thermoscientific

{#FHHigh-Resolution Accurate Mass
Multi-Attribute Method (HR-MAM) 0

NISTEBIXRGEEEH

KBRS, 280 SRS (FE) BIRAT]

1.015
BEERT YT REESKOY I SO RNANES, &
EEENEEL kHRRERETIRIT (Quality by Design, QbD)
FUEFEE, WEMBHNRERSIRE TESNEKR, UTF4E
MHAIHENTES, REFRIIXBITIEFNXBREENT
(critical quality attribute, CQA ) FIZXERFHITEE. B2k
EMESNTANEE. FEANREFREESHOBEFE, Uk
FEEE (reversed-phase high performance liquid chromatogra-
ohy, RP-HPLO).
phy, SEC) . BFz#EIZ (ion-exchange chromatography,
IEX) FNFEHEBK ( capillary electrophoresis, CE ) £,

HRIRHEE &I ( size-exclusion chromatogra-

20154, RogersZEH FOrbitrapE P PEIEFE A K E T Multi-
Attribute Method (MAM) , ABFE—$HHFPEITICQARTT
£, EEFLATEED, EMMAME‘Z‘EL‘,GE RIBT LRI
WAKTE, MEFHNFAS

AN F, FAMEAThermo Scientific™ Q Exactive™ Plus Or-
bitrap™ ERHERIEFEE, SBThermo Scientific™ Vanquish™
Flex UHPLC& %, {#MThermo Scientific™ Chromeleon™ 7.2.9
Chromatography Data System (CDS) 5Thermo Scientific™ Bio-
Pharma Finder™ 3.2 ER{4GH1TEURREFLIE (Figure 1).

BioPharma Finder 3.2
Component Detection, Peptide
Mapping, Critical Quality Attribute
(CQA) Selection and Quantitation
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Figure 1. Thermo Scientific HR MAM TAERFZE. {#FBioPharma Finder
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2. KWHE
a. (LB R

e Q Exactive Plus Hybrid Quadrupole-Orbitrap Mass Spectrome-
ter

e Vanquish Flex UHPLC system

e Thermo Scientific™ Accucore™ Vanquish™ C18+ UHPLC co-

lumn, 1.5 um, 2.1 x 150 mm
e Thermo Scientific™ Acetonitrile, UHPLC-MS grade
e Thermo Scientific™ Pierce™ Trypsin Protease MS grade
e Thermo Scientific™ Pierce™ Formic Acid, LC-MS grade
e |nvitrogen™ UltraPure™ 1 M Tris-HCI Buffer, pH 7.5
e 8.0 M Guanidine Hydrochloride Solution
e Bio-Spin P-6 Gel Columns, Tris Buffer
e Thermo Scientific™ Zeba Spin Desalting Columns, 0.5mL
e Sodium lodoacetate (IAC) BioUltra >98% purity
e DL-Dithiothreitol (DTT) BioXtra 299% purity
b. SKIGHF TR

NISTmAb Humanized IgG1 k Monoclonal Antibody (NIST, RM
8671),

c. FmBIIELS R

o EAENIST mADIRER USRI ZIRME, 8F 125 mM L-
histidine + 12.5 mM L-histidine HCI (pH 6.0/{AZ&H, KEH
10.004 + 0.08 mg/mL. B 10 L NIST mAbirnER, 2
SUIFRCHRA2FIRAZ, FAOA90 uL Solution I(7 M Guanidine
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SCIENTIFIC



HCI, 100 mM Tris, pH 8.3), BELREEZEE N 1mg/mL,

PR, [ ERERFSBIIAN2.0 uL Solution Il (500 mM DTT)
1§DWQ¥/ZerJ1O mM, BL’:EIJEE?%SO %EF'

o B, WRERE, M EARFERFSAINMAL.0 pL of Solu-
tion (500 mM IAC)HF AR KSR DIRE, FEIACEIREN20
mM, #7]U§/ng|]¥%20 EP

o ARER: EMERRE, @MLERERFSIINANL0 L
Solution IV (50 mM DTTAFFFIT=EHIIAC, FBEE7BIEL
BioSpin-6 columnFOThermo Scientific™ Zeba Spin Desalting
Columns, 0.5mLE—37, ZBEHIGIBBDIIBEHEHIARERE
A0 MM Tris (pH7.9) » AETFEARIFERITAII.6mL
9ME, BEfEMEBIoSPIn-6 columnF IR IR R &L 2 G
RA2FER, [G)Zeba Spin Desalting Columne Il N iR Rl E
W2 [ERIRASMER, 1000xgiiRB LD HEDHIETE
TR A EEAR o

o figfiR. EAXEKIKIEPierce Trypsin%iﬁ)'m mg/mL,;2F1iRFER
5, EREE. &8=1:10 (ww) BILLEIEIERES SR D 370
EFNAFHNIST mAbT$uu‘:F' 37 °CIEE30H5 %, MARE
(BREN10% ) LILFEHRREN, BEERDERDIER
EFRRTHETRIEENHIFSEE, FREDF.

d. LIEHERE

o igtHEIE . Vanquish Flex UHPLC system

o BiE1E. Accucore Vanquish C18+ UHPLC column (1.5 um,2.1
x 150 mm)

e 2. 50 °C ( column oven Mode set to Still Air )
o EEiftiERSRE: 5°C
o FifE. BMMEMRS ULEI4ugEBREIRER)

e mENtH: 0.1% formic acid in water (A1) / 0.1% formic acid in
acetonitrile (B1)

o RIE. 0.250 mL/min.

RIS ENRAF7.

Time (min) B% [Time (min) B% [Time (min) |B%
0 1 77 90 193 90
5 1 79 1 99 90
6 10 |81 1 101 1
70 35 |83.5 10 115 1
72 90 [91.5 45

Table 1. EARIBE.

RIERENER2 . EFATFIRE D FNEIEFEBTops
ddMS2 /5i%EXKE, BioPharma Finder 4 ; CQATEEZMIZUREE
HFull Scan MS only /5 5K E, TBIIALLIE,

MS source setting Value
Sheath gas 35 arb
Aux gas 10 arb
Sweep gas Oarb
Spray voltage 3.5 kV
S-lens RF level 50
Aux gas temp. 250 °C
Capillary temp. 250 °C
Properties of Full MS - SIM Value
General
Runtime 0to 72 min
Polarity Positive
Full MS - SIM
Resolution 140,000
AGC target 3eb
Maximum IT 200 ms
Scan range 300 to 1800 m/z
Properties of Full MS/dd-
Value
MS2 (Topb5)
General
Runtime 0to 72 min
Polarity Positive
Default charge state 2
Inclusion -
Exclusion -
Tags -
Full MS
Resolution 140,000
AGC target 3e6
Maximum IT 200 ms
Scan range 300 to 1800 m/z
dd-MS2 / dd-SIM
Resolution 17,500
AGC target 1e5
Maximum IT 250 ms
Loop count ®
TopN 5 TopN 5
Isolation window 1.2m/z
Fixed first mass -
(N)CE / stepped (N)CE nce 27
dd Settings
Minimum AGC target 2.00e3
Intensity threshold 8.0e3

Apex trigger

Charge exclusion

Unassigned, 1, >8

Peptide match Preferred
Exclude isotopes On
Dynamic exclusion 8.0s

Table 2. [RIZES14.

e R IEE (4

fEHThermo Scientific BioPharma Finder 3.2#X{4H#1TALESD

#r, ZERBEWRIFAT. XWHOFRAIMS/MSEIEH
B, UERTREES

HICQA,

1712



Database Parameters MS Detection Value
Protease Trypsin (C-term KR) Extracted lon Chromatogram |<MS Default Detection Set-
Specificity High tings>
Fixed Modification Carboxymethylation (C) Detection Algorithm ICIS
Deam!dat!on (N) Default Values
D%ﬁg:ﬁgﬁ?é? MS Settings Value
NH3 loss (NQ) MS No. of Decimal Points 5

Variable Modifications Oxidation (MW)

Lys (C-term)
GIn-Pyro-Glu (N-term)
N, O Glycans (CHO)

Table 3. Biopharma Finder 125514

SEZHINIRE, TAXHIAFTPEINEE TN TIICQASEF
FE. ¥R (glycosylation) . BREEAE ( deamidation) . X
ZRBFE (isomerization ) FICIHASERZER ( C-terminal
lysine truncation) . XJFBNCQA, FHANENTEEENEN
BB SHIBITUNEIN 2=, 7EBioPharma Finderth B 1% 9Target
Peptide Workbook, FH—#£5 4 9BioPharma Finder workbook
fle (wbpf), BEEBESAZER Processing Method$fy MS

Component Table,

{Ha5h & TAICQATT LARERT 281N BioPharma Finder workbook
MEEEAER, XAFEFRMNUENEBIRME TIRANIE
., —BRETERREFEL TIECNDRE L, BIoEZ
AN BTFOMPIE TR .,

T3k, {FHChromeleon CDS 7.2 .98k {4H1TCQATE ., il
HFTELRAETAIMS  QuantitativefEii BIE2 7 MAMEIRLNFE
875, ERSHNKRIFIT. BEBRTGSF, JLITIERD
RIZSE6HTIE, LIBFRROER—HETE, NmERHER
NEEER.

Mass Tolerance Manually Define Mass Toleran-

ce, 8 ppm
Integration Inhibit Integration for TIC Chan-
nel
MS Spectra Bunching No baseline correction, 1 scan
Composite Scoring Value

2 criteria passed
1 criterion passed

Pass Score if at Least
Fail Score if Less Than

Isotopic Dot Product >0.900
Mass Accuracy <5.00 ppm
Peak Apex Alignment <0.50 min

Table 4. T RHIBIBEAE.

3.3CIER

AIRSLIIERHIFHNIST mAbIRERRFE—HX, @i
WA ER R ERFE G EERECQARENT VAL, #Hm
MRAEFEMITCOATELERAIFN . E2Rx T Biopharma
FinderXI M MERETHRBEDHIIER, I WE LHEE44pg8k
EERIEIR TS, NIST mAbERKEHEBEE>96%, EHRESE
>98%, W7 —LLiRESEETIITISHIREL S B SRR, HAXEY
JESEEIRERER, NCOANEEFIESIRM 7 RTAIER

BPC: C:\Xiaoxi Zhang\Training\2019\May_SH\190517_NIST_RA2_MSMS_02.raw
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Figure 2. FIHNIST mADITER (RA2, |; RAS, T ) EERRAKERELIEE
( Base Peak Chromatogram ) .

TR, HMNDRNHITT=HEAEE, ROBRRTHE
ZRUNEEER. HEPITLEL, PiERARBILIER
MR EmRAHTHFZ P 2N RTINS

Injection A2GOF(%) |A2G1F(%) |A2G2F(%) |A1GOF(%) [A1GTF(%) |A1GO%) [M5(%) Eegggcosy'a'
190517_NIST RA2 1_MS 40.52 39.72 9.55 417 3.39 0.68 115 |0.83
190517_NIST_RA2 2_MS 40.25 39.99 9.62 4.18 3.38 0.63 112 |0.83
190517_NIST_RA2 3_MS 39.95 40.38 9.54 4.23 3.38 0.63 1.09__ |0.81
190517 _NIST_RA3_1_MS 40.16 40.37 9.54 4.01 3.32 0.59 1.08__ |0.74
190517_NIST_RA3 2_MS 40.53 40.10 9.33 4.07 3.34 0.60 106|077
190517_NIST_RA3_3_MS 40.60 40.05 9.29 4.19 3.34 0.63 1.08___ |0.81
avg 40.34 40.10 9.48 4.21 3.36 0.62 110 __ |0.80
SDTEV 0.24% __|0.23% 0.12% ___[0.03% __ |0.03% 0.03% __ |0.03% _]0.03%
oV 0.59% __ |0.57% 129% _ 0.77% ___[0.77% 4.35% _ |2.81% |4.31%
Table 5. AEIARERSZATNIST mAKEARIZ EXTEL .
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EBARR 7 BRKEEFNWYVDGVEVHNAK _E D283 S50 ELZ=F0
N28ORIRRERIZ LR, BT ARERIN, MM AREIE KBRS
TREGHBRESWUHMREIZLERFSEEEES, RIPTTFX

ROET T EMRREMHNEEER . U TEECHATHME
BREXR, BEXBTARNBLIER, FamzEEihINESE
CVAB I RIFERURAKTF

FRMELD, ERARSREREMBLTESER. Injection Name MS Quantitation Lys Clipping(%)

o i o — i 190517 _NIST RA2 1 MS 89.148
PARAEE R NG, H—E MR K EXE 8B EEWFIFRISIHIER 190517 NIST RA2 2 MS 89.150
STtE, TR FEIB/FREMKERBZFRBITENES, TLUE 190517 _NIST_RA2_3_ MS 89.150

. . X bt o oo 190517 _NIST RA3 1 MS 88.782

AN =S AR o rlarfl=gyalin S Jal AN
ESET, EROBTEFRRRENEERITELRE, 5 5007 ST RAs 2 MS 86,332
SHRIEFHTIEXTEE(E3B); S&TOrbitrap RIS REUE, # 190517 NIST RA3 3 MS 89.006
T2 B QA RIEMIEL0.15%M SIS TR UEISFEE  Average 88.928
STDEV 0.325
0.37%

—RREEFERIIIER B RIES 5 (ESC-F). cV

02% FNWYD[283]GVEVHN[289]AK

018

Table 6. Bt CinfiREERTEEER.

N 4.451¢

AEARZLEH, H(EREFThermom o HRIEFAHIHR-MAM
MENERIG RS B P E AR RIARERFEMHINIST mADITE
RIFITTCQANEEES . BHETHR-MAMIRIZAVISRME .

s war masmed mes s REE. FEREUENESRE, HIIYUE—RLR PR ESA
Figure 3A. BRERFNWYVDGVEVHNAK _ED283#9 &4k EL ZRFIN28 R A il COABHTISEFIR S

FRELEESILL o

STEEARRNARIIRRIIBFEM RISLRER, TRNKERE. &
IBEALRSBEREEEESLHEER, BSXERERME
AASEEN, ERARBMLESINEELEALTEEX
All, BEH—ZIER THR-MAMIRIZAIIRE M .

D283 Iso, N289 Deamidation, N289 Asu

SENH

Figure 3B. RA2HE SR BAERFNWYVDGVEVHNAK R £ /5 & 4 K2 SL S 1. Rogers, R., et al. Development of a quantitative mass spectro-

ML XICIEHORT EE metry multi-attribute
method for characterization, quality control testing and disposition

of biologics. MAbs,2015, 7, 881.

2. Rogers, R., et al. A view on the importance of “multi-attribute
method” for measuring purity of biopharmaceuticals and im-

proving overall control strategy. The AAPS Journal,2018, 20, 7.

Figure 3C-F. PMERFBLEEFNWYVDGVEVHNAK L /R R AR L5
S — R REIE R KRR RIED . 3C, BRERFNWYVDGVEVHNAK
Big5LNEMEIEDH. 3D, BKERFNWYVDGVEVHNAK—Z & i
&, 3E, BREBFNWYVD[iso]GVEVHNAKIBIC SSCliE M ZIES . 3F, BK
EZFNWYVDI[iso]GVEVHNAK—ZR R iE 1 .
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