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Overview Scientific Proteome Discoverer software version 1.3 was In addition, several N- and C-terminal and internal peptide
used. The peptide fragmentation data was submitted to a backbone hydrolysis products were detected. Except for the

Purpose: Synthetic peptides are widely used as therapeutic SEQUEST® database search. The search contained the glucagon S2-L26 hydrolysis product, the detected amounts

drugs. In order to guarantee their biological activity, they original sequence of the peptides and the sequence of some were very low (below 1% base peak intensity).

must be characterized thoroughly. Also, during long-term known impurities, and was performed using the “non-

The SEQUEST database search found a deamidation
product on the GIn20 in all glucagon samples. The
deamidation product on the Asn 28 was also present in all
samples but was only identified if the peptide precursor was

storage, degradation of the product may occur. cleavage option.” For calcitonin carbamidomethylation of the
cysteine and amidation of the C-terminus was used as a
fixed modification. Acetylation was used as variable
modification for the N-terminus and for the serines.

Methods: The peptides calcitonin and glucagon were
stored long-term under different conditions and sub-

sequently analyzed using an Orbitrap mass spectrometer fragmented using HCD. This was likely because HCD does
coupled to a nano-LC system. Database search algorithms like SEQUEST only work if the not have a low mass cut off in the MS2 scans. As shown
. . . . original target amino acid sequence is known and present in ' ' ' ' ifi

Results: Degradation of synthetic peptides can result in N J no acl dd ) W P ! Flgure 7, more than 19 unique peptldes were 'de"‘?'f'e“

_ . the database. It fails if the sequence Iis unknown or when using HCD as compared to 13 unique peptides using CID.
complex mixtures. Even low amounts of degradation P . . .

. . .. . unexpected modifications and degradation products are Both CID and HCD fragmentation scans were measured in
products can be identified and quantified using nano-LC- tin th le. PEAKS™ Studio 5.3 d .
led mass spectrometry (MS) Present In the sampie. Ft >HUdI0 ©.3 AeNOVO the Orbitrap mass analyzer.
coup ' sequencing software (Bioinformatics Solutions, Inc.) was
Introd T used to screen for unexpected degradation products and FIGURE 7. Sample stored in solution (SST).
ntroauction modifications, and to confirm the findings of the SEQUEST

Calcitonin is a 32-amino acid polypeptide hormone that search. Figure 2 summarizes of the data analysis steps used.

regulates the calcium level in the body. Glucagon is a 29- FIGURE 2. Data analysis steps.
amino acid polypeptide hormone that regulates the blood
sugar level in the body.

Input File:

Input File:
Glucagon_SS5T_CID_FT..

Glucagon_SST_HCD_FT..

‘ Mass spectrometry data file from nano LCMS Orbitrap experiment

Both peptides were stored at accelerated conditions
Including high temperature and high humidity.

Promass 2.8 ™ Software

*Deconvolution of data and generation of the peptide sequence ladders for calcitonin

Characterization of the degradation products Is important in and glucagon | | |
understanding how the quality of the peptide varies due to tractod lom ehromatoaror of tho ol scane - Ct using the peslcareas ofthe
storage conditions, and to validate the analytical procedures
used. - : — ! Throughout the LC-MS analysis the Orbitrap mass
roteome Discoverer 1.3 T Software ~ trometer had a mass error of less then 5 ppm for most

D d t d t df t f *Determination of peptide sequences and location of modification sites by submitting Put all data Spec i pp

egra ation pro UCIS Can OCCur as a modification or an the peptide fragmentation data to a SEQUEST ™database search together Of the measured precursor masses (F|gure 8)
amino acid in the sequence or as a hydrolysis of the peptide -Absolute quantitation of peptide degradation products using the peak areas of the :
b kb B th t b t d . MS extracted ion chromatogram of the full scans

acC one. @) events can npe monitore US|ng . FlGURE 8 Mass error.
As shown_ In Figure 1_, calcitonin c_onta_lns a well- | T Ponketudio 5.3 ™ Sofwars -
characterized N-terminal acetylation site. It also contains a + Confirmation of peptide sequences and modification sites using the denovo

sequencing approach 10

possible O-Acetylation site on the Ser!3. Acetylation of an
amino acid results in a mass shift of +42.011 (N-terminal) or
+42.0367 (Serine) for the precursor mass and the fragment
lon series.

Structure elucidation of unpredicted degradation products

o

Relative quantitation of the degradation products

Delta Mass [ppm]

Results
The glucagon seguence contains many asparagines and . o
: : : i Calcitonin
glutamines that are prone to deamidate during long- term 0.
storage. Deamidation results in a mass shift of +0.984, and Using the ProMass software’s ladder sequencing and peak
the amino acid asparagine is converted to aspartic acid and extraction functions, the results (shown in Figure 3) were T T m s w70 s s o
the amino acid glutamine is converted to glutamic acid. The obtained. Carbamidomethylated calcitonin was the base RT [min]
relatively small mass shift can only be detected when using peak. Acetylation is the most common modification and its
a mass spectrometer with high mass accuracy. amount does not change during storage. The same applies Although deamidation products were identified in all
to the side product Des-Tyr?? calcitonin. samples, in most they were below the limit of quantitation

FIGURE 1. Calcitonin and glugacon sequences. (signal to noise ratio<2). Deamidation product could only

The amount of C-terminal and internal peptide backbone

Calcitonin . . . . be quantified in the sample stored in solution (SST) for 3 h
hydrolysis products increases during storage. The dynamic . 0
H-EER-Ser*-Asn™Leu-Ser’- Thr-Cys'-ValLeu’ Gly»-Lys' - Leu™ SSil GIn g Glu™™- range of the quantitation was 104. Hydrolysis products down at 75 "C. About 45% of the total peak area was
Leu'®-His'7-Lys'8-Leu'®-GIn?°-Thr?'-Tyr?2-Pro?2-Arg?3-Thr?4-Asn?°-Thr?6-Gly?"-Ser?®- g q ; . _y Y P deamidated glu cagon.
Gly2-Thr®'-Pro®-NH to 0.004% of the base peak intensities were detected.
Glucagon o The identity of the peptide backbone hydrolysis products
FIGURE 3. Results for calcitonin. . . .
H-His'-Ser-@IRB-Gly*-Thr®-Pheb-Thr’-Ser8-Asp®-Tyr'%-Ser'1-Lys2-Tyr'3-Leu*-Asp15- _ were confirmed using PEAKS Studio 5.3 de novo
Ser'6-Arg'7-Arg'8-Ala'*-BIRBS-Asp?'-Phe?2-Val?-BIR- Trp2°-Leu?t-Met?’-BSHEE- Thr2°- % of Base peak |% of Base peak sequencing software. As shown in Figure 9, the amount
OH Re_tention time [MH+ _ _ _ intensity in intensity in _ ' _ _ _ !
TES e Gomeiyated Calion ase peak [Bssepenk of hydrolysis products increased if the peptide was stored
Acetylation, Oxidation, IEEIUSHON 28 5582 pcetymed Calchonin 0.4 = at high temperature and high humidity. If glucagon was
256 3204 Galetonin Gys1-Gha8 ydralysls product |65 : stored as a powder we observed mostly N-terminal and C-
Methods 147 Sioe Galctonin Laut-P32 ydrolysls boduet ot determined 3. terminal peptide hydrolysis. When stored in solution,

Internal peptide hydrolysis products were detected.

Sample Preparation Besides the well-characterized N-terminal acetylation site,

Calcitonin (powder) was stored at -20 °C (control) or at 5 °C the O-acetylation on the Ser*® was found with the SEQUEST FIGURE 9. Amount of hydrolysis,
for 3 years (accelerated). The intrachain disulfide bridges database search in both calcitonin samples (Figure 4). Glucagon SST (150 3)  Stabilly sample (20°C) - Stabilty sample sccel. (25°C/60% R

HSQGTFTSDY SKYLDSRRAQ DFVOWLMNT HSQGTFTSDY SKYLDSRRAQ DEVOWLMNT HSQGTFTSDY SKYLDSRRAQ DFVOWLMNT

were reduced and alkylated prior to LC-MS analysis. _ s = —
Approximately 0.7 fmol of each of the control and FIGURE 4. O-acetylation on the Ser-°. =

accelerated calcitonin were analyzed using LC-MS. e z = — —— =
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at-20 °C (control stability sample) or at 25 °C/60% (relative - 53

humidity accelerated stability sample) both for 6 months. Stress test sample (40°C/ 75% RH)  Stress test sample (60°C)

HSQGTFTSDY SKYLDSRRAQ DFVQWLMNT HSQGTFTSDY SKYLDSRRAQ DEVQWLMNT
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The glucagon stress test sample (powder) was stored at ”
20 °C or at 40 °C/75% relative humidity or at 60 °C (relative 1O o [
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stored for 11 days at the above condition and afterwards e WCOET o BT R e e T
1
y +1] NEER) 24808996 36211283 4V519696 56222899 EBEI2VEEY | 82330732 92237574 103545981 109248128 122057625 133366032 146270232 159076150 1719.80410 1832.88817 1969.94708
b*[+1] 14401138 | 231.04341 | 345.08634 45817041 | 545.20244  E46.25012 806.28078 905.34320 1018.43327 107545474 120354971 | 1316.63378 1445.67637 157373495 170277755 | 1815.86162 1952592053 I I
. I
(o) b*[+1] 14302737 | 23005940 34410233 | 45718640 54421843 B45.26611 80529676 S904.36518 1017.44525 | 107447072 120256569 1315.645976 144469235 | 157275093 | 1701.79353 | 1814.87760 15951.93651 —
WaS p ace In a - reezer Or yearS. y[+1] 342875918 3341.72716 | 322768423 | 31460016 | 302756813 | 292652045 | 276648980 | 2667.42138 | 255433731 | 249731584 | 2369.22087 | 2286.13680 | 2127.09421 | 199903563 1869.99303 1756.90856 1619.85005 —
W+ 3173265 | 332470062 | 321065765 | 3097.57362 | 3010.54159 | 290949391 | 2749.46325 | 2650.39483 | 253731076 | 2480.28929 | 235219432 | 223911025 | 2110.06766 | 198200308 1852.96648 1739.88241 160282350 Value Type:
< by Theo. Mazs [Da] »
Additionally, one aliquot of glucagon was dissolved in water ¢ SNLISJT eJV LIGIKILISJQEJLIHIKILIQITIYIPIR T NT GS G T p :
=3
d dfor3h 75 °C. Thi mpl d C '
and stored for ours at : IS Sample was used as a OﬂCllISIOﬂS

system suitability test (SST). Approximately 0.7 fmol of each ldentities of the hydrolysis products were confirmed using

glucagon sample preparation was analyzed by LC-MS. PEAKS Studio software. The calcitonin stored at accelerated 1. Degradation of synthetic peptides at accelerated

o condltlon_s showed a hlg_her number of C?-termmal hyglrolyzed conditions can result in complex mixtures. The
Liquid Chromatography degradation products (Figure 5). N-terminal hydrolysis degraded peptides are a result of a modification on the
Nanoscale liquid chromatography was performed on an products were hardly detected, probably because the N- original peptide sequence and/or hydrolysis of the
Thermo Scientific EASY-nLC Il nano liquid chromatograph. terminal acetylation suppresses the signal of the b-ions. peptide backbone.
The flow rate was 200 nL/min. The column used was a FIGURE 5. Comparison of calcitonin stored at normal 2. Even modifications that cause only a small shift in the

“*Magic C18” column from Spectronex (particle size 5 um,
length 100 mm, ID 100 pum). The column also served as an
emitter for the nanospray. Column equilibration and loading Calcitonin control -Calcitonin accel
was done with 5% acetonitrile (ACN) in 1% acetic acid. The R e Sl 3. Using nano-LC-coupled MS, even low amounts of
peptides were eluted with a 70 min gradient up to 40% degradation products can be identified and quantified.
acetonitrile. Column washing was done using 90% ACN.

versus accelerated conditions. masses of the precursor ion and the fragment ions can
' be detected using the Orbitrap mass analyzer.

4. In order to identify both expected and unexpected
peptide degradation products, a database search
algorithm must be used in conjunction with a de novo
sequencing approach.

Mass Spectrometry

The experiment was performed on the Thermo Scientific
LTQ Orbitrap Velos hybrid mass spectrometer. Both full and

fragmentation scans were measured in the Orbitrap™ mass Glucagon References

analyzer using 30000 and 7500 resolution, respectively. Using ProMass ladder sequencing and peak extraction

Peptides were fragmented using collision induced functions, the results shown in Figure 6 were obtained. 1. MaB., et. al. PEAKS: powerful software for peptide de
dissociation (CID) and higher-energy collisional dissociation Oxidized glucagon was the base peak. Oxidation is the most novo sequencing by tandem mass spectrometry. Rapid
(HCD). The 10 highest peaks for each full scan were common modification and its amount increases if the Commun Mass Spectrom. 2003;17(20):2337- 42.
subjected to MS/MS. A dynamic exclusion time of 60 sec peptide is stored at higher temperature. The side product . .

was used to fragment the low abundance compounds. Des-Thr5 glucagon was found in low amounts in the sample 2. Zhang, Z. and Marshall, A.G. A universal algorithm for

o o fast and automated charge state deconvolution of
Data Analysis that was stored at 40°C and 60°C. electrospray mass-to-charge ratio spectra. J Am Soc
Mass Spectrom. 1998 Mar;9(3):225-33.

Large biomolecules such as peptides are predominantly FIGURE 6. Results for glucagon.
multiply-charged when ionized by nanospray. In positive ion 20°C stabilty sample % of Base peak Intensity 4GSR stress sample % of Base peak Intenslty 3. John R. Yates, et.al. An Approach to Correlate Tandem
mode, peptides are protonated at multiple sites due to the a Glucagon 8 Glucagon Mass Spectral Data of Peptides with Amino Acid

W oxidized Glucagon

basic amino acids and the amino terminus. These complex
spectra must be “deconvoluted” to determine the uncharged
mass of the peptide. Thermo Scientific ProMass
deconvolution software was used to screen the MS survey
Stans fC-)I‘ target p_e_ptld_e mgsses, Impurities and post- 25°C160% RH stress sample % of Base peak o . o This information is not intended to encourage use of these products in any manners that might infringe the intellectual
translational modifications in the samples. ProMass™ ntensiy e o e e eon property rights of others.

deconvolution software cannot locate the site of the o
modification, nor is it able to find modifications that show
small mass shifts such as a deamidation. It is also not able
to confirm the sequence of a peptide. Therefore Thermo

B oxidized Glucagon

Sequences in a Protein Database. American Society
oo proc for Mass Spectrometry. 1994,1044-0305
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SEQUEST is a registered trademark of the University of Washington. PEAKS is a trademark of Bioinformatics
Solutions, Inc. All other trademarks are the property of Thermo Fisher Scientific and its subsidiaries.

- B oxidized Glucagon
moxidized Glucagon g

O Glucagan H1-014

frydrolysis product
O Glucagaon H1-D21
hydrolysis product
B Glucagon S2-L28

frydrolysis product

SCIENTIFIC

O Glucagon H1-D15
hydrolysis product

O Glucagoen H1-D21
hydrolysis product

H Glucagon S2-L26
hydrolysis product

O Des-Thrd Glucagon




	Slide Number 1

