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BAC KG ROU N D RESU LTS Similarlv. CID and EAD f - Table 2. Summary table of UK18 metabolites in human S9 incubation
Imiiarty, an ragmentation were )

Compared for bicyclic UK18. CID fragmentation Wwas : Name RT Chemical Formula m/z Charge | Monoisotopic Mass Sequence
CYC"C and biCyC"C peptides have emerged as important drug modalities To compare the CID and EAD fragmentation, an MRM dominated by internal b/y-type ions arising primarily Parent 4.48 C, H115Nc0,555 476.7054 4 1902.792 ACSRYEVDCRGRGSACG

due to their improved binding affinity and stability compared to linear HR method was used to simultaneously acquire TOF from cleavages with loop 1 and loop 2. M1 4.18 CraHiisNys0,S, | 458.9461 | 4 1831.755 CSRYEVDCRGRGSACG

MS, CID MS/MS, and EAD MS/MS. Fragmentation near the TBMB linkage was |
eptides. These properties, while advantageous for biological activity, pose 9 : e ge' 2 M2 3.84 CHicN,O,S, | 463.4487 | 4 1849.766 CSR/YEVDCRGRGSACG*
pPeEP . Prop g g Y, P For CP1, CID primarily yielded backbone bly comparatively limited under CID conditions. — - R D —— po————
analytical challenges for mass  spectrometry-based  structural 72H11aN2d02eS3

fragments, whereas EAD promoted disulfide bond /[L jﬁf ﬁ I)J\ In contrast, EAD produces complimentary c/z ions e : ) M4 2.97 CHogN, 0,05, | 390.4228 1557.66 CSR/VDCRGRGSACG

char.acterlza-tl_on and metabollte_ identification. Rlng. opening can occur at cleavage, evidenced by detection of opened precursor and also generated a number of fragments I — Py IR I— O

multiple positions along the cyclic backbone, producing complex product ion ?F;GC'eSt,_ani/gene(;at/edfsubsquen;_sequznce- associated with cleavage adjacent to the central
. . . . INformative anda C/Z fTragments (rigure 2). i .

spectra that hinders MS2 sequencing and interpretation. Therefore, - y e J (Figure 2) Figure 1. Structure of CP1 scaffold (Figure 5). Figure 4. Structure of UK18 " 2sa | cnows | 431713 1302.45 €5/ DCRGRGIACE

Com prehenSive CharaCterization Of peptide frag mentation iS essential for the . S trun;ﬁ:’n UK18 IDAwifi2 (sample 6) - UK18 IDA EAD. Experiment 2, +IDA TOF MSMS;?:::S;:DD) from 4.241 min Precursor: 476.7 Da, +4, CE: 12.0. ad dto:c ectrum from vc:: 12.0], added to: [Spectrum from UK18 IDAwifi2 (sample 6) - UK18 IDA EAD. Experiment 2, +IDA TOF MSMS (EAD) (70 - 2000) from 4.257 min Precursor: 476.7 Da, +4, CE: 12.0 M8 309 C46H73N1701653 4061606 1215458 C/DCRGRGSACG

b16

M6 3.53 CoyHgoN150,555 439.1834 1314.527 C/VDCRGRGSACG

7.2 (100 - 1200) from 5.325 to 5.394 min, subtracted by (Spectrum from HuS9 3H ..m 5.236 to 5.315 min), subtracted by (Spectrum from HuS9 3H CP1.wiff (sample 2) - Hu S9 3H-CP1 EAD MRM, Experiment 2, +TOF MS”2 of 467.2 (100 - 1200) from 5.434 to 5.553 min|

\

accurate identification of these peptides and their metabolites during . - M9 3.43 CyyHooNygOsSy | 4918731 1472.596 ACS/VDCRGRGSACG
metabolism study. By Using LC-MS/HRMS in combination with CID and i
EAD fragmentation, we demonstrate how these complementary techniques *

: . . . . . o . SN s 2,24 blys  DB(NH3) recuor Z . o o, M12 1.70 C,5H,,N;0.S, 478.1140 1 477.1062 c/c/c
improve confidence in structural characterization and pinpointing cleavage : c el B em e 76\ P en 1 gal " L * o
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Spectrum from HUS 3H CP1.wilf (sample 1) - Hu 59 3H-CP1 CID MAM, Experiment 2, +TOF MS"2 of 467.2 (100 - 1200) from 5.307 to 5.396 min, subliacted by (Spectium from HuS3 3H C...m 5.227 to 5.297 min), subtracted by (Spectum from HuS3 3H CP1.wiff (sample 1) - Hu 53 3H-CP1 CID MAM, Experiment 2, +TOF MS"2 of 467.2 (100 - 1200) from 5,436 to 5675 min ? # 500 L L 20 X0 Mass]((:)oo L 1200 00 140 100 1600 & 180 100 p Ia U S | b I e Seq U e n Ce a SS | g n m e ntS, S U p pO rted by C I D a n d EA D M S/ M S fra g m e ntatl O n

M10 2.77 C,3H3sNLO,S, 606.1726 605.1648 AC/C/CG*

| M11 2.14 C,oH3oN,0,S, 535.1355 1 534.1277 C/C/CG

% Intensity (of 18052.1|
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harge, Da

rum from UK18 IDAwiff2 (sample 1) - UK18 IDA CID. Experiment 4, +|DA TOF MSMS (CID) (70 - 2000) from 4.452 min Precursor: 476.7 Da, +4. CE: 21.8, CES: 10.0, added to: [Spe...0], added to: [Spectrum from UK18 IDA wiff2 (sample 1) - UK18 IDA CID, Experiment 3, +IDA TOF MSMS (CID) (70 - 2000) from 4.464 min Precursor: 476.7 Da, +4, CE: 21.8. CES: 10.0]

 brecursor data, are reported.
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SPSB2-iNOS inhibitory cyclic peptide-1 (CP1) and Bicyclic UK18 |i - "
incubations were performed in human, monkey, and mouse liver S9 ot f :

. . . i y5|b5 y7|b7 bl,y6++ , b3,y2 D1V b3,y3 , c y15|b8
fractions separately for 0, 0.5, 1, 3, and 3 hours at triplicates. Frozen pooled o Rl G A e i | I
0 ik, i heoy | |

liver S9 fractions were thawed at room temperature and diluted to desired g T

' ' : : : Figure 2. CP1 standard under CID vs EAD conditions. (A) EAD with a kinetic energy of 7 eV
concentration using PBS buffer. The reaction mixture contained 2 mg/ml— S9 angd beam current of 3000 nA. (B) CID with a collision er(lel)'gy of 22 eV. &Y Figure 5. UK18 standard under CID vs EAD conditions. (A) EAD with a kinetic energy of 7 eV and

protein, 3 uM of test articles, and 1 mM of NADPH. The reaction was begm currgnt of 3000 nA. (B) CID with a coIIis!on.energy of 22 eV. * indicat.es fragm.ents breaking at
terminated by Crashing the samples at 1:3 volume ratio with ACN:FA The % remaining after 24H incubation for CP1 is 1%, 5%, and 12% in human, thioether linkage to the core TBMB scaffold. T indicates fragments with multiple possible structures.

- : : monkey, and mouse S9, respectively (Figure 3).
(100:0.1, v:v) containing Warfarin as an internal standard. The crashed y - respectively (Fig ) . . . . . N
| trifuaed. and th tant llected and dried Human S9 samples were used for metabolites characterization. Incubation of CP1 Following 3H incubation, UK18 showed 11%, 7% UK18 Remaining ‘ B)
sampies were centrituged, an e supernatants were coliected an rie ' 0 0 inina i -
P Jed, P generated metabolites primarily through disulfide bond reduction followed by 15%, and 48% remaining in human, monkey, 120

under gentle N, stream. The samples were reconstituted with ACN:H20:FA sequential amino acid truncation from the newly formed N-terminus (Table 1). and mouse S9 fractions, respectively. After 24 100 — .
(5:95:0_1, VZVZV) for LC-HRMS and LC-MS/HRMS analysis. % CP1 Remaining h incubation, the remaining parent compound \ Figure 7. CID and EAD MS/MS spectra for UK18 metabolite M2 with annotation of

. Most metabolites were detected decreased to less than 1% across all species diagnostic product ions.
A Shimadzu UHPLC system was coupled to a SCIEX ZenoTOF 7600 for 120

. _ _ _ predominantly as singly charged ions with 100 ¢ (Figure 6).
sample analysis. Separation was performed using a Phenomenex Kinetex CID provides structurally informative Human SO fractions were selected for CONCLUS|ON S
metabolite characterization. Incubation of UK18 CID and EAD provided complementary fragmentation for cyclic and bicyclic

2.6u EVO C18 100A (100 x 2.1 mm) column at a flow rate of 0.35 mL/min, product ions enabling sequence
with the column temperature set to 60 °C. Mobile phase A consisted of 0.1% confirmation. in S9 generated metabolites primarily through 0 3 6 9 12 15 18 21 2 peptides, improving structural characterization and metabolite identification.
peptide bond hydrolysis. Initial metabolism Time (H)

FA in water and mobile phase B was 0.1% FA in acetonitrile. The gradient EAD produced limited fragmentation for : | . . —e—HuS  —e—MkS9 For cyclic peptide CP1, CID predominantly generated backbone by ions,
was run from 5% to 40‘VpB over 8 min, followed by a hold at 98% fgr omin these singly charged precursor ions, which o ~e involved cleavage of the N-terminal alanine, o6 6. The % remaining UK18 over the 24H while EAD promoted disulfide bond cleavage and produced additional
0 o) ) )

are generally less favorable for efficient ° ’ ° ’ Tirlrfe (H]15 v followed by various truncation within both |00p incubation in human, monkey, and mouse liver S9. sequence-informative fragments_
and then re-equilibration to 5% B. Data was acquired in positive mode with electron-based dissociation. e eSS e e 1 and loop 2 of the bicyclic peptide scaffold. o | | _ _
_ , o , Figure 3. The % remaining CP1 over the 24H For bicyclic UK18, CID fragmentation was dominated by internal b/y ions
a Sequential Window Acquisition of All Theoretical (SWATH) or MRM HR ' The final metabolite, M12, consisted of cysteines remaining attached to the TBMB core within loop regions, whereas EAD generated complementary c/z ions and
method for MS/HRMS. Molecule profiler (SCIEX, Massachusetts, USA) was

scaffold. M11, corresponding to M12 with the C-terminal glycine still attached, was enhanced cleavage near the TBMB thioether linkages.
used to assist identification of metabolites and annotation of MS/MS . - - identified as the predominant metabolite following 24 h incubation, accounting for 52% of
ame RT Chemical Formula m/z Charge Monoisotopic Mass Sequence total peak area.
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incubation in human, monkey, and mouse liver S9.
Table 1. Summary table of CP1 metabolites in human S9 incubation

Metabolite profiling in liver S9 fractions demonstrated peptide bond

fraaments ) hydrolysis and sequential amino acid truncation for both peptide systems.
g : Parent : CysHsgN,,0,,S, | 467.1813 2 932.348 Ac-C[*1]VDINNNC[*1]-Ami : : : : : : :
For metabolic stability, the % remaining of test articles was calculated i Several metabolites, including M2, M3, and M10, were associated with multiple candidate Combined CID and EAD MS/MS enabled confident structural assignment of
Y: 0 g M1 ' CasHsN1,01s5, | 4681891 | 2 734.3637  |AcCVDINNNC-Ami structures based on the observed m/z values. CID and EAD MS/MS fragmentation data 9

using peak area ratio to the internal standard and taking the average peak M2 - CoHsNy; O3S | 790.3512 | 1 789.3439 | VDINNNC-Ami enabled confident structural assignment of the most plausible metabolite sequences. metabolites - with - ambiguous = candidate sequences, demonstrating the

: : | N0, | | A MS/MS tra for M2 h in Ei 7 tative example. potential of integrating EAD and CID techniques for characterization of
area rat|o relahve to the average at O hours_ M3 C,:H,,N,,0,,S 691.2828 690.2755 DINNNC-A Spectra 1or are snown In rigure / as a representativ X P complex CyC”C pept|de therapeutics and their biotransformation pathways.
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