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ABSTRACT ( . ) Requested types of theoretical fragments are Peptide: Insulin, M=5729.6008 Peptide Category Sequence Peaks (A) | Peaks (B) | Peaks (C) | TIC assigned(C) | Settings
Prepare theoretical fragments from AA sequence : | | , , , S/N>10
, , N , o : : . : L ) generated from a given sequence. Exenatide | Linear HGEGTFTSDL SKQMEEEAVR LFIEWLKNGG PSSGAPPPS-[Ami] 25 57 174 43.6%
This presentation highlights a generic workflow for characterization of non-linear peptides using high {} GIVEQC[*1]C[*2]ASV C[*1]SLYQLENYC[*3] N error< 5ppm
resolution MS/MS data. Non-linear peptides are represented as strings of amino acid residues with links p . ragmentation Setings Oxytocin | Lasso C[*1]YIQNC[*1]PLG-[NH2] 52 81 81 61% SIN >1(;
outlining the attachment chemistry; this allows for the prediction of both single-chain and linked fragments. Prepare MS/MS spectrum ( find peaks and their charges, et Tess @a @o @yE! [ Backoons Loss FVNQHLC[*2]GSH LVEALYLVC[*3]G ERGFFYTPKA oyelo :;rNoiloppm
Comprehensive MS/MS annotation is possible by accommodating for side-chain losses as well as multiply- N collapse isotope signal, threshold ) ) o —— | netorusmtatoms A d based . ic sianal (GRaDsp) | <V ST HIRGDSPITL (O] - 5 . L7 error< 10ppm
charged fragments and their isotope patterns in MS/MS. With this enhanced approach peptide sequence ) . R - B et |l nnotated based on MONO-ISOIOpIC Signal eree Cyclosporin | Cycicwith | Al LILIMeILILMeIVIIMel L BMelAbuGIIMelLIMeIVL IMe] ) [0
coverage and percent annotated MS/MS TIC were similar for data from IDA and DIA methods. The Match theoretical and exberimental fradments Cotepse sctopc St = oo o A side chains | A[*1,(OH)-1] 160 225 221 65.7% | Error< sppm
annotation coverage increased with the best outcome for purely cyclic peptides, where the improvements of L i 0 ) R S - P insulin | Mutti-chain | GVEQCI*HICI*2]ASV CI*1]SLYQLENYC[*3] N/ FVNQHLC[*2]GSH | 162 326 Se5rs | /N >1000
up to 100% from the previous approaches:2 were noted. {} Experimentally observed neutral losses are a oo ] I \ ‘ LVEALYLVC[*3]G ERGFFYTPKA error< 5ppm
( ) validated against peptide structure and - ‘ { £ e ol L) [P )
Filter false positive results i i i oe0 -] 3452143 T . . L L : .
INTRODUCTION \ ) respective amino acids. o S . T e ] J\ lzww\ { T lrewes TGS e Table 1. Summary of peptide interpretation results with different in-silico annotation strategies
ays _ _ o Wl Lyl O VG PP s [ e mee Peaks (A ) column indicates number of peptide MS/MS fragments having unique m/z, found considering a, b, v,
Bioth tic d tvpicall i li tides. Th tid d their catabolit dt g | In case of isomeric fragments, the “winner miz, Da : TR - dari
lotherapeutic drugs are typically non-linear, cyclic peptides. These peptides and their catabolites need to Assign sequence-specific fragment names fragment requires the least bonds to break as Ao 137 o 5 ot MES Peak Ares Ao €655 Se e Conerae. 13 vt conecectve i s yla and y|b fragments; Peaks (B) column indicates number of peptide MS/MS fragments considering Peaks A
be characterized within the drug development process. ] e T and up to 4 side-chain losses; Peaks (C) column indicates number of peptide MS/MS fragments considering
. ) well as evidence of a predecessor. S - : reroT s Annotated based on isotope clusters - ant i
ince series of isotope 120004 N o« P Peaks B and collapsing fragment isotope peaks to one peak.
While identification and annotation of linear peptides from MS/MS spectra has been well understood, the Figure 1: Workflow for the peptide MS/MS fragment annotation peaks are selected in %; *\/ariable side-chain methyl losses were considered.
analysis of large bio-therapeutic peptides, such as cyclic ones, has presented challenges since their Q1 and fragmented in g oo **Fragments with up to 3 broken bonds were proposed in-silico.
fragmentation does not follow conventional fragmentation pathways34°. In addition, large bio-therapeutic RESULTS parallel, peptide a cooo ]
peptides tend to generate larger, often multiply charged fragments and confident detection of the mono- o, et fragment isotopes in E o] | e Using the expanded algorithms, the number of annotated peptide fragments increased. The percentage of peak
Isotopic ion can be difficult due to its potential absence or poor signal to noise. Meanwhile, the traditional Peptide: Cyclosporine A, HBG)\/[\W‘?”SO OIN(; o MS/MS spectra can be .y JL lmu;f-z[ugmm\ oodezx area assignment rose by a factor of 2.1 for peptide Oxytocin, and a factor of 2.0 for peptide Cyclo(-GRGDSP)
naming logic for peptlde fragments nee_ds to be ad_justed to fit non-llneqr sequences. _Thls presentation will A[*1] L[1Me] L[1Me] V[1Me] T[_BMe] Abu G[1Me] L[1Me] V L[1Me] A[*1,(OH)-1] ooy NfLEH X Hf“‘w'c“{j used m_confldent e " ES' A "l’m‘ Kmf‘:“f’”;m N .. 1 compared to the previous annotation strategy.
demonstrate the improvements of peptide annotation strategy addressing the above issues. I | HsC”“CHy ~ CHs GHakf annotation. iz Da
[AibBUMe] ia?er?]lynl?r?]létt)rl:;lc- acid HsC (?Ha 0 u gHa ) N_CT:LS | | Ass‘iigned: 137 of 803 peaks, MSMS Peak-Area Assigned: 53.3%, Sequence Ciwerage:-m of 51 consecutive amino acids CO N C L U S I O N S
[Me]: ' methyl H3C E'N‘HAHJYN NN GHs Figure 3: MS/MS of peptide Insulin 6+ (MS/MS triggered on the first isotope).
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MATERIALS AND METHODS [*x, (OH)-1]: attachment of index x, loss of OH group from C-terminal ? o 5:103 c.fi » The workflow involving the SCIEX X500B QTOF System with a research version of MetabolitePilot™
As biotherapeutic peptides tend to generate the large fragments, the monoisotopic ions are usually weak or, software effectively utilizes complex peptide fragments leading to the characterization of non-linear peptides.
Sample Preparation: + @-Tor MSmS o 601 A - Unit O1 resolution sometimes, absent. We investigated a number of approaches to handle this challenge by using the = The enhanced non-linear peptide representation can effectively describe various types of non-linear peptide
. |Prosatr il : : : information from fragment isotope peaks; by collapsing fragment isotopic signal to signal of fragment mono- sequences and their parts
i ' ' i ' ' ' G | I s Comprehensive fragment annotation : : : : ’ : G N : parts. : : : : e L : : :
gjf\slgiaé:g?: Il:r;eta)l:i\?: pg?:r:éi?dgf S’Afg)é)goslgx):)\llf/;(leor(ec;?eegrig )|an ?Llf(;s?c())rrrl:ii gcailg cll)llJrll?eurhgn(dA:r?j pzeeC(;I b g o] 20155472814 sy0ams 4 cons![()jers any comlgination of losses of Isotopic peak, we improve S/N of minor large fragments and enable their contribution to sequence = With the implementation of non-natural amino acids and custom side-chain modifications into the amino-acid
i Y ; ; ; prep 1% y y i = A1l LN L 4 peptide side chains. As such. the confirmation. For example, in case of Insulin, the contribution of doubly charged fragments to the overall dictionary, the software exploits core of the cyclic structure as well as any side chain losses, thus improving
: IH U” 4 w e Klq it ll\d AL[lme]L[lMe]V[iMe] frag’ment was assignment rose from 3.6% to 6.9% . fragment identification and sequence coverage.
S 200 ¥ au'ol - PR e Islu'ol 00 LIBDIIDI e .‘10'00 ) 1100 ) ) ) ) m/z Fragment type z | Error (mDa)| intensity [ ] i i i i i i i i i
HPLC Conditions: - - i, s - found in 4 forms. Immonium ions (primary and secondary) are provided for the 2431008 QN v6 | b5 1 1| 1326 ;I;gfnelgrginrcneﬂlzgsrgngggg??%ﬁ;;:sgment isotopic peaks and is well suited for leveraging information
A Shimadzu Prominence LC system with an Agilent ZORBAX Eclipse Plus C18, 50x2.1mm, 1.8um column Crnomente: 213 01 996 Prosoced Fermate ga@n Fraoment s T ome caeloror oo [mereiy annotation from the amino acid dictionary. Cascading losses of 2260829 |oN 6 1o (N D | 1 08 2173 - . | o |
at 40° C with a gradient of eluent A water + 0.1% Formic acid and eluent B acetonitrile+ 0.1% Formic acid o —— e | G, 397.2807|ALLV oba | 1 20.6] 34946 water and ammonia are validated against the fragment type and | 2000567 o o b5 (i) | 1 T Ec]:(zllf)zrgtri)gr?zaévgglglrg\cl:vtgggazi#z??nrc])(;tif(i)cr%;(rzg peptide sequence validation, but also for the detection,
was used at a flow rate of 200uL/min. The injection volume was set to 5pL. o7 | B | 2o Bueen 2 I N T 411.2962AL[IMe]LV Ob4 | 1 0.9 7334 structures of involved amino acid residues. et P A '
LR - - - s sALveL N b | 1 | 0 zams L T TN N, B
MS Conditions: P 126.1066| L{1Me] o1 ’ S R 439.3275|AL[1Me]L[IMe]V[1Me] [0|b4 1 09 258.8 Peptide: Oxytocin, C,;HgN;,0,,S,, M = 1006.4365 443:1719 ZNCP iﬁ:; ¢ ) . 1:2 30:2 REFERENCES
" 13 2841969 AbuG[1Me]L[1Me] 5b3 1 0.1 3876
Data was collected on a SCIEX X500B QTOF System with SCIEX OS 1.2. TOF MS acquisition covered m/z “ 655 4918 AL IMeIT Sy €=~ m o=, cvell - i C[*1]YIQNC[*1]PLG-[NHZ2] 426.1454_|QNCP ¥6 | b7 (NH3* 1) | 1 17 1196
. - - . - . . 194 | 166.1224 EMe] 4lb1 (- H20) 1 -1.7 3472 yCIIC peptlde fra‘gment types Indlcate e - * 1 1 i i i i i
100 to 1500 with 250ms accumulation time. IDA data were acquired using the peptide workflow using the o e o : F e i the AA index of the ring opening followed :z:;zz g:z; YZ:E;(NHS 2) i tl): zzz 1. Moore, |, Patel J., Rapid Peptide Catabolite ID using the SCIEX Routine Biotransform Solution, 2017,
charge state filter with dynamic background subtraction, intensity threshold 100 cps and maximum : i * ; o e by a or b fragment of the resulting linear +/@ +TOF MS/MS of 504.2 e Aty §6|b8 o S https://sch.com/Documents/tech%ZOnotes/Rap|d-Pept.|de-Cat.a.boI|te-|D-usmg-thg-SCIE.X-Routllne.pdf
Candldate IOﬂ 5 Data |ndependent aCQUISItIOH was performed USIﬂg SWATH® ACQUISItIOﬂ Wlth 22 flxed flﬂy 10 933:5755 LMe]L[1Me]V1Me] TL_BMe]AbuG[1Me]L[1Me]v 168 1 2:u 247:9 Sequence 86.0065 « 522.203 |QNCPL V6 | b8 (-NH3 * 2) 1 1.4 321 2 Patel ‘]’ DlndyaI-POpescu A’Guo X’ Moore I’ Metabo“te PrOfIIIng and ID Of CyCIIC Peptldes USIng
Da wide SWATH Acquisition windows. The MS/MS scan from each SWATH Acquisition covered m/z 100 to = - - 1 R — 20001 6303056 [QNCPLG-NH2] |y6 L 28 289 Automated Software Processing and High Resolution Mass Spectrometry, ASMS 2018, ThP 143
1500 with a 100ms accumulation time. Total scan time for the SWATH Acquisition method was 2.5sec. ) 613.2778 |QNCPLG-[NH2] |y6 (-NH3 * 1) 1 15 229 3. Wei-Ting Liu, W.-T. et al., Anal. Chem. 2009, 81, 4200-4209
Calibration delivery system ( CDS) was used to calibrate the system between injections. +TOF MSIMS of€01.9,background subiracted B: SWATH Q1 599-650 C:  Cvclosporine Fragments - m/z Error ) & 1500 75.0554 1 596.2512 |QNCPLG-[NH2] |y6 (-NH3 * 2) 1 15 318 4. Novak, J., Lemr, K., Schug, K.A., Havlicek, V., JASMS, 2015 (10), 1780-1786
ol K o g ] 5. Niedermeyer, T.H.J., Strohalm, M., PLOS One, September 2012, Volume 7, Issue 9, 44913
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Data processing: o0 | 18T - : i
. . . . 2 6000 2241840« 20 " 5
LC/MS data were processed with a research version of MetabolitePilot™ software. The sequences of non- - i {11 o 500 ] TR L 2 323.0807 x 4821160 5962020 Lo 766.3033 5 9163728 + TRADEMARKS/LICENSING
linear peptides were provided in a string representation with the side—chain attachment descriptors. The g S9T2007N RN o / - | iim L #121378 5 || asizpdd b | | 54[:,_2243,\: 7232608\ | o e | 83339814
non-natural amino acids were described in terms of their substructure building blocks, that were handled at . J nggg\‘ ( T rmiii‘m ook | dhlorih o , . T o0 5 = s - AB Sciex is doing business as SCIEX.
the fragment level as variable modifications. In addition, characteristic fragments and neutral losses for ] H HJ ‘ | ‘ T M\Ld_| LU M 1Mol jk?’f’ﬁm\‘ o rins ; lii" " |I" - e i gmfzf-;a N © 2018 AB Sciex. For Research Use Only. Not for use in diagnostic procedures. The trademarks mentioned
T ! j ! J J J J y " T S51gned: 0 edKs, =] rea AssIgned: e, ceduence Loverage: d o consecutive aming acids . . " . . .
amino acids from a peptide dictionary were utilized. B @ e S Tk ek 'I oy — = — ’ | | _ _ herein are the property of AB Sciex Pte. Ltd. or their respective owners. AB SCIEX™ is being used under
Assigned: 140 of 495 peaks, MSMS Peak Area Assigned: 71.8%, Seguence Coverage: 11 of 11 consecutive amino acids | | I mll!error(ppm) = Flgure 4 MS/MS Of OxytOCIn t”ggered On dOUbly Charged monO_ISOtOpIC peak PredICted fragments InCIUde I|Cense

The processing workflow is outlined in Figurel. ' ' ' ' ' ' ' - '
P g g breaking of the disulphide bond and cascading losses of ammonia from both side chains and C-terminus. Document number: RUO-MKT-10-7848-A

Figure 2: IDA (panel A) and SWATH acquisition (panel B) of cyclosporine MS/MS, with fragment annotation and
distribution of m/z error, processed with a research MetabolitePilot™ software .




