Warning Concerning Copyright Restrictions

The Copyright Law of the United States (Title 17, United States Code) governs the
making of photocopies or other reproductions of copyrighted materials.

Under certain conditions specified in the law, libraries and archives are authorized
to furnish a photocopy or other reproduction. One of these specified conditions is
that the photocopy or reproduction is not to be used for any purpose other than
private study, scholarship, or research. If electronic transmission of reserve
material is used for purposes in excess of what constitutes "fair use,” that user may
be liable for copyright infringement.



University of Nevada, Reno

The Contributions of Valence and Subclass to Antibody Binding the yYDPGA Capsule of
Bacillus anthracis

A thesis submitted in partial fulfillment
of the requirements for the degree of

Bachelor of Science in Neuroscience and the Honors Program

by
Lauren Eckroth

Dr. David P. AuCoin, Thesis Advisor

December, 2012



UNIVERSITY
OF NEVADA THE HONORS PROGRAM
RENO

We recommend that the thesis
prepared under our supervision by

Lauren M. Eckroth

entitled

The Contributions of Valence and Subclass to Antibody Binding the yYDPGA Capsule of
Bacillus anthracis

be accepted in partial fulfillment of the
requirements for the degree of

BACHELOR OF SCIENCE IN NEUROSCIENCE

David P. AuCoin, PhD., Thesis Advisor

Tamara Valentine, PhD., Director, Honors Program

December, 2012



Abstract:

Bacillus anthracis is a gram-positive spore-forming bacteria. The pathogen is
surrounded by an anti-phagocytic polypeptide capsule that is entirely composed of poly-
y-D-glutamic acid (yYDPGA). YDPGA is an essential virulence factor of B. anthracis, and
is a potential candidate for the development of vaccines and clinical diagnostics. Our
laboratory has previously described the isolation of a panel of monoclonal antibodies
(mAbs) that are reactive with YDPGA. Here, we further examined mAb-binding as a
function of mAb fractionation between two IgG subclasses, murine IgG; and IgG;. These
mAbs were truncated into Fab and F(ab’), fragments to study the overall contributions of
mADb valence and subclass-specific constant regions (Cy) to binding of capsular and
synthetic YDPGA. Checkerboard ELISA and SPR revealed that subclass-specific Cy
contributed to altered binding strengths between the two mAbs with respect to each other
(IgG3>IgGi) and their fragments (IgGs mAb>IgG; F(ab)’,>IgG; Fab and IgG;
F(ab)’»>IgG; mAb>IgG, Fab). DIC microscopy was used to visualize mAb interactions
with the whole bacilli. The IgGs mAb formed a “rim-type” capsule reaction with B.
anthracis Ames cells, whereas binding by the IgG; Fab resulted in a “spindle-type”
pattern. Binding by all of the other antibody fragments, including the intact [gG; mAb,
formed a “puffy-type” capsular reaction. The unique binding capabilities of the 1gGs
mADb, in comparison to its enzymatic fragments and intact IgG; suggests that the
antibody constant regions influence binding to YDPGA independently of the variable

region.
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L. Introduction

1.1 Thesis question and purpose

In the field of immunology, antibodies are believed to have two exclusive
functional domains. The first is the variable domain, which is regarded as necessary for
binding to target antigens. The second is the constant domain (Cy), which is regarded as
necessary for the biologic function of the antibody (i.e. complement activation, binding
of Fc gamma receptors, etc.). Historically, the activities of the two domains are believed
to be mutually exclusive. For example, the variable domain does not influence biologic
activities whereas the Cy does not influence antigen binding. The work in this thesis was
performed to challenge that belief.

A growing body of research suggests that antibody Cyy domains may influence
antigen binding, despite their spatial separation (Janda, Eryilmaz, Nakouzi, Cowburn, &
Casadevall, 2012; Greenspan & Cooper, 1993). If the antibody Cy indeed influences
antibody binding, this observation may have serious implications. For example, the
manufacture of antibodies for clinical therapeutics and diagnostics is an industry that
generates thirty-five billion dollars annually. A complete understanding of antibody
function is critical to this industry. In this study we investigated how Cy may influence
antibody binding by selectively fragmenting monoclonal antibodies (mAbs) that had
identical variable regions, but different constant domains. This approach allowed us to
examine differences in antibody binding that were solely attributable to the Cyy domain by

limiting the number of unknowns.
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Figure 2. Binding of mAbs and mAb-fragments as a function of antigen
concentration. ELISA was performed using each mAb, and its respective fragments,
to assay binding of PGA. A microtiter plate was coated with 0.78-100 ug/mL (top to
bottom) B. licheniformis PGA. mAb and mAb-fragments were coated at .0049-10
ug/mL (left to right). A statistical regression of mAb or mAb-fragment binding is

shown for varying antigen concentrations.
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Figure 3. SPR analysis of the effect of fragmentation and subclass on antibody
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binding. Each mAb or mAb-fragment was assayed for reactivity with synthetic yDPGA-
25mer that was immobilized to the sensor surface of a BIAcore instrument. Binding was
assessed using both a low-density, 25 RU (top), and high-density, 200 RU (bottom),
antigen surface. Concentrations of mAb or mAb fragments ranged from 0.78-50 ug/mL.
Sensograms were plotted for the reactivity of each concentration. These plots show
binding in arbitrary response units as a function of time in seconds. The measurement
happens in real-time with no chemical reports. Each sensogram shows 180 s of association

and 180 s of dissociation.
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Figure 4. Affinity analysis of each mAb and mAb-fragment. The total RU that was
achieved on each surface following a 180 s pulse is given as a function of mAb
concentration. The dissociation constants (Kp) of each mAb were determined using
BIAcore evaluation software. Top: Sensor surface was prepared by direct
immobilization of 20 RU yDPGA-25mer. Bottom: Sensor surface was prepared by
direct immobilization of 200 RU yDPGA-25mer.
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Figure 5. Capsule reactions produced by binding the yDPGA capsule. Each mAb and
fragment was incubated with B. anthracis Ames to produce the quellung-type reaction.
Reactions were visualized by DIC microscopy. Top panel: Binding of the intact bacterial
capsule by the IgGs mAD resulted in a rim-type reaction, whereas binding of the IgGs-derived
Fab formed a spindle-type pattern. All other mAbs and mAb-fragments, including the intact
IgG,, formed a puffy-type reaction when binding to the intact capsule. Bottom panel: Two
controls were used to show lack of capsule reaction. First, when no Ab was present, only the
bacterial cell body was visible by light microscopy. Second, a mAb that has specificity for

another target antigen did not produce a capsular reaction.



Table 1. Summary of results.
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K, (Low- K, (High-
F26G3 Protection DIC ECS50 (ug)  density Chip, density chip,
nM) nM)

mAb + rim 0.38 22.1+7.8 11.9+2.5

Y3 F(ab), not tested puffy 2.17 147 + 24 71.9+13
Fab not tested spindle 28.78 463 £ 16 378416

mAb - puffy 4.58 99.6 + 15 76.1+ 14

Y1 F(ab)', not tested puffy 2.08 259+1.7 1694
Fab not tested puffy 4.53 199 + 22 189.5 £22
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