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ABSTRACT

Protein instability is a key problem during the industrial production of active substances for pharmaceutical and biomedical applications. As a biopracess dilemma, in-
stability and subsequent aggregation are affected by a number of factors including, sheer stress during cell culture, temperature, co-solvents, pH, hydrophobic interac-
tions, and ifregular inter-molecular disulfide bond formation. One often overlooked cause of protein instabiliy is due to directed, covalent coupling of small molecules
to proteins, for example antibodies biotinylated with the cross linker sulfo-LC-NHS-biotin are well known to aggregate.

Biotin modification (biotinylation), esults in covalent attachment of one or more bicyclic biotin rings to a protein target, (e.g. antibodies). Such biofinylated proteins are
capable of binding avidin or streptavidin with the specifcity and nearly the same avidity of free biotin in solution. Biotinylated monoclonals are used for a variety of pur-
poses such as in vivo tumor targeting with/or without cytotoxic cargo or creating traceable complexes for use in imaging techniques.

Sulfo-NHS-LC-biotin is widely used to add a biotin tag to monoclonal antibodies. It contains a sulfo-NHS ester vith a acid spacer arm
which provides about 22.4 A separation between a covalently modified antibody and the bicyclic biotin rings. Although sulfo-NHS-LC-biotin and NHS-LC-biotin are very
popular for biotinylation, they introduce hydrophobic aliphatic chains on to the surface of antibodies. This amplifies the tendency of biotinylated antibodies to aggre-
gate in aqueous solution and may cause protein precipitation or loss of activity over time. For this reason, the use of more hydrophilic PEG-based biotin compounds of
more optimal spacer length is a better alternative for maintaining water solubility of modified proteins. In this report we demonstrate the superior performance of NHS-
dPEG?-Biotin in eliminating streptavidin-accelerated aggregation of biotinylated antibodies. The dPEG®,,spacer is a single compound 12 unit discrete PEG spacer de-
signed and produced by Quanta BioDesign.

INTRODUCTION

The term dPEG®is an acronym for "discrete poly(ethylene glycol)" or "discrete PEG" and refers to a unique class of
PEGSs, having a unique, specific, single molecular weight, synthesized de novo, from pure, small units (e.g., triethy-
lene glycol or tetraethylene glycol). dPEGEs differ dramatically from long chain PEG polymers which are made
through a polymer-based process and have variable chain lengths and subsequently, variable polydispersity values.

dPEG®s can be used as multifunctional protein crosslinkers and biotinylation reagents. Historically bioconjugation
procedures have used aliphatic chains to provide a short spacer between a modified molecule and the bicyclic ring of
biotin. This allows for enough molecular distance for streptavidin binding during detection or targeting applications.
The drawback of these long chain (LC) linkers is that there hydrophobic chains can be detrimental to protein solubility.
In particular, antibodies modified with long hydrophobic biotin compounds often aggregate and lose activity, espe-
cially at high modification levels. Replacing the LC units with discrete PEG arms can dramatically increase water solu-
bility and prevent antibody aggregation as well as significantly boost long-term stability.

In this preliminary study, we compared some of the overall properties of an antibody (goat anti-rabbit IgG) that was
modified by NHS-LC-Biotin and by NHS-dPEG®;,-Biotin. In particular we have examined how these antibodies affect
the solubility properties of Streptavidin-biotinylated IgG complex. Our preliminary results clearly demonstrate that
dPEG® reagents can provide benefit for nearly any crosslinking compound or modification reagent designed for use in
aqueous environments. This benefit is most likely due to increased hydrophilic character for modified biomolecules or
surfaces.

METHODS

Purified goat-anti-rabbit antibodies were obtained from American Qualex while NHS-dPEG®;,-Biotin and sulfo-NHS-
LC-Biotin were from Quanta BioDesign. The antibodies were modified with a ten-fold molar excess of each cross link-
er for two hours, then purified from unreacted cross linker over PD-10 columns (GE Healthcare). The final modified
proteins were stored at 4°C in 0.1 M sodium phosphate pH 7.4. Antibodies were characterized for biotin incorpora-
tion by a competitive binding assay using 4'-hydroxyazobenzene-2-carboxylic acid (HABA; Pierce Biotechnology).

Spectral changes and turbidity measurements were carried out on a Cary-300 dual beam spectrophotometer having a
thermostated 6 x 6 cell changer block. Aggregation of antibodies was monitored by turbidity at 400 nm and spectral
scans were recorded from 200 nm to 800 nm.

19G heterogeneity was analysed by capillary electrophoresis using a Beckman-Coulter P/ACE MDQ instrument. An
IgG heterogeneity assay kit was purchased from Beckman-Coulter and 2-mercaptoethanol reduced IgGs were pre-
pared exactly as described by the manufacturer. Separation was conducted on a 50 um ID fused-silica capillary, 30 cm
in length, using buffers and matrix components provided in the kit.

A ProteoStat™ protein aggregation assay kit (Enzo Life Sciences) was used to test for protein aggregation. Fluores-
cence measurements from a 96-well plate format were recorded on a Tecan 96-well plate reader.

Figure 3. IgG Heterogeneity Assay by Capillary Electrophoresis
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Figure 3. Shown are electrophoretograms for modified and unmodified goat anti-rabbit IgGs. The
numbers above each peak of Panel A are identified in Panel B

Figure 4. Aggregation of Biotin-LC- IgG and Streptavidin but not
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Figure 1: Structures and General Approach
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Figure 5. Characterization of Aggregates
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Figure 5. Analysis of the aggregation process.
absence of Streptavidin, and that aggregation can be reduced by the addition of 1% BSA into the

the biotinylated proteins plus or minus BSA. Panel C shows SDS-PAGE gel (4-15% Mini-PROTEAN TGX gel, Bio-Rad) analysis of the Biotin-LC- IgG-Streptavidin aggregates. Lanes are identified

and the positions of streptavidin, IgG light chain and IgG heavy chain are indicated,
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Figure 2. Elution Data, SDS PAGE and Biotin Binding Assays
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Fig 2c. Biotin Incorporation Into IgGs As Determined By HABA Assay.
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Figure 2. Elution data, SDS PAGE and biotin binding assays.
2d. This figure shows characterization of Biotin-LC-lgG and Biotin.

IgG. Figure 2a shows an elution profie for the modified
1Gs on PD-10 columns (Sephadiex G-25) following a 2 hour incuba-
— tion with sulfoNHS-LC-biotin or NHS dPEG-biotin. "NHS” repre-
sents N-hydroxysuccinimide which elutes after the protein peak.
Figure 2b shows SDS-PAGE gels for the proteins (2.5 ug) and
e demonstrates that the modified proteins have no significant molec-
ular weight differences under reduced or non-reduced conditions.
Figure 2¢ shows calculated biotin incorporation for IgGs at different
reaction conditions. Figure 2d shows the difference between ab-
sorbance of the HABA only cuvette and the HABA biotin dPEG® ac-

id cuvette plotted as a function of nanomoles of biotin dPEG® acid.
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Figure 6. Effect of IgG: Streptavidin
Ratios on Turbidity/Aggregation
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Figure 6. Panel A shows results from time course studies for the change in
turbidity at 400 nm after increasing amounts of biotin-LC IgG are mixed
with Streptavidin o give molar ratios (I9G:SA) of 1:5, 1:2.5 and 1:1. Panel
8 B shows corresponding kinetic data for mixing increasing amounts of
Biotin-dPEG®,, IgG with Streptavidin. Note that no turbidity changes were
observed even at molar ratios (IgG:SA) of 10:1 or 20:1

Figure 7 shows a standard ELI
antigen. Plates
B5A in phosphate
dPEGgG) were diluted 1:10,000 in PBST, added to appropriate wells, and incubated 2 hrs at room temperature.
Wells were then rinsed 3x with PBST, then incubated for 30 minutes with a 1:1,1000 dilution of Streptavidin-Horse

adish Foll he witha
substrate kit and stopped with 0.1 M HCL. Optical densities were quantified at 450 nm on a Tecan GENios
microplate reader.

Figure 7. ELISA test for biotinylated
Goat anti-rabbit IgG.
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CONCLUSIONS

The high affinity interaction between biotin and streptavidin, is used extensively in molecu-
lar biology and bionanotechnology, commonly, with the biotin moiety conjugated to an
antibody. A significant problem associated with this technology is protein aggregation
which manifests itself as background noise. In this study we have compared a traditional
1gG-LC-biotin conjugate to a novel-lgG-dPEG®-biotin conjugate.

Both conjugates appear identical by CE, SDS PAGE, elution profile on PD-10 and moles
biotin per mole IgG by HABA binding (Figures 2 and 3)

Their behavior differs sharply in the presence of the biotin-binding protein, Streptavidin
(SA). The IgG-LC-biotin — SA aggregates within 30 minutes, as can be observed both
visually and spectrophotometrically, while the IgG-dPEG®-biotin - SA shows no sign of
aggregation (Figure 4).

The aggregation is dependent on the presence of Streptavidin, and coprecipitates with
the IgG as shown by SDS gels (Figure 5). Studies with a commercial IgG-LC-biotin prep-
aration stabilized with 1% BSA indicates that aggregation can be reduced with carrier
proteins (BSA), however carrier-free IgG-dPEG®-biotin was nonetheless still more stable.
Even at 14 hours at RT, the IgG-dPEG®-biotin showed no signs of aggregation, while the
stabilized 1gG-LC-biotin begins to exhibit a tendency for aggregation (Figure 5). Even
after 14 days, (data not shown) the IgG-dPEG®-biotin shows no signs of aggregation.

+ The IgG-dPEG®-biotin shows no signs of aggregation with SA up to molar ratios of 20:
1 (1IgG:SA), while IgG-LC-biotin, exhibits aggregation with SA at molar ratios (IgG:SA) as
low as 0.4: 1, and the rate and degree of aggregation increases significantly when the
molar ratio reaches 1: 1 (Figure 6).

A standard sandwich ELISA assay was performed to assess whether modifications with
dPEG®-biotin led to any loss of antigen binding by the antibody (Figure 7). As can be
seen, there was hardly any loss in antigen binding for IgGs treated with either 25 or 50
molar fold excess of the NHS-dPEG®;,-biotin. Additional studies have demonstrated
that there is little difference in the antigen binding affinity between unmodified IgG and
1gG-dPEG®-biotin.

+ The procedure for the biotinylation of antibodies with NHS-dPEG®-biotin is identical to
that used with sulfo-NHS-LC-biotin / NHS-LC-biotin. The product can be purified under
identical chromatographic conditions, yielding a product indistinguishable under stand-
ard analytical techniques and with an equivalent degree of biotinylation. The Ab-dPEG®-
biotin product distinguishes itself from traditional Ab-biotin products in its ability to
eliminate protein aggregation without the need of additives based on blood proteins or
other iz The dPEG®:
available from Quanta BioDesign Ltd.
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