in 

MRM.  

 

Materials and methods 

Chemicals and reagents 

Acetonitrile (ACN), methanol (MeOH) and water (H2O, LC-MS grade) were obtained from 

Fisher Scientific (Strasbourg, France). Formic acid (FA) (LC-MS grade), trypsin (type IX-S 

from Porcine Pancreas), tris(2-carboxyethyl)phosphine (TCEP), and ammonium acetate (AA) 

were  purchased from Sigma-Aldrich (St Quentin-Fallavier, France). The chromophore 

DABCYL C2 maleimide was purchased from AnaSpec (Fremont, CA, USA). All cysteine-

containing tryptic peptides were purchased from ThermoFisher Scientific (Courtaboeuf, 

France) on 96 well plates as PEPotec SRM Grade 2 (unpurified).  

 

Instrumentation 

The experimental setup has been described in details elsewhere[36].  Briefly, it consists of a 

mass spectrometer coupled to a Visible continuous laser. The mass spectrometer is an hybrid 

quadrupole-orbitrap Q-Exactive mass spectrometer (ThermoFisher Scientific, San Jose, CA, 

USA) equipped with a HESI ion source coupled to a Surveyor HPLC-MS pump (Thermo 

Fisher Scientific, San Jose, CA, USA) and a PAL Auto-sampler (CTC Analytics, 

Switzerland). This instrument has been modified to allow visible laser irradiation of ions. A 

fused silica window was fitted on the rear of the HCD (High Collision Dissociation) cell to 

permit introduction of a laser beam. The detector plate, initially positioned at the exit of the 

HCD cell and on the laser beam trajectory, was removed with no impact on the instrument 

performance (resolution and sensitivity). The laser is a 473 nm continuous wavelength laser 

(cw) (ACAL BFI, Evry, France). Its output power was set to 400 mW and its beam diameter 
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is 1.5 mm (divergence 1 mrad). The laser is slightly off axis in order to avoid photo-

fragmentation in the C-trap.  

 

Sample preparation 

The 401 synthetic cysteine-containing tryptic peptides from human kinases were mixed in 50 

pools at 400 µg/mL in H2O/ACN (50/50) + 0.5% of FA (8 peptides per pool on average). For 

building the spectral library, each pool were diluted at a concentration around 1 µg/mL into 

acidified water, mixed together in 1 pool, reduced, derivatized with a 3-fold molar excess 

solution of TCEP (500 µL of a 1 mg/mL in 60mM AA solution) and a 5-fold molar excess of 

DABCYL C2 maleimide chromophore in MeOH (500 µL of a 1 mg/mL in MeOH). The 

mixtures were stirred in the sonic bath then, stored in the dark for 4 h at room temperature. 

Subsequently, samples were desalted and concentrated using Oasis™ HLB 3 cc (60 mg) 

reversed phase cartridges (Waters, Milford, MA, USA). The cartridges were conditioned with 

1 mL of MeOH and then 1 mL of MeOH/water (5/95, v/v) containing 0.5% FA. After the 

loading, all cartridges were washed with 1 mL of MeOH/water (5/95, v/v) containing 0.5% 

FA and eluted with 1 mL of MeOH containing 0.5% FA. All samples were evaporated to 

dryness and resuspended in 100 µL of MeOH/water (95:5, v/v) containing 0.5% FA. All 

solutions were stored at -20°C prior to use.  

 

HPLC separation 

HPLC separation was carried out on an XBridge C18 column (3.5 µm, 300 A, 2.1 mm i.d x 

10 cm) from Waters. The HPLC mobile phase consisted of water containing formic acid 0.1% 

(v/v) as eluent A and ACN containing formic acid 0.1% (v/v) as eluent B. Elution was 

performed at a flow rate of 300 µL min. The separation step a plateau with 15 % of eluent B 
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for 4 min followed by a linear gradient from 15 % to 50 % for 74 min. The gradient was 

returned to the initial conditions and held there for 5 min. The injection volume was 20 µL. 

 

Mass spectrometry operating condition 

Ionization was achieved using electrospray in positive ionization mode with an ion spray 

voltage of 4000 V. The sheath gas and auxiliary gas (nitrogen) flow rates were set at 35 and 

10 (arbitrary unit), respectively, with a HESI vaporizer temperature of 300°C. The ion transfer 

capillary temperature was 300 °C with a sweep gas (nitrogen) flow rate at 5 (arbitrary unit). 

The S-lens RF was set at 50 (arbitrary unit). LID MS/MS spectra of doubly, triply and 

quadruple protonated species (according to the peptide size) were acquired in DDA (top10 

analysis) and PRM (Parallel Reactions monitoring) modes for each pool of synthetic 

derivatized peptides. For DDA in full scan (FMS), the resolution was set to 35 000, the 

Automatic Gain Control (AGC) was 3.106, the maximum injection time was set to 250 ms. In 

MS² the resolution was set to 17 500, the Automatic Gain Control (AGC) was 5.106, the 

maximum injection time was set to 120 ms and the quadrupole isolation width was 2 Th. In 

PRM, the resolution was set to 17 500, the Automatic Gain Control (AGC) was 3.106, the 

maximum injection time was set to 60 ms and the quadrupole isolation width was 2 Th. For 

LID experiments, the activation time was set to 25 ms. In order to avoid collisions and CID 

contamination, HCD collision energy was set to the minimum 2 eV. For HCD experiments, 

the activation time was set to 3 ms and the normalized collision energy (NCE) was 28.  

 

Results and discussion 

In order to examine the fragmentation pattern of LID induced at the peptide level, 401 

cysteine-containing tryptic peptides were derivatized on the amino acid cysteine with the 
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dabcyl chromophore. Different charge states were then fragmented using LID at 473 nm in a 

Q Exactive in PRM and DDA mode. All the obtained LID spectra were compiled and stored 

in the form of a spectral library in the Skyline software. The Skyline interface gives access 

and presents all the detected fragments from each derivatized peptide with their mass, charge, 

relative intensity, type and location on the peptide. For further investigation, only the MS/MS 

spectra of the charge state ion which gives the maximum of fragment ions were considered, 

for each peptide. Selected precursor ions were mostly doubly and triply protonated species, 

according to the size of the peptide. On this basis, we looked at the 401 different spectra of 

the spectral library and investigated a typical way of fragmentation in LID. Figure 1a shows 

the LID spectrum of the triply protonated chromophore derivatized ELGAALQGCLLR 

peptide, as an example. First, we were able to detect on each spectrum a characteristic high 

intensity fragment at m/z 252.112. This product ion arises from the internal dissociation of the 

dabcyl chromophore, which absorbs the visible light. This reporter ion is specific of the 

Dabcyl derivatized peptide but does not allow any characterization of the peptide sequence. 

However, several peptide-backbone fragment ions are also detected (Figure 1a). The 

observation of fragmentation channels associated with peptide backbone shows that part of 

the energy must be redistributed across the entire system despite excitation initially localized 

at the chromophore, which points to IVR and a global heating of the whole system prior to 

fragmentation[39]. The major obtained fragments are b- and y-type ions, with some 

consecutive water losses. They represent more than 90 % of all the generated product ions 

indicating a predominant cleavage of the C-N amide bonds during the LID fragmentation. 

Similar to CID or IRMPD, breaking of the most labile bonds is observed, which is consistent 

with IVR prior to fragmentation. Moreover, there are 2 types of fragment ions: those still 

containing the intact chromophore (yn+, bn+…) and those with the partial chromophore (yn-

251+, bn-251+), after internal photo-fragmentation of the latter. For comparison, HCD 
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spectrum of the same derivatized peptide is shown Figure 1b. Overall, the same types of 

fragment ions are detected but with differences in relative intensities. Finally, all the ions 

detected in LID allow the identification of the cysteine-containing peptides with an average 

sequence covering of 82 %. Backbone fragments are obtained, that will allow specific 

transitions for quantification in MRM. We can also note that a fragmentation yield of 80 % is 

obtained with 25 ms of activation time.   

Next, in more details, we investigated the photo-fragmentation pattern according to the 

peptide sequence and the position of the chromophore derivatized cysteine amino acid. At this 

stage, it is important to note that only fragment ions with the intact chromophore were used 

for this statistical study. The practical reason for this is that the specific fragments which do 

not contain the intact chromophore (yn-251+) cannot be included in Skyline. First, localization 

on the peptide sequence of the 6 most intense fragment ions was identified and assigned to the 

corresponding amino acid (AA). Practically, for a peptide containing X AAs, bn ions were 

assigned to the Nth amino acid of the sequence, while the yn ions are assigned to the X-(n-1)th 

amino acid (see insert in Figure 2).  The number of fragment ions associated to each AA was 

weighted by the total number of this AA in the 401 peptides (statistics on these total numbers 

are given in Supporting Information Table S1), to obtain the following ratio of fragments: 

𝐹𝑟𝑎𝑔𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛	𝑅𝑎𝑡𝑖𝑜(𝑖) = 	
𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑓𝑟𝑎𝑔𝑚𝑒𝑛𝑡𝑠	𝑎𝑡		𝑡ℎ𝑒	𝑎𝑚𝑖𝑛𝑜	𝑎𝑐𝑖𝑑(𝑖)
𝑇𝑜𝑡𝑎𝑙	𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑎𝑚𝑖𝑛𝑜	𝑎𝑐𝑖𝑑(𝑖)	𝑖𝑛	𝑡ℎ𝑒	𝑙𝑖𝑏𝑟𝑎𝑟𝑦 	𝑋	100 

 

Figure 2 shows the ratio of fragment ions obtained for each amino acid (note that K and R are 

not presented here due to the tryptic nature of the peptides). As expected, most of the time, 

when a proline is present in a peptide sequence it generates a fragment at this location (76 

%)[40]. A similar behavior is observed for the tryptophan residue (69 %). However, the most 

relevant behavior is the quasi absence of fragmentation at the cysteine location. This implies a 
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process which promotes energy redistribution along the peptide sequence instead of a direct 

fragmentation on the chromophore derivatized cysteine. The depletion of fragmentation at the 

cysteine residues is more pronounced in LID, although it was also observed in CID[41]. For all 

the other amino acids, no significant pattern could be extracted. It seems that AA belonging to 

the aromatic and aliphatic family (green and light green in Figure 2) are more prone to induce 

fragmentation at their side, while less fragments are obtained for the sulfurous and amide AAs 

(orange and red in Figure 2) , which is also observed in HCD[41, 42]. In order to avoid any bias 

in the result interpretation of amino acid specific fragmentation, the spatial distribution of 

each amino acid across the entire peptide pool was evaluated. For that, the relative position of 

each amino acid from the cysteine residue was calculated for all the 401 peptides (with the 

peptide size normalized to 1). Table S2 in the Supporting Information shows the mean 

position of each amino acid for the whole dataset of peptides. All the different amino acids are 

equally distributed and there is no specific amino acid which is always close or far away from 

the derivatized cysteine. The different fragmentation ratios observed for the different AA 

indicate that IVR is not total before fragmentation occurs[39].  

The presence of proline and tryptophan favors the fragmentation of the peptide at these sites. 

However, the total number of fragment ions along the peptide backbone is important for the 

identification. Thus, the energy redistribution mechanisms must be taken into account to 

enlighten the LID processes. In that way, the amino acid environment around the site of 

fragmentation was studied. For each fragment ion (assigned to an AA), the presence of the 

cysteine residue in the 2 AAs before and after the breaking site was searched.  In average, 30 

% of the observed fragments contain the derivatized cysteine at ± 2 AAs from the 

fragmentation site. In order to evaluate the limit distance for the energetic redistribution, the 

position of the fragmentation from the derivatized cysteine was considered. For each size of 

peptides (8 to 20 AA, see Supporting Information), the number of detected fragment ions (b 
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and y-types, representing more than 90 % of the detected fragment ions) was plotted against 

the distance (i.e. number of AA) between the cysteine residue and the fragmentation site 

(Figure 3). The results show that the major distance from the fragmentation site to the 

cysteine is different according to the peptide size. The dispersion of energy in the system is 

not homogeneous. More fragment ions are detected at 2 AA from the cysteine for the peptides 

that contain 9 AA, while 6 AA separate the cysteine and the more frequent fragmentation site 

for the peptides containing 15 AA. The major distance of fragmentation from the cysteine 

residue increase with the peptide size, indicating that energy redistribution is favored for 

longer peptides. Interestingly, for peptides with 16 AA and more, 2 “maxima” of location of 

the fragmentation site are observed. One follows the increasing trend with the peptide size and 

the other one is closer to the cysteine residue. Thus, more fragment ions are observed all long 

the peptide backbone.  

To have a more statistical distance value over the 401 peptides, the length of each peptide was 

normalized by 1. Thus, the number of observed fragments was determined for different ranges 

of relative positions of the fragmentation site from the cysteine residue. This number was 

normalized to the total number of ions detected and was plotted against the relative distance 

between the cysteine and the fragmentation site (Figure 4 in blue). Here, a major relative 

distance from the fragmentation site to the cysteine is between 0.21 and 0.4 AAs for b and y 

ions. The average size of the 401 peptides being 13.46 AAs, this indicates that the 

fragmentation mainly occurs at 3 to 5 amino acids from the derivatized cysteine residue in 

LID. However, fragmentation at longer relative distances from the cysteine is also observed 

for 35 % of the detected fragment ions, which implies a more efficient energy redistribution 

after initial excitation location at the chromophore.  

In order to validate the impact of the initial excitation of the derivatized cysteine on the LID 

fragmentation, the derivatized peptides were analyzed by HCD and the data processed the 
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same way. The results indicate that the number of fragment ions detected as a function of the 

relative distance from the fragmentation site to the cysteine is more homogenous (Figure 4 in 

orange), especially at longer distances (between 0.41-0.80), than in LID. Thus, the effect of 

the derivatized cysteine on the fragmentation is less pronounced in HCD, where the initial 

excitation is not specifically on the chromophore.   

From this observation, we can pinpoint the importance of the chromophore derivatized 

cysteine location to enrich the LID spectrum. Thus, the number of b and y fragment ions and 

the associated sequence coverage was calculated for each peptide and evaluated regarding the 

position of the cysteine residue in the sequence. The size of the peptides was normalized at 1 

and the relative position of the derivatized cysteine was obtained. Consequently, peptides can 

be clustered in 4 groups depending on the position of the cysteine in the peptide sequence: at 

the N-term (position 0-0.25), in the middle left (position 0.26-0.5), in the middle right 

(position 0.51-0.75) and at the C-term (position 0.76-1). Table 1 presents the averaged 

sequence coverages obtained for each groups. The results show that, a position in the middle 

of the sequence produces more fragments with an averaged sequence coverage of 73 %. In 

contrast, a peptide with a cysteine close to the N- or C-term will present a limited set of 

fragment ions in LID and a lower sequence coverage (averaged value of 62 %). Although, in 

this case, the sequence coverages are good enough for identification in bottom-up proteomic 

approaches, a narrow choice of transitions will be accessible for quantification in MRM.  

Then, for the peptides with the better sequence coverages (93 % to 72 %) with the cysteine 

AA in position 0.26 to 0.75, the nature of the other AA was investigated. The number of each 

type of AA present in these peptide sequences was calculated. For each amino acid, this value 

was again weighted by the total number of this AA in the 401 peptides. Figure 5 displays the 

normalized presence ratio of each AA in the peptides having the higher sequence coverages. 



14 
 

The results indicate that optimal sequence coverages are associated to the presence of 

tryptophan, isoleucine, phenyalanine, serine and proline AAs in the peptide.  

 

Conclusions 

LID spectra were obtained for 401 Dabcyl derivatized cysteine-containing tryptic peptides. 

All the peptides show an intense specific fragment ion at m/z 252.112, arising from the 

internal dissociation of the dabcyl chromophore, which absorbs the visible light. Moreover, 

fragmentation of the peptide backbone is also observed, yielding mainly series of b and y 

ions. These structurally informative fragments contain or not the intact chromophore. 

Backbone fragmentation is not principally observed directly at the cysteine residue.  This 

implies a process which promotes energy redistribution all along the peptide sequence 

between mainly 1 to 5 amino acids from the cysteine position. The LID pattern according to 

the peptide sequence and position of the cysteine residue was explored. A position of the 

cysteine in the middle of the sequence produces more fragments, in LID, due to energy 

redistribution on both sides of the cysteine location. This favors a better sequence coverage (> 

70 %) and a greater confidence for identification, even if adequate sequence coverages are 

obtained for other positions. Moreover, the longer the peptide, the more effective the energy 

redistribution. Thus, a peptide with 14 to 17 AA will present more fragment ions along the 

backbone. Furthermore, the presence of tryptophan, proline, phenyalanine, isoleucine and 

serine residues induces a higher fragmentation.     

Finally, the results show the potential of LID to provide useful complete fragmentation of the 

backbone, which will allow confident identifications of chromophore-tagged tryptic peptides 

in further discovery approaches. Moreover, a large set of specific transitions could be 

accessible for specific quantification in MRM study. 
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Tables 
 
Table 1: Averaged sequence coverages obtained according to the relative cysteine position in 

the peptide sequence. Position 0 to 0.25 corresponds to the cysteine in the first quarter of the 

sequence, position 0.25 to 0.5 corresponds to the cysteine in the second quarter of the 

sequence, position 0.51 to 0.75 corresponds to the cysteine in the third quarter of the sequence 

and position 0.76 to 1 corresponds to the cysteine in the fourth quarter of the sequence. 

Relative cysteine position Sequence coverage (%) 

0-0.25 65.2 

0.26-0.50 73.4 

0.51-0.75 72.1 

0.76-1 61.8 
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Figure captions 
 
Figure 1: MS/MS spectra of the triply protonated Dabcyl derivatized ELGAALQGCLLR 

peptide at m/z 545.621 in a) LID at 473 nm and b) HCD (NCE 28). The * indicates the 

precursor ion.    

Figure 2: Fragmentation ratio for each amino acid. In green and light green are the aromatic 

and aliphatic AA, respectively; while in orange and red are the amide and sulfurous AA, 

respectively. The insert shows example of amino acid assignment for y8 and b5 ions.  

Figure 3: Number of fragments detected according to the distance (i.e. number of AA) 

between the derivatized cysteine and the fragmentation site for each size of peptide. 

Figure 4: Normalized number of fragments detected according to the relative distance 

between the derivatized cysteine and the fragmentation site (for the 401 peptides) in LID 

(blue) and HCD (orange). 

Figure 5: Presence ratio of each amino acid in the peptides having sequence coverage of 93 

% to 72%.  

 

 

 

 

 


