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o T * Screening necistot malé
R molekuly
* Profilovani necistot a * Screening latky extrahovatelné

konfirmace hmoty pro malé ;v 2
yp  Mutagenni necistoty: a vyluhovatelne

molekuly, proteiny, peptidy nitrosaminy * Podrobna charakterizace

mAB a oligonukleotidy bioléciv a oligonukleotid
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Mutagenni necistoty:
nitrosaminy
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Pozadavky na analyzu nitrosaminu dle FDA Altium

 \ zari 2024 FDA vydala finalni prirucku Control of Nitrosamine Impurities in
Human Drugs , kde se rozlisuji tzv. small-molecule nitrosamines a NDSRI’s: N-
Nitroso Drug Substance Related Impurities.

* Jsou stanoveny Al (Acceptable Intake) podle tridy rizika slouceniny, seznam
obsahuje 1271 nitrosaminu (vCetné hypotetickych) vcetné tridy rizika

FDA Recommended Acceptable Intake (Al)

* Pfevod Al limitl na povolenou oro Klicové nitrosaminy
koncentraci v ppm zavisi na Al Limit (ng/day) EMA
maximalni denni davce (MDD) |éciva NDMA % 18
NDEA 26.5
NMBA 96
ppm = Al (ng)/MDD (mg) A o
NIPEA 26.5

NDIPA 26.5


https://www.fda.gov/media/141720/download
https://www.fda.gov/media/141720/download
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Pozadavky na analyzu nitrosaminu dle FDA Altium

e LOQ analytické metody musi odpovidat povolené koncentraci sumy
nitrosaminu, vypoctené z Al a MDD

Napriklad:
Al = 26,5 mg (povolend suma nitrosamint), MDD = 880 mg/den
—L0Q < 0,03 ppm

e ALE: pro |éCiva s vysSi MDD nebo pro pritomnost vice nitrosaminu se
pozadované LOQ adekvatneé snizuje

* To vede k vyssSim narokiim na analytickou metodu nez dle drivéjSich norem



Determination of Nitrosamine
Impurities Using the Ultivo Triple
Quadrupole LC/MS

Detection of regulated genotoxic impurities from the
drug manufacturing process
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Abstract
Recent findings show that some Angiotensinil isceplos blocker (ARE) drug,
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|

Authors

Determination of Genotoxic
Nitrosamine Impurity in Bumetanide
APl and Tablets Using the Agilent
6470 Triple Quadrupole LC/MS

Abstract
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Simultaneous Determination of Eight
Nitrosamine Impurities in Metformin
Extended-Release Tablets Using the
Agilent 6470 Triple Quadrupole LC/MS

Detection of regulated genotoxic impurities from the
drug manufacturing process
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Abstract

Agilent LC/MS analyza nitrosaminui

Simultaneous Determination of
Eight Nitrosamine Impurities in
Metformin Using the Agilent 6470
Triple Quadrupole LC/MS

Detection of regulated genotoxic impurities from the
drug manufacturing process

Determination of NDMA Impurity in
Ranitidine Using the Agilent 6470

Triple Quadrupole LC/MS

Detection of regulated genotoxic impurity from the

drug manufacturing process

Determination of Nitrosamine

Impurities Using the Agilent 6495D

Triple Quadrupole LC/MS System
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Agilent 6495D LC/TQ o

* High- end LC/MS QQQ s nejvyssi citlivosti
 Ctvrtd generace iFunnel

 Moznost samostatného nastaveni iFunnel
pro jednotlivé prechody — prevence
rozpadu nestabilnich iontu
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Agilent 6495D LC/TQ analyza nitrosaminu v At

losartanu

Navazka 100 mg Losartanu, nafedéno do
10 ml rozpousStédla
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Analyza bioléciv



Bioléciva

LécCiva na bazi velkych molekul, ktera nepusobi plosné, ale
dovedou vyhledat cilené struktury v organismu a
interagovat s nimi

A) Biotechnologicka vyroba

* technologie rekombinantni DNA: DNA, ktera koduje
cilovou molekulu léCiva je uméle zabudovana do
bunécnych linii, které nasledné slouzi k jeji vyrobeée

* Peptidy, proteiny a protilatky

B) Syntetickad vyroba
e Syntetické oligonukleotidy

O
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Strukturni a funkcni charakterizace biolécCiv  atium

Primary Secondary Tertiary Quaternary
structure structure structure structure
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Subunits, protein-
Aminokyselinova sekvence Helix, B Folded polypeptide protein interactions,
Charge sheet, chain, disulfide aggregates, higher
hydrophobicity turns & bonds, forces order structure

loops



Charakterizace biol
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Intaktni proteiny a subjednotky
vynikajici citlivost a kvalita
spekter

Mapovani peptidi a PTM rutinni
konfirmace nebo hlubsi
charakterizace pomodci lteratiniho
MS/MS

Profilovani glykanu:
plny workflow v BioConfirm SW

Konjugaty lécivo protilatka:
Kalkulator Drug-to-Antibody
(DAR) v BioConfirm

éciv: Agilent nastroje a reseni  atium

O
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Charakterizace oligonukleotidu:
Target plus impurities
Konfirmace sekvence

>




Charakterizace bioléciv:

O

. Agilent nastroje a reseni  atium
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6545XT AdvanceBio LC/Q-TOF
LC/MSD XT

AssayMAP Bravo Infinity Ill Bio LC

MassHunter BioConfirm
AdvanceBio LC columns
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Analyza oligonukleotidu



Vyzvy ve vyrobé syntetickych oligonukleotidu atun

AV A S

NS\ 1 Amidite

L { Activator
ll)ellil.\'lanon

NN\ o—i
NS\ ont Ot

Deprotection Coupling

Synthesis
Cycle Oxidation
(sulfurization)

'

o)
AAQ-P-O A0 Trity]

OR group

» Vyrobni Sarze

O

Longmery (N+1) —
zahrnuji vice
nukleotidll nezZ je
zamysleno

Shortmery (N-1) —

chybi jeden nebo vice
obsahuje jak cilenou nukleotid(

sekvenci tak i chybné
sekvence strukturné

blizké »
Nepravidelnosti ve

vyrobé vedou k tvorbé . .
nedistot Chranici skupiny jako

Ostatni produkty
pochazejici z
benzoyl, isobutyryl, depurinace,
dimethylformamidyl, a depyrimidace, oxidace,
cyanoethyl PS to PO, and
degradace nucleaz

Biotechnol J. 2020 Aug;15(8):e1900226. doi: 10.1002/biot.201900226. Epub 2020 May 4.



LC/MS pro analyzu oligonukleotidu A

Single quadrupole MS (SQ)

* Nizsi cena

* VysSi rozliSeni a presnost hmoty

e Charakterizace nizkych koncentraci
necistot

* Robustni, jednoduché pouziti

* Jednotkové rozliseni < 0,7 u
(Da)

e Rozsah hmot do 3000 Da

* Potvrzeni hmoty

* Informace o sekvenci (MS/MS)

LC/MSD XT

* Profilovani necistot

LC/QTOF 6545 XT

Software: OpenlLab CDS 2.8 Software: MassHunter BioConfirm

Nova funkce dekonvoluce! Dvé automaticka workflow pro oligonukleotidy
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LC/MSD pro QC analyzu
oligonukleotidu
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Jaka presnost hmoty je treba? A

A ; q— * Nukleotidova jednotka ma hmotu cca 350 Da
LA, « Z&ména baze rozdil hmot 16 Da
i e o S  Dithioate neéistota ma hmotu 16 Da
\Nase 3 2 N 2N
9 2 \ /) ij/fo \ QN \ N/>
Ho-P-0—5 N~ N g ONgeH
6- 2 &O: i ¥ L " HN Adenine
Phosphate — ki =N
OH / o; 7 /ﬁ/)

Deoxyribose N 230 |
Sugar 0 S'CHZO
PPPPP hodiester 4' I8
s CATTAG =1791 Da

seonries CATTAA =1775 Da



LC/MSD analyza intaktnich velkych molekul

Spektrum 21- meru oligo, dominantni

nabojovy stav 7-
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Technical Overy

OpenLab

Unit Mass Spectral Deconvolution
for Molecular Weight Confirmation
of Large Molecules

Exploring the LC/MS Spectral Deconvolution
feature in OpenLab CDS

Authors Introduction
Brian Rivera and
Jarod Grossman
Aglent Technalogies, nc.

Mass spectrometry (MS) is increasingly important for the development of
emerging therapeutic modalities such as oligonuceotides (oligos). A common
analytical method for large molecules is intact mass by LC/MS, This can be
used for f a product or pr lated
impurities, or simply as a confirmation of molecular weight

Proteins and oligos have multiple ionizable moieties. Therefore, during
ionization, the takes on several chargy , with
aresulting analyte mass spectrum having a charge state distribution or ‘charge
envelope typically with a Gaussian distribution. Commonly, a mathematical
algorithm is applied to simpiify the m/z spectrum to a neutral, measured mass:
As this analysis often uses  high-resolution mass detector, such as a time-
of-flight (TOF) detector or a Fourier transform ion trap, a maximum entropy
(MaxEnt) algorithm is used. However, depending on the molecular weight and
charge state distribution of the large molecule, a single quadrupole or unit
mass instrument may also be used for intact mass by LC/MS. With unit mass
instrumentation, a curve fit, linear regression algorithm may be applied.

‘This technical overview introduces the LC/MS Spectral Deconvolution feature in
Agilent OpenLab COS software.

Pro vice info:

Application Note 5994-6928EN



LC/MSD nabojova dekonvoluce v OpenlLab CDS 2.8 At
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Automaticky workflow nabojové dekonvoluce Atium
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LC/MS QTOF pro strukturni
analyzu oligonukleotidu



6545XT AdavanceBio dedikovany LC/Q-TOF pro
biopharmu

, , -8 T . T ..
= Ultra nizké vakuum 10E ~ Torr pro minimalni kolize a maximalni transmisi
velkych molekul

= Vynikajici kvalita méreni pro intaktni (velké) proteiny, i malé peptidy nebo
glykany

= SWARM autotune: vice modu optimalizace pro velké molekuly NEBO
peptidy

» Hmotnostni rozsah do m/z 30k

= MS rozliSovaci schopnost 50 000 diky lepsi iontové optice
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Workflow pro charakterizaci oligonukleotidu v At

MassHunter BioConfirm 12

A) Target Plus Impurities (TPI)
Potvrzeni pritomnosti hlavni sekvence a nalezeni necistot

LC/QTOF SW Bioconfir: Uzivatel

p
HRMS Data . . « Znama sekvence oligonukleotidu
[(MS1 bez fragmentace)} % {Seznam moznych necistot j@ * Volba moznych modifikaci j
AU
@ Potvrzeni hmoty hlavniho
oligonukleotidu a tabulka necistot
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Chromatogram extrahovanych Altium

Nastaveni workflow TIC latek
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» Oligo_21mer CAGTCGATTGTACTGTACTTA

o8 & T
MedEE Oligo_21mer CAGTCGATTGTACTGTACTTA(S-Trunc-L}
General % Quantitation Sequence Match =
[l Oligo_21mer CAGTCGATTGTACTGTACTTA(S-Trunc-L(x2)}
Label M RT ¥V Height ¥ Stat¥ End ¥ Abund Usef V'V Area (FBF) ¥ %Quant (FBF) ¥ Tgt Seq Ma ¥ Diff (Bio, ppm) ¥ Score (Bio ¥ Flags (Bio) ¥ Variable Mod ‘
e Y mz Y ass Y Y Height Y Start Y Y Abund Y[ s’ V ¥ Area (FBF) ¥ %Quant (FBF) ¥ Tgt Seq Ma ¥ Diff (Bio, ppm) ¥ Score (Bio ¥ Flags (Bio) ¥ Variable Mods ¥ Oligo_21mer CAGTCGATTGTACTGTACTTAS TruncLh3)
Biomolecule 1: Oligo_21mer 128101355 640810442 4879 27895121 4696 5295 422535 v 216110090 5869 640809612 13 9877 Il CAGTCGATTGTACTGTACTTA
: — Oligo_21mer CAGTCGATTGTACTGTACTTA(S-Trunc-Lixd)}
Biomolecule 3: Oligo_21mer (5-Trunc-L} 87343080 611904898 4812 1533779 4646 5228 24283 10068358 273 611904975  -013 9258 | (5-Trunc-L) CAGTCGATTGTACTGTACTTA(S-Trunc-L}
— i B LIXS);
Biomolecule 5:Oligo_21mer (5-Trunc-Lix2)} 116059443 580600009 4729 2347744 4579 4912 16093 14833126 403 580599215 137 7902 B 5Trunclp@)  CAGTCGATTGTACTGTACTTA(S-Trunc-Lo) OtgosZimer CAGTCGATIGTAGTGIACTIAR-Trunc-LG}
Biomolecule 7:Oligo_21mer (5-Trunc-Lix3)) 109478466 547694581 4696 982218 448 5012 4969 6629510 18 547693963 113 939 | 5-TruncLix3)}  CAGTCGATTGTACTGTACTTA(S-Trunc-Li3)} Oligo_21mer CAGTCGATTGTACTGTACTTA(S-Trunc-Lix6)}
Biomolecule 9: Oligo_21mer (5-Trunc-Lixd)) 86147744 517289453 4513 1081102 4346 4796 14876 7009129 18 517289359 0.8 94,62 | (5-Trunc-Lxd)} CAGTCGATTGTACTGTACTTA(S-Trunc-Lix4)} Oligo_21mer CAGTCGATTGTACTGTACTTA(S-Trunc-Lx7)}
Biomolecule 11: Oligo_21mer (S-Trunc-L(xS)] 122045564 488384684 443 934017 4247 4662 6083 v 6327061 172 488384722 008 9792 I § (5-Trunc-LiS)  CAGTCGATTGTACTGTACTTA(S-Trunc-LixS)} Oligo_21mer CAGTCGATTGTACTGTACTTA(S-Trunc-L8)}
Biomolecule 14: Oligo_21mer {5-Trunc-Lx6)} 151792681  4554.79732 443 856683 428 4729 104834 v 5489330 149 45547947 058 98.86 | i) {5-Trunc-Li{x6)} CAGTCGATTGTACTGTACTTA(S-Trunc-Lix6)} Oligo_21mer CAGTCGATTGTACTGTACTTA(S-Trunc-L(x9)}
Biomolecule 15: Oligo_21mer (S-Trunc-Lix7)] 105992836 424173805 4213 2299693 403 4529 12667 v 14544538 395 424173709 023 9876 N (5-Trunc-Li?)  CAGTCGATTGTACTGTACTTA(S-Trunc-Lix7)} Oligo_21mer CAGTCGATTGTACTGTACTTA(S-Trunc-Lix10)}
Biomolecule 17:Oligo_21mer (S-Trunc-Lix8)] 131189175 303769292 3964 1383749 3814 438 136072 v 9059190 246 393769106 047 9854 | | (5-Truncli®)  CAGTCGATTGTACTGTACTTA[-TruncUixg)  |= Oligo_21mer CAGTCGATTGTACTGTACTTAS Trunc-Lix1 1)
i 3 - -L{x9); 3 X ¥ 7 N 4 { X X i {S- -L{x9) - -L{x9) =
Biomolecule 12: Oligo_21mer (5-Trunc-Lix9)] 121054241 363364526 3698 1444527 3531 408 108671 v 9324700 253 363364502 007 9594 | STunclp9)  CAGTCGATIGTACTGTACTTAGS Trunc-Li) Oligo,_21mer CAGTCGATTGTACTGTACTTAIS Trunc-Lix12)
iomolecule 22: 1 Trunc-Lx10)  1651.7 5927 531 701977 : 947 115194 { 4 1 04 0. 08 | (5-Trunc-Lix10)}  CAGTCGATTGTACTGTACTTA(S-Trunc-Lix10)
Biomolecule 22: Oligo_21mer (5-Trunc-Lix10) 165179052 330459275 3531 70197 3382 394 5 v 535500 123 33045925 008 9% | ﬁ‘( runc-Lix10)} GTCG CTGTACTTA(S-Trunc-Lix10)} — —
Biomolecule 23: Oligo_21mer (S-Trunc-Lix11) 99950967 300054833 3199 1193208 3032 3615 23137 v 7828886 213 300054646 062 9854 } 5-Trunc-Lix11)}  CAGTCGATTGTACTGTACTTA(S-Trunc-Lix11)}
- - : - = - Oligo_21mer CAGTCGATTGTACTGTACTTA(S-Trunc-Lix14)}
Biomolecule 25: Oligo_21mer (S-Trunc-Lix12) 134323978 268749156 25 2713688 2317 2916 494175 v 18261780 496 268748886 101 9896 | (5-Trunc-Lix12)}  CAGTCGATTGTACTGTACTTA(S-Trunc-Lix12}}
T i (5-Trunc-Lix15),
Biomolecule 27: Oligo_21mer {S-Trunc-Lix13) 79880824 23984438 2018 2323362 1851 2434 31947 v 16914867 459 239844248 055 995 | 5-Trunc-Li13)}  CAGTCGATTGTACTGTACTTAGS-Trunc-Lix13)) Oligo:21mer CAGTCOATICTAGTGTACTIAR Trunc LI SR
1186 1702 212949 vl 6843805 186 209439645 02 993 B 5Trunclixi4)  CAGTCGATTGTACTGTACTTA(S-Trunc-Lix14)}
o 2 . . 0754 1336 98569 v 2671261 073 176534393 017 9961 l (5-Trunc-Lix15)}  CAGTCGATTGTACTGTACTTA(S-Trunc-Lix15)} ’ . .
Identifikované oligonucleotidy a Ry R w5 ] s e Zkoumané oligonukleotidy a
R AfR 5 0221 0687 76934 v 4540723 123 114824029 065 9961 {5-Trunc-Lix17)}  CAGTCGATTGTACTGTACTTA(S-Trunc-Lix17)} | Ram AR =A 20
SOuVvisejicCl neC|stoty - | - - - SOuViISseJICl neC|stoty
0205 067 7248 v 3166940 086 85919391 132 9936 D (5-Trunc-Lix18)]  CAGTCGATTGTACTGTACTTA(S-Trunc-Lx18)}
0155 0637 212785 v 2140084 058 55514788 131 9857 L 5-Trunclix19)  CAGTCGATTGTACTGTACTTA(S-Trunc-Lix19) [+
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Workflow pro charakterizaci oligonukleotidu v At

MassHunter BioConfirm 12

B) Sekvenace
Potvrzeni oligonukleotidové sekvence

LC/QTOF SW Bioconfirm: Uzivatel

-
HRMS Data o : B . :
[ (MS/MS) } % [Seznam moznych fragmentuj@ Znama sekvence oligonukleotidu }
AU
@ Potvrzeni sekvence oligonukleotidu
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Schematicke znazorneni pokryti sekvence Altium

* Puntiky oznacuji nalezené fragmenty

+«—— Typy fragmentl

* Pozice puntiku znazornuiji typy fragmentu (d, c, b, etc)

a
a-B
d
g 97.50% pokryti 40 h
L . . .90% pokryti pro mer
P Zadné pokryti fragmentd
File 1 v v Pokryti sekvence fragmenty z
L AL AL jednoho souboru dat
5 €| C A‘C G|A|C|C A‘A‘G T| G A.C A G‘C‘A.A‘T G‘A.A‘T.C‘G‘A.G'T‘C‘G A.G.A‘T.C.C.A‘T 3
P B A I B A R S > ) ,
\ . L] L ] L L] L ] )
4 )
100% pokryti pro 40 mer
W 40-me... 14CE.df Il 40-me... 10CEd ,
File 1 || File 2 Pokryti sekvence fragmenty ze
______________ dvou datovych soubort
5 C [ A C G A C C A A G T G A C A‘G.C.A.A'T‘G.A'A.T.C.G'A.G'T'C.G.A'G'A.T.C'C.A.T 3
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CAE A S ¢ 7




, @
Shrnuti Altium

Nitrosaminy:

« Zvysujici se naroky na LOQ dle FDA: LC/QQQ analyza Agilent LC/MS QQQ
6495D: LLOQ< 0,001 ppm v lécivu

Biopharma aplikace:

= LC/MSD XT s rozsahem m/z do 3000 lze pouzit pro kontrolu kvality, nabojova
dekonvoluce v OpenlLab CDS 2.8

= LC/MS QTOF 6545XT pro strukturni charakterizaci protein(i, peptidl, mAB,
oligonukleotidu

= Bioconfirm 12.0: Workflows pro Biopharmu vcetné QC a strukturni
charakterizace oligonukleotidt

= VSechna workflow lze vyuzit v regulovaném prostredi piné v souladu s US FDA
Part 11 in Title 21 of the Code of Federal Regulations (CFR), and jeho
EU analogie, EudralLex Chapter 4, Annex 11



U Dékuiji za
Altium pozornost...
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