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Abstract: Malaria causes approximately 2 million deaths eaer primarily in

children. The clinical manifestations of the diseare the result of invasion and lysis of
red blood cells bylasmodium parasites, the deadliest of whicHPissmodium

falciparum. In order to accomplish this cycle of invasi®asmodium falciparum

utilizes a number of proteins including EBA-175tloé Ebl family of proteins. In this
thesis, | examine the interactions between EBA-dits receptor GpA and self-
association of EBA-175 towards understanding the @bthis interaction in invasion. |
develop protocols for expression and purificatibRt-175, F2-175, GpA, and FITC-
RII-175, as well as, protocols for pulldowns of RIS by GpA that identify the minimal
binding domain of GpA. | also develop and optimazEACS assay to quantify RII-175
binding to GpA on RBCs and utilize the assay t@aske ability of 3’-siallylactose and a
peptide backbone to inhibit binding. | further exaenthe influence of 3’-siallylactose
and a peptide backbowa RII-175 self-association. Lastly, | describe ttevelopment
of monoclonal antibodies against RI1I-175 that Wwél used in future studies to further
characterize interactions between RII-175 and GphAese studies define the minimal
binding domain of GpA that interacts with RII-1%&5the region corresponding to amino
acids 30 to 50. It was also shown that 3'-siatitdse, which is important for receptor
binding, is a weak inhibitor of binding while a pigle backbone corresponding to the
minimal binding domain cannot inhibit binding alon€hus, a fully glycosylated region
of amino acids 30-50 is required. The self-assimrisstudies of the Kof dimerization

of RII-175 is ~10uM consistent with dimerization bgimportant for receptor binding.
In agreement with the inhibition studies, 3’-siédistose and peptide backbone failed to



influence dimerization. Further understandinghaf RII-175/GpA interactions will help
to define their roles in invasion and can leach®groduction of better malaria

therapeutics.
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Chapter 1: Introduction

Malaria kills approximately 2 million individualsyear and causes illness in
approximately 200 million annually [1]. The clinlaaanifestations of malaria are the
result of the invasion and lysis of red blood c@R8Cs) byPlasmodium parasites [1].
Of the four species d?lasmodium that cause malari&]asmodium falciparum is the
deadliest [1].P. falciparum can be found world wide in tropical regions [fig TThe

region most affected bjy. falciparum is sub-Saharan Africa [2].

Plasmodium parasites represent a heavy economic burden totices where
malaria is endemic [2]. As such, research has beeducted with the goal of creating
vaccines and or drug treatments agathasmodium parasites. This has become more
important as strains of parasites become increlgsiingg resistant. A large variety of
proteins and cellular processes have been idahiiepotential targets for vaccines and
drugs. One such target is Erythrocyte Binding gei (EBA-175), which is involved in

the erythrocyte stage of the parasite life cycla iarthe focus of this thesis.

1.1: Malaria Life Cycle

ThePlasmodium parasite has a complicated life cycle that invelweo different
hosts and multiple stages within each host [193je two hosts for the parasite are
humans and the anopheles mosquito. Within the mitwsdhe cycle consists of uptake
of gametocytes during a blood meal followed byftirenation of a macrogametocyte [3].

The gametocyte develops into an ookinete and thwsta The cyst then ruptures



releasing sporozoites that travel to the salivdapds of the mosquito and are ultimately

injected into the human host during the next blowhl [3].

Once within the human host the parasite undergeesiain stages in its life
cycle. These stages are the liver stage followetthé erythrocyte stage [3]. The liver
stage consists of invasion, replication within, &wis of multiple types of liver cells.

The liver stage culminates in the production of szeites that can go on to infect RBCs
[1, 3]. The parasite invades, replicates withimg &yses RBCs in the erythrocyte stage.

It is the continual invasion and lysis of RBCs whaauses the clinical symptoms of
malaria that include fatigue and severe anemiaghvban lead to death [1, 3]. This stage
is targeted by many antimalarials including theoobfjuines. Also included in the

erythrocyte stage is the formation of gametocytesd replication within RBCs.

1.2: Invasion of Red Blood Cells by Parasite

Invasion of RBCs in of itself is also a complighfgrocess involving two main
pathways of invasion and multiple proteins in epathway. The overall invasion
process can be broken down into four main stegs3[fil]. The first step involves low
affinity interactions between the merozoite and RB@:rozoite Surface Protein-1
(MSP-1) and Apical Membrane Antigen-1 (AMA-1) aretfo membrane proteins
expressed on the surface of merozoites duringrifibrecytic stage and are involved in
this stage of invasion. Although MSP-1 is the nadaindant surface protein, the receptor

for MSP-1 and how it mediates attachment haveoy/btetdefined. AMA-1 has two roles



in invasion. The first is attachment through aknown receptor to the RBC surface and

initiation of the second stage [1].

The second stage involves the apical reoriemtaif the merozoite so that the
apical end contacts the RBC membrane and highitgffinteractions and the formation
of the tight junction [1]. The apical reorientatic initiated by AMA-1 through an
unknown mechanism. The proteins responsible fofdhmation of the tight junction are
the Erythrocyte Binding Ligand (EBL) and Reticulteypinding Homology (RH)
families of proteins are involved in this stagerfasion and are essential for invasion.
Both the EBL and RH families of proteins are expegsduring the erythrocytic stage.
The EBA-175, EBA-140 (BAEBL), and EBA-181 (JESERif)the EBL family
represent the sialic acid dependent pathway ansigrertant for binding erythrocytes
[fig 4]. The RH family of proteins represents bditle sialic acid dependent and the sialic
acid independent pathway of invasion and are inaporfor binding both erythrocytes

and reticulocytes [1].

The third step of invasion is the movement of tghttjunction over the surface
of the merozoite and the shedding of the proteat £J. The parasite utilizes an
actin/myosin motor complex to achieve the actiwegion of the RBC. The forth step of
invasion is the complete invasion of the RBC aralftrmation of the parasitophorous

vacuole [1].

1.3: EBL Family of Proteins



The EBL family of proteins is involved in the seahcid dependent pathway of
RBC invasion. The EBL family includes EBA-175, EBA0 (BAEBL), EBA-181
(JESEBL), and EBL-1 oP. falciparum and Duffy Binding Protein (DBP) d?. vivax [fig
4] [1, 4, 5]. The receptors for EBA-175, EBA-14d EBL-1 are GpA, GpC, and GpB
respectively, while the receptor for EBA-181 idlsthknown. The receptor for DBP is
the Duffy Antigen Receptor for Chemokines [1, 4, Fhe sialic acid dependence of
EBA-175, EBA-140, and EBA-181 was discovered bwtireg RBCs with neuraminidase
from V. cholerea, which cleaves the2-3 linked sialic acid from o-linked glycans [4, 6-
10]. Treatment of the RBCs caused the loss ofibghdy EBA-175, EBA-140, and
EBA-181 in rosetting assays [4, 6-10]. In thessags, the malarial protein is expressed
on the surface of adherent mammalian cells in¢igsdture and RBCs are flowed over
the adherent cells. The RBCs form rosettes, laigapus of RBCs, over the top of the
cells expressing the malaria protein. A positesult in a rosetting assay is the formation

of the rosettes overtop of the adherent mammakds. c

The EBL family proteins share homology in theireptor binding domains. The
receptor binding domains contain one to two Dufifigding like (DBL) domains and are
homologous to Duffy binding region of DBP [1, 5The DBL domains are primarily
alpha-helical and include multiple conserved cyssgi[5]. DBP contains one DBL
domain and the others family members contain twd B8mains [fig 4]. The two DBL
domains of EBA-175 comprise a larger receptor lmigadlomain named Region Il (RI1)
spanning amino acids 145 to 761. The two DBL domaiithin RII-175 F1 and F2 span

amino acids 153 to 427 and 442 to 748 respect|adly
4



1.4: EBA-175

EBA-175 was originally discovered by taking merbestage parasite
supernatant and incubating the supernatant with&jRT]. These experiments showed
multiple proteins which bound RBCs including onéhna molecular weight of 175kDa.
This protein was named EBA-175 [11]. It was latetermined that EBA-175 was part
of the EBL family proteins and expressed by mangiiss ofP. falciparum. Many lab

and wild strains such as 3D7 and W2mef use EBAdkrthe primary invasion protein

9.

The receptor for EBA-175 was discovered througdetiing assays [fig 5] [6]. In
these assays, RBCs were treated with trypsin apghatnypsin and RII-175 expressing
cells were only able to bind chymotrypsin treatetisc GpA and GpB are the main
chymotrypsin resistant, trypsin sensitive proteinghe surface of RBCs. To distinguish
between these two receptors, GpA and GpB negaB@sRvere then used in rosetting
assays and RII-175 was able to bind GpB negatille lzet not GpA negative cells [6].

These experiments established GpA as the recept&®IF175.

EBA-175 has also been suggested as a target farialaaccines. EBA-
175’s potential as a target for vaccine developrhastbeen supported by the evidence
that antibodies against EBA-175 can be found irepaisera of individuals infected with
P. falciparum[12, 13]. Individuals who have high titers of dudies against EBA-175

also have marginal protection against infectiorPbfalciparum [12, 13].



The structure of RIlI of EBA-175 was recently solygd 6] [5]. In the crystal
structure, RII-175 appears as a dimer. In the dithe F1 of one monomer interacts
with the F2 of the monomer in a handshake confijauma The dimer creates two
channels going through the center of the dimer,thacgurface of these channels is
highly basic. The F2 domain of each monomer makeughly two-thirds of two
channels with the other third contributed by thedBinains. Mutations in the dimer
interface showed a loss of RBC binding in rosetisgays and this result supports the
biological relevance of the dimer model. Cocrysation with 3’-siallylactose also
showed six glycan binding sites in the dimer witkités inside the channels and the other
2 on the receptor facing surface. The glycan bigdites were found by cocrystallizing

3’-saillylactose with RII-175 [5].

1.5: GpA

GpA is the major siallylated protein on the suefa¢ RBCs and with another
transmembrane protein, Band3, make up over 50%eoptoteins on the surface of RBCs
[15-16]. GpA is a single pass transmembrane prdt&it can exist as both a homodimer
and a heterodimer with GpB on the surface of RBGpA has three extracellular exons
with a total of 15 O-linked glycans and 1 N-linkgigcan on approximately 60 amino
acids. The glycans make up approximately 50% @taoltal molecular weight of 33kDa.

The O-linked glycans are important for receptodbig by RII-175 [15-16].

GpA is part of a family of proteins that includepBand GpE and shares
approximately 95% sequence homology with its faimmigmbers [fig 5] [15-16]. Itis

6



thought that GpB and GpE were derived from homalsg@combination as is the case
for the 43+ known variants of GpA that are deriypeitharily from GpB but also less
commonly with GpE. The majority of the variants &vcated in exon 3 of GpA.
Homologous recombination can occur because GpBsafitiboth contain an exon 3 in
the nucleotide sequence. GpA is the only familyner that expresses an exon 3 due to
a splice site mutation in exon 3 of both GpB andEGEXon 3 contains four O-linked
glycans that are unique to GpA [15-16]. It is @liéle that RII-175 may directly contact

exon 3 of GpA due to the uniqueness of this seqaienc

The rosetting assays and the crystal structureglyttan binding sites suggest
two possible models of receptor binding by RII-1fi® 6] [5]. RII-175’s receptor is
GpA, which exists on the surface of RBCs as bdtbraodimer and a heterodimer with
GpB. One models suggest are that the GpA dimeatis through the channels to form
the complex with the glycans in the right orierdati The other model suggests that the
GpA dimer wraps around the outside of the RIl-1i#beat and places the glycans in the

right orientation [5].

1.6: Focus and scope of thesis

While it is known that GpA is the receptor for EBAS, little is known about
how they interact. It is not known how EBA-175fdientiates between GpA and GpB,
which differ by only 32 amino acids. It has yeb®wshown if these 32 amino acids are
important for the specific binding of GpA by EBAA.7While a dimer model of EBA-
175 binding to GpA has been proposed, the exastonetry of binding has yet to be

7



defined. The crystal structure of the EBA-175/GgAnplex has also not yet been

solved.

My thesis focuses on the identifying the minimadding domain of GpA for
EBA-175 along with the characterization of bindangd the characterization of EBA-175
dimerization. In chapter 2, | describe the develept and optimization of expression
systems and purification of RII-175 and GpA andriepping of the minimal binding
domain of GpA. In chapter 3, | describe the depeient and optimization of a
functional assay for RII-175 that forms the basisdddressing the receptor specificity of
RII-175 and inhibition of receptor binding by conrmamts of the receptor described in
chapter 4. In chapter 5, | characterize the dimation of RII-175 using biophysical
methods. In chapter 6, | describe the developmimonoclonal antibodies against RII-

175.



Fig. 3.2  Estimated incidence of malaria per 1000 population, 2006

Figure 1: W.H.O. 2006 incidence mapPoffalciparum[2]
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e)

Table 1. Binding Effsciency for Rl and Mutants

Bireding Ma. Glycan

Mutant Class ~ Mutation Abilty Caontacts

Wildtype Rl i N/A
Dimesr F246E - N/A
Dimesr R2460 - N/A
Dimesr TI4F - N/A
Diimer F2 W43ED - NiA
Glycan 1.2 HE1TA - 2
Glycan 1.2 Re22E - ]
Glycan 1.2 E4304 - 2
Glycan 3/4 LR - 1
Glycan 34 MSETA e 1
Glycan 34 YEG2A = 2
Glycan 34 KESIA -+ 2
Glycan 5B KCZRA e 2
Ghycan BB FE3A - 1
Glycan 56 E341A - 3
Swrface control  E1534 ——a Ni&
Swurface control  KE4BA ——a Ni&

Figure 6: a) ribbon structure of RII-175 monomn®ralingment of F1, green, and F2,
purple, ¢) structure of RII-175 monomer, d) staue of RII-175 dimer with glycan

binding sites, e) RII-175 dimer and glycan bindsitg mutants [5]

14



P. falciparum membrane

GpA GpA
Erythrocyte membrane

Figure 7: Dimer model of GpA binding [5]

15



Chapter 2: Expression of RII-175 and GpA and Mappng of the Minimal Binding

Domain of GpA

2.1: Introduction

Protein Expression and purification allows for stedy of protein/protein
interactions outside of the context of cells oramigms and reduces the potential
masking properties of other proteins present ifscdRll-175 was previously expressed
in Pichia pastoris and purified by various chromatography methods [Hje
recombinant RII-175 was a glycosylation mutant vehegrtain residues were mutated to
remove potential aberrant glycosylationfypastoris. The mutations were important for
expression becaus falciparum lacks complex glycosylation of proteins [5]. Besau
expression using theichia pastoris system is labor and time intensive especiallyttier
study of multiple mutations, &g coli system was developed. TBecoli system also
has the advantage of not requiring the use of gliylation mutants due to tite coli
lacking a glycosylation system and can be readiBduto generate multiple mutants

when needed.

GpA has also been expressed before using muliti@s bf CHO cells [14]. The
cell lines used were wild type for glycosylationvesll as deficient in various stages of
O-linked and N-linked glycosylation. GpA with déffent types and amounts of

glycosylation was produced by using these celklingnfortunately, these GpA
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constructs were expressed on the surface of the @H®and large quantities could not

be produced using this system [14].

Recently a group has developed a protocol for esgowe of proteins in a
mammalian expression system [17]. This systenza§lIHEK293T cells and the
pHLFchis or pHLSec vectors. These vectors ugelaicken actin promoter to drive the
expression of large amounts of the protein cloméal the various vectors. Both the
pHLFchis and pHLSec vector function have signabseges for the export of the
expressed protein outside of the cells. The pnatan then be purified from the media
[17]. Due to the ability of these vectors to proelarge quantities of soluble protein, |
optimized this system for GpA in order to expredisilsle protein, which is an advantage
over the CHO cell expression system. This systesialso chosen because it allows for
the complete glycosylation of GpA, which can nodo&e in bacterial expression

systems.

While the receptor has been identified for RII-1AEough rosetting assays, the
portion of the receptor directly bound by RII-17&shyet to be identified. Previously,
fragments of GpA were tested for their ability mhibit RBC binding in rosetting assays
[6]. These fragments were obtained by enzymaticdégving GpA obtained from RBCs
to produce multiple fragments. No individual fragrhevas able to inhibit RII-175
binding to RBCs to the same extent as full lengtA@5]. As a result of the enzymatic
cleavage of Gpa from RBCs, only a limited numbeirafments could be obtained and

tested. This method limits the regions that candesl and can cause a binding domain
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to be missed due to cleavage within the domairs fay be why none of the fragments
produced were able to inhibit RII-175 binding to®B The cleavage sites for trypsin on
GpA are found in exon 3, which results in fragmewits incomplete exon 3's [6]. This
may be important to understanding why the fragmdiatsiot inhibit because exon 3 is

the only portion of sequence unique to GpA.

In this chapter, | describe protocols that wereetigyed for the production of RII-
175 and GpA. These protocols form the basis femptfoduction of recombinant protein
for all subsequent studies. In this chapter, d disscribe the optimization of a protocol
for pulldowns with full length and the truncatioosGpA and the binding of GpA
truncations by RI1I-175 to show functionality of teepressed proteins and to identify the

minimal binding domain.

2.2: Materials & Methods

2.2.1: Expression of EBA-175.RI1I-175 (amino acids 145 to 761) and F2-175 (amin
acids 442 to 748) were expressed in BLE2toli cells using a pet28 vector. The cells
were grown shaking at 3Z to an O.D. 600 of 0.6 and induced with IPTG. Thls

were then grown for an additional 3 to 5 hours sigkt 37C. The cells were then
pelleted and resuspended in 10mL/L cells of 50mM pH 8, 100mM NaCl, 5mM DTT,
0.25mg/mL Lysozyme, and 1 complete protease t@eleBOmL of buffer and frozen at -
80°C. The cells were later lysed using sonication thiednclusion bodies pelleted. The
inclusion bodies were washed 3 times in 50mM THs8p 100mM NaCl, 5mM DTT,
0.5% Triton X-100 and once in 50mM Tris pH 8, 100mMeCl, 5mM DTT. The protein
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was then denatured with 6M guanidine hydrochlortenM Tris pH 8, 100mM NacCl,
5mM DTT overnight at ZC. 100mg of protein was used per liter of refotgbuffer
(200mM Tris pH 8, 10mM EDTA, 400mM L-arginine, 0.MPMSF, 2mM reduced
glutathione, 0.2mM oxidized glutathione). The piotwas refolded for 48 to 72 hours at
4°C. The refolded protein was concentrated usingcdmiconcentrators to a
concentration of approximately 15mL per liter diotding buffer. The concentrated
protein was dialyzed overnight diGtagainst 50mM MES pH 6, 200mM NaCl (1L
dialysis buffer per 1L refolding buffer). The diaed protein was then concentrated to
5mL/1L refolding buffer. Each 5mL of protein wdeeh purified by gel filtration
chromatography using a Hiload 16/60 superdex 26pgrade column with 10mM MES
pH 6, 200mM NaCl and the peak fractions of eachware combined and purified by
gel filtration chromatography an additional 2 tarBes. The peak fractions from the

final gel filtration purification were than conceated to a concentration of 15mg/mL.

2.2.2: Expression of GpA.GpA_FL (aal-60) and GpA truncations [table 1¢neld

into a pHLFchis vector containing the GpA signajsence, were transiently transfected
into 70-90% confluent HEK293T cells using the metldescribed in Aricescu 2006.
Media was then harvested four days later. The awds diluted 3 times with His-tag
buffer A (50mM Tris pH 8, 200mM NaCl, 10mM ImidazgbH 8). The diluted media
was then run over a nickel-agarose column andctluitlh His-tag buffer B (50mM Tris
pH 8, 100mM NaCl, 500mM Imidazole pH 8). To sepamut the various glycosylation
states of the GpA produced, the GpA was purifiedipn exchange chromatography

using a monoQ 5/50 GL column with buffers (A) 25niks pH 8 and (B) 25mM Tris
19



pH 8, 1M NaCl. A gradient from 0 to 40% of buff@iwas used to separate the various

glycosylation states which eluted at 130mM NaCl aB@mM NacCl.

2.2.3: GpA Binding in a Pulldown. 40ug of each GpA construct (full length and
truncations) was incubated with 1uL 15mg/mL RII-Zf& 20uL of ProteinA beads in a
total of 100uL in 50mM Tris pH 8, 200mM NacCl, 0.IP&ton X-100 for 30min on ice.
The beads were then washed 3 times. The beadghegreesuspended in 10uL of SDS-

PAGE dye and the samples run on a 10% SDS-PAGE gel.

2.3: Results

2.3.1: RII-175 Expression and Purification

An E. coli system was chosen for the expression of RII-1tbR#1175 because it
can produce milligram quantities of protein quicklyd without the use of glycoslylation
mutants. F2-175 was expressed and purified intiaddio RII-175 because it has similar
binding ability to the full regionll. Both his-tggd and untagged RII-175 and F2-175
were expressed iA. coli using the pet28 vector. The denatured proteiraetdd from
theE. cali inclusion bodies was refolded in standard refgjdnffer as described in
Materials and Methods. Multiple methods were tt@gurify the refolded protein. The
first method of purification was to concentratedflrefolded protein which was then
purified by gel filtration chromatography with Thsiffer pH 8 and 200mM NaCl. The
subsequent peak was purified by cation exchangeraditograpy. Unfortunately, this
method resulted in aggregate protein precipitatimghe gel filtration column. As a

result, other methods of purification were devetbpe
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The next method used was to concentrate the exfqddotein and dialyze the
protein against 50mM MES pH 6 200mM NaCl. Dialyaighis step prevented
precipitation of the protein on the columns. Thalydied protein was then purified by
anion exchange chromatography. The resultant wealfurther purified by gel filtration

chromatography. Unfortunately, this protein stdldhaggregate in the purified sample.

The next method of purification was to use the ey method and add two to
three additional gel filtration chromatography stép reduce aggregate contamination.
This resulted in protein with minimal aggregate teomnation. While this method

resulted in pure protein it was time and labornstee.

The method was modified in an attempt to reducdithe and labor needed to
produce the recombinant protein. The method usedtevéollow the previous method
but exclude the cation exchange step because tioa exchange step did not increase
the purity of the protein. This method resultedimilar purification to the previous

method with one less step.

The final protocol used was to refold the protestandard refolding buffer and
dialyze the refolded protein. The dialyzed proteas then purified by three to four
rounds of gel filtration chromatography. A typi€alF200 chromatograph and SDS-
PAGE gel of the fractions corresponding to the mpgak can be found in figure 8. A

typical yield for this protocol is 1-5mg per litef refolding buffer.

2.3.2: GpA Expression and Purification
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A mammalian expression system was chosen for Ggpause it could be used to
produce milligram quantities of completely glyccsg@d protein quickly. The
extracellular portion of GpA (amino acids 1 to 8@s cloned into the pHLFchis
construct with the addition of a precision protegise between the GpA sequence and the
Fc sequence [fig 9]. The GpA construct was trarigigransfected into HEK293 cells.
A time course was done to measure the producti@péf over time [fig 9]. The
expression of GpA peaked at four days post tratiefec All subsequent transfections

were harvested four days post transfection.

GpA was purified from the media using a nickel-agarcolumn. The resulting
eluted protein was then used in subsequent expetsmdhe GpA at this point appears
as a smear on an SDS-PAGE gel that is likely theltref various stages of glycosylation
in the GpA sample. The different glycosylationtesacan be further separated by anion
exchange chromatography presumably because offfaeedce in charge represented by

the negatively charged sialic acid containing ghgHig 9].

2.3.3: Expression and Purification of GpA Truncatons:

Previously only full length GpA has been expressed only as a transmembrane
protein on the surface of CHO cells. Also, the negts of GpA used in experiments to
inhibit binding were produced through enzyme treathof GpA from RBCs. This
expression system was developed to produce mutiygdapping fragments of GpA and

mutants quickly.
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Overlapping truncations of the extracellular partaf GpA were cloned into the
pHLFchis vector [table 1]. The truncations wesmngiently transfected into HEK293
cells and the media harvested four days post eatish. All truncations expressed
under these conditions [fig 10]. While truncatid), and 2-4 expressed well,
truncation 2 only expressed moderately well anddations 1 and 4 expressed poorly.

Never-the-less, all truncations of GpA can be otadi

2.3.4: Optimization of Pulldown Conditions

A method to examine protein/protein interactiamshie absence of cells has not
been developed for Gpa and RII-175, thereforeyébigped a pulldown assay to examine
the binding of GpA by RII-175 in a cell free assahhe first pulldowns used nickel-
agarose beads in conjunction with the his-tag er3pA [fig 11]. In this pulldown, GpA
was purified by cation exchange chromatographyclvhesulted in three distinct peaks
and each peak was incubated with RII-175. PealdZP&ak 3 of GpA bound RII-175 in
the pulldown. Unfortunately, the RII-175 bound repecifically to the nickel-agarose

beads.

In order to eliminate the non-specific bindingRif-175 to the nickel-agarose
beads, the imidazole in the wash buffer was ine@&®m 10mM to 100mM. Peak 2
and Peak 3 of GpA still bound RII-175 in the pullddo Unfortunately, the RII-175 still

bound non-specifically to the nickel-agarose beads.

In order to eliminate any non-specific bindingRN§-175, the type of beads used

was changed to proteinA-agarose beads [fig 11}eRrA-agarose beads can be used
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with the GpA constructs because all GpA contruotscanjugated to the Fc portion of an
IgG antibody and proteinA binds the Fc portion ofilaodies. The three peaks of GpA
were again used and peak 2 bound RII-175. Allelpeaks showed binding, but the
higher molecular weight peaks bound RII-175 thetmémnfortunately, while there was
less non-specific binding of RII-175 on the profeimeads, the non-specific binding was

not completely eliminated.

In order to eliminate all non-specific binding by-R75, a detergent was added to
the wash buffer [fig 11]. The three peaks of Gpérevagain used and peak 2 bound RII-
175. Only the higher molecular weight peaks boRiel75. In this pulldown, there
was no non-specific binding of the beads by RIl-1The final conditions used in the
pulldown were 50mM Tris pH 8, 50mM NacCl, 0.1% Trit¥-100 and proteinA-agarose

beads.

2.3.5: Pulldown with GpA Truncations

In order to identify the portion of Gpa bound bi-R75, a pulldown was
conducted with full length and truncations of GpAhe first pulldown conducted was
with the buffer used in the above experiment. &n™ NacCl, all the truncations bound

RII-175.

To eliminate any non-specific binding of RII-17% & salt gradient was used [fig
12]. The salts used were 50mM NaCl, 100mM NaGd, 200mM NacCl. All truncations
bound RII-175 at 50mM NaCl and 100mM NaCl. At 20@myacCl, full length GpA and

truncation 4 bound RII-175 strongly. Truncationl weakly bound RII-175.
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2.4: Discussion

A protocol to purify RII-175 and F2-175 frok coli was developed and
optimized. The final yield for this protocol is apgimately 1 to 5 mg/ L refolding
buffer. A protocol for the production of full lettgGpA and GpA truncations using
HEK293 cells was developed and optimized. Thd fjiedd for this protocol is
approximately 13mg/L harvested media. The produaatif purified RII-175 and GpA
allows for further investigation into the interamts between RII-175 with itself and its

receptor.

To show that RII-175 and GpA (full length and trations) are functional a
pulldown protocol was developed. In the pulldowi; ®5 binds truncation 4 the
strongest of all the truncations. Truncation 4egponds to amino acids 30 to 50 of GpA
and includes all four glycosylations in exon 3isltikely that amino acids 30 to 50 of
GpA are the minimal binding site for RII-175. RI¥5 also binds truncation 2 weakly.
Truncation 2 contains seven glycosylations anddatitianal three residues that could
potentially be glycosylated. RII-175 may bind ttation 2 weakly because of the large
number of glycosylations. The glycosylations an@artant for binding as evidenced by
the loss of binding in rosetting assays upon treatrwith neuraminidase. This is also
seen in the pulldown with the anion exchange prdifspA. In this pulldown, RII-175
binds only the high molecular weight peaks whiclyroarrespond to a higher level of
glycosylation. Development of further functionasags for RII-175 are described in the

next chapter.
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Truncation: Sequence:

1 SSTTGVAMHTSTSSSVTKSY

2 TSTSSSVTKSYISSQTNDTHK

3 YISSQTNDTHKRDTYAATPRA

4 KRDTYAATPRAHEVSEISVRT

5 AHEVSEISVRTVYPPEEETGE

2-4 TSTSSSVTKSYISSQTNDTHKRDTYAATPRAHEVSEISVRT

1t 1 T 1t 1 111

‘ el | SSTTGVAMHTSTSSSVTKSYISSQITNDTHKRDTYAATPRAHEVSEISVRTVYPPEEETGE

aal 2260

1

Freciion
Zromass b
see

2

Table 1: Amino acid sequence of the extracellptation of GpA in each truncation

clone and diagram of truncations with glycosylasigred) O-linked, (blue) N-linked
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Chapter 3: Validation of Protein Binding in a Fundional Assay

3.1: Introduction

Flow Cytometry (FACS) is a method often used ftedentiate populations
within samples of cells [18]. In FACS, a sampléjected into a flow cell and then
flows past a laser at approximately 1 cell at atirthe cell scatters light in both the
forward and side directions and is read by a sdetdctors [fig 13]. The forward scatter
gives the approximate size of the cell that passetthe laser. The side scatter detects
organelles like the granules found in neutrophB®th types of scatter can be used to

define different populations in a sample like peaml blood [18].

FACS can also be used to detect fluorescent stadslyes by adding additional
lasers and detectors. [fig 13] [18]. Fluorescemsdthat bind DNA can be used to detect
P. falciparum infected RBCs from uninfected RBCs due to onlypgheasite having
DNA. The uninfected RBCs can be separated froecitefl RBCs based on the detection
of fluoresce if the flow cytometer is attached toedl sorter. Fluorescent dyes conjugated
to antibodies can also be used in FACS to deteters on the surface of cells or
proteins in complex with proteins on the surfaceaifs [18]. Multiple dyes can be used
at once to differentiate between different popolagi Both the forward and side scatter
and the fluorescence detection can be combinedsityalifferentiate population of cells

in mixed samples [18].

In this chapter, | describe the development afrecfional FACS assay for the

recombinant RII-175 purified as described in chapteFACS assays can be used to test
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a multitude of conditions for binding and can bedito obtain the IC50s for inhibitors

and protein/protein interactions on the surfaceedif.

3.2: Materials and Methods

3.2.1: Initial Binding of RBCs by RII-175. Red blood cells (RBC) were obtained from
the Barnes Jewish Children’s Hospital Blood BaBR0,000 RBCs are diluted in 500uL
DMEM with 10% FCS. His tagged 15mg/mL RII-175 veakled to a concentration of
either 66uM or 9uM and the mixture incubated onfazeone hour. The RBCs were then
washed three times with DMEM with 10% FCS. Mousg-his antibody from Qiagen
was added to the RBCs. Alexafluor 647 conjugargdmouse IgG antibody from
Invitrogen was diluted 1:500 in DMEM with 10% FC$00uL of the diluted antibody
was added to the washed RBC and incubated onnianéohour. The RBCs were then
washed three times. The RBCs were then resuspeémd€@®ulL DMEM with 10% FCS.

The RBCs were then analyzed using a fluorescenstope.

3.2.2: Optimization of Enzyme Treatment of RBCs td’revent Clumping. RBCs
were incubated with Img/mL chymotrypsin overniglite cells were then used as

described above in RII binding.

3.2.3: Optimization of Anticoagulant treatments toPrevent Clumping. EDTA: RII-
175 was incubated with RBCs as described in abo®ilibinding with the buffer being
DMEM 10% FCS 7mM EDTA instead of DMEM 10% FCS. ldep: RII-175 at 10uM

and 1uM was incubated with RBCs in DMEM 10% FCSdxuivith heparin at
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concentrations of 60units/mL, 30units/mL, or 12tstmhL. The mixture was then

incubated with antibodies as described above irbRHing.

3.2.4: Optimization of Salt and Protein Concentraibn conditions to Prevent
Clumping. RII-175-his at OnM, 40nM, 200nM, 320nM, and 1000mire each
incubated with RBCs in DMEM 10% FCS with 150mM Na2dOmM NacCl, 250mM
NaCl, 300mM NacCl, 350mM NaCl, and 400mM NaCl fondur on ice. The samples
were then washed three times with DMEM 10% FCStilhat their corresponding salt
concentration. The samples were then incubatdudamiti-his antibody conjugated to
FITC for 1 hour on ice. The samples were then wéshese times with DMEM 10%
FCS that have their corresponding salt concentratithe RBCs were resuspended in
2mL DMEM 10% FCS that have their corresponding saftcentration and were then

analyzed using a BD FACScanto machine availabteerGoldberg lab.

3.2.5: FITC labeling of RII-175 and FACS.1.5mg of 15mg/mL RII-175 was diluted in
1mL PBS pH 6, 50mM EDTA and mixed with 10uL 10mg/fI0’C in DMSO. The
mixture was incubated rotating at room temperatowrdhr. The mixture was then
diluted in 10mL 25mM MES pH 6, 100mM NaCl. Theuldd protein was then run over
2mL monoS sepharose resin and the protein elutddSmL 25mM MES pH 6, 500mM
NaCl. The protein was then concentrated to ImLpamdied by gel filtration
chromatography using a superdex 200 10/300 GL aoluimcorporation of the FITC
label was verified using a phosphoimager. Theltasulabeled peak was then

concentrated to 15mg/mL. 1uM RII-FITC was then abittie500,000 RBCs in 500uL of
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DMEM 10% FCS 250mM NacCl and incubated for one rmuice. The cells were
washed three times with DMEM 10% FCS 250mM NaCl esdispended in 2mL
DMEM 10% FCS 250mM NaCl. The cells were then inthgsing a fluorescent
microscope and also analyzed using a BD FACScaatthime available in the Goldberg

lab.

3.3: Results

3.3.1: Initial Binding of RBCs by RII-175

To initially asses the ability of the recombin&it-175 to bind RBCs, 66uM RII-
175-his purified as described in chapter 2 was @adoé&BCs and then incubated with a
mouse anti-his antibody followed by a goat anti-s®igG antibody conjugated to Alexa
647. The RBCs were then imaged using a fluoreso@rbscope [fig 14]. Only the
RBCs incubated with RII-175 were positive for flaecence. The RBCs incubated with
RII-175 also formed large clumps that do not resagpand were positive for
fluorescence while negative controls lacking RIBIid not fluoresce or clump. This
was also seen when the RII-175 concentration waedsed to 9uM. The clumping only

occurs when RBCs are incubated with RII-175 artiesefore RII-175 dependent.

F2-175 has a similar binding ability as RII-175 whesed in rosetting assays and
was therefore tested for binding RBCs in solutié2-175-his was also incubated with
RBCs at the same concentrations as previouslyfasdll-175. The F2-175 also
clumped the RBCs and these clumps were positiviuforescence [fig 15]. The F2-175

also clumping indicates that it is a property @& tecombinant protein binding to RBCs.
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Unfortunately, clumps are not conducive to FACSgsdor two main reasons: 1) small
clumps that flow through the flow stream will bedeas one event instead of multiple
events and can under represent the true perceotdge population that is positive for
binding, 2) the capillary through which the cellsp is very small and large clumps will

clog the system.

3.3.2: Optimization of Enzyme Treatment of RBCs td’revent Clumping

The only known function for GpA is to prevent clpimg of RBCs. To test if the
clumping is due to other proteins interacting wiBpA is bound by RII-175, enzyme
treatment of RBCs was conducted before incubatibim Ril-175. Specifically
chymotrypsin was used because GpA is chymotrygsistant and treatment of RBCs
with chymotrypsin will cleave other proteins whigaving GpA whole. When these
treated RBCs were incubated with the lowest comagah of RII-175 previously used,
the RBCs still clumped and the clumps were posiivdluorescence. While this

treatment did not inhibit binding, the treatmerd dot reduce the clumping.

3.3.3: Optimization of Anticoagulant treatments toPrevent Clumping

Anticoagulants are compounds used in solutionsatong RBCs to prevent
clumping and clotting of RBCs, therefore, | wanteagxamine if anticoagulants could
prevent the clumping when RII-175 binds RBCs. Taemmonly used anticoagulants
are EDTA and heparin. RBCs were incubated witHdlest concentration of RII-175

previously used in DMEM with EDTA at concentratioh7mM. The RBCs still
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clumped and the clumps were positive for fluoreseetdnfortunately, EDTA did not

decrease clumping significantly on its own.

Heparin was also used in an attempt to prevempging. RII-175 at 10uM and
1uM was incubated with RBCs and heparin at conagatrs of 60units/mL, 30units/mL,
or 12 units/mL. RBCs incubated with RII-175 alah@mped cells and were positive for
fluorescence [fig 16]. Unfortunately, all concextions of heparin prevented clumping of
RBCs but also prevented RII-175 binding in the 1RN4175 samples and greatly

reduced binding in the 10uM samples shown by the & fluorescence.

3.3.4: Optimization of Salt and Protein Concentraibn conditions to Prevent

Clumping

It is possible that salt and the concentratioprofein could affect the clumping
of the RBCs. The next treatment used to prevemhping of the RBCs upon RII-175
binding was a salt gradient combined with a titnatof RII-175. RII-175-his at OnM,
40nM, 200nM, 320nM, and 1000nM were each incubat¢idl RBCs in DMEM with
150mM NaCl, 200mM NacCl, 250mM NacCl, 300mM NaCl, 88@ NaCl, and 400mM
NacCl [fig 17]. The concentration of RII-175 withe best overall binding was 1000nM
(LuM). The other concentrations did not have @ghugh signal to justify using. The
1uM sample bound RBCs up to 250mM NaCl, and thepiag decreased as the salt
concentration increased [fig 17]. The conditiohdwM RI1I-175 and 250mM NaCl were

used in all subsequent FACS assays. Thus, it appieatrthe clumping is due to
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electrostatic interactions and these interacti@mshe limited by increasing the salt

concentration in the buffer.

3.3.5: RII-FITC labeling and use in FACS

To make the FACS assay more efficient and redue@tmber of washes, RII-
175 was labeled with FITC. RII-175 was incubatethwither FITC dissolved in DMSO
or Carbonate buffer. The lowest concentrationl®fd~used, 10uL of 10mg/mL DMSO,
was able to label the RII-175 [fig 17]. The RIAKI was run over a cation exchange
resin column to purify the RII-FITC from free FITO.he subsequent protein was
purified by gel filtration chromatography. The éid protein ran as one peak and the
FITC label was verified by a phosphoimager [fig.18he protein was then concentrated
to 15mg/mL and used to label RBCs. The FITC lab&Hd-175 was able to bind RBCs
and was positive for fluorescence [fig 19]. Th&€llabeled RI1I-175 when incubated

with RBCs was also able to produce a positive signa FACS assay [fig 19].

3.4: Discussion

Recombinant RI1I-175 that was expressed and pdrigiéunctional for RBCs
binding, and can now be used to characterize tésantions with GpA and itself. The
functional assay developed can be further usetutty snhibitors of various kinds, i.e.
small molecules, receptor fragments, antibodies, €he development of the FITC-RII-
175 decreases the amount of time required for A&@S-assay and can be used to test
inhibitors. One disadvantage to the FITC-RII-17&IRACS assay is that the label could

interfere with the ability of antibodies specifecRII-175 to bind by obscuring the
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epitope for the antibody. Receptor specificitylod RII-175 will be described in chapter

4 and utilizes the FACS assay developed in thiptena
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Chapter 4: Receptor Specificity of RII-175 and Inhbition of Binding by Receptor

Components

4.1: Introduction

It has previously been shown that RII-175 bind&pA on the surface of RBCs.
GpA is the main chymotrypsin resistant, trypsinssére receptor on the surface of
RBCs [6]. Trypsin cleaves GpA at two sites, amaeas 31 and 39, both of which are
located in exon 3. Rossetting assays have shownmvtien RBCs are incubated with
either chymotrypsin or trypsin, RII-175 can oniyntithe chymotrypsin treated cells [6].

This establishes a reproducible pattern for receggecificity in binding assays.

Binding Assays have also been used to assesstiecy of inhibitors. It has
previously been shown that SL can inhibit RII-17&ding RBCs in rosetting assays in
the low milimolar range [19]. Related compoundséehalso been analyzed in rosetting
assays. Of those tested, SL was the best inh{di®jr The major drawbacks to using the
rosetting assay are that you cannot readily quaexpression of the malaria protein
expressed in tissue culture and its surface expreasd it is very hard to accurately
guantify the number of RBCs bound to the cells egping the malaria protein. Along
with the inability to quantify the RBCs forming etes, it is also difficult to quantify
what signifies a rosette (i.e. 5 RBCs or 100 RB@3her binding assays like a FACS

assay can be used to accurately and quantitatagsigss the potency of inhibitors.
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In this chapter, | describe the receptor spetyfiof R1l-175 and the use of small
molecules in an inhibition study using the quatittaFACS assay developed in chapter

3.

4.2: Materials and Methods

4.2.1: RII-175 binding to RBCs. Red blood cells (RBC) were obtained from the Barne
Jewish Children’s Hospital Blood Bank. 500,000 RB&re diluted in 500uL DMEM
with 10% FCS. His tagged 15mg/mL RII-175 was dituf:10 in DMEM with 10%

FCS. 25uL of the diluted RII-175 was added toRBCs (1LuM RII final concentration)
and the mixture incubated on ice for one hour. RBEs were then washed three times
with DMEM with 10% FCS. FITC conjugated anti-histi@ody from Invitrogen was
diluted 1:500 in DMEM with 10% FCS. 100uL of thi#uted antibody was added to the
washed RBC and incubated on ice for one hour. RBE€s were then washed three
times. The RBCs were then resuspended in 2mL DM# 10% FCS. The RBCs

were then analyzed using a BD FACScanto machirlecofditions were conducted in

triplicate.

4.2.2: Treatment of RBCs RBCs were incubated with either 2mg/mL TrypsimgImL
Chymotrysin, or 20uL of anti-GpA antibody from Sai@ruz Biosystems overnight at

4°C. The treated RBCs were then used in bindingyasasidescribed above.

4.2.3: IC50 curvesHis tagged 15mg/mL was diluted 1:10 in DMEM witd% FCS.
Compound (siallylactose (sl), peptide (pep), oi\dactose & peptide(slp)) was added to

25ul of diluted RII-175 to reach the desired coricgion in a total of 50uL and the
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mixture incubated at°€ overnight. The mixture was then added to RB@pared as
described above in RIl binding and the FACS assaylacted as described above in RII

binding. All concentrations of inhibitor were coruded in triplicate.

4.3: Results

4.3.1: Receptor Specificity of RII-175

To test receptor specificity, | examined the aBexf established enzyme
treatments on RII-175 binding in the FACS assaylesd in chapter 3. RII-175-his
was incubated with RBCs that had been treated efayimotrypsin, trypsin, or an
antibody against GpA [fig 20]. RII-175 was ablebiad the untreated and chymotrypsin
treated cells but only minimally bound the trypamd GpA antibody treated cells. The
fluorescence seen in the sample of trypsin treB@&@s with RII-175 is equivalent to that
of RBCs not incubated with RII-175. The reductinrbinding seen in the GpA antibody
sample is significant. The binding pattern fopsin and chymotrypsin is consistent with

previously published data.

4.3.2: IC50 Curves

To look at the influence of the various partsha teceptor, | examined the IC50
of 3’-siallylactose (SL), an unglycosylated peptafeé5pA amino acids 27-59 that
correspond to exon 3 (Pep), and 3’-siallylactosgtae unglycosylated peptide (SLP).
SL was tested for inhibition because it has beemvatthat SL on receptors is important

for binding in rosetting assays and can inhibidioig slightly on its own. The
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unglycosylated peptide was tested for inhibitiomlébermine the importance of the
peptide backbone for binding of receptor by RII-1AAI-175-his was incubated
overnight at 4C in the presence of varying concentrations of Fp, or SLP in the
absence of RBCs. The samples were then incubatedRBCs and afterward incubated
with anti-his antibody. The compounds SL, Pe P inhibited binding in the FACS
assay to varying degrees [fig 21]. The SL alonse alae to inhibit RII-175 binding at an
IC50 concentration of 13mM. The Pep alone was len@binhibit the RII-175 binding
as shown by the IC50 concentration of >100mM. $hP was slightly worse inhibitor

of RII-175 binding with an IC50 concentration ofM.

4.4: Discussion

The RII-175 expressed and purified is functiorrad &inds to GpA. The receptor
specificity is supported by the RII-175 bindingctwymotrypsin treated RBCs but not to
trypsin treated cells. The receptor specificitjuikher supported by the reduction in
binding upon RBC treatment with anti-GpA antibodich blocks RII-175 binding by
specifically targeting the receptor. It is alstenesting that the trypsin cleaves at amino
acids 31 and 39, which are in exon 3. This impled this region may be important for
RII-175 binding. The IC50 for SL was in the lowlimiolar range and implies that SL,
while important for binding, is not the only pomiof the receptor responsible for
interaction with RII-175. The peptide incontragt dot inhibit binding under similar
conditions. This may be due to the peptide lackjlygosylation, which is known to be

important for binding. Further studies would bedentify the minimal binding domain
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of GpA by FACS inhibition assays using GpA truncati and GpA glycosylation

mutants.
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Chapter 5: Protein/Protein Interaction Studies andDimerization

5.1: Introduction

There are many methods that can be used to cher&cprotein/protein
interactions. These methods include pulldownslysinal ultracentrifugation (AUC),
and multi-angle-light-scattering (MALS). All thresethods will be discussed in this
chapter. In a pulldown, protein/protein interanare characterized using a tagged
protein of interest as “bait” for other proteinBhe tagged protein can be immobilized on
agarose beads that are coupled to either a binpdiriger or antibody for the tag. This
allows for controlled experiments with a known ambaof the tagged protein of interest.
The immobilized protein can then be used to puieoproteins that can bind the “bait”
out of solution. The tagged protein of interesl &a binding partners can then be
determined through electrophoresis. The advantatiesomethod is that it can help to
determine previously unknown binding partners far thait” protein and verify known
binding partners. The drawback of this methatthad it cannot characterize the kinetics

or stoichiometry of binding.

AUC has several advantages over pulldowns, onehath is that it can analyze
molecular weights of complexes in solution alonghvaffinity constants for complexes.
In AUC, the samples can range from hundreds ofddalto many millions of Daltons
and can be used to obtain the average moleculghivwei components in solution [20,
21]. In a sedimentation equilibrium AUC experimesamples are centrifuged at a set
speed and the sample allowed to reach equilibrilvergvthe amount of diffusion is equal
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to that of the sedimentation. At equilibrium, largnolecules will sediment towards the
bottom of the sample channel and smaller moleawuiksemain towards the top of the
channel. Multiple speeds and concentrations caanbb/zed together because the
molecular weight at any point for a system at elgaum is dependent on total
concentration but is independent of rotor spee@ddial position of the sample in the

rotor [20, 21].

The molecular weight of the sample can be analysey linear regression with
set models of association [20, 21]. The first maged is usually a 1-component ideal
model, which can give the average molecular weafjthe molecules in solution. Itis
best used with a known molecular weight of the fdsspecies in solution. If the
average molecular weight is not that of the monoamerthe monomer weight cannot be
fit, it indicates that a monomer-n-mer equilibrivmay be occurring. If that is the case, a
monomer-n-mer model can then be used to obtaiedb#@ibrium constants for the
molecule. The n-mer can be varied to achieve #s¢ fit and may be suggested by the
average molecular weight from the 1-component ideadel [20, 21]. It is the advantage
of being able to determine molecular weight of roales in solution and the association
constants for complexes that make this method idedhe analysis of RII-175

dimerization and interactions between RII-175 aowhgonents of its receptor GpA.

MALS can also determine the molecular weight oft@ires and protein
complexes in solution [22, 23]. A typical MALS sts of a size-exclusion

chromatography column coupled with two to threeedietrs. The detectors commonly
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used are a light-scattering detector and a refraatidex detector. An UV absorbance
detector can also be used in conjunction with theradetectors. The data from the
detectors can be used to determine the size gfrtitein or complex as it is eluted from
the size-exclusion column. The molecular weigim loa determined when both the light
scattering and refractive index are determined liEéhe amount a protein scatters light
is directly proportional to its size. While itrislatively straight forward to determine the
molecular weight of a single protein, calculatihg stoichiometry of a complex is
slightly more complex. To determine a stoichiomébr a complex from MALS data,
one must assume a given stoichiometry and verityaf stiochiometry fits the data given
[22, 23]. There are a few drawbacks to using MAb 8haracterize protein-protein
interactions and they include that it requiresghhr affinity interaction and equilibrium

constants cannot be determined.

In this chapter, | will describe experiments desijto characterize the
dimerization of RII-175. These experiments incladeulldown with tagged and
untagged RII-175, AUC sedimentation equilibrium esiment with and without GpA,

and MALS.

5.2: Materials and Methods

5.2.1: RII-175 self association as shown throughuRdowns. 1uL of 1:10 diluted
untagged RII-175 and 1:10 diluted his tagged RB-Ivére incubated together on Nickel-

agarose beads with His-tag buffer A for 30 min@» iThe beads were then washed 3
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times. The beads were then resuspended in 108D8fPAGE dye and the samples run

on a 8% SDS-PAGE gel.

5.2.2: AUC.

5.2.2.1: Optimization of Solution Conditions for RI-175 self association: RII-175

was buffer exchanged three times using a spin carater with either HEPES pH 7.4
50mM NaCl, HEPES pH 7.4 100mM NaCl, or HEPES pHIE@mM NaCl. The buffer
exchanged RII-175 was then diluted to an absorban280nm of 0.8, 0.6, or 0.4. The
samples were then run as an equilibrium experiroera Beckman-Coulter ProteomeLab
XL-A analytical ultra-centrifuge. Ultrascan wasedso analyze the data produced by the

sedimentation experiments.

5.2.2.2.. Determination of the Influence of 3’-sidylactose and GpA Peptide

Backbone on RII-175 Self AssociationRIl-175 was buffer exchanged three times using
a spin concentrator with either HEPES pH 7.4 150N&\CI| 4.6uM sl, HEPES pH 7.4
150mM NaCl 3uM sl, HEPES pH 7.4 150mM NaCl 1.5uMHEPES pH 7.4 150mM
NaCl 4.6uM pep, HEPES pH 7.4 150mM NaCl 3uM pepPBHE pH 7.4 150mM NaCl
1.5uM pep, HEPES pH 7.4 150mM NaCl 4.6uM slp, HERHES/.4 150mM NaCl 3uM
slp, or HEPES pH 7.4 150mM NaCl 1.5uM slp. Thefduéxchanged RII-175 was then
diluted to an absorbance at 280nm of 0.6, 0.4,2(2A6 uM, 3uM, or 1.5uM) according

to the concentration of sl, pep, or slp in the éuffThe samples were then run as an

equilibrium experiment on a Beckman-Coulter Protebab XL-A analytical ultra-
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centrifuge. Ultrascan was used to analyze themlaiduced by the sedimentation

experiments.

5.2.3: Characterization of RII-175 self associatimin solution using Multi-angle

Light Scattering. RII-175 at a concentration of either 9uM or 30uiMBOOuUL was

buffer exchanged three times using a spin condentirto MALS running buffer
(HEPES pH 7.4 150mM NacCl) and concentrated to 3008lL300uL of RII-175
solution was filtered and then injected. The MADS&ated in the Fremont lab is
composed of an Waters 600S HPLC connected to atWWBEC-030S5 gel filtration
column (5um coated silica, 300-A pore), a Wate® O¥/VIS detector, a Wyatt
Optilab-tex refractive index detector, and a Wyzdtvn-heleos light scattering detector.
Astra software is used in conjunction with the MAtcSdetermine the experimental

molecular weight of the resultant peaks.
5.3: Results
5.3.1: Optimization of RII-175 Pulldown to Characerize Self Association

RII-175 is a dimer in the crystal structure anel imer model is supported by
mutation studies, but direct interaction betweeRIRb monomers has not been
characterized. Therefore, a pulldown protocol wagetbped for RII-175 dimerization to
show that RII-175 can interact with itself. RII8his was used to pulldown RII-175 on
nickel-agarose beads. 5uM RII-175-his and 5SuM RB were used in the pulldown. In

the pulldown, RII-175-his was able to bind RII-1[fi§g 22]. The control of RII-175 on
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the nickel-agarose beads had a very small amoumtrespecific binding, but the amount

seen is not enough to account for that seen iRth&75/RII-175-his sample.
5.3.2: Optimization of Solution Conditions for RII-175 self association

The optimum conditions for the formation of thenér in solution have not yet
been defined and to determine the conditions arssaation equilibrium experiment
was conducted with RII-175 in HEPES pH 7.4 buffé@hveither 50mM NacCl, 100mM
NacCl, or 150mM NacCl at speeds of 7.5k, 9k, and T4le speeds were chosen according
to the Laue equations were the lowest speed isegréran 1.4 for the equation (MAL)
and the highest speed is greater than 3 for thatiequ(H/LF. M is the ideal speed for
the molecular weight as chosen from a RPM vs. nutdeaveight vs. approximate
sedimentation coefficient chart originally develdg® Chervenka in 1970. Using the
chart and a molecular weight of 70kDa for the moeoof RII-175, the speed for M was
determined to be 9k. L and H, the high and lowesgsewere derived from the previous
equations with the chosen M and were determindx 6.5k and 14k respectively.
Unfortunately, the 14k speed was at meniscus deplé&tr the dimer and no fit was
obtained for any of the samples at this speed.cbiitd also not be obtained for the
highest concentration of RII-175 as based on thiawee and residuals and may be due

to overloading the cell.

The samples at 4uM and 2uM RII-175 were first anadlywith a 1-component
ideal model. Inthe 1-component ideal model, mal@ weight can be fixed, as well as,

floated to obtain the average molecular weighhefgample and a fit for each weight
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tested [table 2, fig 23-31]. The monomer and dimeights, 70kDa and 140kDa
respectively, were fixed for each sample and theldiained for each molecular weight.
Neither weight was able to give a reasonable fgeen by the high variance and the
curved residuals. Each sample was then testedtiegtmolecular weight allowed to

float. When this was done, the variance and redsdobecame much more reasonable and
the average molecular weight for each sample wtsr@ad. The average molecular
weight for the 50mM NaCl, 100mM NaCl, and 150mM Na@&mples were 98.92kDa,
101.6kDa, and 104.02kDa respectively. The avenagjecular weight being between

the ideal for the monomer and dimer molecular wesgiggests a monomer/dimer

equilibrium.

Based on the results from the 1-component idealeinadnonomer/dimer
equilibrium model was then used to analyze all damat single concentrations at 7k, 9Kk,
7k and 9k and at all concentrations at 7k and &il¢t 3 and fig 32-43]. The fits angK
were obtained for each concentration of salt [t&pleThe Ky for the 50mM, 100mM,
and 150mM NaCl sample was 13.19uM, 9.75uM, andul®Bfespectively. The result
that the K is in the low micromolar range suggests that tHelR5 is a weak dimer in
solution and that the salt concentration in sotutias no influence on dimer formation.
Based on these results, the salt concentrationinsdsequent experiments was

150mM NacCl.

5.3.3: Determination of the Influence of 3’-sialljactose and GpA Peptide Backbone

on RII-175 Self Association
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A sedimentation equilibrium experiment was cartdd with RII-175 in HEPES
pH 7.4 150mM NaCl buffer with either SL, Pep, oS54t a ratio to RII-175 of 1:1. The
samples were analyzed with a monomer/dimer eqiuhibmodel and this model was
chosen based on the results from the salt gradigrdriment [table 4, fig 44-52]. The
highest concentration of RII-175 was excluded ftbmanalysis of the SL and SLP
samples due to overloading and a small dynamicerah@.6 to 0.8. The lowest
concentration of RII-175 was excluded from the gsialfor the SL and SLP samples
based on the small dynamic range due to underlgadihe K for the SL and SLP
samples at 7.5k and 9k for the 3uM concentratios vA9uM and 1.8uM respectively.
The K for the Pep sample at all speed and concentratvas<2.20uM. The resultinggK
for the SL, Pep, and SLP samples is similar bghdlly lower to that obtained in the salt
gradient, and this suggests that the presence silBylactose and peptide alone and 3'-
siallylactose and peptide were unable to greaflyemce the K of dimerization. The

small change in Kmay be due to the SL, PEP, and SLP interactiniy thié RI1-175.

5.3.4: Determination of Oligomerization State in Slution by MALS

To determine if RII-175 is a dimer in solution, M8 was conducted on RII-175
at two concentrations: 9uM and 30uM [fig 53]. 9alid 30uM are within the range of
the Ky seen in AUC in identical buffer. RII-175 ran analecular weight of 73 and 70
kDa respectively. This result is different fronatiseen in AUC experiments and may be

due to dissociation of the complex on the columthagrotein becomes diluted.

5.4: Discussion
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RII-175 is a weak dimer. This is supported byabdity of RII-175-his to bind
RII-175 in the pulldown. This is also supportedtbg AUC data. In the 1-component
ideal model, the average molecular weight is ardl@@kDa, which is between that of
the monomer and dimer, 70kDa and 140kDa respegtivehe monomer/dimer
equilibrium model also supports the weak dimer whigr Ky ranging from 7-13uM for the
salt gradient sedimentation experiment and 1-14oiMbe SL, Pep, and SLP
experiments. The dimer is also supported by prtesviautation studies. The MALS in
contrast did not show any dimer in solution. Thet@n may have dissociated on the
column resulting in only a monomer peak. This ltesiay also be explained by the weak

Kgq as determined by the AUC.
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Figure 22: RII-175 dimer pull-down on Nickel-agsedbeads
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Salt concentration | MW (kDa) | variance (107-6)
50mM 4uM, 2uM 98.92 12.2
50mM 4uM, 2uM 70 49
50mM 4uM, 2uM 140 63.4
100mM 4uM, 2uM 101.6 12.2
100mM 4uM, 2uM 70 48.3
100mM 4uM, 2uM 140 66.1
150mM 4uM, 2uM 104.02 19.6
150mM 4uM, 2uM 70 94.5
150mM 4uM, 2uM 140 101

Table 2: 1-Component Ideal Model fits for RII-LINGHEPES pH 7.4 with 50mM,
100mM, or 150mM NaCl
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Figure 23: 1-component ideal model using 70kDaemdbr weight (left) 7.5k residuals

(right) 9k residuals



|
—

iy
B~
e
==l
—

1‘5
- Radhua(ren*2 m om

wuemiia A Fo0

—

o
-t

4uM

2uM

Figure 24: 1-component ideal model using 140kDaeawdhr weight (left) 7.5k

residuals (right) 9k residuals

66



em

T
15
- Radlualrsn*2 In

T
1
Radlug"2

L
B W
= .
w20
[ S e——r— ik
. .
g T
e
l‘ql“‘r
8 [
|
= PR
=
I
] e |T~\H...¢]n —
T
)
H r&\o\.-ffb.
L
——
[ ol
B R L
1 lv.’bniln
S
L
ﬂh\t&
[t
T
lflvlv
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -
m 8 a8 a
wuaBipg AEwg Rodo
&
..f
/ P B e
g RN W RENEN B
1, e e~ o
. et
g ie—— ]

T T
i 15
lus*2 - Radius(rs*Z In cm

67

50mM
NacCl

o 54
¢ A
E k] e
r — T
H ey
——
i ==
e
R RS HE)
=]
.Pbrm. A mEN
o,
=
e g
PR e
D 8
g
]
—————————t T T
F a B m k] 8 8 &
g El
Amuoq w0 R —— wuemiEa e ando

4uM
2uM

Figure 25: 1-component ideal model using 98.9k@éecular weight (left) 7.5k

residuals (right) 9k residuals



g
. s o
- i
NE aﬂf-—n.ﬂnl
s ARG
A =S
s oAt
oiengbe T
—
s ol
T..-ﬁhl%f,kl.
e, 1
3 ki
2
e -
= ] -
—
r&.wurﬂr?..b?.
e N Y
e,
b
.
<oy
T#luHﬁl'\vwa&
T T T
g g g
El h E
P

4uM
2uM

68

Figure 26: 1-component ideal model using 70kDaemdbr weight (left) 7.5k residuals

(right) 9k residuals



100mM
NaCl
4uM
“ T
™ [
BRI
3 H
] I¢ ; T l
Yl
t R % f
I g a5 ;
iR [ -1 e ok
i ¢ IJH* ir"ﬂ‘ri“‘u i iﬂ e
h Hilglt - & .*’r;‘il%%fiim
- (7 U Lﬁﬂf“ ;
4 Aoy

Figure 27: 1-component ideal model using 140kD&emdar weight (left) 7.5k residuals
(right) 9k residuals

69



NacCl
4uM

Figure 28: 1-component ideal model using 101kDéemdar weight (left) 7.5k residuals
70

(right) 9k residuals



150mM

NaCl

4uM
0 R
§§, Mm % éyfgf f.‘;ﬁﬁ
T v, ff y e
Ll ?/ ﬁ’ v’% E ?uﬁ W’{L’

;
2uMm : %1
VOOE

: ;ﬁfi‘% ¥ ﬁf.ifl ! ﬂ’%—fﬁ“
(AN E g | A 1
] W " Eﬂﬂj i f 4

Figure 29: 1-component ideal model using 70kDaemdbr weight (left) 7.5k residuals
(right) 9k residuals

71



—. .,
S— e

=—11
S
= M
..y
=477
[ i e
Lo -, —.— s
e U.
v vWVA
—dl L
r..«%n...f\.
e
o s
L
e o
el
53
¥ ~
b a\a“
e LA
unmsia g pado ST s

4uM

2uM

Figure 30: 1-component ideal model using 140kDé&emdar weight (left) 7.5k residuals

(right) 9k residuals

72



T T T
15 2 25
Radlus*2 - Radius(re*2 In em

4uM

component ideal model ussing 104kD&eaular weight (left) 7.5k

Figure 31: 1

residuals (right) 9k residuals

73



50mM 100mM

concentration speed Kq (UM) variance (107-6) concentration speed Kq (UM) variance (107-6)
4uM 7.5K 5.59 11.50 4uM 7.5K 6.57 10.70
4uM 9k 13.16 18.10 4uM 9k 10.02 16.10
4uM 7.5k/9k 11.58 15.00 4uM 7.5k/9k 8.44 13.60
2uM 7.5K 12.46 5.79 2uM 7.5K 7.68 7.80
2uM 9k 21.13 8.70 2uM 9k 11.92 10.80
2uM 7.5k/9k 15.83 7.30 2uM 7.5k/9k 9.94 9.50
4uM/2uM 7.5k/9k 13.19 11.50 4uM/2uM 7.5k/9k 9.75 11.40
150mM

concentration speed Kg (UM) variance (107-6)

4uM 7.5K 3.89 25.30

4uM 9k 7.61 23.90

4uM 7.5k/9k 7.09 27.20

2uM 7.5K 8.59 9.36

2uM 9k 8.56 12.80

2uM 7.5k/9k 7.21 12.10

4uM/2uM 7.5k/9k 7.90 18.60

Table 3: K and variance for monomer/dimer equilibrium moae/30mM, 100mM, 150mM

NaCl samples
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SL

concentration speed Kq (UM) variance (107-6)
3uM 7.5K 9.52 3.36
3uM 9k 15.82 4.61
3uM 7.5k/9k 4.19 4.24

Pep

concentration speed Kq (UM) variance (107-6)
4.6uM 7.5K 10.80 8.61
4.6uM 9k 12.50 14.60
4.6uM 7.5k/9k 2.55 12.00
3uM 7.5K 1.54 8.87
3uM 9k 5.41 8.33
3uM 7.5k/9k 0.89 8.30
1.5uM 7.5K 0.89 7.11
1.5uM 9k 1.44 8.11
1.5uM 7.5k/9k 0.79 7.69
4.6uM/3uM/1.5uM | 7.5k/9k 1.55 9.50

SLP

concentration speed Kq (UM) variance (107-6)
3uM 7.5K 3.39 3.80
3uM 9k 8.69 3.80
3uM 7.5k/9k 1.80 4.59

Table 4: monomer/dimer model Kd and variance for SL, pep, and SLP
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figure 46: monomer/dimer model overlays and redglia PEP, 4.6uM RII-175

90



3uM/9k

PEP  3uM/7k

figure 47: monomer/dimer model overlays and ressitor PEP, 3uM RII-175
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figure 48: monomer/dimer model overlays and resslior PEP, 1.5uM RII-175
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figure 49: monomer/dimer model overlays and redult@a PEP, 7k combined with 9k
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figure 51: monomer/dimer model overlays and redglt@ SLP, 3uM RII-175
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Chapter 6: Monoclonal Antibody Generation

6.1: Introduction

Production of antibodies is an important partha immune response to
pathogens. It has been previously shown antibajasst EBA-175 offer marginal
protection againd®. falciparum[12, 13]. To further understand how antibodiesiactt
with RI11-175 and how they affect receptor bindingi\bs are being generated against

RII-175.

To produce mAbs, mice are injected with antigen gindn boosts of the antigen
at prescribed times [fig 54] [24]. The polyseralod mice is then tested for reactivity
against the antigen used. The spleen cells ofaiy® mouse are then harvested and
fused with a myeloma cells that have a mutatiodH@PRT and are grown in media that
contains hypoxanthine and thymidine and aminopféidrb4]. Aminopterin blocks
denovo purine and pyrimidine synthesis. The sptedlis are fused with the myeloma
cells and grown in media lacking hypoxanthine. Tureed cells will be able to survive
but unfused myeloma cells and B cells will not.eTcells do not survive because they
are primary cells and the myeloma cells that dofuse: will not survive because they do
not have a functional HGRPT enzyme. The fused ggt a functional HGPRT from the
B cells and the ability to grow and divide from tingeloma cells. These hybridoma
cells will then produce antibodies. The hybridoredis will then be subcloned to

produce mAbs. The mAbs can then be analyzed ttufmtion and epitope [24].
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In this chapter, | describe how mAbs were generagainst recombinant RII-175
purified as described in chapter 2. In this chapé&dso address the development of an

ELISA protocol for the detection of antibodies riaaeto RII-175.

6.2: Materials and Methods

6.2.1: Antibody Generation. Three mice were immunized with RII-175 by Kathy
Sheehan and the Hybridoma Center at Washingtonddsity. The mice were given an
additional boost of RII-175 before polysera wademted. Polysera was tested by ELISA
as described below and the most reactive mousg ¢b®8en for sacrifice. The spleen
cells of the chosen mouse were fused with myelosila by the Hybridoma Center. The
hybridomas were expanded and tested for reactigfynst RII-175 by ELISA. The
resulting top 20 highest positive OD450 hybridomase subcloned by the Hybridoma
Center. The resulting subclones will be analyzg&bISA and positive subclones will

be further subcloned by the Hybridoma Center astkteby ELISA. The positive
hybridomas will then be tested for function by FA@S®I epitope determined. A terminal

bleed was also taken from the mouse at the tinsaaffice.

6.2.2: Direct ELISA. RII-175, RII-175-his and DBP were each diluted irlibnate
buffer pH 9.6 to a concentration of 100ug/100uDOUL of diluted protein was added to
each well of three ELISA 96 well plates such tlmats A to D were coated with RII-175
(RI1-175-his was added to column 1 instead of ugealgR11-175) and rows E to H were
coated with DBP. The plates were then left°& dvernight to couple the protein to the
plate. The plates were then washed three timdsRBIS 0.5% tween20. 100uL of 2%
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BSA in PBS 0.5% tween20 was added to each wellackland incubated at room
temperature for one hour. The plates were themeadthree times with PBS 0.5%
tween20. Polysera was then diluted in a seriatidh starting at 1:100 and going to
1:1,000,000 in PBS 0.5% tween20. The polyserativas added to columns 2 through 6
and incubated at room temperature for one hourthédsame time a mouse anti-6Xhis
antibody from Invitrogen was diluted to 1:500 amdl@d to column 1 and incubated at
room temperature for one hour. The plates wene Weashed three times with PBS 0.5%
tween20. 100uL of goat anti-mouse IgG antibodyjuwgeted to HRP diluted 1:5000 was
then added to all wells in columns 1 to 6 and irated for one hour at room temperature.
The plates were then washed three times with PB% Oween20. 100uL of TMB
substrate was added to all wells in columns 1aadimmediately quenched with 100uL
2M Sulfuric acid. Pictures of each plate were ttek®n and then the plates were read at

a wavelength of 450nm.

6.2.3: Inhibition of RII-175. His tagged 15mg/mL was diluted 1:10 in DMEM with
10% FCS. Polysera from mouse 588 immunized withlRb and mouse 592
immunized with DBP were added to 25uL of diluted-R15 to reach the desired
concentration in a total of 50uL and the mixtureuinated at % overnight. The mixture
was then added to RBCs prepared as described inirling in chapter 4 and the FACS
assay conducted as described in chapter 4. Allerdrations of polysera were conducted

in triplicate.

6.3: Results
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6.3.1: Reactivity of Mouse Polysera

Three mice were immunized with RII-175 to prodaoéibodies against RII-175.
To determine if the mice produced antibodies agdhis175, polysera was obtained
from each mouse. The polysera from the three (5@8, 589, 590) was diluted in a
serial dilution (titer) and tested in triplicate f@activity against R11-175 by ELISA [fig
55]. Mouse 588 had positive titers up to 1:100,000ce 589 and 590 had positive titers
up to 1:10,000. Mouse 588 was chosen to be saaxliio produce hybridomas because it

had the highest titer of antibodies reactive tc R1b.

6.3.2: Reactivity of Fusions

To produce immortal cell lines that can producebanties against RII-175,
mouse 588’s spleen cells were fused with myelortia teproduce hybridomas
(fusions). The fusions were tested twice for neé@gtagainst RI1-175 using ELISAs.
The fusions were tested at two time points becauaése positive can be seen at the first
time point due to B-cells that have not fused with myeloma cells and continue to
produce antibodies until they die. The second miat will not have production of
antibodies from unfused B-cells. The ELISAs re=diiin 138 wells that had a positive
reading of >0.2 at 450nm [fig 56-59]. The fusiavith the 20 highest readings were
chosen to be subcloned. The fusions with the B@xtighest readings were chosen to be
expanded and individually frozen for future studigs 60]. The other fusions were

pooled and frozen for future studies.

6.3.3: Reactivity of First Round of Subcloned Celines
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To ensure that the cell lines are clonal, the mighest OD450 for the fusions
were subcloned using a serial dilution in 96 wédkgs were row A was seeded with
100cells/well, row B was seeded with 10cells/wafid rows C to H were seeded with
1cell/well. The subclones were tested for reatstimgainst R1l-175 using ELISAS as
described above. The three highest OD450s in eglthne for wells with a dilution of 1
cell/well were determined and the highest of thbsee wells was chosen to further
subclone, while the other wells were expanded evekh [table 5]. If a cell line did not
have any positive readings in rows C to H, thettwpe highest OD450s in row B or row
A were chosen and the highest of these three weltschosen to further subclone, while
the other wells were expanded and frozen [tablelblese cell lines will need to undergo
an extra round of subcloning to insure the cultardonal. Three cell lines (2F2, 2F7,
and 2D7) failed to produce positive subclones gtdilution on multiple plates. The

other cell lines all produced positive subclones.

6.3.4: Inhibition of RII-175 RBC binding by MousePolysera

It is currently unknown how the antibodies prodlibg the mouse will interact
with RII-175. In order to begin to understand thiee mouse polysera was tested for its
ability to inhibit RII-175 binding to RBCs. Mougmlysera was incubated overnight with
RII-175. The mixture was then incubated with RBEACS was then done on the RBC
mixtures. All dilutions of polysera were able thibit binding of RII-175 to RBCs [fig
61]. The dilution 1:5 had the greatest inhibitafrbinding followed by the 1:10 dilution.

The 1:50 dilution showed minimal inhibition of bind. The inhibition suggests that at
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least some of the antibodies in the polysera claibitbinding of RBCs by RII-175.

Any mouse RBCs that may be present in the polys®pald not inhibit binding because
the terminal sialic acids on the O-glycans on Gp&acetylated. This modification has
been shown to block binding by RII-175 to the moR&Cs. Although the mouse RBCs
should not inhibit binding, the result could alsodxplained by the presence of proteases
or other components found in the polysera. Thdipdrmonoclonal antibodies will

eventually provide better evidence for inhibitidnRdl-175 binding to RBCs.

6.4: Discussion

Mice have been immunized with RII-175 and thersitaf the mice tested. All
three mice had positive titers to 1:10,000 and ra&88 was chosen to be sacrificed for
formation of hybridomas. The hybridomas were @éatnd 20 chosen to be subcloned
based on ELISA results. Of the subcloned celllirgefailed to produce positive
subclones in the first round while the other 17doied positive subclones. The
subclones still need to undergo a second roundhaflening before the antibodies can be
deemed monoclonal. The polysera was also testedHibition of RII-175 binding to
RBCs. The polysera was able to inhibit binding, fotther characterization remains.
The antibodies produced by the hybridomas will dlsacharacterized individually for

binding of RII-175, neutralization of binding in % assys, and epitope.
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figure 54: a) diagram of the production of mAbsdigram of requirements for fusion
media [24]
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figure 55: a) graph of titers for mouse 588, b)FA plate and readings for mouse 588,
c) ELISA plate and readings for mouse 589, d) EL[8#e and readings for mouse 590
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figure 56: ELISA results for plate 1 of fusions
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figure 57: ELISA results for plate 2 of fusions
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figure 59: ELISA results for plate 4 of fusions
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oD dilution dilution
cell line well 450 (cells/well) Subclone Freeze cell ling well OD 45 (cells/well) Subclone Freeze
2B2 G10 0.381 1 X 4A4 D2 0.585 1 X
2B2 D9 0.365 1 X 4A4 Cc7 0.579 1 X
2B2 C2 0.35 1 X 4A4 C3 0.568 1 X
2D7 B2 0.14 10 X 4E10 B7 1.114 10 X
2D7 B3 0.114 10 X 4E10 C6 0.688 100 X
2A11 E7 0.433 1 X 4E10 C7 0.686 100 X
2A11 E1l 0.424 1 X 1A11 D11 0.198 1 X
2A11 E2 0.358 1 X 1A11 A9 0.216 100 X
4B1 H7 1.044 1 X 1A11 A7 0.195 100 X
4B1 H1l 1.02 1 X 2E2 E3 0.128 1 X
4B1 H9 0.909 1 X 2E2 B2 0.128 10 X
2G10 C11 0.233 1 X 2E2 D2 0.323 10 X
2G10 Al2 0.304 100 X 2F8 H3 1.371 1 X
2G10 A9 0.301 100 X 2F8 H2 1.212 1 X
3B1 C12 0.896 1 X 2F8 H6 1.210 1 X
3B1 G12 0.857 1 X 2F11 E3 0.248 1 X
3B1 D8 0.821 1 X 2F11 F4 0.237 1 X
3D8 C12 0.488 1 X 2F11 B7 0.191 10 X
3D8 C6 0.409 1 X 2F6 G5 0.370 1 X
3D8 H1l 0.385 1 X 2F6 G10 0.281 1 X
4C1 C12 0.474 1 X 2F6 G4 0.253 1 X
4C1 C3 0.449 1 X 1C7 D9 0.651 1 X
4C1 H11 0.443 1 X 1C7 H3 0.398 1 X
4B1 C6 0.685 1 X 1C7 G10 0.380 1 X
4B1 C12 0.613 1 X
4B1 H11 0.57 1 X
table 5: ELISA Results for SubclonedICéies
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Chapter 7: Summary of Results and Discussion of Fute Directions

Approximately 2 million individuals a year die fromalaria each year and an
additional 200 million develop clinical iliness chaterized by the invasion and lysis of
RBCs byPlasmodium parasites in the erythrocyte life stage [1, Rlasmodium
falciparum is the deadliest of the species of parasite tifati humans, and a large
variety of proteins and cellular processes have lentified as potential targets for

vaccines and drugs including EBA-175 [1, 2, 5].

EBA-175 is part of the EBL family and the sialiddhdependent pathway and is
important for binding erythrocytes [1, 5]. Theeptor for EBA-175 is GpA, a
transmembrane glycoprotein on the surface of R|BC&5, 16]. GpA contains 15 O-
linked glycans and 1 N-linked glycan and the teah#2-3 linked sialic acid from O-

linked glycans is essential for EBA-175 binding [15].

The structure of RIl of EBA-175 reveals a dimer véheach monomer is
composed of one F1 and one F2 domain [5]. In e the F1 of one monomer
interacts with the F2 of the other monomer in adsélake configuration creating two
highly basic channels through the center of theedin®ix glycan binding sites can also
be found in the dimer with 4 sites inside the cle®and the other 2 on the receptor
facing surface. Mutations in the dimer interfaod glycan binding sites showed a loss
of RBC binding in rosetting assays indicating pbkesmechanisms of receptor/ligand

interactions [5].

7.1: Components of the Receptor/Ligand System
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The components of the receptor/ligand system cobasthe RBC receptor GpA
and the malaria ligand EBA-175. Previously bothAEBr5 and GpA had been produced
usingPichia pastoris and CHO cells respectively [5, 14]. The previpustocol
developed for the production of EBA-175 was labwi &me intensive and required the
use of glycosylation mutants [5]. Also, the pratibor production of GpA only
produced transmembrane anchored GpA in small giemfiL4]. These protocols were
not easily adaptable for producing the large qai@stheeded for biophysical
experiments. As a result, a protocol to purify-RT6 and F2-175 frork. coli was
developed and optimized for ease of productioragd quantities of protein. The final
yield for this protocol is approximately 1 to 5 ragéfolding buffer. A protocol for the
production of full length GpA and GpA truncationrsing HEK293 cells was also
developed and optimized. The final yield for tprstocol is approximately 13mg/L
harvested media. The production of purified RI5Bhd GpA allows for further

investigation into the interactions between RII-1vith itself and its receptor.

7.2: Characterization of RII-175/GpA Interactions

To show that RII-175 and GpA (full length and trahons) are functional, a
pulldown protocol was developed. In the pulldo®-175 binds both full length Gpa
and truncation 4; and it is likely that this reg@ihGpA, amino acids 30 to 50, is the
minimal binding site for RII-175. RII-175 also bis truncation 2, which contains seven
glycosylations and an additional three residuesdbald potentially be glycosylated,

weakly and may be due to the large number of gljlatisns. The importance of the
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glycosylations on GpA is also seen in the pulldawthn the anion exchange purified
GpA. In this pulldown, RII-175 binds only the higholecular weight peaks which may

correspond to a higher level of glycosylation.

A second functional assay was developed to teshthence of inhibitors on
RII-175 binding RBCs and to characterize its intdoans with GpA. In the FACS assay,
RII-175 binds GpA on human RBCs and is detecteaolin a fluorescently conjugated
antibody against the 6X-his tag on the RII-175TERII-175 was also developed to
decreases the amount of time required for the FA€38y and can be used to test
inhibitors but not antibodies against RII-175 bessathe label could interfere with the
ability of antibodies to bind their epitope. Thissay was used to characterize the
receptor specificity of the recombinant RII-175 dhd inhibition of RII-175 binding by

portions of the receptor.

The RII-175 bound GpA on the RBCs and this is sujgoloby the RII-175
binding to chymotrypsin treated RBCs but not tgsin treated cells. The receptor
specificity is further supported by the reductiarbinding upon RBC treatment with anti-
GpA antibody, which blocks RI1I-175 binding by sdesally targeting the receptor. The
receptor is composed of both an amino-acid backbodea large number of
glycosylations that terminate in aB-3 linked sialic acid. The ability of 3’-siallyttose
and peptide backbone were tested for their alidityhibit RII-175 binding. The IC50
for SL was in the low milimolar range and impliést SL, while important for binding,

is not the only portion of the receptor responsfbleinteraction with RII-175. Peptide
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backbone and peptide backbone with SL was nottabtenibit better than SL alone.
Further studies would be to verify the minimal bmgldomain of GpA by FACS

inhibition assays using GpA truncations and GpAcggylation mutants.

7.3: Dimerization of RII-175

RII-175 is a weak dimer. Previously, mutation s#sdvere used to support the
dimer model[5]. This is now also supported by deden pulldowns and AUC
experiments but not by MALS. RII-175-his is abdebind RI1I-175 in the pulldown
indicating that the recombinant protein can inteveith itself likely as a dimer.
Dimerization is also supported by the AUC datathi 1-component ideal model, the
average molecular weight is around 100kDa, whidbeisveen that of the monomer and
dimer, 70kDa and 140kDa respectively. The monodiragr equilibrium model also
supports the dimer with thegikanging from 7-13uM for the salt gradient sedinaéinh
experiment and 1-14uM for the SL, Pep, and SLP exy@ats. This experiment has yet
to be done in the presence of GpA. In the presehGpA, the RII-175 should transition
to being mostly dimeric in the sample based omptioposed dimer model of binding.
The MALS in contrast did not show any dimer in s$imln. This result may also be

explained by the weak4and on-column dissociation.

7.4 Production of mAb against RII-175

Previous studies have shown that antibodies agRiihdi75 are present in patient
sera[12, 13]. To better understand how antiboalggsnst RII-175 interact with RII-175,

monoclonal antibodies against RII-175 are beinglpced. To date, three mice have
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been immunized with RII-175 and the titers of thieertested. All three mice had
positive titers to 1:10,000 and mouse 588 was ahtsbe sacrificed for formation of
hybridomas. The hybridomas were created and 28echto be subcloned based on
ELISA results. Of the subcloned cell lines, 3ddito produce positive subclones in the
first round while the other 17 produced positivedanes. The subclones still need to
undergo a second round of subcloning before thbadies can be deemed monoclonal.
While the polysera inhibited RII-175 binding to RBGhe antibodies produced by the
hybridomas have yet to be characterized indivigualt binding of RII-175,

neutralization of binding in FACS assys, and eptop

7.5: Future Directions

While dimerization has been shown to occur with RI5 samples in the absence
of receptor, the significance of dimerization iceptor binding has yet to be determined.
This could be determined through sedimentationldgiuim experiments with RII-175 in
the presence of receptor, co-crystallization of R16 with GpA, and the mechanism of
inhibition of RII-175 binding by antibodies. Theeexperiments can also be used to
verify the minimal binding domain of GpA. Charatzation of how RII-175 interacts

with GpA can ultimately be used to develop vacciagainst malaria.
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