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m Structural Characterization

— 1° Do peptides conform to the predicted sequence?

— 3° Are my disulfides in proper arrangement?

= Detecting and Monitoring Modifications
— Co- and Post-translational modifications
o Glycosylation, Proteolytic maturation, disulfide bonds
— Determine product and process related impurities
o Deamidations, oxidations, pyE, truncations, etc.

o Host Cell Proteins

Desire for Analytical Completeness

Data analysis, not data acquisition, is the productivity limiting step
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Yeast Enolase (47 kDa)




CHALLENGES
P ¢ Peptides have multiple charge states
e Each charge state has multiple isotopes
o Peptide ionization varies widely
o Electrospray process can add complexity

Yeast Enolase (47 kDa)
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Yeast Enolase (47 kDa)







PROCESSING STEPS:
Smoothing (2D)
Baseline Filter

lon: m/z, Apex RT, Volumetric
Intensity, “Chromatographic shape”




PROCESSING STEPS:
Lockmass Correction
Deisotope to 2C
Combine Charge States

EMRT:  Averaged Monoisotopic Mass
Averaged Apex RT
Summed Volumetric Intensity
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Yeast Enolase (47 kDa)
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= Protein Itself

= Sample Prep Artifacts d |
= Chromatography Artifacts i
= MS Artifacts |
= Process Impurities (HCPs)
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Yeast Enolase (47 kDa)
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Class of Ion Ion Mass Fragmentation
Adducts (e.g. Na*) M + Adduct Normal

Neutral Loss (-NH5, -H50) M-17 or M-18 Da Normal/- Loss
In-source fragment ( - ) Varies Normal + Internal
Noncovalent Dimer M x2 Normal

In Source Oxidation M+16 Da Normal/+16Da

Informatics needs to be aware that these
processes occur and properly assign these
classes of components appropriately



ELCMS3D -- 090327_UAAD46_yu_005 -- Function 1 -- m/z = 936

SIVPSGASTGVHEALEMR?+*




Peptide RT m/z Intensit

T6(3+) 54.4 614.302 1015369
T6ox(3+) 47.6 619.637 99732
T6ox(3+) 54.4 619.645 1645

SIVPSGASTGVHEALEMR

SRLCMSID — Peptide_Map_2 — Function 1 - my/z =
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Heterogeneity of Sample:

= Modifications T1*

Complexity from Sample Preparation:

= Under-digested Peptides (Missed Cleavages, e.g. T6-7)
= Qver-digested Peptides (SemiTryptic, e.g. T3n6 or T3c3 )

— Additional cleavage at non-canonical peptide bond

— Can have the same mass as in-source fragments

= Sample Prep Artifacts (e.g. Cys Alkylation)



and Under-alkylation can result
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#ion of disulfide. bound peptides

RT (Min) m/z Charge State Mass (Da) Intensity (Counts)
78.1 658.313 4 2629.2202 289578

Pratein Peptide Fragment Mumber | Start | End Madiiers (Caloulsted Peptide Mass (Da) | bfyPossble | ControlRT(Min) | Contrlmiz | Control Charge State | Control Mass (Da) | 72 Cantral Inkensity (Cou.

I [Enolse  SUPSGASTGUHEALEMR |16 i 1839.9143 3 M4 614313 3 1333.9161 1015170.0) &
2 [Enolsse  [TEEELGDNAVFAGENFHHEDKL |1:T51-52 13 4% 2440124 i ond) el 4 201372 8173190
3 Enolse  TAGIQIVADDLTVTNRK LT3 ) VAR 1754.9414 3 g6.0] 8784771 z 17549388 761587.0
4 [Enolse  AVDDRLISLDGTANK 1iTl4 e 10 1577.7937 i ™4l 789,903 Z 1577.7911 £31662.0
5 Enolase  [MVNDVIARARYK JHIN g7 78 1285.7030 2 5.6 643.8972 z 12856985 477720
6 [Enolse  WLTGPQLADLYHSLMK T3 &z 1871.9603 Kl 909 624.9946 3 1371.9604 B17700.0
7 [Enolse  (ARQUSFAAGWGIMVGHR 1144 T BT 1788.8365 3 63,3 597.2863 3 17386357 653350
B Enolse  VNOIGTLSESIK 1743 Mo 37 1267.7034 &l 465 6448504 Z 1287.7009 o63az1.0
9 Enolse  LGANAILGVSLAASR 1:Tl6 103 119 14116147 i ood| 706,913 Z 14116113 20370
10 Enclase  |SGETEDTFIADLWGLR 1745 TR 1820.9155 3 %8 911465 z 1820.9156 549213.0
U1 Enolsse  |GNPTVEVELTTEK HE 5 & 1415.7144 24 4.0 708,365 Z 1415.7148 5299080
12 [Enclase  [IEEELGDMAYFAGEMFHHEDK [1:751 413 43 23270454 40 S0 58T ¢ 23270583 AL
13 Enolsse  VGASAGNVGDEGEVAPNIQT... 1127 a2 3236.6099 a4 108.4|  1086.5535 3 3236,6360 Harea.0
14 [Enolsse  [IGSEVYHAL 11723 13 1% 11586033 18 .2 50,3009 2 1156940 36780
15 7684 698,3130 4 2629.2202 2005780 |
16 [Enolsse  [IGLDCASSEFF LT3 #4320 13156118 & £6.1)  638.8119 Z 1315.6079 261786.0
17 Enclase  [AADALLLK HEX 33 M 8134560 14 424 407,753 z £13.4306 a7321n0
18 Enolse  YPIVSIECPFAEDDWEAWSH...| LT3 89 3 28272605 44 1071 9434408 3 2827.2936 26%466.0
19 Enolsse  HLADLSK 119 132 13 02,4286 12 I I Z 7824230 &30
20 [Enclase  [TRAEALR 1T 178 184 806.4286 12 328 4042184 z B06.4209 23%76.0
2l [Enclase  [TPYVLPYPRLAMLNGGESHAG,.. 1:721 141 17 37309051 7 1083 1246.6765 3 37370056 2390310
22 [Enolse  [VDLDFK 1T 258 263 7993752 10 4.7 400.6925 z 7993691 22296.0
23 [Enolase  MLTGPQLADLYH 1173504 &z 2 1412.7089 & ™3 7073607 Z 1412.7075 1310080




RT (Min) m/z Charge State Mass (Da) Intensity (Counts)
78.1 658.313 4 2629.2202 289578

IGLDCASSEFFK=IGLDCASSEFFK

MSE Fragmentation

Control: IGLDCASSEFFK=IGLDCASSEFFK
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Jpeptide map'com plexity

Anal. Biochem. 54,

Carbamidomethylation on Tyr (YY) Peptide + 57.0215 Da 170-177 (1973)
Carbamidomethylation on Met (M) Peptide + 57.0215 Da J. Mass Spectrom. 35
+Decomposition (In Source Fragment) Peptide - 48.0034 Da 572-575 (2000) ,

Reduction(DTT)/Alkylation(IA) + DTT Quench ( 7 Artifact Peptides)
Reduction(DTT)/Alkylation(IA) = No DTT Quench (30 Artifact Peptides)

ﬂ'matngtum| EPEH.I'I.ITI: Cowerage Map Protein Digests| Feax Match Data

W SR EE AR
™ Protein | Peptide | Fragmant Nurmber Madifiérs |
1 [lgGl_hmanized  LLIYSASFLYSGVPSR IH carbamidomeathyl Y1)
2 kGl hwmanized  DIQMTQSPSSLSASVLDR LT1= Cartamidomettyd M(1)
3 |Ighl_hemanized  WGGDGFYAMODOWGEILTLVTWVSSASTE 2T12" carbamidomathy ] 1), Carbamidametin M(1)
4 |lgGl_hemanized  DTLMISE 2Ta1" Cartamidomettyl M(1)
5 |lgGl_huemanized  YADSWK T carbamidomeathy Y1)
6 |lgGl_hemanized  TTPPVLDSDGSFRLYSK FHE carbamidomeathyl Y1)
I [igGl_hemanized  NTAYLOMKZLR 2:Tin= carbamidomathy ] 1), Carbamidametin M(1)
B kGl _hwnaniged  WGGDGFYAMDMWGEQGTLVTVISASTE 2:Tiz"= decom of carbamidometind M1)
3 (k61 _hwnenized  WGGDGFYAMDWGERGTLVTWVISASTE :Tie= Carbamidomettnd M{1)
10 kg5l _hwmanized  BETYSLSSTLTLSK 1:T15° carbarmidomethyl Y1)
11 [kgG1_hwmanized  DIGMTHEPSSLEASVGDR 1:T1*® Carbamidomsetind M{1)
12 |(kgGl_hwmanized  DIGMTEPSSLSASVGDR 1:T1* decom of carbamidometind M(1)
13 [kgG1_hwemanized  WGGDGFYAMDMWGERGTLVTWVSSASTR 2:Ti2* decom of carbamidometind M(1)
4 kg5l _hemanized  FHWYDGVEVHNAK |2:T23" rcarbarmidomethyl Y1)
¥ |lgEl_hwmanized  WCGDGFYAMDYWELTINTVESASTE |2:T12® [Carbamidomatpl M1}
B |MgG1_hwmanized BETYSLEETLTLEE 1:T15" rcarbarmidomethyl Y1)
F kgl _hwmanized  DIGMTGEPSELEATVEDR |1:T1* [Carbamidomatpl M1}
1B !Igﬂi_lll.:'llam.wd _‘I"I' PRLDSDCSFELYSE .E:TJE' [car h-alnw]unlu{h:lrl '1'[ l;l
k] !Igﬂi_lll.:'llam.wd _DTU-IER .E:T!I.' _|]l.-u:ur- off G ll.!rllldn'.llnulll:lll F-"i:ll]
200 |lgG1_henanized  ASODVNT AMAWYQOEPCEK |1:T3* rcarbarmidomethyl Y1)
21 !Igﬂi_lll.:'llam.wd _DTU-IER .E:T!I.' _Earbarrul]nﬂ'-ul.l'rr‘l H|'_I."|
22 |Gl _hemanized  DTYRWWE FHEN rcarbarmudomethyl ¥[1)
23 |Gl _hwmanized  ASQDVHNTAVAWTQIKPGE 1:T3* carbarmidomethyl Y1)
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Deanidation of the PENNY Peptide

369-GFYPSDIAVEWESNGQPENNYK-390
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4 - GFYPSDIAVEWESDGQPENNYK -
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Top100 | All820

Identified 86% 63%
Tryptic 44°%% 9%
Semi-Tryptic 33% 49%
Source Fragment | 15% 29%
Source Ox

Neutral Loss

ESI Dimer

Missed Cleavage |8% 12%

Informatics that only looks for Tryptic fragments does
not comprehensively analyze a tryptic peptide map




Method Editor
Input Resolution and Mass Accuracy

i — Instrument Resolution IW [V Auto
Lock mass for charge 1 I—
Lock mass for charge 2 Im
Iﬁ Da

1. Analysis Type

3 2. Mass
Accuracy

™

3. Expecled
Proteins

4. Modifications

ard

Lock mass tolerance

1. Analysis Type

2 Mass
Accuracy

3. Expectad
Proteins

4. Modifications

Biopharmalynx Method Editor Wizard
Input Expected Proteins

eW,

Mass Makch Tolerance: ISD.D

Missed Cleavages:
1. Analysis Type 4

2 Mas .
A‘Lbci.,.a:‘.{. Digest Reagent:
() 3. Expected Current Prokeins
Froteins

4. Modifications nalase

—

SCOTT =l

from =1

J |

g | b4 | i, ||753mi

\_MEr i
. Aureus pH 8 fo
5. Aureus pH 4
Wsp-fd
isp=M-DE

5

on-specific
ECOTT 7

Selected Protein

Mame:
Type:
Disulfide Links:

Description:

Modifications
Modifier Type: IAII - l
hiosphoryl 5 d

Fhosphoryl T

Fhosphoryl ¥

Fhosphoryl ST

Feroglucamic Acid M-TERM

f5ulf ation C

5Ulfation 5

ulf ation T

5ulF ation

H1a

HE

H-Acetanitrile

HGuanidine

HFPhosphate

Hsulfate

L TFA

HTRIS

HMa+505

ko skeinlyation

K oysteic Acid C

K- arboseymethyl C

Freridylethel ©
IPCAM

HH20

HLysine C-TERM

+Lysing C-TERM

-arboxymethlate ¥

carboymethylate 5

Jecomposition of carboxymethylated M ¥

0 |_m | x| s |

Biopharmalynx Method Editor Wizard

>
< |

Modifier Reagent ¥ie

Marme: My MO
Type: Sidechain
Delka Mass (Da):  23.0
Applies To: &

Look Behind: (7==D5)
Look Ahead:

x|
Order IModifier Fixed Max Mods
1[Crdidation M r Mo Limit
2|Dearidation M r Mo Limit
3|Glycosylation GO M — Mo Lirnit
4|Glhycosylation G2 M — Mo Limit
5|GEhycosylation GLF M — Mo Lirnik
6|Glycosylation G2F N — Mo Lirnit
7|Carbamidomethyl C v Mo Lirnit




' Automating data processing,

IRrBiopha

ﬁBinpharmalynu - EnoMap ;Iilll
Eile Edt Analysis Help

RELEE
CERE

(B, 1207044C1 02 & | = | ”

4 Pro,..| Peptide | FragmentMumber | Start | End | Modfiers | Peptide Mass(Da) | Control RT{Min} | Contralmfz | Control Charge State | Co

-

Chromatogram | Spectrum | Coverage Map | Protein Digests Peak Match Data |

Biopharmalynx

—

Control: 120704AC1_02.raw

100 A
Display Optians El a7 5
Color Key  Intensity Fileers | 75
-Peak Match Intensity Filber
625

Match Intensity [0 %

— -

o 50 100
s Intensity

rMinimum Intensity Threshold

133840.0 Counts)
5
o

Contral: [opon counts Enclase  [GMPTYE.., |1:T004-005 o
T | e A
Enolase  |DOK 1:T013 %
Enolase K 11025 E 25 4
Eff"m i LT F s ”jg:g‘ | Protein: Enolase Cortrol coverage: 99,1%
0 1 Jﬂ 23 T;Q s || Deseription: Eno Analyte coverage: 98,4%
28.1305 32 7408
825 r .
Control: 120704AC1_02 [ Analyte: 120704AC1_07 5 A 15.3044 44
&S 1:1 ATSKVVYRRSY YDSRGHPTVE VELTTEEG'F RSIVPSGAST FHERLEMRD
'1001 ooz 217002 21 7000 1:51 GDE - WMGE VLHAVEHVHD VIAPAFVERAH TDVEDQERD DFLISLDGTAR
1:101 HESELGAHAT LEYSLARSEAR ARAEEMVPLY EHLADLSESK TSPYVLEFVEF
naite: [207T03AC BT an 1:151 LEVLHGGSHA GGALALQEFH IRPTGAKTF R EALRIGSEVY HHLESLTE R
1: 201 YEASAGHGD EFAMAPFHIOT AEEALDLIVD ATEAMGHDE VEIGALDCASS
1:251 EFFEDGEYDL DFEHPHSDES KWL TGPOLAD LYHSLMEEYP IVSIEDPFRE
1:301 DDVWEAWSHEF KTAGIOIVAD DLTVYTHPERI ATATEREARD ALILEVHOIG
1:351 TLSESTEAM) DEF ARG VEHRSGETED TEFIADLWGL RTFQIKTGAP
1:401 ARSERLAEKLH QLLRTEEELG DHAVE AGEHF HHGDEL




JSLIES

=

4 |Enolase |[AYDDFL... [1:T14 ao 102 15777937
S Friolase  [MWYMDWYIL., [1: 87 73 1285, 7030
& |Enolase '-.-'I.I'LTGF' 1:T35 27 207 15871 .9603
User can:

e Replace an assignment (Alternative)
e Manually edit an assignment
e Remove an assignment

" Edit Assignment

|| % Replace Assignment >

" Remove Assignment

g
H

|
—
Replace Assignment
Pratein Peptide Fragment K... Stark End Madifiers Calculated P, | Contral By F... | Contral Assi,,. | Analyte by ... | Analyke Assi...
Enolase IYADDLTYTHPE (1:T38n5* a7 328 Dearnidation N1 1285.6765 6.5 6 5.6
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MS Data

m/z (50->1500)

MSE Data
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Yeast Enolase Digest Retention Time (80 min)




¥1 Contral by Found

Contral Assigned Intensity (%)

Contral by'y List

47
33

66,7 b2;b3; 04,07, 08,05, 010;b11;b12;b13;b14;b15;017;018;b19;b20; b2 1 ;022 624, b25; b26; b2 T
94,1b2;b3;b4;b5; 06,0708 b3 b10;b1 1614, B20 B2 1w w3 wd S wby T8 eI 10y 11 w1 2wl

SEE
Fle Edt Analysis Lbraries Help
S-[d] 4 »]
P |U ‘ & Chromatogram | Spectrum | Coverage Map | Protein Digests Peak Match Data |
: Il EIEE
(G, Peptide_Map_1 = ‘ = = ‘ ]
o Control Mass (Da) | control Intensty (Counts) [ v2 Control bjy Found | Contral Assigned Intensity (%) | Control by List
1 3256.5967 | 362763.0) 47| 66.7|b2;b3;b4; 1;b12;b13;b14;b15;b -
EESI: Matl:h z 2827.2642| 2694660 ES) 54.1[52;53;54;b5;56; 1;b14;b20;b21 ¥43Y5) Lyizyl
3 2440.0526 917319.0 0 51.3b2;b%b4,05;06; 753163 Ly1Ziv13l4y1s;
4 2636,3562 112859.0) 0 85 .3bz;b3 1;b1 Byl
5 2637.3425 1268910, £ 76,0b2;b3;b4,b5%;69%;D1 0% b1 3% b1 4%, b15%b1 6%b18% b20" b2 L%:b22* 33y 4,51 v6iy Tiv;
5 17545358, 761588.0 = 81,3b2;b3;b%,05;b6; L;b1Z;b13;b15,71 23y y5;v; 1iyleiyl
M 7 1620.9156 549213.0) 28 85, b4 ;b6 | 1;b12;b13;b SV YYES
E Ul"."alE!rlt Matl:h 8 16713377, &17701.0 27 34.5b1;b2;b3;54;55,b6; 113,514,y 12330 43y5; 15 L1213
q El 2327.0063 721810 z7 51.3b2;b%b4,05;06; 56 LivlZivl3; 7yl
10 17885135, 5653350 S 5 ¥ LyLiy2iyBivdy5;v6; Ly12;y13y14y15
11 3736,9600 236758.0 =5 &7 3b;b5;b6;b7, 13b1 1931 rhySare;
12 1540.7324) 46E830.0) 25| 59.3|y1;v2;%3; 1;v12;y13;" !
3 13 1B853.9266 11059.0| 25 27 9b1;b2;b3;b4;b5; b6 b8, B9, 011,013, b14; vl w2 w3 v 6, v Ty ;WL w1293 w14,y
EEI:I:Er l|:|||I:Er-|—|Ial:lllllle i 15777911 £51683.0 =3 3 05306 Ly ZiyEvAvves Lylzy13
15 16128234 119661.0) = 22,7b1;b2;b3;b%05; b 1;b1 BERG Lylzy1a
16 16398937 10151710 2 70,1 2y ySive; 1;712,y13y145y 155
17 1411.8113] 550375.0) 21, 63, ib4ibS; 06,07, 0809y 1;vZ2;v3; 4, v5ive; 1;¥12%13;v14
13 3719.9314| 6098.0| 21 35 4|b+;bS;b7;b; ;b11;b1 HER SR er 3;y22;y29
P 19 7967.5347) 52758.0 20 29 5[p4;b5;b6,b7 1;b1 . ;
EE'DW Mlnlmum 20 42,7065 16117.0) 0 boibiZbI 3y LvE; 21
at 1740.9543, 47944.0 19 82,3b2;b3b4;06; 11271514
2 14157145, 525179.0 18 b5, 5576 1
23 3098.5769) 12997.0) 18] 14.8b3;b4;55,56;57,b8;b10;b1 1;b12;b1
24 1572.8005] 7527.0] 18] 18.3)y1;v2;y3,y7,v8;v10;y11;v1 35y 14b4); (¥ 14bS); (1 4bs Jyly 14B7); (y14b8) (w1 4bS); (y 140
3 2308.9949 224.0 1 398121 Sy 1 4v1S; mla,yzu
) 12677009, 5636210 17
7 26291615 289579.0 17 B33 iy 1S3 -2y % uyu aiyizitlz: z/hs,uyiz 2ib; Ly12-2y10; 1y 12-2/b%; 1
28 1639.8041 23024.0 17| 29.0[y1;y3; 1;¥1. b )i (y LebE);
29 1370.6373 64560 17] 15 523354 y6;v7, vy d; (yuhz) (yubﬁ,(yuhs) (y1253); (1206 );(y1207);(y 12660 (1263}
0 12685.6985, 647773.0 18] 57. b 5060771 B vyl
(B Opene a1 16467444 11458.0) 15 W51 STy 3 (r1589)
Calor Key | tntensicy Fikers | 32 13156079, 2517860 15 70 Iy 2iv3iry5;y; 1
3 10455109, 47815,0 15 34723y 5By Tivs; 1:(y9b8)
Commen Match D El 2164.1206) 3285.0 15 48,7 b2;b3 1;613;b1%;b16;b jtv12b22)
Control Unique D 35 2093.0830)| 3084.0 15 4 1;b1 13:(v12b21)
% 1770.7981 2909.0 15 L1 52,3465 06 BTG50 LBy L1213y 15
Analyte Unique D 37 1158.5950) 326725.0 14 34.6|b2;b3;b4; b3, 1 iy 2iy 3w S B y Ty
UnmatchedPeptids ] 33 1412.7074) 161008.0, 14 51,701 ;b2:b4;08:07; 123314y vy Sy L0sy L
& 1140.5765, 77710 14 34.6521B3:04,58;59; 1 1v2313:43 S VT Ve
Best Match D 40 1257.5533] 64510 14) 23.2ly2;3;¥5; 6,07 yBiy105(y 1 Lh2);(y1 1hea (v 1165y Cy 12b3;(y12b6);{y12b7);(y 1268]
4t B13.4906 275217.0 13 62,b2ibb4b5 0607371372333 ¥4 ¥ vEiv 7
Equivalent Match D 42 966.4925 100450 13 29.4|y1;v2;y3,v45v5; vB; v 75 Eb: I
tter Atomative [ 4 18555873, 99714.0 12 46.Bb2;b3; 2" Y5y Yy Ty Ty By 14y 15y L6
£ 13095723, 56172,0 12 A AL B L 22T
Eielows Minimum D 45 1559.7577 B603.0| 12 22.0b2;b3;k8;b3;| th b2y 123 v vl ly12
46 1736.9131 7397.01 12 24, ;b12;b13;b1 Hih
a7 ]

Advanced

Data loaded.




1.

3. Modifications can be assigned to specific residues

Fragmentation patterns can be compared between analyses
2. Potential alternative peptide assignments tested and selected

B2 Fragment Ion Display x|
Protein: Enolase  Seguence: LNWLNGGSHAGGALALQEFMIAPTGAK  Fragment Mumber: 1:T21nl0*  Modifiers: Deamidation M{1)
o LMYLNGGSHAGGALALOEFMIAPTGAK
VGDEGGVAPNIGTAFEALDLIYDATK Cantrol: LNVLNGGSHAGGALALOEFMIAPTGAK
P—ww—+v+ L+ N+——cesH —Fat-sea L+ ab L +— cE } FIt =1 at PTGAK | bhlax
F— kas T+ertab 1 +—mM—t+—Frte—+ o+ L+AH—T——1r6sAHS66e ——Fh N+ L+ v +— nL — yMax
Poro b a73zeaz! | 1 [ 1 [T 1 1 oo 1 1
[ i I I [ [ T N ! ! i I I
4107 : 1 : 1 ; |1 | 1 [ 1 1 1 : 1 : 1 : : ' |: : I I I
7 Lo 1 | 7EB42E2 93553959 \ ) 1333gse3 | 1703.8823 \ |1 21991008 | :
H 208 1339 327.2033 | I | @ [ LA b1g* | Il 3 | |
3 b2 b3 ! ! [ 1 o 1 0o | |
; | | : : : : 1| 14487871 : |: : 1
£ 1 1 | " |
i ! - | s 20950708 24&?‘65
=z | o I [ b1
= | T | (I ” |
|
0 4 vl -l L ) L Tl | . .
a 500 1000 2000 2500 2001.0042
Analyte: LNVLNGGSHAGGALALOEF MIAPTGAK
F— W —F v+ L+ N+——oesH —t At ces —+ L L+—fe —+—F —+ W —+ 1 —a+t——PTeaK ——— bMax
F—wae —+T1+PFtat 1 +—u—=FrtTE+ — LAGGAHSEe —— T N L —+ v +—— nL —] ymax
o b g7z oros)! | 1 [ ! ! 1" [ 1 1 I
: 1 : 1 v |: | 1 [ 1 i : : ! |: : 1 1 1 :I
I [ I 1 e agwa | I : I I I I I
n4353 | | ! [—— 4290935"39{9 1 [ )y | 1 1 2159'1060 1 1 1
z Lo L TRER Y T vmee 1 sy !
g Bt ! ‘ [ : 1192|5972 : : ! ! 1 :' 1 : : 35,3
< b2 I 1 o 1| 14487744 TEELEHT I V27"
H ! [ ! e . c b18" ! 2005 0760 2411.2561 !
£ : : : : : : ! 1 : b21" ¥25" :
il T I VATE | L] '
a T I T Y I [ [y I| 1 I | 1 !
T T T T T —I T 1
a 500 1000 1500 2000 2500 2901.0942
Nt
d|.|E|
¥1 Assignment| Fragment Mass (Da) Contral Peak Mass {Da) Contral Mass Errar {Da) Contral RT {mins) Contral Intensity (counts) Contral Madifiers Analyte Peak Mass (Da) .
bis* 1333.6864 1333.6563 0.0001 §3.3 27870 Dearnidation N (1) 1333.6830 ;I
b4+ 1262,6493 1262.6453 0.0040 §3.3 655, 0 Dearidation N (1) 1262.6477
b3 1149,5652 1149.5673 -0.0021 §3.3 975.0 Dearidation N (1) 1149.5723
bio* 64,4852 964, 4556, -0.0004 §3.3 1240 Dearnidation N (1) 64,4574
bis* §93.4451 93,4455 -0.0004 §3.3 122.0Dearnidation N (1) 93,4528
bs* 5955.3142 555.3168 -0.0026 §3.3 213.0Dearidation N (1) 555.3159
b 440.2873 440, 2865 0.0005 §3.3 420.0 440.2904
[x] 3272032 3272033 -0.0001 §3.3 2175.0 FEF.E023 J
bz £28.1348 228,1338 0.0010 §3.3 2114.0 28,1334 LI
. | o Jd |
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LC/MSE DTN
high definition proteomics

Data

_D

.PKL Export File
Unassigned Components

51
101
151
201
251
301
351
401
451
501
551
601
651

MTQFTDIDKL
NPTNPDWINR
PGHPEFELPG
TYVFLGDGCL
EDVAKRYEAY
GYGSLHAGSH
ILKPGVEANN
AKDSAVATRK
SSGSGNYSGR
GAVRLSALSG
PADGNEVSAA
DVANPDIILV
YRLSVLPDNV
FTPEGVAERA

AVSTIRILAV
DRFVLSNGHA
VEVTTGPLGQ
QEGISSEASS
GWEVLYVENG
SVHGAPLKAD
KWNKLFSEYQ
LSETVLEDVY
YIRYGIREHA
HPVIWVATHD
YKNSLESKHT
ATGSEVSLSV
PIMSVEVLAT
QOKTIAFYKGD

DTVSKANSGH
VALLYSMLHL
GISNAVGMAM
LAGHLKLGNL
NEDLAGIAKA
DVKQLKSKFG
KKFPELGAEL
NQLPELIGGS
MGAIMNGISA
SIGVGEDGPT
PSIIALSRQN
EAAKTLAAKN
TCWGKYAHQS
KLISPLKKAF

PGAPLGMAPA
TGYDLSIEDL
AQANLAATYN
IAIYDDNKIT
IAQAKLSKDK
FNPDKSFVVP
ARRLSGQLPA
ADLTPSNLTR
FGANYKPYGG
HQPIETLAHF
LPQLEGSSIE
IKARVVSLPD
FGIDRFGASG

Match to: Protein_X Score: 89

AHVLWSQMRM
KQFRQLGSRT
KPGFTLSDNY
IDGATSISFD
PTLIKMTTTI
QEVYDHYQKT
NWESKLPTYT
WKEALDFQPP
TFLNFVSYAA
RSLPNIQVWR
SASKGGYVLQ
FFTFDKQPLE
KAPEVFKFFG

ProteinLynx Global Server
MASCOT
Other Bioinformatics Tools



LC/ESI-Tof MS a powerful tool for protein
characterization and peptide map development

The resulting data sets are complex
o Sample Heterogeneity
o Sample Processing Artifacts
o LC and MS Analysis Effects

Our understanding of these processes has enhanced our
ability to build better informatics tools.

— Analysis can be automated (Days -> Minutes)
— Increase uniformity and confidence of results

— Eases sample-sample comparisons



Xamination of @ BlotherapeutiC

Characterization Strategy.

GEN Webinar Series 2009

Adam Lucka

Alexion Pharmaceuticals
Protein Characterization Group
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COOH

IgG,

Two disulfide bonds
MW~ 148,480 Da

0
T joF —Interchaibisulfide
S Bonds

s
COOH

I19gG;

Eleven disulfide
bonds

n , ) d
// TN

—Interchaibisulfide
Bonds

s
COOH

I1gG,

Four disulfide
bonds
MW~147,980 Da

—Interchaibisulfide
Bonds

IgG,
Two disulfide bonds
MW~148,030 Da

have three constant regions
with more than 95% homology

—InterchaiPisulfide
Bonds

Four disulfide
bonds

MW~147,870 Da
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" BUIK Drug substance: Formulated drug materia
containing all molecular variants of the drug at the

time of manufacture. (glycoforms, PTM, CAM, minor
clips)

d

= Product Related Impurities: Molecular variants of the
drug that may be present at the time of manufacture
new lots/processes or formed during storage.
(Truncated forms, aggregation, isomerized,
mismatched S-S, deamidated, oxidized, etc.)
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- MALDI-ToF: Intact MW, Free Glycan, PMF
- ESI-ToF: Intact MW

- ESI-Q-IM-ToF: Peptide Mapping, Disulfide Analysis, Small
Molecule

V
]

HPLC

- Oligosaccharide
- Monosaccharide
- Sialic Acid

- SEC, RP, WAX

N-terminal Sequencing
AAA

Gel Based Separations
Chip Based Separations
AFFF-MALS

Ion Mobility
Calorimetry

Circular Dichroism
BIACORE SPR
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Top-Down, Bottom-Up, Inside-Out

e Intact MW: Top Down

e Proteolytic Digests Peptide Maps: Bottom Up
e MS/MS sequencing: Bottom Up

e Non-reduced Digests for Disulfide Confirmation:
Inside Out

e Glycopeptide and Free Glycan analysis: Inside Out
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=500 ] 39530760 AALuc] CF N1 S
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2000
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e Trypsin Digestion
e RP-HPLC-MS

e MS Data:

- Accurate Retention time
- Accurate Mass
- Peptide Confirmation via Fragmentation
(MS/MS or MSE)

Use and correlate data from multiple techniques:
Work for 100% primary sequence coverage
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722 no mod
20090108_12650_1 11347 (104.752) QT (2): AM2 (A 3000.0,785 84,0 53.LS 10); ABS; Cm (11645:11849)
18080175

100

EICHT22
) Theoretical m/z: 1808.0065

[ m/z 204.50 Experimental m/z: 1808.0175

6 ppm error
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e l | !
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? e |
st ‘I
et | R
|| PR 18200061
- B e il 1856.0060
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Accurate RT Accurate Mass

20090108 12650 _1 QTrans 21 (2); 2: TOF MSMS 904.97ES+

:

y3 311600 T ce 1 36




Disulfide Conflrmatlon Vla Non-Reduced Peptide
Mappmg

scFv 2-6, 11-17

Jo A

sckv 2-17, 6-11

S I\

sckFv 2-11, 6-17

I\

Intra and Four Additional Inter Disulfide Cross-Links 2-2, 6-6, 11-11, 17-17




Ct+riirtiien

N\
Cys23
N\
\ Cys88
N\

AN

Cysl136 — Cys214

N\

AN

Cysl149
R
Cys205

N

/
Cys23
/

Cys88
) /

Cys22 Cys134 Cys134 Cys22
AN \ / /
Cys96 Cys194 Cysl94  Cys96

/ /
Cys214 —— Cys136
/

Cys149
a
Cys205

4

Cys224 —— Cys224
| |
Cys225 —— Cys225
| |
Cys228 — Cys228
I I
Cys231 —— Cys231
— Cys262 Cys262 —
Glycan —— Asn298 | | Asn298 —— Glycan
Cys322 Cys322

B

Cys368 Cys368
| |
Cys426 Cys426

18 total disulfides
11 unique disulfides



Intensity, counts
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1.2e4 1
1.1e4 -
1.0e4
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8000.0
7000.0 1
6000.0 A
5000.0 1

4000.0

30000 {Man-5+3
797.3

v

L

2000.0

(G1F-GN+3H)3*
860.0356

(GOF-GN+3H1)3*
805.

(GOF+3H)3*
873.38

68

3+

i L

(GLF+3H)3*
927.40

(G2F+3H)3*
981.41

(GOF+2H)2+
130956  (G1F+2H)

(G1F-GN+2H)2* 1390.60

1289.04

(GOF-GN+2H)2*

(G2F-aGal+3H)3* 1208.02

1035.40
(G2F-2aGal+3H)3*
1089.45

(Man-5+2H)2*

L

L 1195.50
YO VR L.u.L.lku‘“ LLI ll A-ll-l

N e

2+

(G2F+2H)2*
1471.61

L (G2F-aGal+2H)2+
L

o

sru .

750 800

850 900

950 1000 1050 1100 1150 1250 1300 1350 1400

1200
m/z, amu

1552.63
1450 1500

1550 1600 1650

Correlated with
MALDI-TOF
Free Glycan

PLC fluorescence

Oligosaccharide,

Monosaccharide,
Sialic Acid
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% Expected Heavy Chain Sequence Identified 100% HT35-SHTO (Cys,, - CySqg)
% Expected Light Chain Sequence Identified 100% HT11s-sLT18 ("Cys; 36— "Cys,14)
i ; HT12s-sHT13 (Cys,,,— Cys
Terminal Analysis Sequences (Co1a0~ C¥or)
HT17ssss-sssSHT17 (Cys,,, — CYS,,,), (Cys225 —

Heavy Chain N-terminal As expected Cys225), (Cys228 — Cys228), (Cys231 — Cys231)
Light Chain N-terminal As expected HT195-sHT24 (Cys,q, — Cys;y))
Full Heavy Chain C-terminal (Relative %) 14.0% intact peptide HT315-SHT36 (CyS355— CYSyz6)
Clipped Heavy Chain C-terminal (Relative %) 86.0 % clipped peptide LT25-SLTS (CySys— CySes)

Glycosylation Analysis

Glycosylation Site (Asn,gg)

100% Occupancy of Asn,q, observed. No evidence
for O-glycosylation

LT9s-sLT16 (Cys;3, — CyS;q4)

All Disulfides confirmed with minor
evidence of alternative isoforms

Detected Relative % Deamidation Analysis % Unmodified | % Deamidated
Glycopeptides Peptide HT22 (303-318) ASN,—Aspays 43.7 56.3
GOF-ManGN 56 Peptide HT32 (372-393) ASNz—>Aspses 59 41
Man5 7.2 .
Peptide HT36*(418-440)  ASN, s ASD,qs 78.8 21.2
GOF-GN 28.2 Peptide LTO* (127-142) Asny;—Aspys; 80.6 10.4
GLF-GN 53 Peptide LT12* (150-169) AN z—>Aspycg 94.1 5.9
GOF 100.0
G2E-GN 10 Oxidation Analysis % Unmodified % Oxidized
o 165 Peptide HT8 (73-87) M, 5.2 94.8
G2F 9.7
G1F+NGNA 3.3
G2F+NGNA 15




AU

0.40]
0.20

]
o‘oo#

—7.842

5-7.033

lot - % L L
0.00 2.

VIOT, WT.

—200kDa

—116.3kDa
S |— 97.4kDa

- 66.3kDa
|~ 55.4kDa

— 36.5kDa
“|— 31kDa
— 21.5kDa
— 14.4kDa
—~ 6kDa

and Spots

Accelerated Stability,
Temperature Stressed,
Oxidation, Deamidation,
Acetylation,
Carbamylation, ...etc.

e Identify susceptible
residues

e Identify Accurate RT
location

How Characterization
Challenges Resembles
Proteomics Challenges

[EE (9sle=10)

100:1 to 1000:1 Purity
100:1 ionization efficiency
peptides/spectrum

10,000:1 to 100,000:1

=== |-116.3kDa
= |— 97.4kDa

— 21.5kDa
— 14.4kDa

- 6kDa

— 66.3kDa
|~ 55.4kDa

— 36.5kDa
~|— 31kDa
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0.40 [ ]
1 \
i
0.20 w (||
© \ \
] = i1
~ \
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00017* —_————— '{/rf\*~
— T T — g
0.00 4.00 6.00 ef
]
VIOL, WT.
== |- 200kDa 2D Gel

== (pHEFS=10);

COOMASSIE)

Auto-Scaled Chromat|
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Single Asparagine Residue in Recombinant mAb
i g ‘ - Through LC-MS Peptide Mapping.
\, g Lucka A. et al. ASMS 2009

Isomerization »& Isomerization

L-Aspartic Acid L-IsoAspartic Acid

Asparagine (NG motif)

N

S

D-Aspartic Acid  D-IsoAspartic Acid

1009 \ Deamidated

HT22 Succ

— UV Trace Peptide Map
—— EIC HT22 unmodified

— EIC HT22 Deamidated
~— EIC HT22 Deamidated Succinimide

LA A

9800 10000 10200 1044% A qokoo N 0800 11000
( / \ N\
L-IsoASP D-IsOASP D-ASP L-ASP
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coverage

e MALDI Strategies for PMF — multiple sample preps + composite searches
e Sub-ambient trapping for nano/cap LC - Peptide Mapping

e Alexion’s Bioinformatics Strategy for rapid data reduction
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NanoCap RP C-18 column

Solvent A: 0.1% FA in H,0
Solvent B: 0.1% FA in ACN

Peptides were eluted via linear gradient
from 2-50% Solvent B in 90 min flow
rate: 0.3-5 pL/min.

ESI 3.5 KV and a m/z range of 50-3000
was analyzed.

o=

1100 HPLC

Synapt HDMS
QToF-IMS

Room Temperature Sub-ambient
Enrichment no Column Enrichment
Heating s

16

13-14

lalk

lalk

8
8
8

mmmmmmm
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A Mass
Change (Da)

-128.1726

-2.0158

-17.0306

1445.3355

58.0055

Varies

15.9949

42.0106

0.984

= System Issues
- Uses single search mode mono vs. average mass
= Identification Issues .
- Incorrect Id’s with too many mods pre-selected PVGE"F'éEt
= Missing Features B
- Neglect retention time and archival information—_"
- Neglect known assay artifacts e
= Data Presentation Issues

- No back association to the LC-MS chromatogram/MALDI

spectra

- false positive protein identifications

- false positive peptide identifications for correct protein

- missed peptides for a correctly identified protein

Data Analysis is the Bottleneck for Protein Characterization
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con irion after which Iy Accurate Mass and RT time pir are
screened

Single search to identify all known ||Jept|des, regardless of signal
intensity, currently requires manual interrogation of the data

Identifies all potential peptides that meet criteria

Protein specific database for sequence id/confirmation:

— normal, mis-cleaved, nonspecific cleavages, single point
mutations, PTM, CAM, cross-linked, and assay related peaks

Correlates peptide m/z, charge, retention time, intensity and ]
fragmentation. Tracks and trends peptide information in an archival
Master Table which is chromatography and molecule specific.

Suggests mods for unknowns based on the specific protein

Visual Results output
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Molecular
Species ID

/z Stat

LU

etention Time Sta

on

Trypsin # AA Range Mono MH+Ave. MH+Partialssequence Ave RT Min RT Max RT SD RT
1 [ 1-19] 1949.923 [1951.102] 0 |ADIQMTQSPSSLSASVGDR 31.15 30.70 31.60 0.18
InDIQMTQSPSSLSASVGDRVTITCGASENIY
1-2 C* (gel) [ 1-39] 4247.013 | 4249.64 1 GALNWYQR (1 * Carbamidomethyl (C)) 43.40 43.40 43.40
JTITCGASENIYGALNWYQR (1 *
2 C* (gel) [ 20- 39] 2316.108 [2317.561] 0 darbamidomethyl (C)) 42.34 41.60 45.10 1.23
UTITCGASENIYGALNWYQRKPGKAPK (1 *

D-4 C* (gel) [ 20- 46] 3022.557 |3024.439| 2 qarbamidomethyl (C)) 38.02 38.00 38.10 0.04
3-4 [ 40- 46] 725.467 | 725.901 1 |[KPGKAPK 3.03 0 0.06
35 [ 40- 62] 2366.355 | 2367.77 | 2 |KPGKAPKLLIYGATNLADGVPSR . somerso 6.25

4 [ 44- 46] 315.203 [315.389 | 0 |APK 2.62 i —0 0.13
5 isoD [ 47- 62] 1659.906 [1660.892 | €T [LLIYGALM=ASODGVPSR 36.44 36.00 36.90 0.20
5 [ 47- 62] 1659.906 |1660.892 LLIYGATNLADGVPSR 37.14 36.80 37.80 0.22
FSGSGSGTDFTLTISSLQ.....YYCQNVLNTPL
6 C* (gel) [ 63-104] 4550.134 [4552.922| 0 TFGQGTK (1 * Carbamidomethyl (C)) 50.55 50.50 50.70 0.08
7 [105-108] 488.308 | 488.599 | 0 |VEIK 10.63 9.70 11.20 0.42
7-8 [105-109] 644.409 | 644.785 1 |VEIKR 10.48 9.90 11.50 0.62
RTGGGGSGGGGSGGGGSQVQLVQSGAEV
8-9 [109-137] 2488.213 [2489.597| 1 [k d d MW F .
RTGGGGSGGGGSGGGGS ~ /
8-10 [109-144] 3155.615 |3157.395| 2 @XK pept| es ragmentatl
9 [110-137] 2332.112 |2333.411| €T frg GGGSGGGGSQVQLVQSGAEVK 27.24 26.60 28.50 0.55
& JTITCGASENIYGALNWYQR (1 *
D C*(gel) ox [ 20- 39] 2332.103 [ 2333.56 | 0 darbamidomethyl (C)) 40.35 39.71 41.61 0.57
TGGGGSGGGGSGGGGSQVQLVQSGAEVK
9-10 [110-144] 2999.514 [3001.209] 1 [KPGASVK 26.15 26.10 26.20 0.07
10 [138-144] 686.42 | 686.822 | 0 |KPGASVK 4.44 3.30 4.90 0.65
Digest Artifact
DAPGQGLEWMGEILPGSGSTEYTENFK (1 *
13 PG [164-190] 2909.33 [2911.142 ‘0\!’ (N-term peptide)) 45.90 45.70 46.10 0.28
Digest Artifact = -
QAPGQGLEWMGEILPGSGr== lodified & M |scleavages
13-14 PG [164-192] 3180.458 |3182.416 1 YTENFKD, ro-glu (N-term pepuueyy IO T U .00 U.IT
MmQSPSSLSASVGDR (1 * Acetyl (N-
1 Acet [ 1-19] 1991.934 [1993.139| ~ 0 ferm)) 34.03 34.00 34.10 0.05
<€——_VTITCGASENIYGALNWYQRSEDTAVYYCAR
2s-s17 |[20-39s-s213-2231| 3533.61 |3535.857| 0 (Djsulmepended. 1 * Additional C & N Term)  39.10 39.00 39.20 0.14
:sGSGSGTDFI’LTIM
GJKVSCK (Disulfide bonded, 1 * Additional G| | . . .
6s-s11 |[63-104s-5145-148]] 4926.312 |4929.395| 0 RN Term) >I'ED|SL‘| |f|d e L| n ka g es
V$CKVSCK (Disulfide bonde: Tonal
11s-s11 [|145-148s-s145-148] 869.422 |870.073| 0 L &NT 6.80 6.30 7.30 0.71
| &——9SCKSEDTAVYYCAR (Disulfide bonded, 1 *
11s-s17 [|145-148s-s213-223] 1710.746 |1711.896] 0 Additional C & N Term) 22.77 22.40 22.90 0.14
- Assay Artifact 253 253.2 | C——prrbimer 6.25 A .
HR Buffer, RapiGest, Trypsin Digest Assay | __— Ssay Artlfa CtS‘
- Assay Artifact 259 259.1 - _Unknowns (RT~2.5 min.) 2.53 2.30 3.00 0.24
HW Digest Assay
- Assay Artifact 280.99 | 281.19 - Ul 5 (RT~23.7 min.) 24.00 23.90 24.20 0.14
- Assay Artifact 310.95 | 311.15 [* - TT Dimer + Alk 16.87 16.70 17.20 0.16




vag

Ret Time m/z MH+ Trypsin Comments

(#)| (min) ) (+) (Da) | Peak | Frag (#) Range Sequence (MHionsMH 4,9

1 3.2 494.3 1 494.30f 12.9 11 C* (sol) [145-148]  vsk (1 * Carboxymethyl (C)) ( 494.228 : 494.584)

2 4.8 343.75 2 686.49| 12.6 10

3 10.1 322.75 2 644.49 5.2 7-8

4 10.6 488.4 1 488.40 2.4 7

5 11.2 607.45 1 607.45 2.8 15 [193-197] [TMTR ( 607.323: 607.746)

6 16.8 311.02 1 311.02 2.1 - Assay Artifact DT Dimer + Alk (310.95: 311.15)

15 N-Term
7 18 665.5 1 665.50 1.0 CoMe [193-197] Diges Artifact VIMTR (1 * Carboxymethyl (N-term) (Sol)) (665.329: 665.782)
2 2L 4 440 1L 1 440.15| 3.3 - Assay Arty
H 447.08 1.0 - Assay Arti

C rOSS' LI n ks+ﬁ 11s-s17 [|145- 1482-5213- EDTAVYYCAR (Disulfide bonded, 1 * Additional C & N Term) (1710.746 : 1711.896)

1T 75.0 5b63.65 2 1336.29 17 C* (sol) [213-2237]  SEBTAVYYCAR (1 * Carboxymethyl (C)) ( 1335.552 : 1336.407)

12 26 830.61 3 8-9 [109-137] RTGGGGSGGGESGGEGSQVQLVQSGAEVK ( 2488.213 : 2489.597)

1 N-Term
CoMe [ 1- 197 Diges}Artifact ADIQMTQSPSSLSASVGDR (1 * Carboxymethyl (N-term) (Sol)) ( 2007.929 : 2009.138)
1fs H 9 [110-1371 TEGGGSGGGGSGGGGSQVQLVQSGAEVK ( 2332.112 : 2333.411)

NOdlflcatlon D N-Term o Y3é||ow- Mass and/or RTermorK)(Sol))(

15 27.8 797.85 3 K CoMe [110- u

16 31.2 651.09 3 1 [ 1- 19] APIQMTQSPSSLSASVGDR ( 1949.923: 1951.102)

=2 == === = 1 Acet [ 1-19] ADIQMTQSPSSLSASVGDR (1 * Acetyl (N-term)) ( 1991.934 : 1993.139)
iffe rent pe ptides nN M wu F C* (]éjc-)l)lzl' 40- 621 : [145- 16.33_»;!;K::;YG;‘;2I6_A€I?7(;\;PSR( 2366.355: 2367.77) : VSCKASGYIFSNYWIQWVR (1 * Carboxymethyl (C)) (

19 36.2 [554.36 3 [1661.04 3.0 5 isoD [47-62] LELYGATNLAiSODGVPSR ( 1659.906 : 1660.892)

20 37.1 554.37 3 1661.0 5 [ 47- 62] L{IYGATNLADGVPSR ( 1659.906 : 1660.892)

21 38 605.99 5 .5 |_2-4 C* (sol [ 20- 46] VTIFCGASENIYGALNWYQRKPGKAPK (1 * Carboxymethyl (C)) ( 3023.541 : 3025.424)

- - 57.7 16 [198-212] OTSTSTVYMELSSLR ( 1689.8 : 1690.851)

[So m e rl Zatl o 23 18 39 8.2 2 C* (sol) [ 20- 39] VTIFCGASENIYGALNWYQR (1 * Carboxymethyl (C)) ( 2317.092 : 2318.546)

ZF FZoF CUTT D I 4 3199.90 28. 13-14 [164-192] QAPGQGLEWMGEILPGSGSTEYTENFKDR ( 3197.484 : 3199.446)

25 44 976.68 13 [164-190] JAPGQGLEWMGEILPGSGSTEYTENFK ( 2926.356 : 2928.173)

Digebt Artifact QAPGQGLEWMGEILPGSG.....EILPGSGSTEYTENFKDR (1 * Pyro-giu (N-term peptide)) ( 3180.458 :
[164-192] B182.416)

M is_cl ea [149-163] ABGYIFSNYWIQWVR ( 1889.933 : 1891.115)

C)) (4551.118 : 4553.906)

29 50.9 [853.75 8 )
30 51.4 ([916.01 3 2746 01 " [224-247]
31 54.7 1200.73 4 4799.9( 1.2 12-13 [149-190] ABGYIFSNYWIQWVRQAPGQGLEWMGEILPGSGSTEYTENFK ( 4797.272 : 4800.265)




e Protein Characterization Goals are for 100% Primary Sequence Coverage

e Alexion’s Biotherapeutic Characterization group uses additional
strategies

- Branched Sample Prep / Composite Search MALDI-ToF
- Sub-Ambient Trapping LC-MS
- MasterTable for Data Reduction
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Biotherapeutic proteins

- Bioinformatics tools for protein
identification

- Bioinformatics tools for protein
characterization

2. Examples of protein characterization with
bioinformatics

- Intact mass analysis

- Peptide mapping

- Disulfide bond mapping
- MSE analysis

- MS/MS analysis

3. Conclusion
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known protein sequence)
= Intact mass analysis

- Does the detected mass match the theoretical mass?

- A_l;e there other species present besides the expected
one-

= Peptide mapping

- Do peptides conform to the predicted sequence? Any
mutations involved?

- What post-translational modifications are involved?
- Are disulfide bonds in the proper arrangement?
"= Tandem mass analysis

-Identify mutations and post-translational modification,
sequence unknown peptides, determine sites of mutation
and post-translational modifications



Identification by Peptidel\/lass Fingerprint

MS-Fit: (UCSF)
http://prospector.ucsf.edu/ucsthtml4.0/msfit.htm

Profound: (Rockefeller University )
http://129.85.19.192/profound_bin/\WebProFound.exe?FORM=1

Mascot PMF: (Matrixscience)
http://www.matrixscience.com/cgi/search_form.pI?FORMVER=2&SEARCH=PMF

Identification by Tandem MS/MS

SEQUEST: (ThermoElectron)
http://fields.scripps.edu/sequest/

MASCOT: (Matrixscience)
http://www.matrixscience.com/cgi/search_form.pI?FORMVER=2&SEARCH=MIS

OMSSA:
NCBI--Open Mass Spectrometry Search Algorithm
http://pubchem.ncbi.nlm.nih.gov/omssa/omssacgi.cgi?searchsettings=iontrap.xml



having known sequences
 Analytical data processing is the bottleneck of protein characterization
 Bioinformatics tools are less developed

Data Processing Softwares:

1.

0

Software by Agilent

Mass Hunter matches protein sequences and finds post-translational modifications;
Useful for biotherapeutic protein characterization

Mass Profiler is good for comparing the statistical significance of certain m/z values
and for quantitative analysis.

2. Software by Waters

0

0
0
0

Useful for biotherapeutic protein characterization

Can process MSe data to confirm peptide sequences

Can show the peak intensity difference, but no statistical visualization
user friendly



No Bioinformatics

Manually match m/z values of every <«
spectrum across the chromatogram with
the theoretical peptides

Identify the matched m/z in each
spectrum,
assign the annotation

>

Perform ms/ms analysis for unknown m/z
values -

Manually input all the identified

peptide sequences, m/z values, charge
states, post-translational modifications....

Months of work

With Bioinformatics

Automate batch data processing, annotate

and compare the results among reference
standard and experimental samples

Process MSe data to validate peptide
mapping assignment

Produces annotated spectra,
chromatograms, coverage maps and
tabular data

Export peptide/fragment data for

sea rcIWewécr(gthfzbbiaigfv atics tools



Intact Mass Analysis
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Peptide Mapping Data Processing
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| Chromatogram | Spectrum | Coverage Map | Protein Digests | Peak Match Data |

e o ] i N e B[]

Fragment Mumber | Start | End | Calculated ... | Control RT... | Contral mfz| Co... | Control Mass (Da) | Control Inten... | 41 An...| Analyte mjz | A... | Analyte Mass ... | Analyte Intensi... | Delta...

1 (2K6 109 112 437.3006 31.1| 488.3078 1 437.2999 107309.0 314 483,3298 1 437.3219 119451.3 10.2
2 1K28/y4 419 422 4561, 2486 34.9| 462.2583 1 451.2504 33426.0 35.1 462, 2738 1 461,2709 259147  29.0
= LikK28 418 422 574.3326 34.9| 575.3392 1 574.3313 110113.0 35.1 575.3642 1 574.3563 124050.1 11.2
4 | ZK15%/y6™ 214 219 829.3541 38.3| 415.6849 2 829.3540 13896.0 38.3 415,7037 2 829.3915 105474 28.1
5  |2iK15F 213 218 916.3862 38.3| 459.1957 2 916.3836 256552.0 38.3 459,2220 2 916.4281 215683.9 15.9
<] 38.4| 939.3770 1 938.3091 10097.0 38.4 939,4203 1 933, 4124 13350.0 24.4
7 |2k9 151 154 559.3118 42.3| 560.3181 1 559.3102 75155.0 42.4 560.3428 1 559.3348 55926.1 4.4
3 43.5 737.9412 2 1572.8665 20703.4
9 |ZK10x2 155 174 4269.9229 49.0( 14243254 4209.9526 28803.0 45.0| 1424.3901 3 4270. 1465 17204.4) 674
2:K10 2134.9614 49.1 1063.4330 2 2134.9602 436132.0 1068.5386 2 2135.0613
2:K8* 2157.0566 1079.4825 2156.9452 L 1079.5333 2 2157.0508 13305.8
2:K10fy6 706.3134 ‘ 707.3522 1 706,3443 12904.6
2:K10 155-174 mutant 1055.0325 2 2108.0451
14 404. 7409 2 807.4659 13147.0 803.5115 1 807.5035 35418.8
15  |1K21fy6 337 342 653.3746 54.4| 654.3783 1 653.3704 95350.0 54.4 654.4093 1 653.4020 90391.6 5.5
16 |Lk21 335 342 37,4960 54.4| 838.49%90 1 837.4911 134017.0 54.4 833.5372 1 837.5293 243582.3 45.3
17 54.4| 860.4331 1 859.4752 14944.0 54.5 860,5230 1 859.5157 33545.1 55.8
158 56.1| 432.2263 1 431.2184 24704.0 56.1 432,2457 1 431,2378 27374.4 2.8
19 |2k6 109 112 437.3006 56.4 438, 2944 1 437.2865 12240.4
20 |1:K30 443| 454 659.3490 56.3| 660.3523 1 659.3444 225385.0 56.4 660,3335 1 659,3756 202608, 2 11.2
21 56.4| 6832.3373 1 631.3294 13375.0 56.4 632,3674 1 631,3595 43072.6 727
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Fragment Number

3:T001-3:T009
3:T001-3:TO09*
1:T002-1:T0O09
3:T014-3:T021
3:T014-015-3:T021
1:T019-3:T022-023
1:T020-021-2:T020-021
1:T020-2:T020-021
1:T023-1:T030
1:T023-024-1:T030
1:T023-1:T029-030
1:T038-1:T043
1:T038-1:T042-043
1:T046-1:T052
1:T046-1:T052*
1:T054-1:T061

Modifiers

Calculated
Peptide

Control

Mass (Da) RT (Min)

4667.198

Oxidation M(19683.193

2504.11
3555.749
3883.924
1260.486
5454.783
5229.636
2328.098
3986.882
2748.299
3844.824
4087.957
3378.478

Oxidation M(18394.473

3848.751

59.7
58.5

51
63.6
57.1
27.1
74.1
75.2
46.7

16
15.1
57.1
56.5
63.7
59.7

60

Control
m/z

1167.7939
1171.7952

835.7098
1186.2482
1295.5906

631.2525
1364.6843
1308.3971

777.0377
1994.2504
1375.1942
1282.6047
1363.6487
1127.1567

1132.491
1283.9138

un
I

.4

ap of |

Control

Charge
State

W WWWwWWwNNWRAEABANWWWRALH

Control
Mass
(Da)

4667.144
4683.1489
2504.1055
3555.7207

3883.748
1260.4891
5454.7056
5229.5566
2328.0894
3986.4849
2748.3726
3844.7903
4087.9221
3378.4463

3394.449
3848.7178

lon-

Control
Intensity
(Counts)

565863
196462
186185
759713
1912
17914
271024
44785
386328
12200
8846
207856
12174
98158
458

55871

Caution: False positives can be found in the
assignment!



| Chromatogram || Spectrum || Coverage Map || Protein Digestsl Peak Match Data

e G2 ] ] S

Fragment M... Start End Calculated ... | bfy Possible | Control RT...| Controlmfz |Contro...| Control Mass (Da) | ¥ Control Intensity (Cou... | Control bjy Found Control bfy List
i 1:T21% 264 282 2186,0556 38 52.3 729.6910 3 2186.0493 200234,0 32b1;b2;b3;b4;b...
2 2T1* 1 24 2588.2979 45 61.1 863.7697 3 2588, 2854 193068.0 30/b2;b3;b4b5;b...
& FHE 33 101 2291.0317 38 50.5 764.6829 3 2291.0249 173082.0 25b2:b3;b4b5;b...
4 2:T20% 196 212 1922.9561 32 43.2 041.987% 3 1922.9390 155242.0 25b2;b3;b4*b5% ...
3 LT57* 874 702 3264.4558 56 84,1 1089,1562 3 3264.4443 153052.0 24b2:b4;b5;b5;b. ..
3] ZT3 34 55 2646,3958 42 B85.7 B883.1336 3 2646, 3770 143280.0 30b2;b3;b4;bs;b. ..
7 1T40* 425 447 2848.29561 44 54.8 950.4377 3 28348,2893 134692.0 20b1;b2;b3;b4b...
5 L:Ti19* 231 256 2939,5232 50 66,6 980,8458 3 2939,5137 131449.0 15b2;b3;b4*b11...
9 Z2T13* 132 147 1844.9243 30 72.1 923.4660 2 1844.9174 127530.0 14b3;b4;b5;b7;y. ..
1872.9146 32 937.4579 2 1872.8999 126164.0 b2;b3;b5;b5;b...
i1 1:T43* 491 509 2253.0137| 36 89.7 752.0097 3 2253.0054 118330.0 25b2;b3%;b4%;bs...
12 1T22 283 296 1676.7947 26 58.9 839.4000 2 1676.7842 111280.0 21b1;b2;b3;b4b...
13 1:T8 77 87 1337.6751 20 59.0 569,8408 2 1337.6656 108629.0 17b1;b2;b3;b4;b...
14 2T6 67| 79 1302.6091 24 49.5 652.3057 2 1302.5856 105424.0 20/b2;b3;b4;b5;b...
15 IHBE 156 218 6750, 3438 124 76.8 1353.0831 5 6760, 3760 101862.0 31b2:b3;b4b5;b...
16 1:T13* 142 155 1368.7072 26 48.8 ©£85.3565 2 1368.0971 99122.0 22b2:b3;b4be;b. ..
17 1:T36 379 400 2543.1240 42 54.0 1272,5663 2 2543, 1167 96954.0 24b2:b3;b5;b7;b...
18 1:T42 458 430 2913.3811 B8 56.1 972.1331 3 2913.3755 965834.0 40

b2;b3;b4;b5;b...

[




Sequence: TTPPVLDSDGSFFLYSK

Fragment Number: 1:T37

Maodifiers:

L -
LL

Control: TTPPWLDSDGSFFLYSK

Kk —+ s "_

I‘~r—|—|_

Peptide from IgG1 Fc region

Lr+~o~+s+p0+—+s+—F —F+——— FLysk ————— bMax

T—F—F—F—Hst+t+o+rs+o + P4+ P+ 17 — yMax
I I I (. i Pl ! I I 1671.8047
| | | | I 1" 1| | | 1 1
14144 I | I I | i [ [ I I
I : I I : |: I : I : I I
I I I I I I I I
| : | | : |: | : | : | |
- I I I I I I I I
| I I I (. il P . I I
s I I I [T T B ol I I 73.8073
E I : I I : |: I : I : I I 7
& : I : : I :l : I : I : :
E | ! | | ! ! 1! | ! | |
+ | | | | | 1" 1 | | 1 1
= | : | | : |: | : | : | |
I - I I I I I '
120.0752 | 3672020 ?243523|' 43, 115|:| 5431 1265 5427 | 16747728
| ¥3 11 yi4
1 |;.:.r I ¥ |
1 |.l.| el 1 ]I | Ll | L |
o ] pem———m ——— : — —
1500 20E0.206
i 3
Assignment | Fragment Mass (Da) | Control Peak Mass (Da) | Control Mass Error (Da) | Control RT {mins) | ¥2 Control Intensity (cou...
1671.8270 1671.8047 14144.0
y17 1873.9224 1873.8973 0.0250 67.9 7544.0
y2 234.1454 234.1382 0.0072 67.9 992.0
v3 397.2087 397.2020 0.0057 67.9 360.0
y14 1574.7742 1574.7729 0.0012 67.9 097.0
y11 1265, 55690 1265.5427 0.0262 67.9 510.0
ya 943.4331 948.4537 0.0244 67.9 443.0
vl 147.1133 147.1081 0.0052 67.9 418.0
oy C4M WMo CiM oA M NnAA TN A N

(£



File Tools Window Help

g ESET) I

& ¥

MKEDOWI

" Project View
EIH C:/PeaksStudios. 1. fderbe
=- L Sample 1
=-#y R_RRS_degly_101
L. i DEMOWO 2 [26

23 | >
Tasks Running Info |
wWork Flow Info Properties

~

Selection Details: R_RRS_de—

W

< | >

R_RR5_degly_101509b.973.dta = |

237.4037 2 (id=2)
L DENOVO 2 [26-0ct-09 19:30] . .
- Manual De Novo Leptide from IgG1 Fc region
# Immonium b b-H20 Seq y-H20 v (2+4) #
1 203.10 185,02 175.10 [202.08] 15 -~
2 70.07 300.14 282.14 272.14 P 1671.82 1653.81 336.41 14 |
3 70.07 397.20 372,18 369,20 P 1574.76 1556.76 787.88 13
4 72.08 496,26 475.25 465,26 v 1477.72 1452.71 739.36 iz
5 86.10 609.34 501,33 581.35 L 1378.65 1360.64 689.82 11 —
& 58.04 724.35 706,36 696,33 D 1265.53 1247.55 633.28 10
7 50,04 311.40 793,39 733.41 5 1150.55 1132.53 575.77 E]
E] 58.04 926.43 208,42 398.43 D 1063.50 1045.49 532.25 3 &
Intensity (%)
25
[=]
o
=
&
12.51 @(18?3.9,109
= fac
B su_.,ulLthL i 1 I
| .l. LLL L : L S I ra
1000 1400 2000
< Ed
& gl | 1| 2 | 2y R_RRS_degly_10150%h.973.dta: ms=2 mz=937.4037 z=2
Info || Alignment | Error Map
Error {da)
I = M 10,1
= ! T T T T 1-0.1
500 1000 1500 2000 iz
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" Froject View
EH C:/PeaksStudios. 1/, /derbyServer fserverDBMew F
= JL Sample 1
RO 65 15 3.t

GGEYSPYYNTLDDLAQWVWVD L TVGNNE. 0.5
GEYSPYYNLTDDLAQWVVDLTVGNNK 0.5
GYGSPYYNTLDDLAQWVVDLTVGNNEK 0.5
YHSPYYNTLDDLAQWVVDLTVGNNE. 0.5

b 1% P Oowl EEIK
968.16_3.txt |
_E‘ 968.16_3.txt 968.16254 3 (id=1)
= |5 g53.15254Gc | = Lu DENOVO 1 [27-0ct-09 10:26]

Novo Results

- N De
5 # Imm... b b-H20 a c Seq y y-H20 z F4 yi{2+) #
Tasks | Running Info | Work Flow Info _ Properties | 1 |135.08 | 58.03 | 40.02 | 30.03 | 75.06 | G 27 |af
2 | 30.03 |115.05| 97.04 | 87.06 |132.08| G |2845.39|2827.33[2828.36|2629.361423.13 26
Selection Details: 968.16_3.txt 3 [136.08[278.11[260.11| 250,12 [ 295.14| ¥  [2788.37(2770.36(2771.34[2772.34[1394.63) 25
4 | 60.04 | 365.15|347.13 | 337.11 | 382.17| 5 |2625.30|2507.29|2608.28(2609.28(1313.15| 24
Total MSL Spectr ) 5 | 70.07 | 462.22 |444.19 | 434.24 | 479.23| P |2538.27|2520.26(2521.25(2522.25/1262.65| 23
T"ElMS ;"Z ach 1 & | 136.08 |625.26 |607.25 | 597.27 |642.20 | ¥  |2441.22|2423.21|2424. 19(2425. 191221, 12| 22
I" . /M Spectra el 7 | 136.08 | 788.34 | 770.34 | 760.32 | 805.36 | Y  |2278.16|2260. 152261, 13(2262.13|1139.54] 21
F°” °““;ﬁ Mo CID[";:‘[’J'S‘I’;";D 8 | 87.06 |902.44 | 884.41 |874.28 |919.42| N |2115.09|2097.08[2098.07(2099.07|1058.02] 20
Mr:gsmE”M ;’” ooe e I:: rad ment 9 | 74.06 |1003.42985.41 |975.42 |1020.44 T  |2001.05/1933.04|1984.02(1985.02(1000.98) 19
MSM?; °:1 ; ?_“a ”;':’_Ehtm J 0 T #6.10 [1116.50/109A, 4311088 5111133531 11850 931188 1.93/1#A7 6AI18A%.08 om0 25 | 18 Ll
Can vodae ime o g =
MS Scan Centroid false O n S \ I1néEDnS|t\,f (%)
MS MS Scan Centroid false . 2 _
Group M5/MS Scan (after refine) 1 MatChIng &
= p—
50 N
o —
Table =38 g
| | | L | . miz
00 1000 1500 2000
; : 958.16_3.txt: ms=2
| & || x| 2 mz=968.16254 7=3 | |
Info | Alignment Error Map |
Enlarge the panel to see the content!
i | N 4 | n Spectrum
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arch Identified as Cytokeratin

1t




= Integration of bioinformatics can dramatically
increase the efficiency of biotherapeutic protein
characterization

= Caution still needs to be taken when using the
bioinformatics tools. Expertise is required for in-
depth data analysis.
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