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INTRODUCTION

High Resolution LC-MS assay to estimate protein stability of a client’s product
Mycobacterial cell suspensions - several different batches required analysis
Very tough material - protein extraction challenging

Relative quantitation - no standards

BSA co-digested with protein sample extracts - 3 reference peptides
Identified 4 peptide-like analytes by partial manual interpretation of IDA data
Incorporated into the High Resolution LC-MS client assay

Integrated peak areas were recorded as a surrogate for protein status
Changes in these peak areas will be used as a measure of protein stability

It was ultimately necessary to demonstrate the likely source of the protein

Following investment in a proteomics search engine we were subsequently able to
sequence the 4 peptide-like analytes selected

Amino acid sequences for each of the 4 peptide analytes will be presented

The likely source protein for each of the 4 peptide analytes will also be presented




SAMPLE PREPARATION

Protein-rich extract mixed with
denaturing buffer solution
and BSA solution

v

Sample extract and BSA mixture was
reduced (DTT) and alkylated (IAM)

Mycobacteria pelleted

and washed (or matrix free process blank) -

Solution volume bulked with buffer

prior to addition of trypsin

'

Sample proteins and BSA internal
digest control digested at 37°C
for approximately 16 hours

Re-suspended in
denaturing buffer solution

v

Subjected to mechanical
cell lysis (FastPrep)

A 4
Following acidification digested
sample extracts submitted to

High-Resolution LC-MS
or LC-MS/MS (IDA) analysis
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A 4
Homogenate depleted of cell
debris. Protein-rich supernatant
processed further




Chromatographic Parameters

SAMPLE ANALYSIS

Instrument

Exion LC (SCIEX)

Column

Waters Acquity UPLC Peptide CSH C18, 130 A, 1.7 um, 2.1 x 50 mm (55°C)

Injection Volume

3uL

Mobile Phase A

0.1% formic acid in water

Mobile Phase B

0.1% formic acid in acetonitrile

Needle Wash 50/50, methanol/water

Flow Rate 0.8mL/min

Autosampler Temperature 9°C

LC Gradient Time (mins) % A % B

0.00 97 3
0.30 97 3
8.00 42 58
8.20 10 90
9.25 10 90
9.30 97 3
12.00 97 3




SAMPLE ANALYSIS

« TOFMS Parameters (Client LC-MS Assay)

Instrument SCIEX 6600+ TripleTOF LC-MS/MS
Interface ESI DuoSpray lon Source
lonisation ES+

Mass Range m/z 300 — 1500

» Integrated Extracted lon Chromatograms

lon Description
m/z 563.0065 Analyte Peptide
m/z 644.8837 Analyte Peptide
m/z 750.7203 Analyte Peptide
m/z 756.9369 Analyte Peptide
m/z 700.3516 TVMENFVAFVDK (BSA Reference Peptide)
m/z 784.3764 DAFLGSFLYEYSR (BSA Reference Peptide)
m/z 831.4282 GLVLIAFSQYLQQCPFDEHVK [CAM]
(BSA Reference Peptide)




SAMPLE ANALYSIS

IDA (Candidate Peptide Selection)

Instrument SCIEX 6600+ TripleTOF LC-MS/MS
Interface ESI DuoSpray lon Source
lonisation ES+

Mass Range (TOFMS)

m/z 300 — 1500 (Survey Scan)

Mass Range (MS/MS)

m/z 100 — 1500 (Product lon)

IDA Criteria

Top 10 Most Intense lons from
Survey Scan, charge state +1 to +3

Collision Energy (V)

35

Collision Energy Spread (V)

15

IDA MS/MS data were partially interpreted manually to identify peptide-like features in

product ion spectra

Following client assay development peptide sequences were fully elucidated using
previously unavailable software resources
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PROTEOMIC DATA ANALYSIS

A proteomics search engine (ProteinPilot, SCIEX) was used to re-interrogate the
original IDA data

Complete candidate peptide sequences were obtained from the IDA product ion mass
spectra

Assigned peptide sequences were searched against a relevant publically available
proteomic database:

* UniProt Proteome ID UP000279306

« Taxonomy: Mycolicibacterium aurum (Mycobacterium aurum)

. gguzocs)i//www.uniprot.orq/proteomes/UPOOOZ 79306 (downloaded November

Matches were made between experimentally derived peptide sequences and protein
sequences found in the above database

The likely protein source of the analyte peptides included in the client assay could
then be identified



https://www.uniprot.org/proteomes/UP000279306

BSA CO-DIGESTED PEPTIDES

TVMENFVAFVDK (BSA Reference Peptide) m/z 700.3516 (+2)

1 MKWVTFISLL LLFSSAYSRG VFRRDTHKSE IAHREKDLGE EHFKGLVLIA FSQYLQQCPF DEHVKI VNEL
71 TEFAKTCVAD ESHAGCEKSL HTLFGDELCK VASLRETYGD MADCCEKQEP ERNECFLSHK

131 DDSPDLPKLK PDPNTLCDEF KADEKKFWGK YLYEIARRHP YFYAPELLYY ANKYNGVFQE

191 CCQAEDKGAC LLPKIETMRE KVLASSARQR LRCASIQKFG ERALKAWSVA RLSQKFPKAE FVEVTKLVTD
261 LTKVHKECCH GDLLECADDR ADLAKYICDN QDTISSKLKE CCDKPLLEKS HCIAEVEKDA IPENLPPLTA
331 DFAEDKDVCK NYQEAKDAFL GSFLYEYSRR HPEYAVSVLL RLAKEYEATL EECCAKDDPH

391 ACYSTVFDKL KHLVDEPQNL IKGNCDQFEK LGEYGFQNAL IVRYTRKVPQ VSTPTLVEVS

451 RSLGKVGTRC CTKPESERMP CTEDYLSLIL NRLCVLHEKT PVSEKVTKCC TESLVNRRPC FSALTPDETY
521 VPKAFDEKLF TFHADICTLP DTEKQIKKQT ALVELLKHKP KATEEQL

581 CCAADDKEAC FAVEGPKIVV STQTALA

DAFLGSFLYEYSR (BSA Reference Peptide) m/z 784.3764 (+2)

1 MKWVTFISLL LLFSSAYSRG VFRRDTHKSE IAHRFKDLGE EHFKGLVLIA FSQYLQQCPF DEHVKLVNEL
71 TEFAKICVAD ESHAGCEKSL HTLFGDELCK VASLRETYGD MADCCEKQEP ERNECFLSHK

131 DDSPDLPKLK PDPNTLCDEF KADEKKFWGK YLYEIARRHP YFYAPELLYY ANKYNGVFQE_

191 CCQAEDKGAC LLPKIETMRE KVLASSARQR LRCASIQKFG ERALKAWSVA RLSQKFPKAE FVEVTKLVTD
261 LTKVHKECCH GDLLECADDR ADLAKYICDN QDTISSKLKE CCDKPLLEKS HCIAEVEKDA IPENLPPLTA
331 DFAEDKDVCK NYQEAK g Mekiahia &2 R HPEYAVSVLL RLAKEYEATL EECCAKDDPH

391 ACYSTVFDKL KHLVDEPQNL IKQNCDQFEK LGEYGFQNAL IVRYTRKVPQ VSTPTLVEVS

451 RSLGKVGTRC CTKPESERMP CTEDYLSLIL NRLCVLHEKT PVSEKVTKCC TESLVNRRPC FSALTPDETY
521 VPKAFDEKLF TFHADICTLP DTEKQIKKQT ALVELLKHKP KATEEQLKTV MENFVAFVDK

581 CCAADDKEAC FAVEGPKLVV STQTALA

GLVLIAFSQYLQQCPFDEHVK [CAM] (BSA Reference Peptide) m/z 831.4282 (+3)

1 MKWVTFISLL LLFSSAYSRG VFRRDTHKSE IAHRFKDLGE EHFKEIR AL ey e e e an =51 WL VNEL

71 TEFAKTCVAD ESHAGCEKSL HTLFGDELCK VASLRETYGD MADCCEKQEP ERNECFLSHK

131 DDSPDLPKLK PDPNTLCDEF KADEKKFWGK YLYEIARRHP YFYAPELLYY ANKYNGVFQE_

191 CCQAEDKGAC LLPKIETMRE KVLASSARQR LRCASIQKFG ERALKAWSVA RLSQKFPKAE FVEVTKLVTD

261 LTKVHKECCH GDLLECADDR ADLAKYICDN QDTISSKLKE CCDKPLLEKS HCIAEVEKDA IPENLPPLTA

331 DFAEDKDVCK NYQEAKDAFL GSFLYEYSRR HPEYAVSVLL RLAKEYEATL EECCAKDDPH

391 ACYSTVFDKL KHLVDEPQNL IKQNCDQFEK LGEYGFQNAL IVRYTRKVPQ VSTPTLVEVS

451 RSLGKVGTRC CTKPESERMP CTEDYLSLIL NRLCVLHEKT PVSEKVTKCC TESLVNRRPC FSALTPDETY

521 VPKAFDEKLF TFHADICTLP DTEKQIKKQT ALVELLKHKP KATEEQLKTV MENFVAFVDK I

581 CCAADDKEAC FAVEGPKIVV STQTALA ARCINOVA
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TYPICAL MYCOBACTERIAL DIGEST EICS AND MASS SPECTRA

Area: 4.096e4, Height: 3.374e4, RT: 3.31 min
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TYPICAL MYCOBACTERIAL DIGEST EICS AND MASS SPECTRA

Area: 4.534e4, Height: 2.365e4, RT: 4.64 min
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Intensity, cps

Intensity, cps

PROCESS BLANK DIGEST EICs
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TYPICAL BSA-DERIVED REFERENCE PEPTIDE TVMENFVAFVDK EICs

Area: 4.991e5, Height: 3.575e5, RT: 3.41 min
3.5e5 4

3.0e5 4
2.5e5 4
2.0e5 1

1.5e5 4

Intensity, cps

1.0e5 4

5.0e4 4

AND MASS SPECTRA

13.411

Mycobacterial Digest

0.0e0

325 330 3350

Area: 4.687¢e5, Height: 3.367¢€5, RT: 3.41 min

3.0e5 4
2.5e51
2.0e5 4

1.5e5 4

Intensity, cps

1.0e5 4

5.0e4 1

345 ¥ 350 355 3.60

Time, min

3.40

Process Blank Digest

3.65

0.0e0

335 ¥ 340

345 T35 355 360 3.65

Time, min

Intensity, cps

Intensity, cps

1.2e5 4

1.0e5 1

8.0e4 4

6.0e4 1

4.0e4 -

2.0ed 4

699.9244
]

700.3503

700.8516

701.3521

701.8531 702.6316

700.6444 [ 701.1134 J{

: : . 702.3533
. | . 701.6776 A 3

0.0e0

1.0e5 1
9.0e4 1
8.0e4 1
7.0e4
6.0e4
5.0e4 4
4.0e4 4
3.0e4
2.0e4 -
1.0e4

700.0

700.5

7000927 J;

701.0 7015 702.0 702.5

Mass/Charge, Da

700.3492

700.8506

701.3511

701.8524 702.1463 702.6632
I 7016157 A 7023524

700.6334

0.0e0

700.5

701.0 7015 702.0 7025

Mass/Charge, Da

ARCINOVA

A Quotient Sciences business.

Molecule to cure. Fast.™




TYPICAL BSA-DERIVED REFERENCE PEPTIDE DAFLGSFLYEYSR EICs
AND MASS SPECTRA

Area: 3.109e5, Height: 2.478e5, RT: 3.87 min
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TYPICAL BSA-DERIVED REFERENCE PEPTIDE GLVLIAFSQYLQQCPFDEHVK
[CAM] EICs AND MASS SPECTRA

Area: 9.682e4, Height: 7.864e4, RT: 4.07 min
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Peak Area

ANALYTE PEPTIDES
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BSA-DERIVED REFERENCE PEPTIDES
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PROTEOMIC CHARACTERISATION OF ANALYTE PEPTIDE M/z 563.0062

» Peptide sequence LITAIVKPFTLEDVK

Fragmentation Evidence for Peptide

|LmavkpFTLEDVK

Residue b b+2 y y+2
L 114.0913 57.5493| 1687.0040( 844.0057
I 2274754 114.0913| 1573.9200| 787.4636
T 328.2231 164.6152| 1460.8359| 730.9216
A 399.2602| 200.1337| 1359.7882| 680.3978
I 512.3443 256.6758| 1288.7511 644.8792
V' 611.4127| 306.2100| 1175.6671| 588.3372
K 739.5076 370.2575| 1076.5986 538.8030
P 836.5604| 418.7833| 948.5037| 474.7555
F 983.6288 492.3180 851.4509 426.2291
T 1084.6765 542.8419| 704.3825( 352.6949
L 1197.7606 599.3839 603.3348 302.1710
E 1326.8032| 663.9052( 490.2508| 2456290
D 1441.8301 721.4187| 361.2082| 181.1077
\ 1540.8985| 770.9529| 246.1812| 123.5942
K 1668.9935( 835.0004| 147.1128 74.0600|
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« LITAIVKPFTLEDVK derived from Nitrogen regulatory protein P-1l GLNB (53.6% coverage)

Protin Sequence Coverage - Nitrogen regulatory protein Pl GLNB OS=Mycolicibacterium aurum OX=1791 GN=ginB PE=3 SV=1

MHLITAIVRPFTLEDVRKTGLEQTOI LGMTVSEVQOYGR UM GHTEVYRGAE

ARCINOVA
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PROTEOMIC CHARACTERISATION OF ANALYTE PEPTIDE M/zZ 644.8848

» Peptide sequence LGVDLVALSFVR

Fragmentation Evidence for Peptide

|LGVDLVALSFVR

b b+2 y y+2
L 1140913  57.5493| 12887623 644.8848
750 ¥1 v2 y3 yh y5 y6 4 y8 e y1d yn
G 171.1128|  86.0600| 1175.6783| 588.3428 9241
v 2701812| 1355942 1118.6568| 559.8320 700 b2 b3 b4 b165p | y10+2 y b7| | b9 b10 b1
D 385.2082| 193.1077| 1019.5884| 5102978 650
L 498.2922| 2406498 9045615 4527844
v 697.3606| 299.1840| 791.4774| 3952423 600
A 668.3978| 3347025 692.4090| 3457081 580
L 781.4818| 3912445 621.3719| 3111896
s 868.5138| 434.7606| 508.2878| 254.8475 500
F 1015.5823| 508.2048| 421.2558| 211.1315 450 54459 791.48
v 1114.6507| 557.8290| 274.4874| 137.5073
R 1270.7518| 635.8795| 1751190 88.0631 ﬁ‘w
Z3s0
300
62137
260 388.21 504.29 1019.58
200 904.56
150 17§.12 272112 328.19
100 1175.69
1118.67
864.49
501 1434 100159 | 460056 1157.68 129659
||l i s il 958.58 i 1 N
0 i ol :Il Al uRoghew ol IIIllll'l TN IIIIIrI ITINTI IlI'IIII 11 1
100 800 900 1000 1100 1200 1300

* LGVDLVALSFVR derived from Pyruvate kinase (21.4% coverage)

Protein Sequence Coverage - Pyruvate kinase OS~Mycolicibacterium aurum OX=1791 GN=pyk PE~3 SV~1

DLEFALRLGVDLVALSFVRSPADVELVEEIMDR ! GEEVEVIAN LEKPEAIDNLEAIVLAFDAIMVARG DL AENAKPVIVATOMLESMIENSRPTRAEASDVANAVLDGADAVMI

{ E¥DIA
YAARDI AFALVAFTOSGDTVRRLARLATPLPVLAFTSLPEVRSQLALTWGT IVPHIETTI QVDKSMLELGRY¥ IVAGAFF
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PROTEOMIC CHARACTERISATION OF ANALYTE PEPTIDE M/zZ 750.7242

» Peptide sequence TLTVQQWDTFLN(Dea)GVFPLDR

Fragmentation Evidence for Peptide

[rrvaawpTFLNDealGVFPLOR [
Residue b b+2 y y+2
T 1020850|  515311| 22511394 1126.0733 220 - v2 " v y545| T v8 v v10 it y12
L 2154390| 108.0731| 2150.0917| 10755495 210 b2yas2|  yBa: th b5 b1 b13+4d p1as2| b7 b8 b9 b10 b11
T 316.1867| 156.5070| 2037.0076| 1019.0074 %0 647.3
v 415.2551| 206.1312| 19359599 966.4836
Q 543.3137| 272.1605| 1836.8915| 915.9494 1e0
Q 671.3723| 336.1898| 1708.8329| 854.9201 180
w 8574516 4292294| 1560.7744| 790.8908 170
D 972.4785| 4567429 1394.6951| 697.8512 160
T 10735262 537.2667| 1279.6681| 6403377 150
F 12205946| 610.8009| 1178.6204| 589.8139 140
L 1333.6787| 667.3430| 1031.5520| 516279 130
NDea] 1448.7056| 724.8564| 918.4680| 4597376 120
G 15057271 753.3672| 803.4410| 4022241 g 110
v 1604.7965| 802.9014| 746.4196| 3737134 E o
F 1751.8639| 676.4356| 647.3511| 3244792 ©
P 1848.9167| ©924.9620| 500.2827| 250.6450 0] oo 0344
L 1962.0007| 9815040| 403.2300| 2021186 120 50029
D 2077.0277| 1039.0175| 290.4489| 1455766 o 01847
R 2233.1288| 1117.0680| 475.4190|  85.0631 &
50 187.14 6.3
4 200.15 3970 103155 | 107385
30 21p15 |, 25955 | bag1a  |[,140324 o2t 667,38 8338 | 52915 202.61 139564
2 bazhis 1| 1. 43018 | 987.37 71137 To1.a4 195752 12101 1317.15 1448.67
10
.00 0 0
100 200 300 400 500 600 700 mf:%a 900 1000 1100 1200 1300 1400 1500

« TLTVQQWDTFLN(Dea)GVFPLDR derived from MspA protein (17.7% coverage)

Protein Sequence Coverage - MspA protein OS«Mycolicibacterium aurum OX«1791 GN=mspA_4 PE~4 SV-1

T SNAGLONELS VDO RTLTVQQWOTELNGVEPLDR L TRER A TYIVAGEGADDFEGTLELGYQVGFPRSLOVGINFSYTTPHIAYDGEAFAPTOL
AELISSTGDSVSTYGAPWNMN
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PROTEOMIC CHARACTERISATION OF ANALYTE PEPTIDE M/z 756.9373

» Peptide sequence VVPAFLLEPVSVDK

Fragmentation Evidence for Peptide

|vvPaFLLEPVSVDK

Residue b b+2 y y+2
v 1000757| 505415 1512.8672| 766.9372 3200 , o . . - ol | ; . . " " -
v 199.4441| 1000757 1413.7988| 707.4030 ! ! ' ' ! . ! ! ! !
5 e BT e 3000 b2 b3 b4 b5| y102 [b128BP+2 Y1352 k74 b3 b10 b11 b12
A 367.2340| 184.1206| 1217.6776| 6093424 2800
F 614.3024| 2576548| 1146.6405| 573.8239 2600
L 627.3865| 314.1969| 9996721 500.2897 .
L 740.4705 370.7389 886.4880 4437477
3 8695131 4352602| 773.4040| 3872056 2200
P 9665650 4837866| 644.3614| 3226843 2000
v 1065.6343| 5333208 547.3086| 274.1579
s 1152.6663| 5768363 448.2402| 2246237 180 75894
v 1251.7347| 626.3710| 361.2082| 181.1077 2'600
D 1366.7617| 683.8845) 2624397| 1315735 5,‘00
K 1494.8566| 747.9320| 147.4128| 740600

1200

1000

800

600

1“1159 10 16.16 dad 84.48
01 199.15 95 77340 99957 1144 131473
200 ‘ [ 26214 “0“25\ | i 138 86952 1152.68 1217.69 I
0 bl " " .!L ] LAl 5.91 il . L, . ,
100 200 300 400 500 600 700 800 %00 1000 1100 1200 1300 1400 1500
miz, Da

. . . . o

« VVPAFLLEPVSVDK derived from Sugar ABC transporter substrate binding protein (21%
coverage)
Protein Sequence Coverage - Sugar ABC transporter substrate.binding protein OS«Mycolicibacterium aurum OX=1791 GN=sbpA PE~4 SV-1
2 1 T TAT ITHGVEVLVVAPIDGSSLTDI LQRAS n 3 TYIVDRLGLEQAPGPFNIELFA
VDAVLSPYDGBLEIXSALBAGYGIWPLPIVTOQDMMSV! IIAGE VENVPAFLLEPVSVDE: 1Y
ARCINOVA
A Quotient Sciences business.

Molecule to cure. Fast.™




CONCLUSIONS

A High Resolution LC-MS assay was developed to measure four Mycobacterial-derived
peptides following Mycobacterial protein digestion with trypsin

These intact ions were found at m/z 563.0062, 644.8848, 751.0513 and 756.9373

The four ions included in the High Resolution LC-MS assay were initially selected based on
features previously seen in their product ion spectra from IDA experiments

Manual inspection of their product ion spectra gave incomplete peptide sequence coverage
but did provide enough MS/MS evidence to describe the measured analytes as peptide in
nature

When a proteomics search engine became available we were able to re-interrogate the

original IDA data and generate candidate peptide sequences associated with the four analyte
ions included in the High Resolution LC-MS assay

The proposed candidate peptide sequences were then assigned to sBecific Mycobacterial
proteins found in an appropriate publically available proteomic database

This assay is being used to monitor changes in Mycobacterial protein content as a function
of storage time and storage conditions

As the relevant peptide sequences have been elucidated this assay could be modified to run
OB a tri%Ie-quadrupoIe LC-MS/MS instrument if the appropriate peptide standards were
obtaine

The strategy outlined in this presentation is applicable to most scenarios where a peptide
assay is to be used as an alternative to an intact protein assay

Q‘AQ

uotient Sciences business.

eeeeeeeeeeeeeeeeeee



ACKNOWLEDGMENTS

Janine Morsman

Michael Blackburn

Stuart McDougall

Timothy Dye (CEO Aurum Switzerland AG)




ARCINOVA

A Quotient Sciences business.

Molecule to cure. Fast. ™




