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Abstract

Antibodies consist of five different isotypes which are encoded by different genes. There is
evidence that different genotypes of these isotypes can affect antibody function. However, little
is known about genotypes in individuals of African descent. Therefore, this study sought to
characterise the genetic diversity of IGHA1 and IGHGL1 genes, the genes that encode IgA1 and
IgG1 antibodies which are important in viral infection, in six Black Africans from the Centre
for the AIDS Programme of Research in South Africa (CAPRISA) cohort. Genomic
deoxyribonucleic acid (DNA) was used to amplify, clone and Sanger sequence these genes and
the sequences were compared to reference alleles from the International Immunogenetics
information system (IMGT), the global reference database for immunogenetics. Eight novel
IGHAL alleles were identified. These alleles closely matched the IGHA1*01 reference allele,
with one to four single nucleotide polymorphisms (SNPs). The majority of SNPs were
synonymous; however, one novel allele (variant 1) had a R392H amino acid substitution within
the CH3 region. Within IGHGL, this study identified three alleles that matched known IMGT
alleles, and two alleles that were novel. Overall, this pilot study highlights a high level of
genetic diversity in this population that may have functional relevance to immune responses in

infection and vaccination, and warrants further investigation.
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1. Introduction

1.1. The importance of antibodies

Antibodies or immunoglobulins are a fundamental part of the immune system and are the main
drivers of the humoral response. These Y-shaped molecules are divided into a variable region
referred to as the Fab and a constant region referred to as the Fc (Figure 1). The variable region
gives an antibody its specificity in binding antigens, while the constant region triggers effector
functions. These molecules either exist in a membrane bound form, where they are referred to
as B-cell receptors, or in a soluble form, where they are known as secretory immunoglobulins
(1). The function of the membrane bound B-cell receptors is to mediate an activating signal
after contact with an antigen (1). Upon activation, and with the help of CD4 helper T-cells, B-

cells differentiate and become plasma cells which secrete soluble antibodies (1,2).

Soluble antibodies perform various functions such as neutralization, opsonisation, complement
dependent cytotoxicity (CDC) and antibody dependent cellular cytotoxicity (ADCC).
Neutralization is mediated by the Fab region and results in the blocking of pathogens from
infecting host cells (1). The remaining functions are mediated via the Fc region through specific
Fc receptors (FCRs), where opsonisation results in the internalization and degradation of bound
pathogens through phagocytosis; CDC involves the recruitment of complement proteins that
can directly Kill a pathogen and enhance its phagocytosis; and ADCC involving the recruitment
of cytotoxic cells such as natural killer cells and directing their activity to infected cells, tumor

cells, and/or pathogens (1) (Figure 1).
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The variable region binds to antigenic epitopes to block and neutralize pathogens or toxins. The constant region
mediates opsonisation, complement fixation and ADCC by interacting with Fc receptors (FCR) on effector cells

such as macrophages and natural killer (NK) cells (1).

In addition to being produced as a result of natural infection, antibodies are also used as

therapeutics via passive infusion of polyclonal or monoclonal antibodies isolated from animals

(such as horses) or humans and transferred to another human by injection or infusion (3).

Monoclonal antibody therapy for cancer, autoimmune diseases and more recently for infectious

diseases is a substantial pharmaceutical market (4,5). Furthermore, antibodies form the basis

of many diagnostic and research assays such as the detection of antibodies associated with a

disease or infection via enzyme linked immunosorbent assay (ELISA) or to identify proteins

of interest such as cytokines (1).
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1.2. Vaccines

Vaccines are man-made biological preparations that provide immunity to a particular infection
but without risk of disease (3). Vaccines stimulate the immune system to produce antigen-
specific humoral and cellular responses which generally lasts for many years, sometimes a
lifetime because they induce memory. Vaccines can be classified into four basic types: live
attenuated, inactivated, polysaccharide and recombinant vaccines, each of which have different

characteristics which determine how they are administered (3).

The route of administration can be intranasal, oral and parenteral, and this impacts the nature
of the immune response. For example, intranasal administration preferentially stimulates
antibodies in mucosal compartments rather than systemic responses (6). Vaccines that target
the humoral response such as the hepatitis and smallpox containing vaccine induce secretory
antibodies which are able to neutralize these pathogens as well as induce effector functions as
observed in natural infection. In addition to humoral responses vaccines can also induce
cellular responses. In the vaccines that target cellular responses, such as certain human immune
deficiency virus (HIV) vaccines, measles and mumps the effector cells are CD4+ helper T-cells
and CD8+ cytotoxic T-lymphocytes. Helper T-cells secrete cytokines which can activate
various phagocytic cells (such as neutrophils and monocytes) and CD8+ cytotoxic T-
lymphocytes enabling them to kill microorganisms and infected cells (7,8). Phagocytic cells
protect the host against intracellular bacteria and cytotoxic T-lymphocytes Kill virus infected

cells and tumor cells (7).

The impact of vaccines on disease prevention globally has been enormous. The Diphtheria-
Tetanus-Pertussis containing vaccine is 80-90% effective amongst infants who receive the full
dosing schedule, and vaccines such as the Polio and Rubella vaccines are 90% and 97%

effective respectively (9). These statistics translate into 50,000 deaths prevented by the
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Diphtheria-Tetanus-Pertussis containing vaccine, while the Rubella and Polio containing

vaccines prevent 349,967 and 65,673 infections per annum respectively (10-12).

While vaccines are generally highly efficacious and are able to confer protection from disease
and infection, some vaccines have low efficacy (8) or efficacy that varies annually, such as the
influenza vaccine. Vaccine efficacy is the percentage reduction in disease in a vaccinated group
compared to an unvaccinated group under optimal conditions such as randomized control trials
(13). Nonetheless, even moderately efficacious vaccines can have a substantial public health

benefit.

1.3. Antibody sub-classes

Antibody isotype can alter antibody effector function, which is important as it not only affects
an immune response to infection but can also impact vaccine efficacy (14). There are five
immunoglobulin isotypes namely IgM, IgD, IgE, 19gG and IgA which are encoded for by
different IGHC genes. IgA and 1gG are further divided into two (IgAl and IgA2) and four
(1gG1, 1gG2, 1gG3 and 1gG4) subclasses, respectively (1). 1IgM is the first antibody to be
produced and is used as a marker of current and/or recent infection (1). This is then followed
by IgA and 1gG, which are important in systemic and mucosal immunity (1,15,16). IgE has a
significant role in allergic reactions and has been shown to enhance immune responses from
other antibody isotypes like 1gG (1,17). The function for IgD is not fully understood (1), and
unlike the other antibody isotypes, 1gD remains membrane bound whereas IgM exists as a

pentamer, IgA as either monomeric or dimeric, IgG and IgE as monomers (1,15).

In the mucosa, which is the main entry site for many pathogenic organisms, secretory IgA plays
a key role in preventing infections by neutralizing invading pathogens (1,18). Secretory IgA
has an additional segment called the secretory component attached to the Fc region (1,19). The

secretory component is produced by epithelial cells of mucous membranes and its function is
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to protect sites that are susceptible to protease cleavage in the hinge region of secretory IgA,

allowing this molecule to exist for longer in a protease-filled environment (1).

IgA has also been shown to actively contribute to the initiation of inflammation at both mucosal
and non-mucosal sites (19). IgA interacts with Fc alpha receptor I (FcaRI) through its constant
region to initiate effector functions by myeloid cells (neutrophils, monocytes etc.) (19). The
formation of immune complexes triggers FcaRI to synergize with various other receptors to
amplify an immune response (15,19). This FcaRI mediated inflammation plays a key role in

host defences and the generation of tissue specific immunity (19).

IgG, which is the most abundant antibody isotype, plays an important protective role in the
systemic compartment (1). The IgG subclasses are more than 90% identical at the amino acid
level, however, each subclass has a unique profile with respect to triggering effector functions,
antigen binding, serum half-life and placental transport (1,20). IgG interacts with the Fc gamma
receptor I (FcyRI) found on myeloid cells and the neonatal Fc receptor on the placenta however
IgG subclasses have different affinities for these receptors (20-23). 1gG1 is the main antibody
produced against soluble protein antigens and membrane proteins and readily crosses the
placenta to protect the developing foetus better than other IgG subclasses (20,24). Furthermore,
the 19G1 subclass is key in maintaining a balanced humoral response, and a deficiency of IgG1

has been associated with recurrent infections (20).

IgA and 1gG have been shown to have a protective role in individuals that were highly exposed
to HIV through repeated sexual exposure by mediating neutralization and ADCC (8,20,25).
Thus IgA and IgG isotypes are pivotal in the prevention of infections at mucosal and non-

mucosal sites and are the focus of this study.
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1.4. Antibody structure
Antibodies are comprised of two identical heavy and two identical light chains, the latter of

which are either Kappa (k) or Lambda () chains (1) (Figure 2).

o --Fab -
------------ Hinge
CH3 I | """"" = X
[l Vzriable region [l Constant region (O Glycosylation (N297) S S Disulphide bonds

Figure 2: Schematic showing the variable and constant region of an antibody, figure
taken from Richardson, PhD thesis (26)

The primary structure of an antibody (left) showing constant region heavy chains in blue, constant light chains in
light blue. Variable heavy and light chains are red and pink respectively. The quaternary structure (right) showing
associations between domains and each solid ball represents an amino acid. In each structure the yellow part
represents a glycan.

The two main regions of an antibody are the Fab and the Fc region. The Fab region comprises
of the heavy chain variable region and constant (CH) 1 domain that is bound to light chain
variable region and constant region by disulphide bonds as shown in Figure 2. Located below
the Fab region is the hinge, which is only found on IgA, IgD and IgG. The hinge region is rich
in prolines and gives the arms of IgA, IgD and 1gG segmental flexibility, allowing them to
assume a wide variety of angles with respect to one another, which facilitates efficient antigen
binding (1). The Fc region located below the hinge region can have two CH domains as seen
in IgA, IgD and IgG, however, IgE and IgM each have three CH domains (1). Antibodies are

glycosylated, which is critical to the structure, function and stability of the immunoglobulin
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molecule (1,27). Furthermore, IgA antibodies possess an 18 amino acid tail piece (CHS) after

the CH3 domain, which allows for polymerization of IgA molecules.

1.5. Antibody development via gene rearrangement

Antibodies are generated as a result of somatic recombination of individual V, D and J genes,
which results in the variable regions of the heavy and light chains of an immunoglobulin (1,28).
Somatic recombination occurs in B-cells and uses repeated and highly homologous sets of
genes located at three immunoglobulin loci. These loci encompass A, k and heavy chain genes
located on chromosomes 2, 22 and 14 respectively (1,29,30). Each locus includes variable (V),
diversity (D), joining (J) genes and the constant genes, however, the light chain (A and k) loci
lack diversity genes (1). During B-cell maturation in the bone marrow, VDJ genes in these loci
are rearranged randomly and brought together to form a functional VDJ gene cluster paired

with constant genes (1).

The process of somatic recombination happens in a stepwise process first involving the
rearrangement of one heavy chain D (Du) gene and one heavy chain J (Ju) gene. Any
deoxyribonucleic acid (DNA) between these genes is deleted (7). The Du-Ju recombination is
followed by joining of one heavy chain V (V) gene to the Du-Ju gene cluster, forming a
rearranged Vu-Du-Ju gene cluster and all other genes between Vu and Du genes are deleted
(7,24,25). This creates the DNA template for a primary transcript (unspliced ribonucleic acid
(RNA)) containing the Vu-Du-Ju (variable) region of the heavy chain and the constant region
genes (7). Translation of this mature messenger RNA leads to synthesis of the IgM heavy chain
(31,32) (Figure 3). For the antibody to be fully functional, synthesis of light chains follows a
similar process to that of heavy chains (7,24). The process of VDJ recombination is mediated

by enzymes such as the recombination activating genes (RAG) 1 and 2 (1).
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Figure 3: VDJ recombination steps in the synthesis of immunoglobulin heavy chains

VDJ recombination requires the use randomly selected VDJ genes in the synthesis of the Fab region. The primary
transcript in step 3 is unspliced RNA that is processed to have a polyadenylated tail and the constant mu and delta
chains which will later be translated and synthesized as membrane bound immunoglobulin (1).

Following VDJ recombination and the synthesis of membrane bound antibodies with the mu
and delta heavy chains, B-cell activation via the B-cell receptor results in isotype class-
switching or class-switch recombination (1). Class-switch recombination changes the
production of one antibody isotype to another. Isotype class-switching generates antibodies
with the same Fab, but with different constant regions (1,14,25). This is important because the
new isotypes are able to recognize the same antigen but interact with different effector cells

which improves the ability to clear the invading pathogens (1).

Class-switch recombination involves the pairing of gamma, epsilon or alpha heavy chain genes
with the functional VDJ gene segment, through cutting and rejoining of heavy chain DNA as
shown in Figure 4 (1). After cutting and re-joining of heavy chain DNA, the next constant
region will lie directly downstream from the rearranged VDJ gene cluster. For class-switching
to occur, there is recombination between the donor and acceptor switch regions located

upstream from each Constant Region gene (1).
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Figure 4: Class-switch recombination from a mu to an epsilon heavy chain constant
region gene.

Class-switch recombination requires that activation induced cytidine deaminase (AID) enzyme makes double
stranded breaks in the switch regions. This results in the loss of the intervening DNA sequences, and the double
stranded breaks are resolved by normal DNA repair mechanisms (1).

1.6. IGH locus and antibody genetic diversity

The immunoglobulin heavy chain locus is found on chromosome 14, at band 14g32.33 at the
telomeric extremity of the long arm in humans (29,30) (Figure 5). The IGH locus is 1250kb in
length, including 170-176 functional genes and 41 pseudogenes. There are 123-129 functional
IGHV genes; 27 for IGHD; 9 for IGHJ and 11 IGHC genes (those responsible for encoding the

different antibody isotypes) (29).
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The IGH locus is susceptible to a high frequency of insertion and deletion events as it contains
multiple copies of homologous genes (29,31). These insertion or deletion events can create
new genetic variants that can be longer or shorter, and these genetic variants can alter the
function of the translated antibody (30). Whole gene insertion or deletion events result in copy
number variation (CNV) (33). Sequencing studies in healthy individuals have shown that
multigene deletions in the IGH locus can cause copy number variation of five to eleven IGHV

genes, though little is known about CNV within IGHC genes (34).

Genes in the IGH locus are also known to be polymorphic which leads to high levels of allelic
variation (30). Within IGH genes, allelic variants can involve a haplotype of single nucleotide
polymorphisms (SNPSs) or involve a single SNP both are referred to by using a “*” allele. In
some cases, these nucleotide sequence changes can lead to amino acid substitutions which can
have an impact on Fc effector function, thus impacting responses to infection and vaccination
(30). Haplotype differences within the germline at the nucleotide level are referred to as alleles,

whereas haplotypic changes in the protein amino acid level are referred to as allotypes (1).

10
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Allotypes have been determined for some heavy chain constant genes (IGHA2, IGHE and
IGHG antibodies) and the Kappa light chain (IGKC) (1,36,37). Allotypes can differ between
individuals and within and between ethnicities (1). This means that exposure to non-self-
allotypes may elicit an anti-allotype response especially after blood transfusions. Allotypes are
designated by the class, subclass and the allele number. Thus, for example for IgG1 they are
called GIm1 - G1m28, and for IgA2 are referred to as A2m1 and A2m2. Increasingly, new
research is highlighting the role of heavy chain allotypes in affecting the effector function of
immunoglobulins. These heavy chain allotypes have been shown to be associated with
susceptibility to infections and autoimmune diseases, and have been described for both IgA
and 19G (22,37). In HIV studies, G1m3 carriers have been shown to have reduced levels of
antibodies specific to HIV antigens such as gp140 compared to G1m1 carriers (8). Furthermore,
IgA/1gG polymorphisms have been shown to affect serum concentrations of these antibodies

(22,42).

These findings highlight the need for further research to increase our understanding of the IGH
locus (37). A major research gap is the need to glean additional information about genotypes
from other populations. A recent study in Brazil that investigated the immunoglobulin constant
heavy gamma chain (IGHG) genes found 28 novel alleles and many single nucleotide
polymorphisms (SNPs) which points to population differences compared to known alleles (43).
We have previously examined the immunoglobulin heavy gamma 1 (IGHG1), IGHG2 and
IGHG3 gene fragments amongst individuals from the Centre for the AIDS Programme of
Research in South Africa (CAPRISA) cohort, in collaboration with Dr Mary Carrington, from
the National Cancer Institute. In that study, using gene fragments, 63 novel SNPs were
identified across the constant region genes (unpublished data). However, no studies thus far
have examined the genetic diversity across the entire IGHG and IGHA genes to identify allelic

and allotypic diversity in black South Africans.

11
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1.7. Aims and Objectives

This study was undertaken to provide insight into the diversity of IGHA1 and IGHG1 constant
region genes using DNA extracted from PBMC’s collected from six Black South African

women who were participants in CAPRISA 002/004 studies.

The specific objectives of this study were:

1) Tosequence the IGHAL and IGHG1 constant region genes from six CAPRISA 002/004
participants.
2) To compare gene sequences to genomic data in the International Immunogenetics

information system (IMGT) (www.imgt.org, the global standard reference database for

immunogenetics) to identify new single nucleotide polymorphisms (SNPs), novel

alleles and/or allotypes.

12
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2. Methods

2.1. Study population

The samples used in this study were collected from young women between the ages of 18-40
years, from urban and rural KwaZulu Natal enrolled into the CAPRISA 002/004 studies
(44,45). The CAPRISA 002 study assessed the natural history of acute HIV infection and the
CAPRISA 004 cohort was established to evaluated the effectiveness of Tenofovir gel as a
microbicide (44,45). This current study is an extension of a previous study assessing levels of
genetic diversity in the immunoglobulin heavy variable (IGHV) genes within the CAPRISA
cohort (46). Ethics application for the consenting of participants and sample collection was
approved by the University of KwaZulu-Natal Biomedical Research Ethics Committee for the
CAPRISA 002/004 studies, ethics/reference number Ref: E111/06. Ethics clearance to
sequence the IGHAL and IGHG1 genes in the participants involved in this research was
approved by the Faculty of Health Sciences Human Research Ethics Committee University of

the Witwatersrand (Ethics clearance certificate number M191075, Appendix 1).

2.2. DNA Extraction

Stored DNA from the six CAPRISA participants (CAP88, CAP177, CAP206, CAP255,
CAP256 and CAP257) were used for this study. The DNA from these samples had previously
been extracted by Alaine Marsden from 10 ml of blood using the Wizard® Genomic DNA
purification kit (Promega; Wisconsin, USA). Extraction entailed lysis of the cells by mixing
30 ml cell lysis solution and 10 ml of blood, after mixing the solution was incubated for 10
minutes at room temperature. Following lysing of red cells, the samples were spun for 10
minutes at 2000 x g and the supernatant was discarded leaving only white cells in the samples.
The white cells were vortexed for 10 - 15 seconds (S) to resuspend the cells and 10 ml of nuclei
lysis solution was added to the cells in order to lyse them. To ensure adequate lysis of the cells

the solution was mixed using a pipette 5-6 times. After lysing the cells, protein precipitation
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solution was added to the nuclear lysate and the solution was vortexed vigorously for 10 - 20s,
then it was spun for 10 minutes at 2000 x g at room temperature. After centrifugation, the
supernatant was transferred to a 50ml centrifuge tube with 10ml isopropanol to precipitate the
DNA. After precipitation, the solution was spun for 10 minutes at 2000 x g at room
temperature, during this step DNA forms a white pellet and the supernatant was discarded.
Following this step, the DNA was washed with 70% ethanol at room temperature and was
rehydrated using 800uL of rehydration solution overnight at room temperature. The DNA
concentration of the samples was assessed using the NanoDrop® ND-1000 (ThermoFisher

Scientific; Waltham, USA), and diluted to 10ng/pL.

2.3. Amplification of the IGHA1 and IGHG1 genes

PCR is a molecular biology technique used to amplify fragments of DNA using primers and
thermostable polymerase enzymes (47). The amplified DNA can be used for downstream
applications such as DNA sequencing, as is the case for this research project. Complete IGHAL
and IGHGL1 genes were amplified as single fragments. The extracted DNA was amplified using
the proofreading DNA polymerase Q5 (NEB) (New England Biolabs® Inc.; Ipswich, USA)
and IGHAL or IGHG1 primers that were positioned on introns pre-CH1, post-CH3 and/or
tailpiece (CHS) (Figure 6). The IGHGL1 primers were designed by Dr Mary Carrington of the
National Cancer Institute, Frederick, MD, USA and have been used in her laboratory to amplify
DNA samples from different donors. The IGHA primers were designed at the NICD Centre for

HIV and STIs by Dr Bronwen Lambson and amplify both IGHAL and IGHA2.
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Figure 6: Schematic of primer positions within IGHA and IGHG1 genes

The genes were £1.5kb. Blue blocks= exons and white blocks= introns. Arrows indicate where the primers bind
on the genes.

Table 1: Primers used for the amplification of IGHA and IGHG1 genes as single fragments

Primer name Primer sequence

Al pre CH1F3 5’ GGG CCG CGT CCT CAC AGT GCATTC 3’
Al post CH3 R3 5’ CAG ACA GGC GCC GGA TGG AAGCG ¥
G1 upstream CH1 exon 5" CTG AAC CTC GCG GACAGTT 3’

G1 down stream of CH3 exon 5" GAA AGA ACC ATC ACA CAGTCTCG 3’

The reaction mixtures for PCR amplification were set up as shown in Table 2. PCR
thermocycling conditions to amplify the IGHA1 and IGHA2 genes were set at 98°C for 30s and
then 98°C for 10s; 72°C for 20s; 72°C for 45s (35 cycles) and final extension at 72°C for 2
minutes. For the IGHG1 gene the annealing temperature was 56°C, but cycling conditions were

otherwise identical.

15



1

10

11

12

13

14

15

16

17

18

19

20

21

22

Table 2: PCR reaction mix used in the amplification of the IGHA and IGHGL1 genes

Name Volume (1x reaction)
dH20 11pL

Forward primer (25uM) 0.12uL

Reverse primer (25uM) 0.12pL

*Q5 Hot start master mix 12.5pL

Sample (DNA 10ng/uL) luL

Total 24.74uL

* The Q5 hot start master mix contains dNTPs, Mg** and a buffer requiring only the addition of primers and DNA template.

2.4. Agarose gel electrophoresis of PCR products

The principle of agarose gel electrophoresis is that charged molecules such as DNA which is
negatively charged can be separated by size under a constant current in an aqueous solution
(48). DNA can migrate through an agarose gel from the negative node to the positive node and
the size of the molecule determines how fast it will migrate towards the positive node (23). The
size of the PCR products was confirmed using 1% agarose gel electrophoresis. The gel was
prepared by mixing 100 ml of Tris-Acetate-EDTA-TAE buffer and 1g agarose powder. This
solution was heated to dissolve the agarose powder and 2.5uL of 10mg/ml ethidium bromide
was added to the solution after heating. Electrophoresis was performed for 30 minutes at 80
volts. Products were visualised under ultraviolet (UV) light because DNA binds to the ethidium
bromide, forming a DNA-ethidium bromide complex which gives off a fluorescent light in the
presence of UV light indicating the location of the DNA fragments. The DNA fragments were
compared to a marker Quick load® purple 1 kb DNA ladder (New England Biolabs®; Ipswich,
USA) containing DNA fragments of predetermined sizes. The gel was imaged using the

Chemidoc™ imaging system (Bio-Rad; Hercules, USA).

After confirming that the amplified DNA fragments bands were of the correct size
(approximately 1.5 kb), the DNA was purified using the Qiagen, QIAquick® PCR Purification
kit (Qiagen; Hilden, Germany). This kit uses a silica membrane to bind DNA in a high salt

concentration while a washing step ensures that residual proteins and polysaccharides are
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removed from the DNA. After washing the DNA was eluted using the kit supplied elution

buffer.

2.5. Cloning and transformation of IGHA and IGHG1 plasmids

DNA cloning is a process that is used to make multiple, identical copies of a gene. For this
study, blunt end cloning was utilized and the gene of interest was inserted into a plasmid and
DNA ligase ligated the gene to the plasmid, producing plasmid/recombinant DNA (49, 50).
This recombinant DNA was then transferred into bacteria in a process called transformation,
which allows for making large quantities of the plasmid DNA. Cloning is used to separate
alleles in a heterozygous sample as each plasmid accepts only a single amplicon, allowing for
the identification of individual haplotypes. After transformation, bacterial colonies containing
plasmids with the gene of interest can then be grown and sequenced and haplotypes identified

(49,50).

Blunt end cloning was used to create large numbers of clones of the IGHA1 and the IGHG1
genes. Due to sequence similarity, the primers used to amplify the IGHAL gene also amplified
the IGHA2 gene. Therefore clones belonging to the IGHA2 gene were observed during analysis
of results and these alleles reported on. Blunt end ligation occurs because of random collisions
between a blunt ended PCR product and a blunt end cloning vector which leads to the DNA
insert and vector interacting. During this interaction the DNA ligase, ligates the DNA insert to
the vector by creating a phosphodiester bond between the nucleotides of the DNA insert and
vector, joining them and forming a permanent bond, which then creates a circular plasmid that
can be propagated in bacteria (51). The Q5 polymerase produced blunt ended PCR products.
These PCR products were ligated into the pJET1.2/ Blunt cloning vector CloneJET (Thermo
Scientific; Waltham, USA) using the reaction mix as shown in Table 3. The samples were then
mixed by flicking the sample tubes 2-3 times and incubated at room temperature for 5 minutes

to allow for ligation. After ligation the samples were transformed into chemically competent
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JM109 Escherichia coli (E. coli) (Zymo Research; Irvine, USA). In the event that few or no
colonies grew overnight using the JM109 cells, the more competent XL 10 Gold (E. coli) ultra-
competent cells (Stratagene; San Diego, USA) were used as an alternative according to
manufacturers’ protocol. The samples were then plated on Luria-Bertani (LB) (Invitrogen ™;

Carlsbad, USA) agar with 100 pug/ml carbenicillin and were incubated at 37°C overnight.

Table 3: Ligation reaction mix

Name VVolume (1x reaction)
2X reaction buffer 10pL

Purified PCR product (5-10 ng/uL) 3uL

PJET1.2/Blunt Cloning Vector 1uL

Water SuL

T4 DNA ligase 1uL

Total 20pL

2.6. Screening of bacterial colonies

Following cloning, colony PCR was used to screen for colonies with the target insert of 1.5kb.
To do this, 4-6 single colonies were picked using a sterile pipette tip per plate and transferred
into individual wells of a 96 well plate. Each well contained 100uL of LB (Invitrogen ™;
Carlsbad, USA) broth supplemented with 100 pg/ml carbenicillin. These 96 well plates were
incubated for 2 to 3 hours in an incubator at 37°C without shaking, after which 1uL of sample
per well, was added to a PCR reaction mix, containing the DreamTaq green PCR Master Mix

(2X) (Thermo Scientific; Waltham, USA). As follows:

18



1

10

11

12

13

14

15

16

17

18

19

20

21

Table 4: Colony PCR reaction mix

Name Volume (1x reaction)
DreamTaq Green PCR master mix 10pL
0.16 pJET Forward primer (vector) (25 uM) | 0.4pL
0.16 pJET Reverse primer (vector) (25 uM) | 0.4pL

dH20 (nuclease free) 8uL
Sample 1uL
Total 19.8uL

Colony PCR was run using the following thermocycling conditions: 95°C for 1 min and then
95°C for 30s; 55°C for 30s; 72°C for 1 min (35 cycles) and the final extension was run at 72°C
for 10 min. Following the amplification, the results were visualised using gel electrophoresis
(1% agarose gel electrophoresis was performed at 80 volts for 30 minutes) to identify a
well/colony with the DNA insert of 1.5kb in size. The samples were compared to a marker

containing DNA fragments of predetermined sizes as described above in Section 3.4.

2.7. Plasmid preparation

The colonies that had an insert of the correct size were then miniprepped in 15 ml of LB broth
(pre-warmed to 37°C) and 100 pg/ml carbenicillin and incubated in a shaking incubator at 150-
200 revolutions per minute (RPM) at 37°C overnight. The following day plasmid DNA was
extracted from the bacteria using the Qiagen QIAprep® spin kit (Qiagen; Hilden, Germany).
This was achieved by centrifugation of the samples at 13000 RPM for three minutes to pellet
the bacterial culture, the supernatant was discarded and the pellet was resuspended in 250uL.
buffer P1 (resuspension buffer). The resuspended samples were transferred to a micro
centrifuge tube, after which 250uL of buffer P2 (lysis buffer) was added to the samples which
were mixed by inverting four times until the solution became clear. After this step, 350uL of
buffer N3 (neutralization buffer) was added to the samples, which were mixed and spun for 10
minutes at 13000 RPM and after spinning 800uL of the supernatant was transferred to a

QIAprep 2.0 spin column in a micro centrifuge tube. The QIAprep 2.0 spin column binds to
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extracted plasmid DNA while cellular debris are washed and discarded. To wash the sample
750uL of buffer PE was added to the samples in the QIAprep 2.0 spin columns which were
then spun for 30-60s at 13000 RPM, the flow through was discarded and the samples spun
again for a minute to remove residual wash buffer. After washing the QIAprep 2.0 spin columns
were placed in clean micro centrifuge tubes to elute DNA. DNA was eluted by adding 50uL of
buffer EB to the samples, this stood for 1 minute and was spun for 1 minute at 13000 RPM.
The concentration of the extracted DNA was measured using the NanoDrop ® ND-1000

spectrophotometer (ThermoFisher Scientific; Waltham, USA).

2.8. Sanger sequencing of IGHA and IGHGL1 genes

Minipreps were Sanger sequenced using the BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems; Forster city, USA). Sanger sequencing uses dideoxynucleotides bound
to a fluorescent dye (four different fluorophores are used for the four nucleotides) to generate
DNA fragments of different lengths. During sequencing incorporation of a labelled
dideoxynucleotide terminates the nucleotide chain synthesis (52). This generates fragments of
different lengths, which a sequence analyser assembles into an electropherogram. The
sequencer (3500XL Genetic analyser (Applied Biosystems; Forster City, USA)) uses an
electric current to separate individual strands of DNA based on size and identifies the type of
dideoxynucleotide at the end of each fragment. This pattern of fluorescence is then used to
generate an electropherogram that can be read as a DNA sequence. For sequencing, two vector
and four internal primers were used, shown in Table 5. The internal primers were different for
each gene, whereas the same vector primers were used as the inserts were cloned into the same
vector. Sanger sequencing has reliable reads of approximately 700 nucleotides whereas the
length of IGHA and IGHGL1 are 1.5kb, therefore internal primers allowed for generating

overlaps within the 700 nucleotides to obtain full coverage of the genes.
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Table 5: Vector and internal primers used to sequence the IGHA and IGHG1 genes.

Primer name Primer sequence

Al F1 (IGHAL) 5°GGG AAC GTG GTC ATC GCC 3’

Al F2 (IGHAL) 5 GAC CGG CCT GAG AGATGCC ¥

Al F3 (IGHAL) 5’ GCA CTG CTG CCT ACC CCG 3’

Al F4 (IGHAL) 5’ GGA CGT GCT GGT TCG CTG GC 3’

Al Post CH2 R1 (IGHA1) |5 ACC TAA GAG CAG GTC CTC GAG G3’
VHCH F01 (IGHG1) 5’ CAC CTC TGG GGG CAC AGC3’

CH2 F (IGHG1) 5’GGA CCG TCA GTC TTC CTC TTC CC 3’
HC rev (IGHG1) 5’GCA ACA CCA AGG TGG ACA AG 3’
G-CH3rev3 (IGHG1) 5 CTTCTCATGCTCCGTGATGCATGAGG 3’
Vector Forward primer | 5> GGG CCG CGT CCT CAC AGT GCA TTC 3’
(IGHA1/ IGHG1)

Vector Reverse primer | 5’ CAG ACA GGC GCC GGA TGGAAGCG ¥’
(IGHA1/ IGHG1)

The vector primers attached on the vector and they allowed for sequencing in the forward and
reverse directions. The internal primers were mostly forward primers, however for IGHG1

gene two reverse internal primers were introduced to ensure full coverage of the gene (Figure

7).
IGHA gene.
Vector Forward Erimer Al F1 Al F2 AlF3 Al F4
Vector Vector
Al Post CH2 R1 Vector Eeverse primer
IGHG1 gene.
Vector Forward primer VHCH F01 CH2F
Vector Vector
ﬁ
HC rev G-CH3rev3  Vector Reverse primer

Figure 7: Location of sequencing primers

Red arrows represent vector primers. Green arrows represent IGHA/IGHGL1 (F) internal primers; Gold blocks =
pJet vector; White blocks = introns; Blue blocks = exons and Black arrow = IGHA/G1 (R) internal primer. Note:
genes are not to scale.
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The sample reaction mix were set up as shown in Table 6.

Table 6: Sequencing reaction mix

Name Volume (1x reaction)
BigDye ™ terminator ver. 3.1 Ready reaction mix luL

BigDye ™ terminator ver. 3.1 5x sequencing buffer | 1.5uL

Primer 2pmol/uL (F/R) 3uL

dH20 (nuclease free) 3.5uL

Sample (PCR~50ng or plasmid 300ng per well) 1uL

Total 10pL

Sanger sequencing was run using the following thermocycling conditions, 96°C for 10s; 50°C
for 5s; 60°C for 4 minutes for 25 cycles. Sequencing reactions were cleaned using the Sodium
Acetate Ethanol (EtOH/NaAc) precipitation method. For the clean-up, 50 pL EtOH/NaAc
(96.15% EtOH and 3.85% NaAc) was aliquoted to each well to precipitate the DNA, the
samples were centrifuged for 30 minutes at 2000 x g on a table top centrifuge. After draining
the wells by inverting the plates, the plate was centrifuged inverted for 1 minute at 150 x g. 100
pL of cold ethanol was added to the wells with DNA pellets to wash any remaining salts from
the DNA, the plate was then further centrifuged for 5 minutes at 2000 x g. The plates were
inverted for drainage and further centrifuged for 1 minute at 150 x g. This was followed by
drying of the plate in a thermocycler at 65°C for 3 minutes, with the thermocyclers lid open
and the reaction caps were removed. The samples were run on an ABI 3500xL Genetic
Analyser (Applied Biosystems; Forster city, USA). At least 6 clones were sequenced per

participant.

2.9. Data analysis

Sequencing results were imported into Sequencher® 5.4.6 DNA sequence analysis software
(Gene codes Corporation; Ann Arbor, USA). Each chromatogram from a single clone was
trimmed to remove nucleotides of poor quality. The chromatograms were aligned to generate

contigs. These contigs were aligned to IMGT reference alleles on Sequencher® 5.4.6. The
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alignments were done for each exon of the constant region for each gene, this included the
tailpiece (CHS) for the IGHA genes. These alignments were exported into BioEdit Sequence
Alignment editor (Ibis Biosciences, Inc.; Carlbad, USA) for further analysis. This step allowed
for comparing the sequencing results to the IMGT reference alleles and easy identification of
nucleotide substitutions and new genetic variants. The IGHG1 results from this study were also
compared to data generated from the same participants using the next generation sequencing
(NGS) on PacBio Sequel I, generated as part of another study. Furthermore, these results
(Sanger and NGS) were compared with the data generated previously using small fragments of
the IGHGL1 constant region genes. As is typical within immunogenetics research alleles refer
to either a haplotype or the entire gene sequence compared to a reference gene sequence, which
may include either a single of multiple SNPs. Allotypes refer to a haplotype of amino acid

changes that alter antibody function.
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3. Results

This research project investigated genetic diversity in the IGHAL and IGHG1 genes, which
encode for the constant regions of IgA1 and 1gG1, in six black South African women. As there
are substantial sequence similarities between IGHA1 and IGHA2 genes, both genes were
amplified and reported on in this study. The sequence identity between the IGHAL and IGHA2
subclasses is high (~90%), and what differentiates the two subclasses is the 13 amino acid
extension in the hinge region of IGHAL (36). Other changes such as the N-linked glycosylation
motifs located in the CH1 and CH2 domains at positions 166, 211 and 337 are important

differences (36). These features were used to distinguish IGHA1 and IGHA2 gene sequences.

3.1. PCR amplification of the IGHA1L, IGHA2 and IGHGL1 genes

All genes (IGHAL, IGHA2 and IGHG1) were amplified with the same PCR protocol with the
exception of the annealing temperatures which were 72°C for IGHA1 and IGHA2 and 56°C for
IGHG1. After successful amplification of the target genes, DNA fragments of 1.5kb in size

were observed following agarose gel electrophoresis (Figure 8).

Figure 8: PCR products after agarose
gel electrophoresis

An example of the PCR products from two
participants  visualised using agarose gel
electrophoresis. The two participant fragments
(CAP88 and CAP177) illustrate the correct DNA
size. L= DNA ladder, CAP177/CAP88 =
CAPRISA samples, P=positive control, N=
negative control. Arrows show the different
fragment sizes.

3.2. Colony PCR after cloning and bacterial transformation
Colony PCR was performed to assess if the transformed E. coli bacteria contained plasmids
with the correct size DNA (IGHAL, IGHA2 and IGHG1) insert. Colony PCR utilizes forward

and reverse primers that bind to the plasmid on either side of the DNA insert in order to amplify
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the DNA insert. Following amplification, the size of the insert was visualized using an agarose

gel (Figure 9). Only the colonies with the correct size insert were miniprepped. Colonies that

did not have the correct size insert were discarded and new colonies were picked and amplified.

From the colonies with the correct DNA size, six and four plasmids were Sanger sequenced for

each participant (n=6) for IGHA and IGHGL1 inserts, respectively.

12345 6789 10111213

- Plasmids]a
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(1.5kb) 17

18
19
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Figure 9: Amplicons generated using
colony PCR, following agarose gel
electrophoresis

Colony PCR result showing the DNA fragments
(IGHA1L, IGHA2 and/or IGHG1) of the correct
size amplified from five participants, CAP88,
CAP177, CAP206, CAP255 and CAP256. Each
participant had 2 fragments. Lane 1= DNA
ladder of different sizes compared to plasmids
screened by colony PCR to identify DNA inserts
of 1.5kb. Lane 2 and 3 =CAP88 (IGHAL), lane 4
and 5= CAP177 (IGHAL), lane 6 and 7= CAP206
(IGHA2), lane 8 and 9=CAP255 (IGHA2), lane
10 and 11=CAP256 (IGHG1). CAP = CAPRISA
samples/plasmids, 12 = positive control and 13 =
negative control.

3.3. Comparison of the IGHAL and IGHA2 sequences to IMGT alleles

All plasmids sequenced in this study were from the six participants. Primers used to amplify

the IGHA1 gene also amplified the IGHA2 gene as explained in section 2.5, hence the IGHA2

plasmid results are also reported on. Of the 36 plasmids sequenced for the IGHA clones, 24

(67%) matched IGHAL, 6 (17%) plasmids matched IGHA2 and another 6 (16%) did not have

a complete coverage because of poor sequence quality in the CH2 exon (Figure 10).
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Figure 10: Percentage of plasmids
containing IGHAl and IGHA2
DNA inserts from the total IGHA
amplicons generated

Blue represents IGHAL plasmids; Grey:

IGHA2 plasmids and Orange: samples with
incomplete data.

Incomplete
16%

11

None of the alleles sequenced for the IGHAL were exact matches to known IMGT alleles and
thus likely represent novel alleles. Whereas one IGHAZ allele was an exact match to IGHA2*01
IMGT allele. Overall, there were 13 unique alleles detected, eight novel IGHAL alleles
(identified from 24 clones sequenced) and five novel IGHA2 alleles (from six clones

sequenced).

The closest matching IMGT allele for all novel IGHA1 alleles was IGHA1*01 and thus novel
alleles were referred to as IGHA1*01 variant 1-8. The variant alleles were observed across
participants, however, one (IGHA1*01 variant 1) was observed in three participants (CAP88,
CAP255 and CAP256). Other variants, such as variant 2 and 4 were observed in CAP177,
variant 3 in CAP256, variant 5 and 7 in CAP206, variant 6 in CAP255 and variant 8 was
observed in CAP257. The distribution of SNPs in the novel alleles identified in the IGHAL
gene is highlighted in Figure 11. SNP positions are according to IMGT numbering (53),
whereas the amino acid position numbering are based on the Bur numbering system due to the
differences in the hinge and/or CH exon lengths between IGHA1 and IGHA2 (54). All variants

had at least one SNP in intron 1, 5/8 had SNPs in the CH1 exon, 4/8 had SNPs in intron 2 and
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3/8 had SNPs in the CH3 exon. Only one variant had a SNP in the CH2 exon, and no SNPs

were detected in the CHS or hinge regions.
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Figure 11 : Distribution of
SNPs within IGHAL genes

Shown are the number of SNPs
observed in the CH exons (colours
= blue, green and yellow) and
introns (colours = pink).

The SNPs that were of particular interest from a functional perspective are those that resulted

in amino acid changes within CH domains as they could have an impact on antibody function.

Of the 17 SNPs on the CH exons, only 4 resulted in amino acid changes: R392H observed in

the CH3 of variant 1, S175R observed in the CH1 of variant 3 and F172L and E295D observed

in CH1 and CH2, respectively, of variant 5 (Figure 12).
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Figure 12: Amino acid alignment of IGHA1 alleles

Coloured bars indicate the different antibody domains (blue = CH1, red = hinge, green = CH2, yellow = CH3, purple = CHS, the intron is not indicated); highlighted letters
indicate amino acid differences between IMGT alleles and/or participant alleles. Highlighted amino acids: L = leucine; R = arginine; D = aspartic acid; H = histidine. Dots
indicate that the amino acid on that position was the same between IMGT reference alleles as well as sample alleles.
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Of the five novel IGHAZ alleles, three were more closely related to the IGHA2*02 reference
allele and two were most similar to the IGHA2*01 IMGT allele. Most alleles had SNPs in the
CH1, CH2, CH3 domains and intron 2. Variant 1 was observed in CAP257 and variant 2 in
CAP256 had SNPs in the CH2 and CH1 domain only. Two variants (3 and 5) observed in
CAP177 and CAP257 had at least six SNPs in the CH1 exon, and at least two SNPs in intron
2 and in the CH3 exon. One variant (observed in CAP88) had SNPs in both the CH2 and CH3

exons only (Figure 13). Overall, none of the novel alleles had SNPs in intron 1, the hinge or

the CHS.
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Three variants (2, 3 and 5) shared amino acid substitutions D133C, P136Q, Q137P and V143,
with variant 5 having additional SNPs in the CH1 and CH2 domains (Figure 14). Interestingly,
the majority of these amino acid changes match the beginning of IGHAL rather than IGHA2
(Figure 15). These sequences therefore could be a result of PCR mediated recombination
between the IGHALl and IGHA2 alleles in these participants, which often occurs when
incompletely extended DNA fragments anneal to closely related sequences generating

recombination between starting templates (55).
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Figure 14: Amino acid alignment of IGHAZ2 alleles

Coloured bars indicate the different antibody domains; highlighted letters indicate amino acid differences between IMGT alleles and/or participant alleles. Amino acids that are
highlighted: C = cysteine; Q = glutamine; G = glycine; P = proline; | = isoleucine; E = glutamic acid; V = valine. Amino acids in bold: F = phenylalanine; L = leucine; S =
serine; R = arginine; D = aspartic acid, Y = tyrosine, M = methionine. Missing numbers are because of the 13 amino acid deletion in the hinge region of the IGHA?2 gene which
impacts the numbering of IGHA2. Dots indicate that the amino acids on that position are the same between IMGT reference alleles as well as sample alleles.
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Figure 15: Amino acid alignment of IGHA1 and IGHA2 alleles

In this alignment, the 1% five sequences represent the IGHAL gene and the last six the IGHA2 gene. The potential PCR mediated recombination is in the CH1 domain for the
alleles shown in red, where the “C, Q, P, I” motif at positions 133, 136, 137 and 143 match those seen in the IGHAL alleles rather than the D, P, Q, V motif seen in IGHA2
alleles. Letters represent amino acids: A=alanine; N=asparagine; C=cysteine; Q=glutamine; G=glycine; P=proline; I=isoleucine; VV=valine; F=phenylalanine; L=leucine;
S=serine; R=arginine; E=glutamic acid; D=aspartic acid; H=histidine, Y=tyrosine, M=methionine. Dots indicate that the amino acids on that position are the same between
IMGT reference alleles as well as sample alleles.

31



10

11

12

13

14
15

16

17

18

19

20

21

3.4. IGHA2 Allotypes

Allotypes have been described for the IGHA2 gene, but not for the IGHAL gene. The two
allotypes that have been described for IGHA2 are A2m1 and the A2m2 (37,59). A third allotype
(A2n) has been described, this allotype has the same CH1 domain as A2m2, matches both
A2m1 and A2m2 in the CH2 domain, interestingly it has a CH3 domain similar to the IGHAL
gene and A2ml allotype however, its prevalence in the global population is still being
investigated (36,61). The A2m1 allotype has prolines at positions 212 and 221 in the CH1
domain whereas A2m2 has a serine at 212 and an arginine at 221 (37). Of the five variant
alleles sequenced for the IGHA2 gene, two (variant 1 and 2) matched with allotypic
determinants of the A2m2 allotype and variant 3 matched with the A2m1 allotype (Table 7).
There is a possibility that variants 4 and 5 could be novel allotypes as they had a serine and a

proline at positions 212 and 221 respectively.

Table 7: Known IGHA2 allotypes compared to observed alleles

Domain: CH1
Allotype/Sample allele Amino acid on Position 212 | Amino acid on Position 221

A2ml Proline Proline

A2m?2 Serine Arginine

A2n Serine Arginine
IGHA2*02 variant 1 Serine Arginine
IGHA2*02 variant 2 Serine Arginine
IGHA2*02 variant 3 Proline Proline
IGHA2*02 variant 4 Serine Proline
IGHA2*02 variant 5 Serine Proline

Amino acids in bold are used to identify and differentiate the known allotypes from each other. Yellow shading represents A2m1 allotypes,
orange shading represents A2m2 allotypes and unshaded variants represent a novel allotype.

3.5. Comparison of IGHG1 sequences to IMGT alleles

Within the IGHGL1 gene, four plasmids were sequenced per participant (n=6) to get a total of
24 sequences. Most of the plasmids sequenced for IGHG1 suggested that the participants were
heterozygous for the gene however, due to the low number of plasmids analysed this could not

be determined accurately. From the 24 sequences, ten were exact matches to the IGHG1*01
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IMGT allele, nine matched the IGHG1*05 IMGT allele and one matched the IGHG1*13 IMGT
allele. The IGHG1*01 and the IGHG1*05 IMGT alleles were the most common alleles
identified in these participants (Figure 16). In addition, two novel alleles were identified and
are referred to as IGHG1*01 variant 1 and IGHG1*01 variant 2 observed in CAP88 and
CAP256 respectively (Figure 17). None of the novel alleles were shared between participants

and these two alleles each had a silent SNP in the CH2 exon or CH3 exon.

5 Figure 16: Number of
Participants with novel

4 __ __ alleles and alleles

matching IMGT alleles

3 Orange bars = IMGT alleles and

blue bars = novel alleles.
| |_| I I
0 L

IGHG1*01  IGHG1*05 IGHG1*13 [IGHG1*01v1 IGHG1*01 v2

Number of participants with allele

The two previously described IMGT alleles (IGHG1*01 and IGHG1*05) were observed in
four individuals, CAP88, CAP177, CAP206 and CAP256, IGHG1*13 was observed in
CAP257. Additionally, none of the sequenced alleles had SNPs in the introns. The two novel
IGHGL1 alleles detected in this study were also identified in the same participants, using SNP
detection and Sanger sequencing in collaboration with Dr Mary Carrington from the National
Cancer Institute, USA and with PacBio Sequencing in our laboratory as part of another project

at the National Institute for Communicable Disease, South Africa.
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Figure 17: An alignment showing novel SNPs identified in the IGHG1 gene exons

Alignment showing parts of the IGHG1 gene in which novel SNPs were detected. Coloured bars indicate the different exons; highlighted letters indicate nucleotide differences
between IMGT alleles and/or participant alleles. Gene numbering is according to IMGT. Letters represent nucleotides: A = adenine, C = cytosine, G = guanine and T = thymine.
Dots indicate that the nucleotides were the same on that position for the IMGT reference alleles and/or the samples.
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3.6. IGHG1 Allotypes

The six known allotypes for IgG1 are the G1m17, G1m3, G1ml, G1m2, G1m27 and the

G1m28 (57). Some of these allotypes have been shown to confer altered functional properties

such as Fc functions and serum half-life in this antibody isotype (58). For example the G1m17

allotype has been associated with augmented antibody responses against the Hepatitis C virus

(58). In this study, all IGHG1 alleles share allotypic determinants that correlate with the GIm17

allotype. This was confirmed by the presence of a lysine at position 214 in the CH1 domain.

Other allotypes and their corresponding amino acids are shown in Table 8.

Table 8: Known allotypes observed in the IGHG1 translated protein alignments

compared to sample alleles

Domain: CH1

Domain: CH3

Allotype/Sample allele 214

356

358

422

431

435

436

G1lml7 +

G1im3 -

Giml -

G1im2 -

G1m27 -

G1m28 -

IGHG1*01 variant 1 +

IGHG1*01 variant 2

Numbers in bold indicate amino acid positions. Letters represent amino acids: K = lysine; G = glycine; | =
isoleucine; L = leucine; R = arginine; D = aspartic acid; Y = tyrosine. Orange shading highlights G1m17 allotype.
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3.7. Summary of alleles identified in this study

Table 9 is a summary of the alleles observed across the genes analysed in this study, including
known IMGT reference alleles (highlighted in yellow) and novel alleles. Overall, there were
eight novel alleles identified for the IGHAL gene. One of these, variant 1, was found in 3
participants. In the IGHA2 gene, five novel alleles were identified, these alleles were not shared

between participants. In the IGHG1 gene, there were two novel alleles identified.

Table 9: Summary of alleles observed between the genes

Allele Closest IMGT allele Amino Acid change Number of participants
with allele
IGHA1*01 v1 IGHA1*01 R392H 3
IGHA1*01 v2 IGHA1*01 None 1
IGHA1*01 v3 IGHA1*01 S174R 1
IGHA1 *01 v4 IGHA1*01 None 1
IGHA1*01 v5 IGHA1*01 F171L, E296D 1
IGHA1*01 v6 IGHA1*01 None 1
IGHA1*01 v7 IGHA1*01 None 1
IGHA1 *01 v8 IGHA1*01 None 1
IGHA2*02 v1 IGHA2*02 Y411F 1
IGHA2*02 v2 IGHA2*02 D133C, P136Q, Q137P, 1
V1431, Y411F
IGHA2*02 v3 IGHA2*02 D133C, P136Q, Q137P, 1
V1431, Y411F, E428D, A467V
IGHA2*02 v4 IGHA2*02 Q313E, Y411F 1
IGHA2*02 v5 IGHA2*02 D133C, P136Q, Q137P, V143l 1
N166G, Q313E, Y411F,
M451L, 1458V, A467V

IGHA2*01 None 1
IGHG1*01 v1 IGHG1*01 None 1
IGHG1*01 v2 IGHG1*01 None 1

IGHG1*01 None 4

IGHG1*05 None 4

IGHG1*13 None 1

Letters represent amino acids: A = alanine; N = asparagine; C = cysteine; Q = glutamine; G = glycine; P = proline;
I = isoleucine; V = valine; F = phenylalanine; L = leucine; S = serine; R = arginine; E = glutamic acid; D = aspartic
acid; H = histidine; Y = tyrosine. Alleles that were 100% matches to IMGT alleles are highlighted in yellow.
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4. Discussion

This study investigated the IGHAL, IGHA2 and IGHG1 immunoglobulin constant region genes
in six Black South African women. These genes encode IgA1, IgA2 and 1gG1 antibodies which
are an important aspect of the humoral immune response in both the systemic and mucosal
compartments, protecting against infections of different types in these locations (1,8,20,24,59).
Most of the information available concerning these genes on databases such as IMGT was
obtained from individuals of European descent or Asian ancestry (60). This research
investigated these genes in individuals of African ancestry and identified a total of 15 novel
alleles between the three genes. From those, eight had nonsynonymous SNPs which altered
amino acids observed in the IGHAl and IGHA2 genes. Furthermore, two alternative
approaches from other studies were used to confirm the SNPs identified in the IGHG1 gene.

These novel alleles will be reported to IMGT for inclusion into the database.

A surprising finding in this study was the identification of alleles that appeared to have half of
the IGHA1 CH1 domain and half of the IGHA2 CH1 domain. This may be due to a
recombination event during the PCR reaction. Such recombination events usually occur in PCR
reactions that have a high number of PCR cycles, or those that use a high concentration of
template and a low primer to target amplicon ratio (55). PCR recombination can be reduced by
decreasing the number of PCR cycles and increasing the extension time, using a different
enzyme with higher fidelity and template specific primers as well as through replicates (67).
Although there will be some consistent bias in terms of where the recombination will be
observed in relation to previous experiments, the rate of recombination will not be significant,
however, working with complex genes increases the possibility of recombination by ~30%
(67). Though it is likely that these variants (IGHA2*02 v2, v3 and v5) occurred as a result of

PCR crossover, it is also possible that these represent novel alleles which arose evolutionary
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by recombination, unequal crossover or looping-out excision during duplications and deletions
of these genes, as has been previously observed within the IGH locus (29,38,61). An example
of this involves the CHS of IGHA2*01 and IGHA2*03 which matches the CHS of IGHA1*01
rather than IGHA2*02 (61). IGHA1 and IGHA2 genes are ~90% similar (36), other unique
features (such as N-linked glycosylation motifs and the 13 amino acid extension in IGHAL ) as
explained in chapter 3 (section 3.3) distinguish the two genes from each other and these can be
used as guides when designing new primers. Therefore, future studies involving the use of
primers specific for unique gene specific regions within the pre-CH1, CH2 and CHS domains
of IGHA1 and IGHA2 genes could be used to determine whether these alleles came about

through PCR recombination or represent novel alleles.

At the amino acid level, the changes observed in the alleles across the heavy chain domains,
suggested that the CH2 domain and CHS are conserved compared to other domains across the
genes. The CH2 domain is responsible for triggering effector functions by the different
antibody isotypes (19,20,22,62). Therefore, conserving the CH2 domain may be an important
means of maintaining the function and stability of an antibody molecule (27,63). This also
applies to the CHS which serves to allow for polymerisation of the IgA molecules, thus creating
multiple binding sites for effective clearing of antigens and pathogens (1,15,18). This study did
not identify novel nucleotide or amino acid substitutions in the tailpiece, in line with this need
for high levels of conservation. However, we note that this study involved a very small sample
size and would therefore require a larger study to confirm this. Of note though was a single
amino acid change (R392H) located within the CH3 domain of the IGHA1*01 v1 allele which
was shared in 50% of the participants (3/6) suggesting that there may be population specific

differences and therefore warrants further investigation.

Additionally, a novel 1gA2 allotype was identified, this allotype encodes a serine and proline

at positions 212 and 221 respectively, which was observed in two participants. Both known

38



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

IgA2 allotypes (A2m1 and A2m2) which were also observed in our population have been
associated with different disease outcomes. The A2m1 allotype, which has prolines at both
positions has been associated with a higher risk of 1gA nephropathy, whereas having serine
and arginine at the same positions (A2m2) is associated with lower risk for the disease (56,64).
Thus, understanding the effects of a serine, proline allotype would be of interest. This could be
done by assessing the relationship between particular genotypes, and the susceptibility of
individuals to particular diseases or conditions. However such studies would rely on

genotyping and phenotyping in large numbers of donors to establish such effects.

All IGHG1 alleles matched the GIm17 allotype (37,68), which is unsurprising as this allotype
is extensively found in many populations (65). This allotype in association with a kappa light
chain allotype Kml has been associated with an increased acquisition of HIV (66).
Additionally, G1m and Km allotypes may play a significant role in IgG subclass distribution,
as G1m carriers seem to have more IgG1 antibodies (58). Furthermore, studies have highlighted
the importance of G1m allotypes in enhancing ADCC and ADCP, which are important in the
response to infection, vaccination or cancer therapy (8,20,58,65). The overall influence of
different allotypes on vaccine efficacy however remains unclear (58). Furthermore, non-
synonymous SNPs, and/or deletions in these loci have been associated with recurrent infections
from bacteria, viruses and fungi as well as autoimmune diseases (such as celiac disease and
systemic lupus erythematosus) which can have severe health implications (1,30). The
advancement of DNA sequencing technologies will now make it easy to identify these

associations and lead to better treatment and management of patients.

Our study has highlighted the high diversity of antibody genes, the impact of which is important
to understand when designing globally efficacious vaccines, autoimmune and cancer therapies.

This study had limitations such as a small sample size and use of primers that could amplify
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both the IGHA1L and the IGHA2 genes. Future studies should include substantially more donors
in order to determine how common these novel alleles are, to identify further novel alleles and
to accurately assess the diversity of the IGHC genes. It will also be important to have gene
specific primers and avoid using primers that can amplify two genes, as this will increase
accuracy in gene analysis, and reduce issues such as PCR mediated recombination.
Furthermore, future studies should assess the impact of these novel mutations, by comparing
the function of antibodies with the same variable (VDJ) regions but different constant regions

involving the known and novel alleles.
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5. Conclusion

In this small pilot study, involving 6 Black South African donors, a total of 15 novel IGHC
alleles were identified within the IGHAL, IGHA2 and IGHGL1 genes as well as a novel 1gA2
allotype. These data highlight the high level of genetic diversity within this locus and the need
to study more globally representative populations. Importantly, this genetic diversity could
have functional impact on antibody immune responses. Furthermore, the understanding of
IGHAL and IGHA2 genes has previously led to the design of antibodies that have an increased
serum half-life (36). Thus, having a greater understanding of global antibody genetic diversity
could lead to the development of more effective monoclonal antibody therapeutics with robust
effector functionality. Overall, these results have implications for Fc effector functions, vaccine
development and monoclonal antibody therapies and thus further investigations are required to

have a complete understanding of the diversity of the IGHC genes.
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