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Abstract HPLC/Mass Spectrometric Analysis of Chelator Attachments Conjugation Validation —~SDS-PAGE and Isoelectric Focusing
Objective: A primary challenge in the synthesis and cGMP production of antibody conjugates
IS the control of the modification ratio, such as the drug/antibody ratio (DAR) or IAb2C (unconjugated) Non-Reduced Reduced Isoelectric Focusing
chelator/antibody ratio (CAR). While radio-ITLC can be used to estimate the CAR of antibody- S R ool v wwoon RN R p 2
chelator conjugates (ACCs), development of a nonradioactive analytical method eliminates i ; - o2
hurdles associated with implementing radioactive assays in analytical laboratories and : ~ o cane 2z Al s
enables such assays to be performed with standard laboratory equipment. Here, we describe o3 190 100 | Lane 3 = IAb2C-NODAGA (cys) 63
the development of colorimetric assays for CAR quantification of ACCs synthesized using HiE "o = 8 tzzggz:ﬁggg:gagg?/*('ys) &
deferroxamine (Df) and NODAGA chelators. e R wix an S 200 xios M M w e e m e el o : Lane 6 = IAb2C-Df (Iys)
AD2C-NODAGA (Cys) IAb2C-NODAGA (Lys) q o
Methods: Antibodies or antibody fragments (minibodies, cys-diabodies) were conjugated with Ty ——— i )
Iysme-re_acpve chelators (Df-lsc_)thlocyanate, NO!D_AG_A-NHS) or cysteine-reactive Chelator_s . . SDS-PAGE analysis shows that conjugation did not cause . IEF analysis shows a slight decrease in
(Df-maleimide, NODAGA-maleimide). Df quantification was performed by spectroscopic i o significant fragmentation or aggregation pl for all conjugated samples resulting
detection of ferrioxamine complex formation, while NODAGA quantification was performed s . The unconjugated (Lane 2) and lysine conjugated Cys-Dbs E%rgztéa:hxg;i‘g;‘iggag;"e(')ii;t‘lglrged
using an indicator dye, arsenazo lll, to spectroscopically determine the concentration of free T e L N B SSR 1 mmﬁ“ﬁmm e (Lanes 4 and 6) migrated as ~ 50 kDa covalent dimers charged lysines and/or hydprmysis LA
metal ions following chelation by the ACC. The accuracy of each colorimetric assay was ' ' Hi‘erg%’esée';‘sefozrg”kg[)"";ego%’; Erzs (Lanes 3and5) maleimide ring
established by comparison to the CAR determination by mass spectrometry (LC/MS). IAb2C-DF (Cys) e oo IAb2C-Df (Lys) _— °
Additionally, the chemical and functional properties of the chelated proteins were evaluated by T m—— T e e R R e e
IEF, SDS-PAGE, SE-HPLC, and ELISA. . | q
| | o | N : Conjugation Validation — SE-HPLC
R_esults: The average CAR determined by the respective colorimetric assay was ConS|s_tent ;j; J ; Cys. Conjugated Lys. Conjugated
with the value determined by mass spectrometry. Mass spectrometry revealed that the lysine- S I S N | E— | S | S W N . . n
modified ACCs exhibited a broad distribution of species compared to the more uniform ’ o s e T T T T i T o8 TIEREREE s T IAD2CNODAGATyY)
. . . . . . . N 0.6 N 0.6 -
product observed with the cysteine-modiiied ACCS (cys-diabodies). D_Ifferences n the Cha.rge « Deconvoluted mass spectra of intact and chelated Cys-Dbs showing intact masses following sample reduction ?’Ej 0.4 - ?‘Ej 0.4 -
and structure of the attached Df and NODAGA chelators also impacted the chemical and HPLC/MS analysis Unconjugated $ 02 ] Jl S 02 ] J .
properties of the resulting ACCs. + The degree of modification was more uniform when conjugation occurred on engineered cys L — 1Ab2C _OZ °
08 0 4 8 12 16 20 0.2 ' ' | | '
. . . . . . . § 0.6 Elution Volume (mL) ’ * Elu?ion vOlumel(ran) h »
Conclusions: The colorimetric assays described herein can provide rapid and accurate % 04
estimates of the average chelation ratio for conjugated proteins and serve as a useful tool to : ’ U 0_;: | R — 1Ab2CDA(ys)

support both early-stage conjugation process development and cGMP manufacturing.
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Colorimetric vs. HPLC/MS Analysis of Chelator Attachments ey
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Cys Diabody Chelator Reaction | Colorimetric | LC/MS CAR Results (Relative Abundance as % of total) * o | | | | | J
=l Assay IAb2C + 0 IAb2C + 1 IAb2C+2  IAb2C +3 ° Y enveume o | : " " -
Results Modifications  Modifications Modifications Modifications Elution Volume (mL)

Sample Overview — Cys Diabody (Cys-Db) Chelator Conjugates
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IAb2C-NODAGA (cys) NODAGA-Maleimide Cysteine 1.6 1.3 08.7 . - : ] : : : :
|AD2C-DF (cys) ——— - 5 4 e ] _ . Mlnor_ Increase in _the aggregate profile relative to the unconjugated sample was observed after
IAb2C-NODAGA (lys) NODAGA-NHS ester Lysine 2.4 58.9 35.6 5.5 0 Cysteine conjugation : : : :
| | | | | |AD2C-Df (lyS) Df-p-SCN -~ p— 114 e e « Samples were analyzed on a TSKgel BioAssist G3SWxI column with moblle_phase of 0.1 M
A. Unconjugated Cys-Db B. Cysteine Conjugated Cys-Db C. Lysine Conjugated Cys-Db phosphate + 0.1 M sulfate + 10% methanol, pH 6.8 for the SE-HPLC analysis
* *For LC/MS, the Cys-Db was analyzed under reducing conditions which reduced the C-terminus disulfide bond allowing evaluation of « Slight peak tailing observed for the lysine conjugated IAb2C_Df sample is due to nonspecific
The cys-diabody (Cys-Db) is an engineered antibody fragment dimer consisting of two cross-paired scFvs . g‘rié“fg‘lg?rﬁgfr iicrlrzl\é?hod analyzed the Cys-Db as an intact dimer hydrophobic interaction with the analytical column

linked by a disulfide bond at the C-terminus
Cys-Db fragments can be functionalized by thiol-reactive molecules at the two C-terminal cysteines (B) or by

amine-reactive molecules at surface lysines (C)
Cys-Dbs were conjugated on cysteine and lysine residues with the chelators NODAGA and Df : : : : : : :
g o g g Conjugation Validation — Functional Binding by ELISA Summary of Results
_ _ o _ Cysteine Conjugated EC50 Lysine Conjugated EC50 _ _ _ _ _ _
Colorimetric Quantification of Chelator Attachment » B » Cys-diabodies are single-chain constructs that self-assemble into dimers and
——IAb2_C  =E—IAb2_C-NODAGA (Cys) IAb2_C-Df (Cys) =¢=IAb2_C  —@=IAb2_C-NODAGA (Lys IAb2_C-Df (Lys ] ] . ] ] .
. - provide a versatile platform for controlling both the location and stoichiometry of
Arsenazo lll/Gadolinium Assay for NODAGA Quantification L 09 : conjugation

Arsenazo 111:Gd Standard Curve " . Loz « Determination of the Chelator:Cys-Db ratio following conjugation with NODAGA

* Dilution in 0.25 M ammonium acetate, pH 7. o sy ELISA binding and Df can be accurately measured using simple colorimetric assays with

 Microplate format with 215 pL total volume per well.  gos | e < | os 05 2 demonstrated that :

| | . - spectroscopic absorbance readouts
Arsenazo IIl binds Gd and absorbs at 660 nm. Gd is added . | 2 | o4 04 & functional affinity . . . .
to the analytical sample and the A660 is compared to a Gd o, | o was not reduced * The results obtained from the colorimetric assays were corroborated using
positive and negative control. 0 i ) ; : é ; ] o2 after cysteine or HPLC/MS analysis to determine the intact mass of the conjugated Cys-Dbs
T e R e e b lysine modification - Additional verification of successful conjugation with minimal impact on protein
Ferrioxamine Assay for Df Quantification 000SL 0001 000 0oL 0110 SO g of the Cys-Db Integrity was demonstrated by SE-HPLC, SDS-PAGE and IEF analyses

Ferfioxiﬁ;ine Stan(?grﬁ'ﬂ Cu;\/e o o  ELISA binding assays showed that conjugation on either cysteine or lysine

. Dilution in 0.2 M sodium citrate, pH 7. 25 n " CysDiabody | EC50 (nM) . . . . 9 .

. Cuvette (1 cm) format. 2 T 018 o N residues did not Impact the functional binding activity of the Cys-D_bs |
Df binds Fe and absorbs at 430 nm. Based on the A430 |Ab2C-NODAGA (cys) 0.26 |AD2C-NODAGA (Iys) e * These assays provide useful tools to support both early-stage conjugation process
the concentration of Df can be calculated. IAb2C-Df (cys) 0.22 |IAb2C-Df (lys) 0.40 development and cGMP man ufacturing
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