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Abstract 

Broadly neutralizing antibodies (bNAbs) isolated from HIV-1 individuals have shown 

promise in prevention. We have previously demonstrated that the IgG3 isotype 

significantly improved the neutralization potency of CAP256-VRC26.25 over the routinely 

used IgG1 constant region. However, there is significant allelic diversity in 

immunoglobulin constant heavy G chain 3 (IGHG3), especially in African populations, of 

which the functional relevance is unknown compared to IgG1 version. This study 

assessed whether allelic variation in IgG3 could further improve neutralization potency.  

CAP256-VRC26.25 bNAb was engineered and expressed as 12 different IgG3 allelic 

variants, including two novel variants, as determined from previous IGHG3 sequencing 

data from the CAPRISA 002 cohort. These were tested for neutralization against an eight-

virus panel and compared to the IgG1 version.  

Overall, the IgG3 versions of CAP256-VRC26.25 showed improved neutralization 

compared to the IgG1 version. Further, there were significant differences between allelic 

variants, IgG3*01 versus IgG3*04 (p=0.0038), IgG3*01 versus IgG3*15 (p=0.0013), 

IgG3*13 versus IgG3*04 (p=0.01570) and IgG3*13 versus IgG3*15 (p=0.0059). IgG3*01 

showed the highest fold change (median value 8.0) relative to IgG1. IgG3*04 and IgG3*15 

showed the least fold change (median value 2.2). This is due to the short hinge length of 

IgG3*04 and amino acid differences in IgG3*15. IgG3*01 and IgG3*13 were the most 

potent variants. This confirms the importance of the constant region in neutralization 

which has been supported by previous studies. Thus, hinge length and amino acid 

differences in the constant region impact neutralization. 

This study shows that allelic variation in the constant region can impact on neutralization 

potency and supports leveraging genetic diversity to improve antibody function. 
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1.0 Introduction 

1.1 The Global burden of HIV 

Human Immunodeficiency Virus (HIV) has been a major global public health concern 

since its discovery in 1981(1). One of the main challenges has been the development of 

vaccines to prevent transmission to uninfected individuals (2,3). However, antiretroviral 

therapy (ART) has contributed significantly to decreasing viral load and limiting the 

advancement of disease and HIV spread (4). According to UNAIDS global HIV estimates, 

39 million people were living with HIV, among which are 1.3 million new infections in 2022 

(5).  This illustrates the urgent need for an effective, safe, and cost effective vaccine that 

is accessible with ease globally (6). Specifically in South Africa, 7.5 million people are 

currently living with HIV and two million of these individuals remain virally unsuppressed 

and are ART naïve (7).  

1.2 The elusive goal of the HIV vaccine 

There are several challenges associated with vaccine development against HIV. HIV 

mutates at a high rate, largely driven by reverse transcriptase that is prone to errors and 

recombination during replication (8). This has contributed significantly to the viral 

envelope (Env) glycoprotein genetic diversity which is the major target of neutralizing 

antibodies (9). In order to protect from infection, an HIV vaccine that elicits broadly cross-

reactive immune responses capable of neutralizing diverse viruses is required. The HIV 

Env bears extensive host N-linked glycosylation that effectively shields many conserved 

epitopes on the trimer from antibody recognition (10,11). Other challenges include 

inadequate knowledge of the correlates of immune protection and unavailability of an 

inexpensive animal model (12,13).   

There have been over 250 HIV vaccine trials with most of them ending at phase 1 or 2 

(early-phases) (14). Early HIV vaccine concepts were focused on humoral anti-HIV 

immune responses  to induce neutralizing antibodies (NAbs) targeting monomeric HIV-1 

Env gp120 (15). This paved the way for subsequent studies with the goal to elicit both 

cellular immune and humoral responses including VaxSyn  (16), HIVAC-1e (17) and 

vCP125, an ALVAC-HIV vector, a gp160 expressing vaccine, VAX003 and VAX004 

(18,19) and HVTN 505 a tetravalent adenovirus vector vaccine (20). All these trials were 

terminated due to lack of efficacy. The first vaccine to show any efficacy was the RV144 

vaccine, a recombinant canarypox vector vaccine [ALVAC-HIV (vCP1521)] boosted with 
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two shots of a recombinant gp120 subunit (AIDSVAX B/E) and administered to 16,402 

healthy men and women in Thailand. This showed an efficacy of 31.2% which was modest 

but significant in reducing HIV-1 infection rate (21). In the RV144 trial, Fc effector functions 

but not neutralization correlated with decreased infection rate (22–24), specifically those 

targeting the V1/V2 Env region (25,26). This prompted many follow-up trials that aimed 

to elicit potent Fc effector functions including HVTN 097 using the same immunogens as 

RV144 in a South African population (27) and HVTN 100 making use of a subtype C 

gp120 insert (28). These prompted the HVTN 702 phase 2b/3 efficacy study using the 

immunogens from HVTN 100. However, the study was discontinued following interim data 

review by the data monitoring committee (DMC) for lack of efficacy in preventing HIV 

infection in vaccine recipients (29).  

While vaccine strategies have not yet been effective, it is still widely accepted that a 

vaccine must induce broadly neutralizing antibodies. This remains a challenge owing to 

the length of time required to develop them in natural infection and the complex 

mechanisms involved with viral co-evolution, complicating the identification of the 

initiating immunogen. A crucial step in their induction is the stimulation of naïve B cells 

capable of developing bNAbs, which currently is a major research focus in the vaccine 

field (30). These subsets of B cells are usually few in the human naïve B cell repertoire 

and have low or no affinity for current HIV vaccine immunogens (31). 

While vaccines are not yet successful in inducing bNAbs, passive immunization with 

these neutralizing antibodies has proven to be promising.  The HVTN 703/HPTN 085 and 

HVTN 703/HTPN 081 trials or the antibody mediated prevention (AMP) study assessed 

the efficacy, tolerability, and safety of VRC01, a CD4 binding site bNAb on the HIV-1 Env 

glycoprotein to prevent HIV infection (32). VRC01 recipients acquired only viral strains 

that were very resistant to VRC01 compared to strains that infected participants who 

received placebo. This shows that protection was conferred only against VRC01 sensitive 

viruses but not overall prevention of HIV-1 infection. However, this showed  proof of 

concept that bNAbs can be administered as prophylaxis (32).  

1.3 Structure of the Human Immunodeficiency Virus envelope 

HIV-1 is a positive sense-RNA enveloped virus having a 9.8kb RNA genome that codes 

for three polyproteins (Env, Gag, and Pol) including other accessory proteins like Vpr, 

Vpu, Tat, Vif, Nef and Rev (33). The envelope glycoprotein (Env) is essential for viral 
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attachment and penetration into cells expressing the CD4 receptor and CCR5 or CXCR4 

co-receptor mainly on helper T lymphocytes (34).  

The HIV Env is made up of gp160 trimer precursor polypeptide, which cleaves to form the 

gp120 surface unit and the gp41 transmembrane unit that are noncovalently bound. The 

surface glycoprotein (gp120) trimer is comprised of five variable regions (V1-V5) and five 

constant regions (C1-C5), and the transmembrane glycoprotein (gp41) trimer comprised 

of the fusion peptide, the heptad repeat domains (HR1 and HR2) and the membrane 

proximal external region (MPER). N-linked glycans from the host are added to the Env 

during the early stages of protein synthesis at the level of the endoplasmic reticulum prior 

to leaving the Golgi apparatus (35).  

The gp160 Env trimer facilitates viral binding to CD4+ on the surface of the cell followed 

by conformational changes leading to binding with CCR5 or CXCR4 co-receptor  and 

fusion of gp41 Env trimer to the membrane of the cell (36). The main target for humoral 

responses is the HIV-1 Env trimer which can either be presented as the pre-fusion 

“closed” conformation recognized by bNAbs (37–40) or the “opened” CD4-bound 

conformation mainly recognized by non-neutralizing antibodies (39,41–43).   

1.4.0 Antibodies 

1.4.1 The Structure of an Antibody  

An antibody has a Y-shaped structure that is comprised of four polypeptide chains (two 

heavy chains and two light chains). These polypeptide chains are linked up to form three 

structural domains composed of two antigen binding fragments (Fab), one fragment 

crystallizable (Fc) and a flexible hinge region that proteases can easily digest to form the 

Fab and Fc portions. The Fc portion consist of the heavy constant 2 (CH2) and heavy 

constant 3 (CH3) domains while the Fab portion is comprised of both variable light (VL) 

region and constant light (CL) region linked to the variable heavy (VH) region and constant 

heavy 1 (CH1) domain (Figure 1.2) (44). The heavy chain and the light chain are linked 

together by disulfide bonds (Figure 1.2). The hinge region is a short sequence separating 

CH1 and CH2 linking the Fab and Fc fragments of the antibody. The hinge region in 

conjunction with CH2 and CH3 Fc region allow for dimerization of the heavy chain 

polypeptides. The length of the hinge region confers some stability and flexibility in the 

antibody and impacts on its Fab and Fc effector functions (45,46). Although the isotypes 
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and subclasses (defined by the constant region) have different amino acid sequences, as 

suggested by its name, the constant region (CH1-3) folds into a similar structure 

consisting of beta-pleated sheets held together by intrachain disulfide bonds (figure 1.1) 

(47). 

While the Fab fragment confers antigenic specificity, the Fc fragment defines the effector 

functions of the antibody. The Fab fragment binds to the antigen and neutralizes the 

pathogen or blocks it from infecting other cells. The Fc fragment mediates Fc effector 

functions by binding to Fc gamma receptors (FcɣR) on effector cells or binding 

complement proteins (48). The Fc region also influences the antibody binding affinity, 

thus affecting antigen recognition and neutralization (49). 

   

Figure 1.1: Structure of an antibody. (A) the heavy chain is shown in blue with the variable 
heavy region (VH), constant heavy domains (CH 1-3), the light chain shown in light blue 
is comprised of the variable light region (VL) and the constant light domain (CL), the hinge 
region link up the heavy and the light chains with disulphide (S=S) bonds, (B) shows the 
antigen-binding site (Fab) of both the heavy and light chains, the hinge region and the Fc 
portion of the heavy chain. Figure adopted from Creative Biolabs) (47) 
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1.4.2 Antibody functions in response to HIV infection 

1.4.2.1 HIV-1 neutralizing antibody (NAb) target sites and broadly neutralizing 

antibodies 

Neutralization occurs when the Fab region of an antibody binds to a pathogen, blocking 

it from infecting cells.  Most HIV neutralizing antibodies developed during natural infection 

are strain-specific for the circulating viruses in the body (50).  However, a subset of HIV-

infected individuals (10-30%) develop bNAbs after one to three years of infection and 

many of these bNAbs have been cloned and characterized (51–53). These antibodies 

recognize epitopes on gp120 and gp41, as well as quaternary epitopes.  Seven bNAb 

target sites have been identified on the envelope glycoprotein of HIV-1 (Figure 1.2) 

namely: the fusion peptide (targeted by PGT151, VRC34), silent face (targeted by VRC-

PG05), V2/apex (PG9/PG16, CAP256-VRC26.25, PGT145), MPER (2F5, 4E10), 

gp120/gp41 (PGT151-PGT158), CD4 binding site (CD4bs) (VRC01-VRC03/NIH45-46, 

8ANC131) and the N332-supersite (PGT 121-PGT 123/10-1074) (54,55). 

 

Figure 1.2: The structure of HIV-1 prefusion-closed Env trimer showing epitopes of six 
categories of bNAbs. The different colours represent the V2/Apex (cyan), CD4 binding 
site (yellow), N332-super (blue), silent face (orange), fusion peptide (red), and interface 
(purple). MPER is not indicated on the diagram since it is not present on the BG505.664 
SOSIP trimer shown here. Figure adopted from Kwong and Mascola (2018) (56). 

 

 

V2/Apex 
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Silent face centre 

Fusion peptide 
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1.4.3 Fc effector functions and Fc receptors 

In addition to neutralization, antibodies can bind to Fc receptors or complement proteins 

to elicit cytotoxic function. Fc effector functions can clear infected cells or viruses in 

several ways, which include antibody-dependent cellular phagocytosis (ADCP), antibody-

dependent cellular cytotoxicity (ADCC), and complement-dependent cytotoxicity (CDC) 

(57).  

Following ADCC, Natural killer (NK) cells are attracted through binding of the Fc portion 

of antibodies to the Fc-gamma receptor IIIa (FcɣRIIIa) followed by secretion of perforins 

and granzymes thereby lysing the cell (Figure 1.3) (58). In the RV144 vaccine clinical trial, 

ADCC was observed to be associated with protection (21,59). ADCP occurs when FcɣRIa 

and FcɣRIIa on the surface of monocytes, macrophages, or neutrophils bind to the Fc 

portion of an antibody to an antigen-antibody complex engulfing viruses or infected cells 

and destroying them with lytic enzymes found in the endosome (Figure 1.3) (58). Finally, 

complement deposition involves C1q bound to the Fc domain along with other proteins 

form pores on the surface of the infected cell or virus known as membrane attack complex 

(MAC) that punctures the cell resulting in lysis (58).  

These Fc effector functions have been observed to play a protective role in vaccines and 

are also necessary for maximum protection afforded by bNAbs (21,60–62). The Fc-

dependent function is necessary for bNAbs to completely protect from infection, suppress 

viral load and/or clear infected cells (61).  Different mechanisms including Fc receptor 

binding affinity and antibody isotype modulate Fc effector functions.  
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Figure 1.3: Antibody functions. Neutralization: The Fab region of an antibody bound to its 
cognate epitope, blocking viruses from infecting cells. Fc effector functions: The FcɣR on 
the cytoplasmic membrane of natural killer (NK) cells binds to the Fc domain of an 
antibody of an infected cell causing cytotoxicity. Complement proteins deposited on the 
Fc domain of an antibody-antigen complex enhancing phagocytosis. Complement 
proteins deposited on the envelope glycoprotein of viruses form pores on the membrane 
resulting in lysis. Figure adopted from Saunders (2011) (58). 

 

1.4.4 Fc receptors 

The cells of the innate immune system such as NK cells, neutrophils, monocytes, and 

macrophages, express membrane receptors capable of binding to the Fc portion of 

antibodies (FcR). These receptors perform different biological functions modulated by 

aggregation of multivalent formation of antigen-antibody complexes (63). FcR receptors 
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are classified as activating if they have immunoreceptor tyrosine-based activation motifs 

(ITAMs) (64) in the intracytoplasmic domain or inhibitory if they possess an 

immunoreceptor inhibitory motif (ITIM) in the intracytoplasmic domain. They are 

comprised of low and high-affinity receptors (65). Low-affinity and High-affinity FcɣR are 

distinguished by how they bind to IgG during immune complex formation with a firm 

avidity. However, only high-affinity FcɣR can bind the monomeric IgG (66). Human 

hFcɣRI (CD64) is the only IgG high-affinity FcɣR in humans while FcɣRIIa, IIb and IIc 

(CD32) are two families of low-affinity IgG receptors, including FcɣRIIIa and IIIb (CD16). 

FcɣR-associated activating receptors are comprised of FcɣRIIa and FcɣRIIc. The single-

chain inhibitory receptors are the FcɣRIIb (63) and FcɣRIIIb constitute the 

glycosylphosphatidylinositol (GPI)-linked receptors that induce calcium entry via transient 

receptor potential melastatin 2 in neutrophils (67). 

1.5 Antibody Isotypes  

The heavy constant chain (IGHC) genes define an antibody isotype. Depending on the 

heavy chain they possess, five classes of immunoglobulins isotypes have been defined 

comprised of IgM, IgD, IgE, IgG (IgG 1-4), and IgA (IgA 1-2) (Figure 1.4). IgM is a 

monomer anchored on the surface of B cells as a B cell receptor (BCR) while the 

secretory form (sIgM) is a pentamer. IgM is produced when it encounters an antigen by 

short-lived plasma cells extrafollicularly or long-lived affinity-matured plasma cells (68). 

IgM is a suitable activator of complement and neutralization. IgA is a monomer when 

bound to mucosal membranes. Most circulating IgA in serum exists as a monomer while 

the IgA found on mucosal surfaces is dimeric (69). IgE is a monomer associated with 

hypersensitivity and allergic reactions as well as against infections with parasites. IgD is 

a membrane-bound antibody together with IgM on the surface of B cells. Serum levels of 

IgD are deficient with a very short half-life. IgG is the most predominant isotype in the 

body. It has the longest half-life of all the different isotypes and is the most extensively 

studied immunoglobulin.  Isotype alters the half-life of an antibody (70), antigen-binding 

valency (71) or FcɣRs binding affinity (72). Immunoglobulins are converted from one 

isotype to another through class switching.  
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Figure 1.4: Antibody isotypes: The five classes are comprised of IgM, IgD, IgG, IgE and 
IgA and subclasses (IgG1-4 and IgA1-2). Antibody isotypes differ by Fc regions consisting 
of two similar heavy (white) and light (blue) chains and an N-terminal variable region and 
a C-terminal constant domain. The secretory IgM (SIgM) exists as a pentamer while 
secretory IgA (SIgA) is a dimer, IgG, IgD and IgE are monomers. IgG encompasses IgG1, 
IgG2, IgG3 and IgG4. IgG3 has a long hinge length than any other IgG subclasses while 
IgA is comprised of IgA1 and IgA2 (73).   

 

1.6 Class Switch Recombination 

Antibodies can switch from one isotype to another dependent on the cytokines elicited in 

response to infection  by the process of class switch recombination (CSR) enhanced by 

the enzyme Activation-induced cytidine deaminase (AID) (74). During CSR, the switch 

(S) region located upstream of each constant region gene (except for Cδ) is targeted by 

AID. Induction of AID is elicited jointly by interleukin-4 (IL-4) and CD40 signaling, which 

removes an amino group on cytosines in donor and acceptor S regions to form uracils. 

Thus, mismatched repair mechanisms lead to the introduction of single-stranded DNA 

(ssDNA) breaks and non-homologous end repair (Figure 1.5).  
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Figure 1.5: Class switch recombination (CSR) with IGHG gene in a naive B cell 
expressing both IgM and IgD.  AID introduces permanent deletions on the switch-region 
to remove Cμ and Cδ genes. Antibody is secreted as a different isotype with the same V-
region (74). 

 

1.7 Immunoglobulin G (IgG) and genetic determinants of isotype 

IgG is one of the most abundant antibodies in plasma, accounting for about 10-20% of 

plasma proteins. IgG is comprised of IgG1, IgG2, IgG3 and IgG4 subclasses encoded by 

distinct Ig heavy constant chain (IGHC) genetic loci, IGHG1, IGHG2, IGHG3 and IGHG4 

(75). Each subclass has a unique profile regarding binding to antigens, complement 

activation, immune complex formation, antibody half-life and mediation of Fc effector 

functions (76) (Table 1.1). IgG subclasses perform different responses whereby IgG1 and 

IgG3 elicit pro-inflammatory responses whereas IgG2 and IgG4 induce anti-inflammatory 

responses and/or immune tolerance (73). The IgG genes span a ~150 kb region within 

the IGHG locus on human chromosome 14. IgG domains are comprised of CH1, hinge, 

CH2 and CH3 encoded by separate exons. Genetic polymorphism within each subclass 

has been studied and there are multiple alleles registered in the international 

ImMunoGeneTics (IMGT) database (77).  
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There are 14 alleles in IGHG1 that encode 6 different antibody versions (78). The 

functional consequences of these IGHG polymorphisms are incompletely understood 

(77). Variations between these antibodies include single nucleotide polymorphisms 

(SNPs) or differences in hinge lengths. 

 

Table 1. 1 The structure and polyfunctionality of IgG subclasses: The structure of each 
isotype is represented above the column. The relative strength of each function is 
indicated by the number of “positive”, and the absence of the function as “negative “ (79).  

          

     Function IgG1 IgG2 IgG3 IgG4 

Phagocytosis ++ - +++ + 

ADCC ++ - +++ - 

Complement ++ + ++ - 

     

Neutralization ++ ++ ++ ++ 

 

1.8.1 Immunoglobulin G3 (IgG3) 

IgG3 appears very rapidly following HIV infections (80) and it is the most polyfunctional 

subclass of IgG eliciting a potent complement activation and binds FcɣRs with high affinity 

to drive Fc effector functions (45,46) (Table 1.1). IgG3 has the longest hinge region which 

confers a high degree of flexibility involved in antiviral activity (45). It has been noted that 

the concentration of IgG3 tends to reduce as infection persists or progresses in the body 

(81). There are 29 IGHG3 reported alleles registered in IMGT (82) but the functions of 

these alleles have not been fully studied.  

1.8.2 Using IgG3 to improve the function of bnAbs 

Previous studies from our laboratory have shown that IgG3 significantly enhances both 

ADCP and neutralization of a potent bNAb, CAP256-VRC26.25 (45). Further, this was 

mediated by the length of the hinge region (45). In other bNAbs such as VRC01, the 
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increased hinge length compared to IgG1 was directly related to increased phagocytic 

activity (46). Another study of a panel of 15 bNAbs targeting several epitopes and 

expressed as IgG1 and IgG3 versions showed IgG3 bNAbs in general demonstrated the 

same or enhanced (up to 60-fold) neutralization potency than IgG1 versions, although 

this effect was specific for each virus (83). This enhanced potency was especially 

prominent for CAP256-VRC26.25, CAP255.G3, PGT135 and 35022. Improved ADCP 

was observed in all IgG3 bNAbs over IgG1 versions. In ADCC, differences were epitope 

specific, with IgG3 bNAbs to the CD4 binding site, MPER and gp120-gp41 interface 

showing enhanced ADCC. Although IgG3 bNAbs have neutralization potency and 

enhance Fc effector functions, they are not used clinically due to their short half-life of 

approximately seven days compared to IgG1 of 21 days. However, there are several 

allelic variants of IgG3 with half-lives similar to IgG1 (70), and further, we have shown 

that IgG3 bNAbs engineered using the lambda light chains have the same pH 

dependence on the neonatal Fc receptor (FcRn) to their IgG1 counterparts, suggesting 

similar half-life (83). This demonstrates that challenges of the IgG3 short half-life can be 

overcome and IgG3 used clinically as a novel mechanism to enhance neutralization 

potency and Fc effector functions of HIV bNAbs. 

1.8.3 Allelic variation in the IgG3 constant region impacts antibody function 

The IgG heavy chain is very polymorphic (IgG allotypes) introducing a second level of 

variation. These IgG allotypes were initially identified serologically by hemagglutination 

inhibition tests (84). Immunoglobulin gene sequencing from diverse ethnic groups has 

shown more allelic versions that were not detected by serological methods, especially in 

IgG3 (84,85). Current advancements in genetic sequencing techniques have paved the 

way for identifying IgG3 allelic variants. There are 29 IgG3 alleles identified and annotated 

in IMGT (78) with differences based on single nucleotide polymorphisms (SNPs) or 

differences in hinge lengths in IGHG3. Studies have shown that changes can greatly 

influence both antibody assembly and stability in the amino acid sequence (86). 

Replacing asparagine at position 392 on the CH3 domain of IGHG3*03 with lysine 

weakens CH3-CH3 interaction, which dissociates significantly faster than IgG4 (87). A 

study conducted systematically on 27 unique IgG alleles on Fc receptor binding revealed 

that amino acid sequence differences in IgG3 versions were the major driver in the 

alteration of Fc receptor binding (88). The observed differences were attributed 

individually to the number of hinges and the presence of specific amino acid changes in 
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the CH2 region at positions 291, 292, and 296 (87). Studies have shown that variations 

in the naturally occurring heavy chain amino acids are promising for passive immunization 

strategies, with several alleles having an extended half-life for example (70) .  

 

Human immunodeficiency virus (HIV) is a virus from the Retrovirus family that attacks 

human immune cells, especially T lymphocytes. The increasing number of HIV cases 

requires a more effective preventive measure, among others, through vaccination. 

Although it has been over 40 years, there is no HIV vaccine yet. This is attributed to 

variations in HIV Env or genetic material, and each country has its own dominant HIV 

variant. In addition, the ability of HIV to evade immune responses, high mutation rates, 

and limited experimental animals add to the difficulties in developing effective vaccines. 

As of May 2022, 16 vaccines have undergone phase I/II clinical trials. Among HIV 

vaccines that have already undergone phase III clinical trials, only RV 144 vaccine gave 

promising results, with efficacy reaching 31.2%. The development of the HIV vaccine 

continues to obtain a safe and effective HIV vaccine. Some of these allelic variants have 

been studied and shown enhanced neutralization potency and Fc effector functions 

(45,83). However, some of these alleles have not yet been systematically studied. This 

project aimed to assess the functional consequences of IgG3 allelic variants on CAP256-

VRC26.25 isolated from an HIV infection individual. 

1.9 CAP256-VRC26.25: A bNAb with increased potency as an IgG3 class switch variant  

CAP256-VRC26.25 is part of a broadly neutralizing antibody lineage isolated from an HIV-

infected individual CAP256 who was enrolled in the CAPRISA 002 Acute Infection Study 

(89).  The constant region of bNAb lineage members from CAP256 was sequenced and 

found to use a novel IgG3 allele IGHG3*01m. This antibody was isolated from B cells in 

cultured peripheral blood mononuclear cells (PBMCs) collected at 193 weeks, 

corresponding to the peak period of antibody neutralization breadth and potency (90). 

CAP256-VRC26.25 belongs to the V2-glycan apex epitope-targeting bNAbs which are 

very potent group of antibodies with a geometric mean titer (GMT) of about 0.3 μg/mL 

and a breadth of 71% against the global HIV-1 viruses (91). CAP256-VRC26.25 has a 

long protruding tyrosine-sulfated, anionic CDR H3 loop comprised of 36 amino acids, 

critical to its mode of recognition (92). CAP256-VRC26.25 is presently being studied in a 

clinical trial (PACTR202003767867253) to assess its ability to prevent HIV infection in 

combination with other bNAbs (93,94). 



14 

 

In previous studies, CAP256-VRC26.25 expressed as IgG3 subclass showed both 

enhanced neutralization and Fc effector functions, with different functions detected 

between the two IgG3 alleles the individual used, IgG3*17 and IgG3*01m (45). This study 

highlights the value of allelic variation to improve the function of bNAbs. A previous study 

sequenced the IGHG3 genes of 10 HIV-infected individuals from the CAPRISA 002 

infection cohort and found the population to express variable alleles.  Using Sanger and 

PacBio platforms, five novel IGHG3 alleles were identified, three of which contained 

amino acid substitutions in coding regions. A further ten documented alleles were 

identified from nine participants. Studying different IGHG3 allelic forms of CAP256-

VRC26.25 identified in African individuals is likely to contribute to the understanding of 

the improvement of this bNAb for HIV prevention and therapy.  

1.10 Aims and Objectives 

The overall aim of this project was to determine the effects of different IgG3 allelic variants 

and specific mutations within those alleles on antibody function. 

1.10.1 Specific objectives 

Objective 1: To engineer novel IgG3 allelic variants of bNAb CAP256-VRC26.25. 

Objective 2: To compare the neutralization functions of CAP256-VRC26.25 allelic 

variants. 
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2.0 Materials and Methods 

2.1 Ethics Approval 

This study was approved by the Human Research Ethics Committee of the University of 

the Witwatersrand (Medical) for which it issued a waiver (M2211125) as a sub-study 

under the parent project ethics approval (M210892). 

2.3.0 Antibody design and production  

A broadly neutralizing antibody CAP256-VRC26.25 isolated from an HIV-positive South 

African woman enrolled in the CAPRISA 002 Acute infection cohort (95) was used for this 

project. Twelve IgG3 allelic variants (IGHG3*01, IGHG3*01m, IGHG3*03, IGHG3*04, 

IGHG3*11, IGHG3*11mm, IGHG3*12, IGHG3*13, IGHG3*14, IGHG3*15, IGHG3*16, 

and IGHG3*17) (Figure 2.1) of CAP256-VRC26.25 were engineered. These alleles were 

previously found in other African individuals from the CAPRISA 002 cohort (96).  

CAP256.VRC26.25 allelic variant expression plasmids for IgG3*01, IgG3*01m, IgG3*04, 

IgG3*11mm, IgG3*12 and IgG3*14 were already available while IgG1 and IgG3*17 were 

already expressed. The amino acid sequences of IgG3*15 and IgG3*16 differ from 

IgG3*14 by one amino acid change in the CH3 and CH2 regions of the heavy chain 

respectively, the plasmid for IgG3*14 readily available in our lab was used to produce 

IgG3*15 and IgG3*16. Mutations were introduced into the constant region of IgG3*14 to 

make IgG3*15 (CH3 N392K) and IgG3*16 (CH2 T339A) alleles.  
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Figure 2. 1: Amino acid sequence alignments of IgG3 allelic variants. IgG3 allelic variants 
showing the constant regions [CH1(green), CH2 (blue), and CH3 (red) and the hinge H1-
H4 (yellow) regions. The periods (.) denote sequence similarity to IgG3*01 whereas 
dashes (-) denote deletions in the hinge length of some IgG3 allelic variants. Amino acid 
sequence variations are shown for each domain. The Eu numbering shows the position 
of amino acids  (97). 

 

2.3.1 Antibody Plasmid DNA Digestion  

The constant heavy chain of IGHG3*03, IGHG3*11 and IGHG3*13 were present in CMVR 

expression plasmids of other HIV-specific antibodies. These variable genes required 

excision from the desired constant region containing plasmids. Heavy chain variable 

regions (VH-region) of these existing plasmids were swapped with the VH-region of 

CAP256-VRC26.25 IGHG3*01. The VH-regions were digested out of the plasmids using 

SalI and BshTI restriction enzymes (Figure 2.2), extracted and the VH-region of 

CAP256.25 IGHG3*01 inserted into the plasmids following the protocol for plasmid DNA 

ligation. Briefly, for the digestion of these antibody plasmid DNAs, master mix was 
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prepared by adding 40 μL of dH2O, 5 μL of universal buffer, 1.5 μL of BshTI (Thermo 

Scientific FastDigest), 1.5 μL of SalI (Thermo Scientific FastDigest) into a 200 μL PCR 

test tube. Two nanograms of plasmid DNA were added into each tube and incubated at 

37oC for 1.5 hours in the Thermocycler. To confirm complete plasmid digestion, 4 μL of 

each plasmid DNA digest and 5 μL of 1 kilobase pairs (kb) and 100 base pairs (bp) ladders 

(5 kb for plasmids and 400 bp for variable region) were loaded on 1% agarose gel, placed 

in an electrophoresis tank containing 1XTAE buffer and run for 30 minutes at 70 Volts. 

The gels were viewed under UV light (UV-Vilber Lourmet) and Bio-rad ChemiDocTM XRS 

Imaging System (ChemiDocTM; Hercules, USA). Complete digestion was confirmed by 

matching the bands corresponding to the plasmids and the VH-regions to the1 kb and 

100 bp DNA ladders. The remaining digest DNA were loaded on another 1% agarose gel 

and the backbone and heavy chains of IGHG3*03, IGHG3*11, IGHG3*13 and CAP256-

VRC26.25 IGHG3*01 VH-region were cut out for extraction. 

 

 

Figure 2. 2: Antibody plasmid digestion using restriction enzymes. The VH-region of (A) 
IGHG3*03, (B) IGHG3*11 (C) IGHG3*13 and (D) IGHG3*01 were cut out using SalI and 
BshTI restriction enzymes.  
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2.3.2 DNA Extraction (QIAquick Gel Extraction Kit Protocol) 

Plasmids containing the constant heavy chain of IGHG3*03, IGHG3*11 and IGHG3*13 

and the variable region (VH) of CAP256-VRC26.25 plasmids were cut out from the 1% 

agarose gel using a scalpel under UV light and extracted following the protocol described 

in the QIAquick Gel Extraction Kit (Qiagen Gmbh, Germany). The fragments were 

weighed in 1.5 mL microcentrifuge tubes. Three volumes of Buffer QG were added to one 

volume of the agarose gel containing the plasmid DNA and incubated at 50oC for 10 

minutes for the gel to melt while mixing every three minutes to enhance solubilization. 

Following solubilization, one volume of isopropanol was added to the DNA sample and 

mixed by inverting the tube. The DNA mixture was transferred to a QIAquick spin column 

and centrifuge at 13226 x g for one minute and the flow-through was discarded. The 

column was washed with 750 μL of Buffer PE and centrifuged at 13226 x g for one minute 

and the flow-through was discarded. The QIAquick column was centrifuged for an 

additional one minute to remove the remaining agarose or ethanol. The QIAquick column 

was then placed in a 1.5 mL microcentrifuge tube and 50 μL of elution Buffer EB (10 mM 

Tris-Cl, pH 8.5) was added at the center of the column and centrifuged at 6339 x g for 

two minutes. The concentration of the eluted DNA in the microcentrifuge tube was 

measured on the NanoDrop® ND-1000 Spectrophotometer (Wilmington, USA). 

 

2.3.3 Antibody plasmid ligation  

The Rapid DNA Ligation Kit (Roche Applied Science) was used to insert the VH-region 

of CAP256-VRC26.25 into the constant heavy chains. The amount of CAP256-VRC26.25 

VH-region required for ligation into IGHG3*03, IGHG3*11, and IGHG3*13 expression 

plasmids, was calculated using Promega Biomath calculator/DNA online tool                                    

(World.promega.com/resources/tools/biomath) to get a molar ratio of 3:1. Using an insert 

length of 0.458 kb and 5.5 kb of vectors, 4 ng of the insert and 15 ng of vector were 

pipetted into 200 μL PCR test tube containing 2.8 μL of dH2O. Following was the addition 

of 2 μL of the ligation dilution buffer, 10 μL ligase buffer and 1 μL ligase.  The solution 

was thoroughly mixed and incubated in the PCR machine at 25oC for 30 minutes. 

 

2.3.4 Plasmid DNA Transformation 

The ligated plasmid DNA was transformed into XL10-Gold ultracompetent cells (Agilent 

Technologies, La Jolla, CA) following the manufacturers protocol. To introduce the 
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plasmid DNA into ultracompetent cells, 50 μL of the cells were transferred into pre-chilled 

1.5 mL microcentrifuge tubes on ice. Following was the addition of 2 μL of β-

mercaptoethanol, mixed and incubated for 10 minutes. This was followed by the addition 

of 2 μL of plasmid DNA and incubated for 30 minutes. The cells were heat-shocked at 

42oC in a water bath for 30 seconds. To help the bacteria recover quickly from the heat 

shock, 450 μL of super optimal broth with catabolite repression (S.O.C) (Invitrogen Life 

Technologies, Carlsbad, CA) was added to the tubes and incubated at 37oC for 1 hour 

with shaking at 125 rpm. To grow colonies for miniprep, 50 μL of cell suspension was 

plated on Luria-Bertani (LB) agar containing 100 μg/mL Kanamycin at 37oC overnight to 

allow for selection of the bacterial cells containing the plasmids to grow.  

2.3.5 QIAprep Spin Miniprep kit (Qiagen, Hilden Germany) 

A miniprep was performed for sequence confirmation of successful VH-regions swap. 

Two bacterial colonies were picked to increase the chances of getting one with the correct 

sequence and sub-cultured in 15 mL broth (10g of tryptone, 5g of yeast extract, 10g of 

NaCL , 25g of broth was dissolved in 1 liter of distilled water) (Sigma-Aldrich; St. Louis, 

USA) containing 100 μg/mL Kanamycin in 50 mL Falcon tubes and incubated at 37oC 

overnight with shaking at 125 rpm for the bacteria to multiply and increase the plasmid 

DNA. The DNA was extracted using the QIAprepR Spin Miniprep (Qiagen GmbH, Hilden 

Germany) following the manual procedure. Briefly, the broth cultures were spun down at 

1957 x g for 15 minutes at room temperature and the supernatant was discarded. The 

pellet was resuspended in 250 μL Buffer P1 and then transferred into 1.5 mL 

microcentrifuge tubes. To lyse the cells, 250 μL Buffer P2 was added and mixed by 

inverting the tubes until the solution became clear. For binding of DNA, 350 μL Buffer N3 

was added to neutralize and precipitate the genomic DNA, denatured cellular proteins 

and SDS prior to binding the DNA on the column and centrifuged for 10 minutes at 13226 

x g. The supernatant was poured into QIAprep 2.0 spin columns and spun down for a 

minute. The bound DNA on the spin column was washed with 750 μL of Buffer PE, 

centrifuged for another minute and the flow-through discarded. The QIAprep 2.0 spin 

column was spun down for an additional minute to remove the residual wash buffer. The 

QIAprep 2.0 column was placed in a 1.5 mL clean microcentrifuge tube and 50 μL elution 

Buffer EB (10 mM Tris-Cl, pH 8.5) was added slowly at the center of the spin column, 

allowed to stand for a minute and centrifuged for one minute at 6339 x g. The 
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concentration of the DNA obtained was measured on the nanodrop instrument 

(NanoDrop® ND-1000 Spectrophotometer, Wilmington, USA). 

2.3.6 Plasmid DNA Sequencing 

IGHG3 DNA plasmid minipreps were sequenced using the BigDye™ Terminator v3.1 

Cycle Sequencing Kit (Thermo Fisher Scientific; Waltham, USA) protocol. Multiple 

primers (Table 2.1) were used to create overlapping sequences covering the complete 

sequence of the alleles and ease of assembly of the fragments for sequence confirmation. 

Summarily, master mix was prepared by adding 1 μL BigDye Terminator (pink mix) 

ver3.1, 1.5 μL 5X BigDyeTM buffer, and 3.5 μL of dH2O in a 200 μL PCR tube. Aliquots of 

the master mix were transferred into 200 μL strips or 96-wells microtiter plate. Three 

hundred nanograms of each IGHG3 plasmid was pipetted into 200 μL strips or 96-well 

plate. Into the strips or wells containing each IGHG3 allele was added 3.2 picomoles of 

each primer. The mixture was incubated in the PCR machine at 25 cycles of 96oC, 10 

seconds, 50oC, 5 seconds, 60oC, 4 minutes, held at 4oC. 

Table 2. 1: Primer name and sequence for antibody plasmid DNA sequencing 

Primer name Primer sequence  

CMVR F 5’-CTAGTTAACGGTGGAGGGCAGTGT-3’ 

HCRV 5’-CTTGTCCACCTTGGTGTTGC-3’ 

VHCH F01 5’-CACCTCTGGGGGCACAGC-3’ 

VHCH F02 5’-CCCAGCAACACCAAGGTGGACAAG-3’ 

CH2 F 5’-GGACCGTCAGTCTTCCTCTTCCC-3’ 

CH3 F 5’-CAGCCCCGAGAACCACAGGTG-3’ 

 

Sodium acetate was used for sequence clean-up. Fifty microliters of freshly prepared 4% 

sodium acetate (pH 5.2) in anhydrous ethanol (99%) (EtOH) was added to each 200 μL 

PCR tube or 96-wells plate and mixed thoroughly. The strips or plates were centrifuged 

for 30 minutes at 2000 x g, inverted, and centrifuged for an additional minute at 150 x g. 

Pellets were rinsed with 100 μL cold 70% ethanol, centrifuged for 5 minutes at 150 x g, 

inverted, centrifuged for one minute at 150 xg and then dried at 65oC for three minutes in 

the PCR machine.  

A 3500XL Genetic Analyzer (Applied Biosystems; Foster City, USA) was used to 

sequence the DNA samples and results exported as .AB1 files which were downloaded 

and imported into Sequencher version 5.4.6 DNA sequence analysis software (Gene 
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Codes Corporation, Ann Arbor, USA). Sequences were confirmed by assembling DNA 

fragments for overlapping sequences from the different primers and compared with the 

reference sequences from ImMunoGeneTics database (IMGT) and CAP256-VRC26.25 

VH-region reference sequence. However, the sequences did not match due to the failure 

of the ligation enzyme to bind the insert to the heavy constant region and the plasmid. 

2.3.7 Plasmid DNA cloning using NEBuilder 

As an alternative approach to produce IGHG3*03, IGHG3*11, IGHG3*13 expression 

plasmids and CAP256-VRC26.25 IGHG3*01 VH-region, the NEBuilder HiFi DNA 

assembly kit and method (New England Biolabs Inc.) was used.  The primers used for 

DNA amplification were: CMVR Forward, CMVR Reverse, G3 Apa Forward and G3 Apa 

Reverse (Table 2.2). CMVR reverse, G3 Apa forward were used to amplify the plasmid 

and the heavy constant domain while CMVR forward and G3 Apa reverse amplified 

CAP256-VRC26.25 VH-region. CMVR Forward and G3 Apa Forward were placed in the 

5’ prime ends in the plasmid and heavy constant domain while CMVR Reverse, and G3 

Apa Reverse were placed at the 3’ prime ends of the plasmid and heavy constant domain, 

respectively (Figure 2.3). In the NEBuider master mix, exonucleases removed the 5’ ends 

of the plasmid to create 3’ overhangs and the VH-region was annealed. DNA polymerase 

filled the gaps created in the 3’ and ligase filled the nicks to produce the full heavy chain 

in the plasmid.  Summarily, a reaction mixture was prepared by mixing 10.5 μL dH2O, 0.5 

μL forward (F) and reverse (R) primers, 4 ng plasmid DNA, 12.5 μL Q5 Hot start Master 

mix and 1 μL 5x buffer. The solution was thoroughly mixed and incubated for 25 cycles 

at 98oC, 30 seconds; 98oC, 10 seconds; 58oC, 20 seconds; 72oC, 2 minutes and an 

extension of 30 seconds for CAP256-VRC26.25 VH-region plasmid and four minutes for 

IGHG3*03, IGHG3*11 and IGHG3*13 plasmids. To confirm the successful plasmid DNA 

amplification, 4 μL of each reaction mixture was run on 1% agarose gel with 5 μL of 1 kb 

and 500 bp ladder and the bands obtained were of the required size and purity. 
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Figure 2. 3: Antibody plasmids and CAP256-VRC26.25 VH-region amplification using 
NEBuilder. A) IGHG3*03 CMVR plasmid, B) IGHG3*11 plasmid and C) IGHG3*13 
amplified with G3 Apa Forward and CMVR reverse primers. D) CAP256-VRC26.25 
IGHG3*01 VH-region amplified with CMVR forward and G3 Apa reverse primers. 

 

Table 2. 2: Primer name and sequence for NEBuilder DNA cloning  

Primer position Primer name Primer sequence 

In the vector before 
signal sequence of VH-
region CMVR Forward 5’-CTAGTTAACGGTGGAGGGCAGTGT-3’ 

At the beginning of CH1 G3 Apa Forward 5’-GGGCCCATCGGTCTTCCCCCTGGC-3’ 

In the vector before 
signal sequence of VH-
region  CMVR Reverse 5’-ACACTGCCCTCC ACCGTTAACTAG-3’ 

At the beginning of CH1 G3 Apa Reverse 5’-GCCAGGGGGAAGACCGATGGGCCC-3’ 

 

Following electrophoresis, a 10 μL reaction mixture was prepared by mixing 8 μL of each 

plasmid DNA to 1 μL of 10X CutSmartTM Buffer and 1 μL of Dpn I in a 200 μL PCR tube 

and incubated at 37oC for 30 minutes in a PCR machine to digest the parent DNA. 

Subsequently, the mixture was incubated at 80oC for 20 minutes in the PCR machine to 

inactivate Dpn I. The PCR products were assembled using the HiFi DNA assembly 
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protocol. Briefly, 10 μL of HiFi DNA assembly master mix, 8 μL of dH2O, 1 μL of insert 

and 1 μL of backbone were placed in a 200 μL PCR tube and incubated in a thermocycler 

at 50oC for 30 minutes. The exonucleases chewed back 5’ ends, the insert annealed, 

DNA polymerase extended the 3’ ends and DNA ligase sealed the nicks. The assembled 

product was used for transformation in XL10-Gold ultracompetent cells (Agilent 

Technologies, La Jolla, CA); following the transformation protocol. 

Lastly, 2 μL of the assembled product was added to 50 μL XL10-Gold ultracompetent 

cells in pre-chilled 1.5 mL centrifuge tubes and mixed by flicking the tubes followed by 

incubation on ice for 30 minutes. The tubes were heat shocked at 42oC for 30 seconds, 

transferred back on ice for two minutes, followed by addition of 950 μL room-temperature 

S.O.C media and incubated at 37oC for 60 minutes with 250 rpm shaking. On LB agar 

plates containing Kanamycin, 100 μL of the cells were streaked on the plates and 

incubated overnight. To increase the probability of getting a colony with the insert, two 

colonies were picked from each plate and sub-cultured for Miniprep and sequencing as 

described in sections 2.3.5 and 2.3.6, respectively.  

 

2.3.8 Site-directed mutagenesis 

Two (IGHG3*15 and IGHG3*16) of the twelve alleles studied were produced in-house 

from an available plasmid (IGHG3*14) in our laboratory by site-directed mutagenesis. 

IGHG3*15 and IGHG3*16 differ from IGHG3*14 by a single nucleotide polymorphism 

(SNP). To make IgG3*15, a single mutation was introduced at position 392 in CH3 of 

IgG3*14 where asparagine (N) was mutated to lysine (K). To make IgG3*16 a single 

mutation was also introduced in IgG3*14 whereby Threonine (T) was replaced with 

alanine (A) at position 339 on CH2. The primers for mutation were designed following the 

guidelines in the QuikChange Lightning manual as shown in Table 2.3.  

Table 2. 3: Forward and reverse primers used to make IGHG3*15 and IGHG3*16 from 
IGHG3*14 by site-directed mutagenesis. 

Plasmid 
DNA 

Plasmid 
obtained 

Primer 
name Primer sequence 

IGHG3*14 IGHG3*16 

T339A F 5’-GAAAACCATCTCCAAAGCCAAAGGACAGCCCCG-3’ 

T339A R 5’-CGGGGCTGTCCTTTGGCTTTGGAGATGGTTTTC-3’ 

IGHG3*14 IGHG3*15 

N392K F 5’-GCCGGAGAACAACTACAAGACCACGCCTCCCAT-3’ 

N392K R 5’-ATGGGAGGCGTGGTCTTGTAGTTGTTCTCCGGC-3’ 
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Site-directed mutagenesis was performed using the QuickChange Lightning Site-Directed 

Mutagenesis Kit (Agilent Technologies; Santa Clara, USA) as per the manufacturer's 

protocol. A 50 μL reaction mixture was made containing 5 μL of 10X reaction buffer; 1 μL 

50 ng plasmid DNA; 1 μL 125 ng forward primer; 1 μL 125 ng reverse primer; 1 μL dNTP 

mix; 1.5 μL QuickSolution reagent; 39.5 μL dH2O; and 1μL QuickChange Lightning 

Enzyme. The reaction mixture was placed in a thermal cycler with the following 

parameters: 1 cycle of 95oC, 2 minutes, 18 cycles of 95oC, 20 seconds, 60oC, 10 seconds, 

68oC, 4 minutes, 1 cycle of 68oC, 5 minutes, held at 4oC. 

Two microliters of Dpn I restriction enzyme was added to each reaction mixture and 

incubated at 37oC for two hours to digest the parent DNA completely. The DNA obtained 

post Dpn I digest was transformed as described in section 2.3.5. 

2.3.9 Plasmid DNA Maxipreps  

To maximize the plasmid DNA yield for transfection, a maxiprep was carried out. The 

sequence of antibody expression plasmids was confirmed as described in Section 2.3.6 

for plasmid DNA sequencing. Plasmids were maxiprepped using the ZymoPURETM II 

Plasmid Maxiprep Kit and protocol (Zymo Research Corp, Irvine, USA). Briefly, the 

transformation was carried out as previously described in Section 2.3.5 with the 

modification that picked colonies were plated in 150 mL of broth (Sigma-Aldrich; St. Louis, 

USA). After overnight culture, the broth cultures were centrifuged in falcon tubes at 6339 

xg for 8 minutes.  

Maxiprep was then performed as per the manufacturers protocol. Briefly fourteen milliters 

each of ZymoPURETM P1, ZymoPURETM P2 and ZymoPURETM P3 were added to 

resuspend, lyse, and neutralize the mixture. The mixture was filtered into a 50 mL falcon 

tube using a ZymoPURETM syringe. Fourteen milliters of ZymoPURETM Binding Buffer 

was added and the mixture transferred into the Zymo-SpinTM V-P Column Assembly 

placed on a vacuum manifold (Sartorius stedim biotech, Bohemia, USA) to filter out the 

solution but retain the DNA on the column. Five milliters of ZymoPURETM wash buffer 1 

was added to the column to wash out the Binding Buffer and allowed to flow-through, 

followed by the addition of ZymoPURETM wash buffer 2 to dissolve any residual Binding 

Buffer. The Zymo-SpinTM V-P Column was placed in a 2 mL centrifuge tube and spun 

down at 13226 x g for one minute to remove the residual wash buffer. The column was 

transferred into a clean 1.5 mL microcentrifuge tube and 200 μL ZymoPURETM Elution 
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Buffer was added to the membrane of the column and allowed to stand for two minutes 

before centrifuging at 6339 x g for two minutes (modification from adding 400 μL of elution 

buffer at once). This step was repeated by the addition of another 200 μL ZymoPURETM 

Elution Buffer. The concentration of the DNA obtained was measured on the Nanodrop 

(NanoDrop® ND-1000 Spectrophotometer; Wilmington, USA) and sequences were 

confirmed again as described previously in Section 2.3.6 except the CAP256-VRC26.25 

lambda that was included in the sequencing reactions. Here, only the CMVR forward 

primer was used as coverage was adequate of the CAP256-VRC26.25 lambda chain. 

Using the forward vector primer CMVR F provides sequences of single strands (SS), 

variable and complete constant regions.  Plasmids with confirmed sequences were 

transfected in HEK 293F cells. 

2.4.0 Antibody Expression and Purification 

2.4.1 Antibody transfection  

Before transfection, human embryonic kidney (HEK) 293F cells were seeded in 400 mL 

FreeStyleTM media at 1x106 cells/mL in one liter (1L) flask and placed in a shaking 

incubator (at 125 rpm) at 37oC, 10 % CO2 and 70% humidity overnight to reach two million 

cells/mL before transfection. The heavy and light chain plasmids were co-transfected into 

HEK 293F cells (Thermo Fisher Scientific; Waltham, USA). One thousand two hundred 

microliters (1 mg/mL) of polyethylenimine (PEI) MAX 40,000 (Polysciences) was mixed 

with 10 mL Gibco Opti-Minimum Essential Medium (MEM) transfection reagent in a sterile 

50 mL falcon tube and incubated for five minutes. In another 15 mL falcon tube, 200 μg 

each of heavy and light chain plasmid DNA were mixed in 10 mL Gibco Opti-MEM 

transfection reagent and incubated for five minutes. Following incubation, the Gibco Opti-

MEM-DNA mixture was filtered into the 50 mL falcon tube containing PEI Max/Opti-MEM 

solution using a 0.22 μm filter and incubated for 20 minutes for the plasmid DNA to bind 

to PEI-Max. The mixture was transferred to the FreeStyleTM media containing HEK 293F 

cells (Thermo Fisher Scientific; Waltham, USA) slowly while shaking and incubated at 

room temperature for 20 minutes to allow the liposomes to enter the cells. The 

transfection mixture was incubated at 37oC, 10 % CO2 and 70% humidity in a shaking 

incubator at 125 rpm for six days. 
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2.4.2 Antibody harvesting and purification. 

The expressed monoclonal antibodies (mAbs) were harvested by transferring the culture 

supernatant into a 500 mL tube and spun down for one hour at 4oC, 6000 x g. The 

supernatant was poured into a 0.22 μm “rapid”-Filtermax flask (TPP, Transadingen, 

Switzerland) and vacuum filter sterilized and purified using IgG column protein G (Thermo 

Fisher Scientific, Waltham, USA).  

Protein G beads (Thermo Fisher Scientific; Waltham, USA) were mixed thoroughly and 4 

mL was transferred into a 14 cm Bio-rad Econo-Pac column attached to a retort stand 

and allowed to settle to 2.5 mL and the column equilibrated with 10 column volumes of 

phosphate buffered saline (PBS). Protein G was used to selectively bind IgG3. The 

harvested supernatant was allowed to flow through the column and was subsequently 

washed with 10 column volumes of PBS. The mAbs were eluted using 12.6 mL glycine-

HCL elution buffer (pH 2.5, 0.1 M glycine and 0.15 M HCl) into 1.4 mL neutralization buffer 

(12 g UntraPure TRIS; 80 mL dH2O, 1 M HCl, pH 8). Each antibody was dialyzed 

overnight in 10% PBS in a 15 mL Pur-A-LyzerTM Mega Dialysis Kit (Sigma-Aldrich). The 

concentration was measured on the Nanodrop® instrument using the extinction 

coefficient for each antibody as determined using ProtParam (ExPASy)                                           

(https:web.expasy.org/protparam) following which 500 μL of the antibody was aliquoted 

into 1.5 mL cryotubes and  stored at -70oC.  

2.5 Assessment of antibody purity and stability on sodium dodecyl-sulphate 

polyacrylamide gel electrophoresis (SDS-PAGE). 

The sizes and purity of the mAbs were assessed by running a head-to-head SDS-PAGE 

using the NUPAGE kit and protocol (Thermo Fisher Scientific Inc). Briefly, 15 μL of each 

mAb was transferred into two 200 μL PCR tubes followed by the addition of 5 μL (1:4) of 

LDS sample buffer (NUPAGER). Three microliters of β-mercaptoethanol were added into 

the tubes for reduced mAbs. The tubes were placed in the thermocycler at 95oC for five 

minutes to denature the quaternary structure of the antibody. Five microliters of each mAb 

and 10 μL of reference protein (ladder) were transferred into the wells of the gel and 

allowed to run for one hour at 80V. The gel was stained overnight in Coomassie blue and 

destained in 10% ethanal and 7.5% acetic acid then rinsed in distilled water to remove 

the excess dye. The electrophoresis bands on the gel were read using the Bio-Rad 

Imaging system (ChemiDocTM; Hercules, USA).   
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2.6 Pseudovirus transformation and sequence confirmation 

  This project made use of eight pseudoviruses (CAP256.2.00.C7J (PI), CA146.H3.3, 

CAP08.2.00.F6JC, CAP256.206sp.032.C9 (SU), 96ZM651.02, CAP84.32.2.00.32J, 

Q259.d2.17, and ZM249.1) to assess the neutralization potency and breadth of IgG3 

allelic variants. Five (CAP8.6F, CAP84.32, Q259.d2.17, ZM249.1, and CAP256 SU) were 

already grown in-house and available in our laboratory. The maxiprep and backbone of 

two (CAP256 PI and 96ZM651.02) were available and CA146.H3.3 was transformed and 

maxiprepped. The envelope plasmid DNA was transformed into XL10-Gold 

ultracompetent cells (Agilent Technologies, La Jolla, CA) following the manufacturer`s 

protocol as described previously in section 2.3.10. Here, 100 μg/mL Carbenicillin was 

used instead of 100 μg/mL kanamycin and sequenced as described in section 2.3.6. A 

modification being the use of eight primers (Table 2.4) to create overlapping sequences 

that cover the entire length of gp160.   

Table 2. 4: Primer name and sequence for CA146.H3.3 sequencing   

Primer name Primer sequence 

Env B 5’-AGAAAGAGCAGAAGACATGGCAATGA-3’ 

A589 5’-GTGTAAAGTTAACCCCACTCTG-3’ 

A589 Rev 5’-CAGAGTGGGGTTAACTTTACAC-3’ 

Env A Rev  5’-TGCTGCTCCCAAGAACCCAA-3’ 

Env A Rev F 5’-TTGGGTTCTTGGGAGCAGCA-3’ 

E55 5’-GCCCCAGACTGTGAGTTGCAACAGATG-3’ 

Nf 5’-TGACCTGGATGCAGTGG-3’ 

Nr 5’-GGTGAGTATCCCTGCCTAACTCTA-3’ 

 

2.7 Pseudovirus Production 

Pseudoviruses for neutralization assays were grown in HEK 293T cells.  HEK 293T cells 

were seeded at six million cells/mL in 20 mL Dulbecco`s Modified Eagle Medium (DMEM) 

containing 10% fetal bovine serum (FBS), 2.5% 4-(2-hydroxyethyl)-1-piperazineeth 

anesulphonic acid (HEPES) and 0.5% gentamycin in a T75 flask the previous day. Five 

hundred microliters of DMEM (serum free) were mixed with 48 μL of Polyethylenimine 

(PEI) Max 40,000 followed by the addition of 8000 ng HIV-1 Env plasmid and 8000 ng 

pSG3Δenv backbone. The mixture was incubated for 20 minutes at room temperature, 

transferred to HEK 293T cells, and incubated at 37oC with 5% CO2 for 72 hours. The 

supernatant was filtered through a 0.45 μm filter and mixed with 20% (v/v) FBS and 1 mL 
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aliquoted into 1.5 cryotubes for storage at -80oC. Tissue cell infectious dose (TCID50) was 

measured after freezing for twelve hours.  

2.8 Tissue cell infectious dose measurement (TCID50) 

TCID50 was performed to determine the pseudovirus concentration that infects 50% of 

TZM-bl cells. A vial of the harvested virus was thawed to room temperature and 25 μL 

was added to 100 μL of DMEM in duplicate in a 96-well microtiter plate. A one in five (1 

in 5) viral dilution was made and 25 μL transferred across from row A, to H, discarding 25 

μL after the last dilution. TZM-bl cells were resuspended at 0.5x106 cell/mL in DMEM 

growth medium and Dextran (40 μg/mL) at 14μL/mL and 100 μL transferred into wells of 

the plate containing the viruses. The plate was incubated at 37oC with 5% CO2 for 72 

hours. One hundred microliters medium was removed and replaced with 100 μL firefly 

luciferase substrate (Bright-Glo, USA), incubated for two minutes and read using 

PerkinElmer Victor XLight Luminometer (PerkinElmer, Waltham, USA). Results were 

exported as Excel files and the relative light units (RLUs) were determined by the dilution 

with 50% infectivity.  

2.9 Neutralization Assay  

A neutralization assay (Table 2.5) was performed to assess the concentration of the mAbs 

that will block 50% of the viruses from infecting the TZM-bl cells as described by 

Montefiori (21). TZM-bl cells containing the firefly luciferase reporter gene is under the 

control of the HIV-1 long-terminal repeats (LTR) promoter region in which firefly luciferase 

is expressed only after viral infection. Neutralization activity was reported as a reduction 

in RLUs after a single round of pseudovirus infection in the presence of the bNAbs. The 

starting concentrations of CAP256-VRC26.25 antibodies were 5 μg/mL (CAP256 PI, 

96ZM651.02, and CAP84.32) for a 3-fold dilution, 1 μg/mL (Q259.d2.17 and CAP8.6F) 

for a 3-fold dilution and 1 μg/mL (ZM259.1, CA146.H3.3 and CAP256 SU) for a 5-fold 

dilution.  Following antibody dilution, 25 μL virus was added into the plate and incubated 

at 37oC for one hour.   

TZM-bl cells seeded at 0.5x105 cells/ml for two days with ≥90% confluency were washed 

with 6 mL PBS and disrupted with 2.5 mL trypsin in a 125 mL flask. The cells   were 

diluted to 0.5x106 cells/mL, mixed with DEAE Dextran (40 μg/mL) and 20 μL of cells 

suspension was added to each well and incubated for 48 hours. After 24h hours of 

incubation, 130 μL of DMEM growth media was added to each well and incubated for 
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another 24 hours. After 48 hours of culture,100 μL of DMEM growth media was removed 

from each well, replaced with 100 μL of luciferase substrate and incubated for two minutes 

at room temperature. To determine the RLU for each antibody,150 μL of the mixture was 

transferred into 96-wells black microtiter plates and read using PerkinElmer Victor XLight 

Luminometer (PertkinElmer, Waltham, USA). To assess neutralization, 50% inhibition 

concentration (IC50) was calculated as the dilution at which the infection was reduced by 

50% compared to virus control without antibodies. All IgG3 allelic variants were run head-

to-head on the same plate to limit intra-experimental variation. The results were exported 

as Excel files and copied into a macro-template for analysis.   

Table 2. 5: Pseudovirus name, subtype and accession number used in the TZM-bl 
assay (sourced from https//:hiv.lanl.gov) 

S/N Virus name Subtype 
Accession 
number 

1 CAP256.2.00.C7J [CAP256 (PI)] C EF203981 

2 CAP256.206sp.032.C9 [CAP256 (SU)] C KF241776 

3 CAP84.2.00.32J (CAP84.32) C EF203963 

4 CAP08.2.00.F6JC (CAP8.6F)  C EF203976 

5 CA146.H3.3 C JN681219 

6 Q259.D2.17 A1 AF407152 

7 96ZM651.02 C AF286224 

8 ZM249.1 C DQ388514 

 

2.10 Data Analysis  

Sequences were analyzed using Sequencher 5.4.6 version. Statistical analysis was done 

on GraphPad Prism 8 (GraphPad Software; La Jolla, USA). Comparison between IgG3 

antibodies was done using Friedman`s test for matching groups with Dunn`s correction. 

Confidence intervals were determined at 95% and p<0.05 or p<0.001 was denoted as 

significant. 
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3.0 Results 

3.1 Optimization of digestion of IGHG3 allelic variants heavy chain variable region 

IgG3*03, IgG3*11 and IgG3*13 CAP256-VRC26.25 allelic variant plasmids were made 

using CAP228.16H IGHG3*03, CAP248 2B IGHG3*11 and CAP206.CH12 IGHG3*13 

expression plasmid vectors by swapping VH-regions with the CAP256-VRC26.25 VH-

region. To cut out the VH-regions, these plasmids were digested using SalI and BshTI 

restriction enzymes. Complete digestion was confirmed by running the plasmid digest on 

1% agarose gel (Figure 3.1A). Bands numbered five to eight (5-8) (about 5341bp) 

confirmed the linearized plasmids and the heavy constant domain. Bands in lane 1 (about 

452bp) and 2-4 (430bp) corresponding to the VH-regions were observed as expected 

(Figure 3.1A). The sizes of the plasmid and heavy constant domain were determined by 

comparing to a one kilobase ladder and the VH-regions using a 500 bp ladder. Following 

ligation, sequencing revealed that there was no VH-region inserted, suggesting that ligase 

didn`t seal the nicks between the backbone and the VH-region. Instead, only the 

backbone sequence was obtained even after ligation was repeated. While the gel shown 

in Figure 3.1A confirmed that digestion was successful, ligation was unsuccessful. 

In order to overcome this, we used Q5 mastermix to amplify the plasmids and the heavy 

constant domain and the insert using forward and reverse primers in order to perform 

NEBuilder cloning. The purity and yield of the PCR product was confirmed by 1% agarose 

gel electrophoresis (Figure 3.1B). Lanes 3, 4 and 5 show IGHG3*03, IGHG3*11 and 

IGHG3*13 at about 5588bp as expected. Lane 2 represents CAP256-VRC26.25 VH-

region of the desired size (about 650bp). The sizes were determined by comparing the 

bands to 100 bp (lane 1) and 1 kb (lane 6) ladders. The VH-region of CAP256-VRC26.25 

was inserted into all the plasmids using NEBuilder HiFi DNA Assembly Master Mix and 

sequences confirmed. 
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Figure 3. 1: Digested and amplified antibody plasmid DNAs. A) Plasmid digestion of 
CAP256-VRC26.25 IGHG3*01, CAP228.16H IGHG3*03, CAP248.2B IGHG3*11 and 
CAP206.CH12 IGHG3*13 using SalI and BshTI restriction enzymes. Bands (5-6) show 
plasmids and heavy constant domains of IGHG3*01, IGHG3*03, IGHG3*11 and 
IGHG3*13, respectively. Bands in the red box are the VH-regions of (1) CAP256-
VRC26.25, (2) CAP22.16H, (3) CAP248.2B and (4) CAP206.CH12. One kilo base pair 
and 500 base pair ladders were used to determine the sizes. B) Plasmid DNA was 
amplified using the NEBuilder HiFi DNA assembly kit. Lane 2 shows CAP256-VRC26.25 
VH-region and bands 3-5 represent IGHG3*03, IGHG3*11 and IGHG3*13, respectively. 
Lanes one and six represent one kilo base pair and 500 base pair ladders were used to 
determine the sizes.  

 

3.2 Sequence confirmation of engineered IGHG3*15 and IGHG3*16  

The amino acid sequences of IgG3*14, IgG3*15 and IgG3*16 allelic variants differ by 

single amino acid changes in the CH2 and CH3 domains. Mutations were introduced to 

IGHG3*14 by site-directed mutagenesis to produce IGHG3*15 and IGHG3*16. In the 

IgG3*14 sequence, asparagine (N) was replaced by lysine (K) to make IgG3*15 and 

threonine (T) was replaced by alanine (A) to make IgG3*16 as shown in the confirmatory 

sequence chromatograms in Figures 3.2 (A) and (B). 
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Figure 3.2: Site-directed mutagenesis: A) Site-directed mutagenesis of IGHG3*14 to 
make IGHG3*15 and IGHG3*16. The top sequence is IGHG3*14, and the middle 
sequence IGHG3*15 and the last is the primer sequence used to make the mutation. The 
red box shows mutagenesis of “C” to “G. The chromatogram shows successful 
mutagenesis and amino acid substitution in the red circle where asparagine (N) in 
IgG3*14 is replaced with lysine (K) in IgG3*15. B) Site-directed mutagenesis of IGHG3*14 
to make IGHG3*16. The top sequence is IGHG3*14, and the middle sequence IGHG3*16 
and the last is the primer sequence used to introduce the mutation. The red box shows 
mutagenesis of “A” to “G”. The chromatogram shows successful mutagenesis and the 
amino substitution in the red circle in which threonine (T) in IgG3*14 is replaced with 
alanine (A) in IgG3*16. 

  

3.3 Expression and yields of IgG3 allelic variants 

The sequences of the eleven IgG3 allelic variants were confirmed and the heavy and 

lambda light chains of the antibody plasmid DNA were co-infected in HEK293F cells, 

harvested and purified by Protein G chromatography. IgG3*17 was available already 

expressed. The concentrations and yields were measured (Table 3.1) and the antibodies 

were aliquoted and stored at -70oC. The maximum yield was IgG3*15 measuring 7.88 mg 

and the minimum yield of IgG3*14 measuring 2.70 mg. However, all yields obtained were 

enough for downstream experiments. The amino acid sequence of IgG3*14 differed from 

IgG3*15 and IgG3*16 by one amino acid, suggesting that this single change might have 
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influenced expression, however further head-to-head expressions would be required to 

confirm this. 

Table 3. 1: IgG3 allelic variant expression yields. Extinction coefficient used to calculate 
the concentration as determined by ExPASy, concentration as determined by nanodrop 
and yield as volume multiplied by concentration. 

Antibody 
Extinction 
Coefficient 

Concentration 
(mg/ml) Yield (mg) 

IgG3*01 15.08 1.06 5.83  

IgG3*01m 15.08 1.02 3.57  

IgG3*03 15.37 1.06 5.30  

IgG3*04 15.66 0.95 2.85  

IgG3*11 14.90 0.97 4.37  

IgG3*11mm 15.03 0.92 5.06  

IgG3*12 15.22 0.91 3.64  

IgG3*13 15.31 0.98 4.41  

IgG3*14 15.25 1.08 2.70 

IgG3*15 15.25 1.05 7.88  

IgG3*16 15.26 0.98 4.41  

 

3.4 Quality control confirming the size and stability of IgG3 allelic variants on sodium 

dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-PAGE). 

The expressed and purified IgG3 allelic variants as well as the CAP256-VRC26.25 IgG1 

control were assessed for purity and stability by running a head-to-head on SDS-PAGE 

gel (Figure 3.3). These were loaded with both non-reduced (NR) and reduced (R) forms 

of all antibodies alongside the pre-stained protein ladder to compare the sizes and purity 

of the mAbs and in the reducing condition to compare the sizes of the heavy and light 

chains. IgG3 allelic variants were found to be larger than IgG1 as expected. The molecular 

weight of non-reduced form of IgG3 occurred at approximately 170 kDa while that of IgG1 

is 150 kDa due to its short hinge region of 15 amino acids (76).  In the non-reduced 

condition, several bands can be noted beyond the full antibody at approximately 170 kDa 

and 150 kDa. These may correspond to different glycosylation profiles of the antibody, 

incomplete denaturation leaving the mAbs in their globular conformation which travel 

faster on the gel or due to fragmentation or small amounts of aggregation (98). In the 

reduced form, the heavy and light chains were separated by breaking the interchain 

disulphide bonds linking the two chains with beta-mercaptoethanol. The molecular weight 

of the heavy chains of IgG3 allelic variants was between 50 to 60 kDa while that of IgG1 
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was between 40 to 50 kDa as expected. However, some antibodies with reduced hinge 

lengths as a result of fewer hinge repeats such as IgG3*03, IgG3*12, IgG3*17 (three 

hinges) and IgG3*04 (two hinges) were slightly lower. The molecular weight of IgG3*04 

heavy chain with two hinges was the closest to IgG1 heavy chain. The molecular weight 

of the lambda light chain was between 25 to 30 kDa since all mAbs used the same lambda 

light chain plasmid.  

 

Figure 3.3: SDS-PAGE of IgG3 allelic variants: Head-to-head SDS-PAGE of non-reduced 
(NR) and reduced (R) forms of IgG3 allelic variants. The yellow box represents the non-
reduced forms of each antibody, red box the heavy chains and the green box the lambda 
light chains. Extra bands in non-reduce form show incomplete denaturation or 
aggregations. Antibody sizes are determined using reference bands on the ladder by the 
side of each gel.  
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3.5 The impact of IgG3 allelic variants on neutralization 

The mAbs were tested for neutralization against a panel of eight pseudoviruses. These 

viruses were chosen because they were more sensitive to CAP256-VRC26.25 IgG3*01 

compared to CAP256-VRC26.25 IgG1 (45) with the exception of CAP256 SU. To assess 

the neutralization potency of the antibodies against the panel of viruses tested, the 

percentage inhibition was plotted against the antibody concentration (μg/mL) (Figure 3.4). 

Overall, the titration curves showed that IgG3*01 version (red) was higher than IgG1 

(black) indicating enhanced potency. The largest difference between IgG3*01 and IgG1 

was observed in CAP256 PI, 96ZM651.02 and CA146.H3.3. However, neutralization of 

some viruses such as CAP84.32, ZM249.1 and CAP256 SU by other IgG3 allelic variants 

was similar or equal to IgG1. There were subtle differences in the curves between IgG3 

allelic variants, but all variants regardless of subtype neutralized the entire panel.   

Using the titration curves as shown in Figure 3.4, we next determined the 50% inhibition 

concentration (IC50) of all the variants (Table 3.2). All antibodies had an IC50 less than 1.5 

μg/mL with Q259.d2.17, ZM249.1, CA146.H3.3 and CAP256 SU being the most sensitive 

viruses to CAP256.VRC26-25 variants. The most potent IgG3 variants measured as the 

geometric mean titer (GMT) across all viruses were IgG3*01, IgG3*01m, IgG3*13 and     

IgG3*14 (0.00001 – 0.0090 μg/mL). Overall, all IgG3 variants were more potent (<0.021 

μg/mL) than IgG1 (0.05369 μg/mL).  



36 

 

 

Figure 3.4: Neutralization of a panel of eight pseudoviruses. The dotted lines show the 
point on the curve corresponding to the IC50 of each antibody. Error bars represent the                          
standard deviation of two repeats.   
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Table 3. 2: Neutralization potency of CAP256-VRC26.25 IgG3 allelic variants against a 
panel of eight pseudoviruses. Assessed by the TZM-bl neutralization assay, the values 
represent 50% inhibition concentration (IC50). The geometric mean titer (GMT) gives the      
mean concentration of each antibody against all the viruses.  

   

                                                                                                                          

To assess the effect of class switch between IgG subclasses, a fold change was                   

compared between IgG3 allelic variants relative to IgG1 against the virus panel. All IgG3                            

allelic variants had median values greater than one indicating that IgG3 versions were 

more potent than IgG1(Figure 3.5a). The largest difference relative to IgG1 (32.8-fold) 

was against CAP256 PI by IgG3*03 and the least (0.7-fold) against ZM249.1 by IgG3*04. 

This range of variability between viruses may suggest the presence of viral signatures 

that define if IgG3 were more potent than IgG1. However, to identify these, a significantly 

expanded virus panel will be required.  

IgG3*01 had the highest median fold difference (8.0) relative to IgG1, indicating that it 

was the most potent version of CAP256-VRC26.25. The fold differences of IgG3*01 were 

significantly different to both IgG3*04 (p = 0.0038 which corresponded to the variant 

closest to IgG1 in neutralization) and IgG3*15 (p = 0.0013) which corresponded to the 

second least potent IgG3*3 allelic variant. IgG3*13, which showed similar fold differences 

to IgG3*01 was also significantly different from IgG3*04 (p = 0.01570) and IgG3*15 (p = 

0.0059). When arranged by hinge length known to impact the neutralization capacity of 

IgG3 (45,46), IgG3*04 had the lowest  fold difference from IgG1, also had the fewest 

number of hinges (two) potentially making it similar to IgG1 in flexibility. However, IgG3*15 

had substantially lower fold differences as compared to other allelic variants with four 

hinges, suggesting that neutralizing potency is not influenced by hinge length alone                
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Comparison between the novel alleles (IgG3*01 versus IgG3*01m and IgG3*11 versus 

IgG3*11mm) did not show any significant differences indicating that these novel alleles 

do not impact on neutralization. 

We next visualized the data by comparing fold changes relative to IgG3*01 to assess the 

neutralization potency within IgG3 allelic variants (Figure 3.6b). The largest median fold 

change (7.6) within IgG3 allelic variants was observed in IgG3*13 relative to IgG3*01 

against CAP256 SU and the least median fold change (2.2) was observed in IgG3*04 

against ZM249.1 and CAP84.32. Overall, IgG3 allelic variation only slightly impacts the 

neutralization in contrast to the comparatively larger differences seen for a subclass 

switch from IgG1. All median fold difference values were less than one, indicating that 

IgG3*01 was more potent compared to the rest of the IgG3 allelic variants. IgG3*13 had 

the highest median fold differences, closest to 1 (0.9-fold) whereas IgG3*15 and IgG3*04 

had the lowest median fold differences (0.3-fold). Among the IgG3 allelic variants, there 

was a significant difference between IgG3*13 and IgG3*15 (p = 0.0030) and IgG3*13 and 

IgG3*04 (p = 0.0141) as determined by the Turkey`s multiple comparison test. IgG3*13 

and IgG3*15 were significantly different despite both having 4 hinges translating to the 

same hinge length. When antibodies with three hinges were compared, IgG3*12 had the 

highest median fold difference (0.8-fold) meanwhile IgG3*03 and IgG3*17 were similar 

(0.6 and 0.7-fold respectively). IgG3*04 has two hinges and had the lowest median fold 

difference (0.3-fold). This suggests that beyond the hinge length known to impact the 

neutralization potency of CAP256-VRC26.25 (45), sequence differences beyond this 

region are likely to have an effect. Overall, while IgG3*13 showed improvement over 

IgG3*01 against some viruses (CAP256 SU and ZM249.1), none of the IgG3 allelic 

variants overall were improved above IgG3*01, but IgG3*04 and IgG3*15 were 

significantly worse. This confirms that amino acid variation in the IgG3 constant region 

can have significant impacts on the neutralization capacity of the antibody. When the 

hinge lengths were compared, there was a significant difference between 4 vs 2 hinges 

(p=0.0483) relative to IgG1 (figure 3.5c), 4 vs 2 hinges (p=0.0471) and 3 vs 2 hinges 

(p=0.0014) relative to IgG3*01 (figure 3.5d). 
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Figure 3.5: IgG3 allelic variation impacts neutralization of CAP256-VRC26.25 a) 

Neutralization fold change of IgG3 allelic variants relative to IgG1. The dotted line shows 

no fold change between IgG3 allelic variants and IgG1. The horizontal lines represent 

significant differences between IgG3 allelic variants and IgG1. b) Neutralization fold 

change of IgG3 allelic variants relative to IgG3*01. The dotted line shows no fold change 

(fold change = 1) between IgG3 allelic variants and IgG3*01. The horizontal lines 

represent significant differences between IgG3 allelic variants and IgG3*01. Significant 

differences were calculated using Friedman`s test for matching groups with Dunn`s 

correction. The confidence interval was set at 95%. Where *p<0.05 and **p<0.001. c) 

Comparison of hinge lengths relative to IgG1 d) Comparison of hinge lengths relative to 

IgG3*01. The horizontal line represents significant differences determined by Turkey`s 

multiple comparison test. Where *p<0.05; **p<0.001. 
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4.0 Discussion     

In this study, we showed that IgG3 allelic variants of CAP256-VRC26.25 had more potent 

neutralization activity than the IgG1 variant. We used available sequence data from the 

HIV-1 CAPRISA 002 Acute Infection cohort and expressed the CAP256-VRC26.25 bNAb 

as IgG3 allelic variants that were previously found in the germline repertoire of these 

African individuals. The most potent of the IgG3 allelic variants was IgG3*01 meanwhile 

IgG3*04 and IgG3*15 were the least potent when compared to IgG1. While IgG3*04 has 

only 2 hinges compared to IgG3*01, IgG3*15, which does not differ in hinge length differs 

by several amino acids, indicating that both hinge length and amino acid differences in 

the IgG3 constant region contribute to altered neutralizing capacity of antibodies.  

We confirmed that all IgG3 allelic variants showed improved neutralization activity 

compared to IgG1. This is consistent with previous studies from our laboratory that 

measured the neutralization activity of IgG3*17, IgG3*01 and novel allelic variant 

IgG3*01m versions of CAP256-VRC26.25 compared to IgG1 against a 50 virus panel 

(45). Other studies have also shown that IgG3 variants of NAbs were significantly more 

potent or of similar potency to their IgG1 counterparts (83,99,100) and suggest that 

isotype switching is a powerful engineering tool for improving the neutralization capacity 

of antibodies. This highlights the impact of the constant region on neutralization potency 

due to differences in amino acid sequences or hinge lengths influencing antibody-antigen 

binding.  

The study further shows that allelic variation in IgG3 significantly impacted on the ability 

of CAP256-VRC26.25 to neutralize. We have previously shown that IgG3*01, IgG3*01m 

and IgG3*17 expressed as CAP256-VRC26.25 bNAbs showed improved neutralization, 

ADCP and ADCT  compared to IgG1 (45). Further, there were subtle differences between 

IgG3 variants, where we observed lower levels of ADCC activity by IgG3*17 compared to 

the other variants attributed to a lysine at position 392 that abrogates a potential N-linked 

glycan (PNG) motif. ADCP, ADCT and neutralization potency was also different between 

allelic variants, the mechanism of which was determined to be primarily explained by 

IgG3*17 differing from IgG3*01 and IgG3*01m by a shorter hinge length (45). The allelic 

effect however may not be true for all antibodies. Others looked at allotypic variants of 

IgG3 and found no difference in the ability to neutralize by VRC01 (101). Several studies 

have shown differences in Fc effector function as a result of allelic variation and in the 
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case of IgG3, particularly the effect of the hinge length, something that is planned for 

future work on these antibodies (45,46).  

This study gives some insight into the mechanisms through which allelic variation may 

affect neutralization. Between the IgG3 variants, there was a significant difference in 

neutralization between IgG3*01 and IgG3*04 that have the same sequence but differ by 

hinge lengths of four and two, respectively. As suggested by our previous studies, the 

longer hinge lengths were more potent at neutralization, perhaps as a result of more 

flexibility between the Fab and Fc regions and an increased angle between the Fab arms 

which may help the antibody penetrate the glycan shields (45,46). While this made an 

impact on neutralization in this study, it is likely to also impact the ADCP activity of these 

variants (45,46), however, this requires more study. These differences in neutralization 

however cannot be explained by hinge length alone. IgG3*11 (four hinges) and IgG3*12 

(three hinges) are different only by hinge length but there was no significant difference in 

the neutralization potencies. Beyond this, IgG3*15 was significantly different from all other 

IgG3 variants with four hinges, again supporting that hinge length alone does not explain 

the effect completely.  In addition, although there was no significant difference between 

allelic variants with three hinges, IgG3*12 showed improved neutralization, indicating that 

other factors contributed to this observation.  

Beyond the hinge length, sequence differences between the IgG3 variants may account 

for some of the neutralization differences. IgG3*15 with the neutralization potency closest 

to IgG1 differs from IgG3*14 and IgG3*16 by the amino acid K392N resulting in a loss of 

a potential N-linked glycosylation site in IgG3*15. IgG3*16 also differs from IgG3*15 at 

position 339 but as this difference is also present relative to IgG3*14 where neutralization 

is similar, this indicates that the presence of alanine (A) in IgG3*16 is unlikely to have 

influenced enhanced neutralization potency. The K392N site is also present in IgG3*13 

and IgG3*17 but in combination with a number of other mutations suggesting that the 

difference between IgG3*15 and IgG3*13 is not explained by K392N alone. K392N does 

have significant implications on Fc effector function, where we showed it resulted in 

reduced ADCC of CAP256-VRC26.25 IgG3*17 (45). This site has also been associated 

with differences in ADCC in other studies (102) and antibody stability (103) which may 

explain its effect on neutralizing IgG3*15. 
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The novel IGHG3 alleles described in this study (IgG3*01m and IgG3*11mm) that were 

previously identified in African individuals did not show a significant difference when 

compared to IgG3*01 and IgG3*11 respectively, indicating no effect on neutralization 

potency of CAP256-VRC26.25. IgG3*01 and IgG3*01m differ by Q419E in the CH3 

domain and IgG3*11 and IgG3*11mm differ by F234L and F296Y in CH2 which did not 

impact on function. These differences are, however, close to the Fc receptor binding sites 

for FcɣRIIa (66), indicating that they may show a difference in ADCP function. In another 

antibody, IgG3*11mm showed enhanced ADCP compared to IgG3*01 but was not 

compared to IgG3*11 (96).   

Several viruses showed greater neutralization differences between allelic variants than 

others. All viruses were more sensitive to IgG3 allelic variants compared to IgG1 except 

Q259.d2.17 and ZM249.1 against which the IgG3*04 variant was less sensitive compared 

to IgG1. While our previous study showed that CAP256.VRC26.25 IgG3 variants show 

enhanced neutralization in viruses lacking a potential N-linked glycan (PNG) motif at 

position 160, other viral signatures for this have not been delineated but require 

neutralization against a large panel of viruses (45). It is possible that viral signatures may 

also differentiate the neutralization activity of allelic variants.  

Limitations 

One of the limitations of our study is that we used only one bNAb targeting the V1/V2 site. 

It is not clear whether the allelic changes and effects will more broadly apply to other 

bNAbs. The panel of viruses used was small, and therefore viral signatures of IgG3 allelic 

variant differential neutralization could not be defined within this study. We will expand 

the panel of pseudoviruses for this reason in future studies. We were unable to determine 

the effect of Fc mutations on Fc effector functions due to time constraint, but such 

experiments should be included in future studies.   
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Conclusion 

Studies aimed at developing preventive HIV vaccine focusing on the induction of broadly 

neutralizing antibodies have until now proven unsuccessful. However, passive 

immunization of bNAbs shows promise for HIV prevention and therapy. Our study 

explores the use of natural allelic variation in the constant region to improve neutralization 

potency of CAP256-VRC26.25. Our data suggest that producing mAbs as IgG3 with an 

extended half-life for preventive and clinical use should be considered and indicates that 

small allelic variations in the constant regions can have significant impacts on the 

neutralization capacity of antibodies. 

The engineering of antibodies for passive immunization is mainly focused on IgG1 

because of its long half-life of 21 days as compared to seven days of IgG3 and the relative 

ease of manufacture (32). However, several IgG3 allelic variants are known to have 

improved half-life including IgG3*17 (70). We previously showed that the type of light 

chain used for FcRn receptor binding depends on the pH. We showed that IgG3 variants 

using the lambda light chains binds to FcRn receptor at low pH, thus prolonging its half-

life (83). Therefore, there are mechanisms to potentially overcome the undesirable short 

half-life of IgG3, which may enable their future use in passive immunization. This study 

further extends the promise of IgG3 for use in bNAb engineering to improve neutralization 

with specific focus on using natural allelic variation to enhance these functions. Therefore, 

selection of antibodies for passive immunization or therapy should consider the antibody 

subclass with enhanced properties such as potency and long half-life. This will reduce the 

incidence of HIV, leverage treatment compliance, increase individual income and improve 

our economy.  
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